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Paleontology is one of the most visible yet most misunderstood fields of science. Children

dream of becoming paleontologists when they grow up. Museum visitors flock to exhibits on

dinosaurs and other prehistoric animals. The media reports on fossil discoveries and new clues

to mass extinctions. Nonetheless, misconceptions abound: paleontologists are assumed only

to be interested in dinosaurs, and they are all too often imagined as bearded white men in

battered cowboy hats.Roy Plotnick provides a behind-the-scenes look at paleontology as it

exists today in all its complexity. He explores the field’s aims, methods, and possibilities, with

an emphasis on the compelling personal stories of the scientists who have made it a career.

Paleontologists study the entire history of life on Earth; they do not only use hammers and

chisels to unearth fossils but are just as likely to work with cutting-edge computing technology.

Plotnick presents the big questions about life’s history that drive paleontological research and

shows why knowledge of Earth’s past is essential to understanding present-day environmental

crises. He introduces readers to the diverse group of people of all genders, races, and

international backgrounds who make up the twenty-first-century paleontology community,

foregrounding their perspectives and firsthand narratives. He also frankly discusses the many

challenges that face the profession, with key takeaways for aspiring scientists. Candid and

comprehensive, Explorers of Deep Time is essential reading for anyone curious about the

everyday work of real-life paleontologists.

Roy Plotnick is an invertebrate paleontologist who loves his job. Here he writes an excellent

tome filled with his personal experiences, friends, and numerous colleagues in the field. He

provides a rare, very personal look at the aspirations and lives of paleontologists, including his

own. Plotnick’s detailed biographical perspective is important in how it personally documents

this scientific profession today, and makes the case for its importance into the future. Even

highly controversial issues are discussed, such as scientific vs commercial fossil collecting.

The book is skillfully written in a way that engages professional scientists as well as members

of the public with an interest in this field. -- Lance Grande, Field Museum of Natural History,

and author of Curators: Behind the Scenes of Natural History MuseumsPlotnick has gone

above and beyond to highlight as many of paleontology’s contributors as possible,

demonstrating that it is an increasingly inclusive, diverse field of study. Explorers of Deep Time

is an invaluable tool for the budding scientist and a beautiful homage to the breadth and depth

of this discipline. -- Emily Graslie, host of Prehistoric Road Trip on PBSExplorers of Deep Time

is more than an examination of people who study fossils �it is a biography of the field of

paleontology itself. As described by Plotnick, paleontology is cutting-edge, relevant, and full of

people who bear absolutely no resemblance to Ross Gellar. A key resource for aspiring

paleontologists and a call to action for those already part of the field, who are reminded of the

challenges our discipline faces. -- Ellen Currano, coeditor of The Bearded Lady Project:

Challenging the Face of ScienceAn unexpurgated and entertaining romp through the world of

fossils and the stories of the people who study them. Plotnick gives us an up close and

personal view of the joy of paleontology and its transformation into a vibrant modern science

that is ever more relevant to understanding our world and its future. -- Sir Peter Crane, fellow of

the Royal Society, and senior research scientist, Yale UniversityPlotnick’s personal anecdotes

about his journey through his paleontological career are enjoyable to read. He has had a lot of



fun in what can be a very challenging field, and it shows �this book will inspire younger

generations to pick up the torch. -- Victoria Arbour, curator of paleontology, Royal BC

MuseumPlotnick neatly demonstrates why paleontology is relevant to the modern world of

cloud data and smartphones �and perhaps more relevant than ever due to the accelerated rate

of climate change in the twenty-first century. His frank discussions of some all-too-familiar

issues facing paleontologists in their workplaces (be they museums or universities) will be

helpful knowledge to students and professionals alike. -- Lee Hall, paleontology field

professional, Museum of the Rockies'Explorers of Deep Time' is an enjoyable and practical

introduction to the work of paleontology.  � Foreword ReviewsBlends [Plotnick’s] personal

experiences with a cogent examination of the field of paleontology and the individuals who

shaped it.  � The Clergy Letter Project’Explorers of Deep Time’ is a fascinating look at

paleontology as a whole, and is a must-have for anyone looking to better understand the field

and the people within it. Every aspiring paleontologist should have a copy, as it gives an honest

look at the joys, challenges, and opportunities that the science provides. ‘Explorers of Deep

Time’ gives paleontology the close-up it deserves.  � AIPTExplorers of Deep Time is a highly

informative book for people in and outside of palaeontology. Plotnick’s humour and anecdotes

ensure it is not a dry read. If you are curious about what palaeontologists do or you are

thinking of pursuing it as a career, this book is vital reading.  � Natural History Book Service

(NHBS) [5 out of 5 stars]Explorers of Deep Time is a highly informative book for people in and

outside of palaeontology. Plotnick’s humour and anecdotes ensure it is not a dry read. If you

are curious about what palaeontologists do or you are thinking of pursuing it as a career, this

book is vital reading.  � Leon Vlieger, The Inquisitive BiologistThis is an excellent guide to the

pros and cons of choosing palaeontology as a career Highly recommended.  � Everything

DinosaurInformed and informative, exceptionally well written, thoroughly 'reader friendly' in

organization and presentation, ['Explorers of Deep Time'] is especially recommended reading

for... readers wanting to know the illustrated facts about the everyday work of real-life

paleontologists.  � Midwest Book Review --This text refers to the hardcover edition.About the

AuthorRoy Plotnick is professor emeritus in the Department of Earth and Environmental

Sciences at the University of Illinois at Chicago. He is a fellow of the Geological Society of

America and the Paleontological Society. --This text refers to the hardcover edition.
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PaleontologyAcknowledgmentsNotesIndexIDeep Time1Those Who Know the PastLooking out

my small office window in Chicago, I see all the signs of a modern urban environment. Across

the nearby soccer field, a mix of recent and early twentieth-century buildings are visible (figure

1.1). City buses, trucks, and cars roll past, dodging pedestrians, and planes fly overhead on

their way to Midway or O’Hare fields. But if I blink and close my eyes, I can imagine a different

scene—some sixteen thousand years ago. Where I now sit there is a lake, the ancestor of

today’s Lake Michigan. Looking to the east, I see the edge of a huge glacier that stretches all

the way to what is now Canada. The melting of this ice sheet has produced the lake in which I

am submerged. Toward the west and south I see the other shores of the lake, ridges and

beaches formed from material left behind as the glacier retreated. And walking near the shore

are mammoths and mastodons and other animals that will meet their final demise not long

after the ice sheet disappears (figure 1.2).FIGURE 1.1 Downtown Chicago, Illinois, today, the

epitome of the current urban environment.Source: Photo by the author.FIGURE 1.2 Illinois in

the Pleistocene, sixteen thousand years ago, when mastodons roamed the area.Source: Mural

by Robert Larson, courtesy of the Illinois State Museum.When I blink and close my eyes again,

I have traveled back more than three hundred million years. I am surrounded by steaming

tropical forests. I see huge trees, but they look nothing like those of today (figure 1.3). Only the

ferns are familiar. I cannot smell or see flowers. Gigantic dragonflies flit through the leaves, and

an enormous centipede roams underfoot. I see the occasional amphibian or reptile, but there

are no birds or mammals. Rivers flow nearby with odd scorpion-like animals and fish swimming

in them. Looking southwest, the rivers that course through the forest end in a delta that sits at

the edge of a warm ocean.FIGURE 1.3 Illinois in the Pennsylvanian, about 310 million years

ago. Reconstruction at the Field Museum of Natural History.Source: Photograph by J.

Weinstein, (c) Field Museum of Natural History, CC-BY-4.0.One more blink takes me back to



four hundred million years ago. I am back in the water, but this time I am in a warm tropical

ocean that stretches out in all directions. Looking down, I notice that the seafloor is flat and

somewhat featureless. Strange animals that look like giant pillbugs walk along the bottom, and

large animals that look like squid stuffed into giant ice cream cones swim above them (figure

1.4). In the distance, the waves break on what appears to be a giant coral reef.FIGURE 1.4

Illinois in the Silurian. Nautiloids swim above a Silurian reef near what one day will be

Chicago.Source: Diorama at the Milwaukee Public Museum, from the Collection of the

Milwaukee Public Museum, #1E013.Unlike the children in Willy Wonka and the Chocolate

Factory, I have not entered “a world of pure imagination” when I think about these ancient

versions of Chicago. Each of these cerebral trips back into what the writer John McPhee called

“deep time”1 is based on rocks and fossils found throughout the region, all of which I have

seen. These samples were collected by me and by the many other scientists who have worked

in the area. I am a paleontologist, and these explorations of deep time and the life that lived in

the past is what I and my colleagues do. My goal for this book is to explain how we make these

explorations, why we do them, and why they are important to society at large. In particular, I

want to show you that what paleontologists know about the history of life on Earth is critical for

protecting its future.Paleontology is one of the most familiar and accessible of all sciences.

From a young age, children are familiar with the names and life habits of dinosaurs. Media

reports of new fossil discoveries appear several times a week. Despite this popularity,

misconceptions about paleontology and paleontologists abound: we are confused with

archeologists; we study only dinosaurs; or all fossils are rare and valuable. One purpose of this

book is to dispel these misconceptions. Another is to describe the “big questions” that drive the

field and the methods and data that are used to approach them. I will introduce you to a

diverse group of paleontologists and the wide range of topics and interests that motivate them,

and you will hear them speak in their own voices as I did when interviewing them on various

topics. And I frankly discuss the trials, tribulations, and joys of pursuing a career studying the

history of life.This is not a textbook nor a collector’s guide to fossils. You will not be bombarded

with a plethora of Latin species names or terms. Instead, I focus on the practice of

paleontology, the “how do we find out” part of our science. I also address some of the internal

and external controversies of the field, such as the commercial sale of fossils and the value of

teaching evolution. Rather than being an “old science,” you will learn that paleontology is a

young and vibrant field in this day of DNA sequencing and gigantic supercolliders.

Incorporating these new technologies, paleontology has shown tremendous relevance for

understanding the environmental problems we will face in the future. Finally, I hope I can

convince you that paleontologists probably have more fun doing what we do than any other

group of scientists.2We Have the Best QuestionsTo make our cerebral trips in time often

requires a physical trip in space, sometimes near home, often quite some distance away. A

short walk from my home near Chicago is the Forest Home Cemetery, which includes the

graves of such disparate notables as the radical Emma Goldman and the evangelist Billy

Sunday. Fourteen thousand years ago, the area was the western shore of a lake that would

later become Lake Michigan; the lake was formed by meltwater from giant glaciers that

covered North America. Along the lakeshore walked a mammoth that died and left its tusk and

teeth in a gravel bank; they were uncovered by the cemetery owner in the late nineteenth

century. These remains finally ended up in the public library, which is where I discovered them

on display. I still find it remarkable and somewhat sad that these magnificent animals lived so

near to me in both time and space but I never got to see one alive.Only a short drive from

Chicago I joined the generations of amateur and professional fossil enthusiasts who have



collected fossils from the 305-million-year-old Pennsylvanian age rocks of the Mazon Creek

region (figure 2.1). Mazon Creek is one of the rare places in the world where remains of soft

tissues, not just shells or bones, are preserved. Tens of thousands of hard iron carbonate

nodules have accumulated here from abandoned strip mines and alongside creeks. Break one

of these nodules open and you may be rewarded with a beautiful fern leaf, perhaps a shrimp,

or in rare cases a fish, an insect, or a horseshoe crab. Deposited in an ancient delta, the fossils

of Mazon Creek are a mix of marine, freshwater, and terrestrial organisms. Although all the

species are extinct, the plants and animals of the Mazon Creek are familiar because almost all

of them can be placed comfortably in the major groups of life on Earth. But some things are still

missing. There are no flowers among the plants from Mazon Creek, there are no butterflies

among the insects, and there are no signs of dinosaurs or mammals, although there are

amphibians and reptiles.FIGURE 2.1 Students collecting along the bank of Mazon

Creek.Source: Photo by the author.Also close to Chicago, but some 120 million years older

than Mazon Creek, is the huge Thornton Quarry. What makes Thornton Quarry remarkable is

that its Silurian age rocks were formed by a large ancient reef similar to those in today’s

tropical oceans. For those of us living in modern Chicago, it is almost unthinkable that the area

that would become our city was once located near the equator, in a climate similar to that of

the Bahamas. Although the quarry has abundant fossils of marine organisms, they are not the

most attractive of fossils; their shells have been dissolved away, leaving only their imprints, and

no soft parts are preserved. The reef was built by corals and sponges, but these specimens

are unrelated to what we find in modern oceans. There are ancestors of the modern-day

Nautilus and a huge number of brachiopods, a minor group today but a major group in

Paleozoic oceans. We can also find trilobites, a group of arthropods that once teemed in the

oceans but have been gone for 250 million years.To see older rocks, I traveled much farther

from home. High in the Canadian Rockies, in British Columbia, is one of the world’s most

famous fossil sites, the Burgess Shale.1 Reaching it is not for the casual traveler. The Burgess

Shale can only be reached by a 20-kilometer round trip guided hike, gaining some 760 meters

in elevation. But it was well worth the effort and the damage to my knees. The scenery is

spectacular and so are the fossils. The Burgess Shale is about eighty million years older than

the Silurian at Thornton Quarry and is of Middle Cambrian age. Similar to Mazon Creek, it

preserves the impressions of soft tissues. Many of the organisms are familiar and belong to

major groups of animals found in the oceans today, for example, sponges. Other fossil animals,

such as trilobites, are common in rocks elsewhere of Cambrian age and younger but are long

extinct. Yet other fossils are clearly related to animals such as trilobites but are also remarkably

different from organisms living after the Cambrian, such as those found at Mazon Creek. And

finally, there are those that still just don’t seem to easily fit anywhere in the tree of life, but we

are pretty certain that they are animals. Many other types of organisms are missing; you would

look in vain for an insect or a frog or land plants.Forty-five hundred kilometers to the east of the

Burgess Shale, close to the easternmost point of North America, is the Mistaken Point

Ecological Reserve on the Avalon Peninsula of Newfoundland. Despite its name, I did not travel

to this remote corner of Canada to observe mink or seals or moose; instead, I came to see one

of the most famous fossil sites in the world. To reach it, I had to walk for about forty-five

minutes in the rain, over treeless and wet ground, toward the coast (figure 2.2). Once there, I

shed my shoes and put on the soft footwear known as “Bama boots.” The boots were there not

to protect my feet but to prevent wear and tear on the surface of the rock and the strange and

wonderful fossils embedded within it, the remains of organisms that paleontologists call the

Ediacaran biota. What makes these fossils so worth the journey? To begin with, they are



almost inconceivably old, dating to about 570 million years ago, some 60 million years older

than the Burgess Shale. They are made only of soft tissues, lacking any indication of shells or

teeth or bones. There are no signs of organs or appendages, such as eyes or mouths or legs.

None of them dug or burrowed into the seafloor; they all lived at or very near the surface, which

was covered by a mat made by bacteria and other single-celled organisms. We can squint and

think we see resemblances to animals living today, but what is most important is that we really

don’t know what the Ediacaran fossils are that lived at Mistaken Point. Although many

paleontologists would agree that most are related to the oldest true animals, others would

place them with lichens, with amoebas, or even suggest that they were a totally independent

and now extinct evolution of multicellular life. By the way, as tempting as they are, I did not try

to collect the fossils at Mistaken Point or at the Burgess Shale. These sites are carefully

protected by the Canadian government, and I was in no mood to be arrested.FIGURE 2.2

Getting ready to examine the Ediacaran biota at Mistaken Point, Newfoundland.Source: Photo

by the author.What did I learn as I traveled through space and time? The farther back in time I

went, the less familiar the living world looked. We no longer have mammoths. The plants and

animals of Mazon Creek and the Thornton Quarry include somewhat familiar forms, but they

lack many we would find today and contain many that are no longer found on Earth. The

Burgess Shale and Mistaken Point are even more alien. So the most important thing I have

learned is that life has a history. It is a history recorded by the fossils found throughout the

world. It is a history that goes unimaginably far back in time, almost to the beginning of the

Earth itself, almost 4.5 billion years ago. And it is a history that is revealed and interpreted by

paleontologists. We paleontologists are the “explorers of Deep Time,” and we use our abilities

to reconstruct the life of past ages and the worlds living things occupied.Recognizing that life

has a history is only the beginning. Questions big and small clamor to be answered. Many can

be phrased as the simple “what, when, where, how?” When did the mammoths disappear and

were humans responsible? Where are there other Silurian reefs? If there were no flowers at

Mazon Creek, what did the insects eat? How did recognizable animals appear during the sixty

million years between Mistaken Point and the Burgess Shale? And so on. Every question we

might ask about the living world today can be asked about life in the past. Paleontology tells us

how the life of today came to be and perhaps how it will end. Investigating places such as

Mistaken Point and the Burgess Shale give us insights into when the first animals appeared.

Looking at the animals themselves tells us what these animals were like and how they

compare to forms living today, including ourselves. Putting them into an environmental context

indicates where in the oceans these early animals may have evolved.Recognizing that life has

a history raises fundamental questions about that history, questions the late Stephen Jay

Gould called the three “eternal metaphors” of paleontology.2 First, does the history of life have

a definite direction—is there an “arrow” of history? Note that directionality does not imply a

goal; there is not an endpoint to which the history of life is being driven. Second, how are life

and the physical world related—what is the “motor” of organic change? The key issue here is

whether life has its own internal dynamic that produces change or whether change is driven by

alterations of the external world. The asteroid impact that ended the Cretaceous is an example

of the latter type of motor, whereas the evolution of flight among many groups could represent

the former. And third, is the history of life gradual or episodic—what is the “tempo” of organic

change? For example, the model of “punctuated equilibria,” developed by Gould and his

colleague Niles Eldredge, suggests that most change within a species occurs in the

geologically short period right after it first appears, with relatively little change during the rest of

its duration.3 The aftermath of the proposed impact is another example of a relatively rapid



change. In contrast, during a period from about 1.8 billion to 0.8 billion years ago, so little

seems to have changed in a biosphere dominated by single-celled organisms that some have

called it “the boring billion.”The issues of direction, motor, and tempo are “big questions” that

underlie much of paleontological research. These questions can and must be broadened to

cover the history not only of life on Earth but the biosphere of the entire Earth system. Is there

a directionality to the history of our planet? The number of types of minerals found on Earth

has greatly increased over time, and this is due primarily to the presence of life.4 What drives

the long-term changes we see in the history of the Earth and its component systems? For

instance, how does the evolution of life affect the atmosphere, or how does continental

movement change the distribution of plants and animals? It is now accepted that the Earth has

undergone ice ages many times in the past; active research is examining both the possible role

of life in triggering glaciations and how life was changed by them. Has the Earth changed

gradually over time, or have periodic catastrophes reshaped the face of the globe? It has been

suggested, for example, that a huge influx of meteoroids early in Earth’s history may have

wiped out any early organisms. The work of paleontologists is essential at nearly every stage in

the process of unraveling the history of our planet.We need not restrict ourselves to this planet,

however. The active field of astrobiology asks whether life could exist on other planets and

what it might be like. Because we know the history of life on only one planet, the insights from

paleontology are key to predicting what we might find elsewhere. And it is not unlikely that on

planets like Mars, which is currently hostile to life, a fossil record may exist of now extinct

biotas.A question related to that of the motor of change was also raised by Stephen Gould in

his book Wonderful Life. Gould was concerned about the role of chance in the history of life. To

simplify Gould’s view, if we were to travel back in time to the Cambrian, we could not predict

that the relatively rare members of our own group, the chordates, would rise to prominence, or

that the highly abundant trilobites would wane and eventually disappear. The following history

is a result of many chance events, each of which may have changed the path of evolution in a

different direction. If the asteroid had not struck Earth, would the dinosaurs still rule? Gould’s

concept of history, which he termed contingency, has also been strongly opposed by the

paleontologist Simon Conway Morris, who has insisted that much of life’s history has been

inevitable and predictable.5 Key evidence for this is the repeated presence of similar forms

among unrelated organisms, such as plesiosaurs and dolphins, a phenomenon known as

convergence. David Raup asked a similar question in the title of his book, Extinction: Bad

Genes or Bad Luck? The relative roles of chance and predictability in the evolution of life are

big questions that are implicit in many areas of paleontology and evolutionary biology. Again,

this question can be expanded to the entire Earth system and by extension toward other

planets as well. Is life, in particular intelligent life, inevitable in the universe? We know of only

one planet on which life has evolved, and the study of how it happened here is the only way we

have to directly approach this question.Paleontology also answers questions for many other

fields of science. Within the geosciences, the appearance and disappearance of fossil groups

is still the most used method to determine the age of rocks. The abundances and shell

chemistries of different ancient organisms are key indicators of ancient climates and changes

of ocean chemistry and circulation. The advent of different groups in the fossil record are

important constraints on our ability to determine ancient oxygen levels, whereas the pores on

fossil leaves provide a check for models of carbon dioxide in the atmosphere. Reconstructions

of the former positions of the continents and other geographic features heavily rely on fossil

data. Some fossils can tell us how deep in the Earth a rock has been buried and whether it will

yield petroleum or natural gas.Fossils are equally important to and integrated within the



biological sciences. Nearly all studies in modern biology are ahistorical, looking only at the

current snapshot in time. To truly understand biology is to recognize the role of history, which is

recorded by paleontology. The patterns of life we see today are the consequence of

evolutionary history, and the fossil record is the direct documentation of that history. The

discovery of ancient ancestors and relatives fill in the gaps among living organisms that might

look quite different today. For example, comparison of modern forms—based on both their form

(morphology) and genetics—shows that whales are related to modern even-toed ungulate

mammals, or artiodactyls, that include such familiar animals as pigs, camels, hippopotamuses,

and cattle. How one group of artiodactyls evolved into whales can only be understood by

looking at the well-documented fossil record of that transition. The fossils also let us date when

that split happened. Similarly, fossils are the only direct way to understand how one group of

dinosaurs gave rise to birds, or why no modern birds have teeth, although their ancestors

did.One great recent success of paleontology is its integration with the field of evolutionary

developmental biology, or “evo-devo.” Evo-devo looks at the genetic processes underlying the

development of organisms from fertilized egg to adult. As wonderfully documented in Neil

Shubin’s book, Your Inner Fish, the steps in the development of body parts like limbs and

which genes are active in each step can be tied directly to changes observed in the fossil

record.6 The fossil record and the study of genetics and development mutually illuminate each

other, such as in studying the origin of animals in the Cambrian, the so-called Cambrian

explosion.As one of my colleagues puts it, “We have the best questions!” Topics such as the

Cambrian explosion and the extinction of the dinosaurs have caught the imagination of many

scientists who are not paleontologists. Scarcely a month goes by without a paper suggesting

that some terrestrial or cosmic event “triggered the Cambrian explosion” or “wiped out the

mammoths.” Some of these suggestions are reasonable and deserve further attention; others

just prompt an eye roll and the wish that a paleontologist had been consulted. It is nice that our

colleagues are interested in what we do, but they would not have done the work had we not put

the questions out there.Finally, an outstanding issue is how can we best interest our children in

and teach them about science? Anyone who has spent time with a seven-year-old realizes that

they know the names of all the dinosaurs, what they ate, and how we know that. We can use

this knowledge of paleontology to teach concepts of chemistry, physics, and biology,

springboarding on the natural enthusiasm children have for fossils.In sum, paleontology is not—

in a phrase that always makes us angry—“stamp collecting.” Although describing ancient life

forms is essential to what we do, what really drives paleontological research are these big

questions: How life on Earth came to be, and how it has changed over time. And one of the

biggest “big questions” science can ask—how life will change in the future. We are increasingly

interested in virtually traveling forward in time to predict how the world and its biota will change

in the face of rapid environmental change.In the following chapters, I return to these and other

big questions and introduce you to many of the scientists who make answering them their life’s

work and why they decided to do so. I also describe the unique contributions paleontologists

make to the biological and Earth sciences. Finally, I hope to convince you that paleontological

research is not outdated and archaic. It is a cutting-edge discipline that uses modern methods

to answer fundamental questions that cut across the sciences.3I’m Not Ross (or Indiana

Jones)Iwas sitting with some colleagues at a hotel bar, and the chatty bartender asked what it

was we did. Knowing what would come next, we responded with a guarded, “We’re

paleontologists.”“Cool!!!! Just like Ross on Friends!”Telling someone that you are a

paleontologist leads to a fairly predictable set of responses. The most gratifying initial one is

“Cool!” The next one is somewhat generational; an eight-year-old will ask if you have found



many dinosaurs and a forty-year-old will immediately reference Ross on Friends (an alternative

is Indiana Jones) and then ask if you have found any dinosaurs. This is often followed by either

“I want to be a paleontologist!” (the eight-year-old) or “I always wanted to be a

paleontologist!” (the forty-year-old). You may also be asked if you go on many digs and have

discovered any gold jewelry or pots.After suppressing a scream, most paleontologists will then

calmly explain that going on digs to uncover gold jewelry and pots is archaeology, not

paleontology; that Indiana Jones was an archaeologist and a bad one at that (theft of cultural

heritage, anyone?); and that Ross was an idiot who would never have been hired as a

paleontologist at even the lowest ranked college, let alone get tenure. Most of us will then

somewhat sheepishly explain that we also love them, but we have never found, let alone

collected, a dinosaur (the eight-year-old immediately loses interest). We would further explain

that our research was on some group of organisms that most people had never heard of and

was definitely not the stuff of blockbuster movies, although we found it exciting.A safer answer

at the beginning would have to been to say, “We’re geologists.” For much of the history of the

science of paleontology, this would have been an equally correct answer. Fossils are found in

rocks and serve the important geological purposes of telling us how old the rocks are and in

what environment they were formed. Until recently, the majority of paleontologists were trained

in university geology departments, and most found work in the oil and coal industries.

Paleontology was thus a subdiscipline of geology, or as one nineteenth-century writer

disparagingly put it, “paleontology is the handmaiden of geology.” Even today, training in earth

science is fundamental to the background of every paleontologist, and most paleontology is

taught in geology departments.Another possible answer would have been, “We’re biologists.”

Fossils may be found in rocks, but they are the remains of living things and are not

fundamentally different from organisms alive today. Fossils are the best evidence we have for

the long-term processes of evolution. Paleontologists must be well trained in the biological

sciences, including zoology or botany, ecology, and evolutionary biology. Many paleontologists

study both fossil organisms and their living relatives, with information from one illuminating our

understanding of the other. Some paleontologists, in fact, prefer to call themselves

paleobiologists, leaving paleontologist for their more geologically oriented colleagues. A

number of these researchers rarely look at fossils themselves, being more concerned with

theoretical and statistical analyses of the fossil record.But when we said “we’re

paleontologists,” what we were really saying is that we are both geologists and biologists. To

us, fossils are simultaneously things we find in rocks and the remains of living things; thus, they

are of geological interest yet are fundamentally biological. In a scientific world increasingly

dominated by narrow specializations, paleontology is an incredibly multidisciplinary and

interdisciplinary field. A paleontologist can discuss the age of a rock unit like a geologist and

the developmental biology of arthropods like a biologist. And many of us are also at home in

oceanography, chemistry, engineering, climate science, and a host of other fields. I can think of

no other field of science that is so eclectic and multidimensional. And yes, it is “cool.”If

paleontology is the study of the history of life, then a paleontologist is a student of that history.

Because that history is more than three billion years long and life encompasses everything

from bacteria to whales to the entire biosphere, paleontologists usually specialize. These

specializations reflect the kinds of fossils they study and why they study them. The names

given to these specializations are not simply labels; they can define distinct and sometimes

mutually suspicious groups who often have their own journals, meetings, and societies. At the

same time, they artificially divide into classes what is in reality a spectrum of interests.You can

identify many paleontologists first by the part of the tree of life in which they are interested.



Scientists who study animals past (and often present) with a backbone are vertebrate

paleontologists. Vertebrate paleontologists might further self-identify with divisions within the

vertebrates, such mammalian or dinosaur paleontologists. Informally someone may be called a

“dinosaur person” or a “fish person.” These scientists are what the public most often thinks of

as paleontologists, with the obligatory beard and cowboy hat (more on this stereotype later).In

nomenclatural contrast to vertebrate paleontologists are the invertebrate paleontologists; their

interests include all the other groups of animals on Earth, from snails to sand dollars to shrimp

to corals. Invertebrate fossils are far more common and, in many ways, far more important in

the overall history of life. But they don’t include humans so are naturally less interesting to most

people. Would you rather collect a fossil clam or a mammoth tooth? (Thought so.) Invertebrate

paleontologists also subdivide along taxonomic lines; much of my early career was as an

arthropod paleontologist, which I guess made me an “arthropod guy.” The number of people

who study particular groups of invertebrates roughly maps a combination of commonness in

the fossil record and appeal of the group. A lot of paleontologists study trilobites and

brachiopods, but almost no one is looking at fossil annelid worms. For a while, I was one of

only three scientists in the world who studied the extinct sea scorpions (eurypterids), although

they include the largest arthropods of all time. There are just not a lot of eurypterid fossils. The

relationship between commonness and number of researchers does not hold for vertebrates.

There are a lot more dinosaur than fish paleontologists, but fish are far more common.

Dinosaurs are just the “charismatic megafauna” of the fossil world.Scientists who study fossil

plants are not plant paleontologists and would look at you with suspicion if you called them

that. They are paleobotanists. First cousin to them are the palynologists, whose subject matter

is fossil pollen and spores. The plant fossil record is critical to understanding both the ancient

and the more recent climate history. Many palynologists work closely with ecologists attempting

to understand the history of plant communities since the last ice age, partly in the hope of

understanding future changes of plant distribution in a warming world. To be honest, plants get

short shrift in many introductory paleontology classes, including mine. I don’t have the time,

expertise, or samples to cover them. Wish I did.One somewhat odd sounding specialization is

micropaleontology. Technically, this includes the study of any fossil that one needs a

microscope to examine (microfossils) and thus includes a hodgepodge of unrelated life forms,

including single-celled organisms, plant pollen, and the tiny vertebrate teeth known as

conodonts. Jere Lipps, emeritus professor of paleontology at Berkeley, says that this is a

“senseless definition if we are truly interested in organisms and their fossil record. We should

not talk about microfossils but rather phylogenetic groups.” In other words, instead of

micropaleontologists, we have paleontologists who study various eukaryotic (protists) and

prokaryotic single-celled organisms. Some protist groups made beautiful shells of calcium

carbonate or silica and are incredibly abundant in the oceans and lakes of the world. Their

preserved shells are fundamental in the study of the longtime history of the world’s oceans and

climates. They are important clues to what will happen in the warmer and more acid oceans of

the near future. These fossils are also key in determining the age of sediments.The single-

celled prokaryotes, bacteria and archaea, are found everywhere in the Earth, including in

subsurface and extreme environments. They were also the first living things to appear, so their

study is essential to understanding the origins of life. Many of these paleontologists also call

themselves geobiologists and work closely with colleagues who study modern representatives

of these groups. For obvious reasons, a number are directly involved in the search for life

elsewhere in the universe.Even further down the size scale, molecular paleontologists look at

the history of key organic molecules, including DNA. These paleontologists overlap with



geochemists who study the history of organic molecules and the environmental signals they

cover. Although Jurassic Park is a fantasy, there have been some spectacular finds of ancient

DNA and other molecules. The genome of mammoths and Neanderthals have been

reconstructed, allowing researchers to better reconstruct the biology of ancient animals and

make surprising discoveries about human history.Another way to identify some paleontologists

is by the time period on which they focus. Some are interested in the great explosion of life

forms in the Cambrian, others in the terrible extinction in the Permian, or the appearance of

modern mammal groups in the Paleocene. Traditionally, a paleontologist was pigeonholed by

both age and group; when asked, you might say you worked on Ordovician brachiopods or

Devonian fishes or Miocene insects. These paleontologists know all the details of the fossil

record of their group in that time. Unfortunately, these “old-school” scientists are becoming

rarer and rarer, to the detriment of the field. Other ways of doing paleontology have become

more popular, and the total number of paleontologists has declined (more on that later). Some

types of fossil organisms no longer have a specialist, at least not one in the United States.The

disciplinary jungle becomes even deeper when we include scientists who use fossils as critical

pieces of data in their research but may not necessarily consider themselves paleontologists.

Fossils are one of the most important tools for reconstructing the environmental history of the

Earth, and they provide the context for understanding current and future environmental change.

Paleooceanographers use fossils, most often microfossils, to reconstruct ancient ocean

temperatures, chemistry, and currents. Paleoclimatologists track the history of ancient climates

using a variety of fossil types. The positions of ancient continents and other geographic

features are reconstructed using fossils and other geological data by paleogeographers.

Related to these are paleoecologists, who generally focus on changes in plant and animal

communities over the past one hundred thousand years. And if you are not confused yet,

another kind of paleoecologist uses the distribution of fossils to reconstruct ancient

environments, such as deltas or reefs.Fossils also play a critical role in understanding the

evolution of life on Earth, and many paleontologists also call themselves evolutionary

biologists. Extinct groups of organisms fill out the tree of life, clarifying relationships and origins

of species alive today, including our own. Fossils also act as critical calibration points in the

numerous studies that attempt to determine when modern groups originated. For example, any

attempt to determine when birds originated, based on their DNA or RNA, must accommodate

Archaeopteryx. The study of evolutionary transitions in morphology, such as the tetrapod limb,

are now integrated with genetic and molecular studies of embryonic development, the science

of evolutionary developmental biology, or evo-devo. This integration was wonderfully explained

in Neil Shubin’s book Your Inner Fish. Shubin (as is clear from the book) is an excellent

example of a paleontologist who slides from geology to biology and back again.Yet another

way to parse the community of paleontologists is by where they work. I discuss this in more

detail in later chapters. Museums of natural history are probably the first places that come to

mind. The image of the paleontologist carefully putting dinosaur bones (of course) together has

been used frequently in movies, television shows, and comics, perhaps most famously by Cary

Grant in Bringing Up Baby. Major natural history museums, such as the American Museum of

Natural History, the National Museum of Natural History, and the Field Museum in Chicago, all

employ multiple paleontologists, usually from several disciplines.In addition to the large natural

history museums, many smaller museums also employ paleontologists. These may be state

museums, museums attached to major universities, or local museums such as the Burpee

Museum in Rockford, Illinois. These museums may have only one or two paleontologists and a

few staff. Others, such as the Yale Peabody Museum, share faculty with university departments



and can be quite large.Paleontologists are also employed at universities and colleges. Usually,

they are in geology or earth science departments. Some are in biology departments, and more

than a few vertebrate paleontologists teach at medical schools. As biology departments

become increasingly dominated by cellular and molecular biologists, they have become

dependent on skilled vertebrate paleontologists to teach such core courses as comparative

anatomy. Except for a few very large programs, paleontology professors also teach other

subjects. My own teaching responsibilities, for example, included introductory earth science,

statistical methods in earth and environmental science, Earth history, as well as paleontology. I

also supervised graduate students, served on committees, interacted with the public, and

conducted my own research.Governments provide another niche for paleontologists, where

they are part of a large coterie of scientists responsible for evaluating our natural resources for

the common good. At the state level, they can be employees of the state geological or natural

resource surveys. At the federal level, paleontologists work for an alphabet soup of agencies,

including the National Park Service (NPS), the National Forest Service (NFS), and the Bureau

of Land Management (BLM). As you will see, these individuals are at the forefront of efforts to

protect fossils on federal land while making them available for research, which has led to

controversies among their paleontological colleagues.Related to these are the growing ranks of

“mitigation paleontologists,” who collect fossils in front of construction equipment, saving them

from destruction. Much of their work is done under contract in compliance with state laws

similar to those that protect archeological sites. Although some mitigation paleontologists have

advanced degrees, it is also possible to find employment with a bachelor’s degree.1For many

years, most paleontologists worked in the fossil fuel industry. They mainly worked on various

microfossil groups and received the sobriquet “bug pickers” or, more formally, economic

paleontologists. This now archaic usage is memorialized in the original name of the association

of geologists who study sediments and sedimentary rocks: Society of Economic

Paleontologists and Mineralogists. The bug pickers did, and some cases still do, provide critical

information on the age of the rocks and environments, which was essential for constraining the

conditions for the formation and preservation of fossil fuel. The once large number of economic

paleontologists has shrunk dramatically in recent years; an article published in 2000 indicated

a 90 percent drop in oil company employment since 1985.2 (I do not know the current

numbers.) Industry support for academic paleontology has fallen in sync with this. However,

some training in paleontology is still considered important for petroleum geologists.Another

group to mention here are those individuals who make their living collecting, preparing, and

selling fossils. The very existence of these commercial collectors makes some of my

colleagues, in particular those in vertebrate paleontology, bare their teeth and snarl. Others,

including myself, are more tolerant. (I return to this issue later in the book.)Finally, some people

collect and study fossils as a hobby and a passion. These amateur and avocational

paleontologists have made key discoveries in the history of our field and are key companions

in paleontological research.In sum, we paleontologists are anything but monolithic. We

encompass a wide range of interests, skills, and ways of making a living, but when compared

to other fields of science, we are tiny. In 2008 I estimated that there were on the order of one

thousand academic paleontologists in the United States.3 This is much fewer than the number

of new physics PhDs awarded every year. An advantage of our limited numbers is that

paleontology, to a large extent, is a family. Many of us know each other and are related by

shared colleges and grad schools. Academically, I have paleontologist brothers, sisters, and

cousins, and in a few cases uncles and aunts. Like any other family, there are jealousies and

quarrels, some petty, some substantive. I have heard colleagues called crackpots to their faces.



And one or two are, quite frankly, embarrassing to the rest of us. Even so, there is true warmth

and affection within the community. We respect each other’s work, and when we disagree, we

usually do so politely. When we find a colleague’s results and data exciting, we let them know.

We look for opportunities to share and collaborate. And some of us have even found

dinosaurs.IIExploringDeep Time4Attending MarvelsSometimes you just get lucky. In 2004 I

was trying to decide where to take my advanced class in paleontology for a field trip. This was

not easy. Nearly all the of the landscape near Chicago is covered by sediments left behind by

the great glaciers of the last ice age. Looking for fossils usually involves visiting one of the

many rock quarries that have been dug through the glacial material to reach the bedrock

beneath. One such limestone quarry was described in a publication of the Illinois State

Geological Survey. Only an hour and a half drive away, it was excavated in fossiliferous rocks of

the Ordovician age. Perfect!My small group visited the quarry on a pleasant Saturday. Looking

at the south wall, we quickly realized something didn’t look right. Embedded within the

expected tan and gray limestones of the Ordovician were masses of sandstone, thin coals, and

shale, which contained abundant fossil plant fragments. These rocks obviously came from the

much younger Pennsylvanian, usually found miles to the south. Then we noticed that the

Ordovician limestones surrounded the Pennsylvanian sediments not only on the bottoms and

side but on the top. One of the graduate students, Todd Ventura, then realized what we were

seeing: “It’s a cave!”And so it was. What we had discovered were fossil caves or paleokarsts

(figure 4.1). They formed about 310 million years ago, when an ice age in the Southern

Hemisphere dropped global sea levels and exposed limestones and dolomites that had formed

hundreds of millions of years earlier. Rain falling on these ancient carbonates produced caves,

just as they are doing in Kentucky at Mammoth Cave today. Shortly afterward, rivers coming

from the northeast filled and covered these caves, which prevented them from collapsing and

aided in their long-term preservation.FIGURE 4.1 310-million-year-old cave in Central Quarry,

Illinois.Source: Photo by the author.This was my first of many visits to that site and similar ones

elsewhere in Illinois, accompanied by students and my UIC colleague Fabien Kenig and

paleobotanists Andrew Scott and Ian Glasspool. These caves proved to be a treasure trove for

paleontology and geology. We could establish that the caves and the sediments that filled them

were about the same age. We identified an adjacent fault that may have been at least partly

responsible for the cave formation. And we found lots and lots of fossil plant remains, including

leaves and spores, many of which had been burned and turned to charcoal prior to washing

into the cave. The plant fossils included some of the oldest conifers in the world. A close look at

the leaves with a scanning electron microscope (SEM) showed beautifully preserved stomata,

the pores through which leaves breathe. The spores preserved the oldest evidence of the

chemical sporopollenin, which makes up their resistant outer walls. Not only had the plants

been burned, but preserved chemicals indicated that it was a very hot fire. The only animals we

found were tiny scraps of scorpions. But even these were amazing because they preserved

some of the oldest evidence we have for the chitin and protein that makes up arthropod

exoskeletons.1Our cave research has some similarities with many other field-based research

projects. First, finding fossils is a combination of knowing where to look and luck. Second,

fieldwork can be rewarding but is also stressful and frustrating. One of our return visits

occurred on a 95°F (35°C) day, when the limestone walls and floors reflected the heat and

baked us. Not fun. And about five years after we found the site, the family that had owned the

quarry for eighty years sold it. The new owner wouldn’t let me in, nor return my phone calls and

emails. We could still visit two other sites but could not get close to the quarry walls due to

safety concerns passed down from a federal agency. Third, fieldwork was just the beginning.



There was a tremendous amount of work involved in processing the materials we collected to

figure out what we had. Fourth, a lot of the analyses involved the high-tech analytical

equipment that is now standard in our field, including SEMs, mass spectrometers, and

something called an X-ray absorption near edge structure (XANES) spectrometer. Fifth,

students participated, not only to do the heavy work but to learn about paleontological

research in the field. Finally, it has been a great excuse for me to learn about new stuff and to

explore new areas of research. Before I found the paleokarst, I did not even know that such a

thing existed. I knew very little about caves or the fossils we find in them. The geological and

paleontological history of caves became a major area of my research.One of the most famous

cases of “fortune favoring the prepared mind” is that of Charles D. Walcott, an invertebrate

paleontologist and secretary of the Smithsonian Institution. Beginning in 1907, Walcott spent

his summers doing fieldwork in the Canadian Rockies. His goal was to describe the Cambrian

rocks in the area, many of which contained spectacular trilobite fossils. Legend has it that in

1908 his wife’s horse kicked over a loose piece of rock that contained a fossil he had never

seen before. True or not, he recognized that the loose pieces of rock along the trail contained a

remarkable collection of fossils, where impressions of the original soft parts were preserved.

Rocks only move downhill, so he knew that the source of these specimens was up the slope

from him. Returning the following year, he opened a quarry to systematically excavate these

fossils. This was the discovery of the Burgess Shale, one of most significant and famous fossil

deposits in the world. Until recently, this had been our best glimpse of the remarkable animal

life of the Cambrian, some 500 million years ago.Another serendipitous discovery was made by

Johnny Waters (Appalachian State University), who has been doing fieldwork for forty years all

over the world, including on “the border between Ireland and Northern Ireland during The

Troubles, when we were stopped by a British Army patrol; the Xinjiang Autonomous Region,

China, where the Uyghur concentration camps are; including one trip in 2000 when we were

deported for being too close to the border with Kazakhstan; … and Yunnan, where we were

doing fieldwork in the midst of a swine flu outbreak.” In 2012, Waters was doing fieldwork in

Mongolia. They were visiting with a group of Mongolian geologists when they learned “that the

cook van had overturned. The brakes had failed as the driver attempted to climb up a hill.” After

much effort, they got the van upright and “did what geologists always do—we looked at the

rocks.” The site, which was named the “Hushoot Shiveetiin gol, or the car wreck locality,”

became a very important locality for understanding Middle Paleozoic climate and biodiversity

change, was the site of a large field workshop, and has resulted in six publications to

date.There are very few disciplines that allow you to combine a love of science with a love of

the outdoors. Most of geology, of which paleontology is a part, is one. Another is ecology, which

is close in many ways to paleontology. And there is archaeology, which is almost, but not quite,

the same thing as paleontology (there are many shared concepts and methods). For many

paleontologists, “the field,” our term for the places we explore outdoors, is where we are

happiest. Most of our stories are field trip stories. A new field area is for the paleontologist as a

powerful new telescope is for an astronomer—it has the potential for new discoveries that will

change how we look at life’s history. As Ellen Currano (University of Wyoming) says, “Field

paleontology is adventure with a purpose.” Jacques Gauthier (Yale University) simply says that

“fieldwork is essential to my well-being!” Although I do not consider myself a field

paleontologist, I get itchy if I don’t get out occasionally to bang on some rocks.One of the

questions often asked of a paleontologist is, “How do you know where to look?” A simplistic

answer might be: “I know where rocks of the right age and environment are to find the fossils I

am looking for.” This begs the follow-up question: “How do you know where those rocks are?” A



frequent response to this question is, “Someone else described those rocks and I read that

description.” What this really means is that paleontology is an old science (no pun intended);

the systematic study of rocks and their fossils has been going on for about two hundred years.

As a result, many places, especially in Europe and North America, have had a geologist or

paleontologist visit them at some point.Sitting in my office are seventeen huge volumes dating

from as far back as 1842 to about 1890. These comprise the Geology of New York and the

Paleontology of New York, which were produced by the state-supported New York State

Geological Survey. The latter set is mostly the work of James Hall, the New York state

paleontologist. In these volumes are descriptions of fossils and localities throughout New York.

I also own nineteenth- and early-twentieth-century volumes from the geological surveys of

Ohio and Illinois, and from the United States Geological Survey (USGS). The mission of these

surveys was, and still is, to document the mineral, water, and other resources of their states

and the country. Similar organizations exist throughout the world.One way geological surveys

fulfill their mission is to map local geology, often in incredible detail. These surveys are

published in various formats, which include descriptions of the local geology, maps, and a list

of fossils. Another group that maps local geology and sometimes publishes it publicly are oil

and gas company geologists, who explore remote areas in search of undiscovered resources.

Nearly all of these works can be consulted in college and university libraries, and many are

now available online.Also to be found in libraries are the thousands of master’s and doctoral

theses that have been written about local geology and the scientific papers that followed. For

decades, most geology and paleontology graduate degrees involved the detailed description of

a small area of the Earth’s vast surface, including the fossils that were found. After these

researchers received their degrees, they often continued to write papers on the fossils of local

areas. These papers are the critical underlying data of paleontology.Much of this information is

summarized in various textbooks used to teach the next generation of geologists and

paleontologists. Neil Shubin, in Your Inner Fish, describes how they located the rocks that

eventually yielded the early tetrapod Tiktaalik, a key intermediate in the transition from fish to

terrestrial vertebrates. Based on earlier work in Pennsylvania, he and his colleague Ted

Daeschler knew they wanted rocks of Devonian age that formed in freshwater environments.

By chance, they found a diagram in an introductory historical geology textbook that showed

rocks of the right age and environment in the Canadian Arctic. They knew where they wanted

to go and eventually went. In sum, the first step in finding fossils is to dig—not in the rocks but

in the library.New technology has become a valuable aid in planning. Satellite images available

on Google Earth and elsewhere, online topographic and geologic maps available from the

USGS, and geographic information system overlays such as land ownership are examined in

detail before the first step out the door. One of my favorite websites is ACME Mapper, which

allows easy toggling among satellite images, road maps, and topographic maps.2 Another is

TopoView from the USGS, which includes the ability to look at historical topographic maps in

an area.3 This is quite valuable if you would like to reinvestigate a site described one hundred

years ago.What we collect and how we collect is a function of the scientific questions we are

asking. Some of these questions are fundamentally geological: What is the age of the rocks? In

what environment did they form? For example, Micha� Kowalewski (University of Florida) and

Susan Kidwell (University of Chicago; box 4.1) have long been interested in how much time a

“shell bed” represents.4 Shell beds are rock units that, as the name suggests, are densely

packed with shells. Understanding the relevant geologic processes has led to the realization

that shell beds can contain individuals that lived hundreds of years apart. Many fossil

collections, therefore, represent an average of conditions over long periods of time rather than



any instant in time.Box 4.1Susan Kidwell describes herself as “a geologist who works on

fossils.” Susan is originally from Virginia. As a child, she loved being outdoors and loved natural

history. At first, she wanted to be a park ranger, but her romantic notions about the job were

disabused after reading Edward Abbey’s Desert Solitaire. She then realized that the people

who did the science in the parks tended to be professors and others from outside. Susan’s

father worked for the United States Geological Survey, and she learned from the geologists

there that the job involved being outdoors and that let you do “cool things.” She knew she

wanted to be a geology major and to get a PhD when she entered college at William & Mary.

Susan went on to get both a master’s degree and a PhD at Yale University.Other questions are

more biological: Are new fossils present that fill in gaps in our understanding of the history of

life? What was the ancient ecological community like? Is there evidence for predation or

competition? One of the best pieces of evidence we have for predation in the geological past

are the distinct drill holes made by predaceous moon snails on their snail and bivalve prey.

Patricia Kelley (University of North Carolina Wilmington), along with her students and

collaborators, have collected tens of thousands of shells from numerous geological units, with

the goal of understanding the history of this predator-prey interaction.5What makes the covers

of the journals of Science or Nature or the front page of the New York Times are generally the

more spectacular and rare finds. This usually starts with “Paleontologists have discovered the

earliest …” or “The biggest …” or “New relative of T. rex …” etc. The late Martin Brasier called

this the “Mofaotyof principle,” which stands for “my oldest fossils are older than your oldest

fossils,” and represents the excitement, attendant publicity, and as Brasier stresses, the

necessity for concrete evidence when the oldest member of a fossil group is first discovered

and published.6 In most cases, however, we are just as or perhaps more interested in the vast

majority of common and somewhat mundane fossils that make up the history of life. As Ben

Dattilo (Purdue University Fort Wayne; box 4.2) said to me, “Rather than chase after rare

fossils, I have taken to studying the fossils as part of the rock record, and I have concentrated

on the more common things. Most of my work is done in the Cincinnati, Ohio, area where

repeated visits to the same outcrops allow me to observe and question on a level of detail that

adds to a body of work that has been done on these rocks for almost two hundred years. For

example, I have done ongoing research on the brachiopod Rafinesquina alternata. If you

cannot find thirty of these in as many minutes at a typical Cincinnatian outcrop, you just aren’t

trying. It is arguably one of the most common macrofossil species on earth. This means it has

been overlooked and passed up for detailed study—because it is not rare.”7 I agree strongly

with Ben on this; the vast majority of fossils are not rare, although some are. And nearly all field

discoveries are important to building the body of knowledge even though they may not land us

on the front page of the New York Times.Box 4.2Ben Dattilo grew up in Madison, Indiana,

halfway between Cincinnati and Louisville. He collected his first fossil when he was four and

“continued collecting fossils until my early teens, with The Golden Guide to Fossils as my

principal guide.” He was fortunate enough in 1977 to meet a paleontology graduate student

who permanently sparked his interest. Nevertheless, when he first went to Brigham Young

University, he was being encouraged to be an engineer. While on a Mormon Mission, Ben had

a conversation with someone who said something like this: “You do not want to be an engineer,

the training just makes people narrow minded.” That was all it took. When he returned to BYU,

he took a course on the history of life and ended up as a geology major. “Shortly thereafter I

started working in the Earth Science Museum where I worked as a vertebrate fossil preparator

and collector.” After getting his bachelor’s and master’s degrees at BYU, Ben went on to get his

PhD at the University of Cincinnati, writing his thesis on the wonderfully exposed Ordovician-



age rocks in that area. He still enthusiastically studies them.One of the most dedicated field-

oriented invertebrate paleontologists was the late Arthur Boucot. Art was a large and colorful

guy known for collecting pretty much everything available at an outcrop when looking for rare

fossils; his propensity to do this has given rise to the phrase “to boucotize” an outcrop. I have

also heard that having two hundred pounds of rocks on your back is “a boucot.” Art’s love and

encouragement for fieldwork is memorialized by his funding of the Paleontological Society

Arthur James Boucot Research Grants, which encourages fieldwork-based research by young

scientists.Another legendary field paleontologist is Carlton Brett of the University of Cincinnati.

Those of us who have been privileged to be in the field with him are struck by his knowledge of

the geology and the fossils, his sophisticated interpretations of the environments in which the

fossils formed, and most of all by his infectious enthusiasm. As Arnie Miller put it: “Carl is, first

and foremost, an aficionado of fieldwork and there is no place that he would rather be at any

given moment on any given day (or night) in any given weather condition than at a rock

outcrop.”8 The “night” part is a bit of an inside joke among paleontologists; Brett is notorious for

not wanting to leave the field even when it is dark, so you end up looking at an outcrop under

automobile headlights.When we are doing fossil collecting, we are not necessarily “on a dig.”

Many times, the fossils we are looking for are right at or near the surface, and very little

systematic digging is involved. As Jere Lipps put it to me: “I’ve been on vertebrate paleontology

and invertebrate paleontology digs where the overburden was removed centimeter by

centimeter to get to a bone or shell bed or accumulation that was then excavated very carefully

with grid systems, photographed, each specimen labeled and carefully removed. Dig, when

used in this way, seems to me to mean a planned activity that takes some time.” Picking up a

fossil exposed on an outcrop is not a “dig.”Even if you know where you want to collect, you may

not be able to get access. Much of the bedrock geology of the Midwest is covered by materials

left by the last ice age. These glacial deposits contain cool stuff including mammoths and

mastodons. But for those of us who are interested in the far more ancient fossils contained in

the bedrock, these overlying deposits (“the overburden”) must be removed before our sites are

accessible. In some places, the bedrock is exposed by stream action, but these outcrops tend

to be sparse. Then there are roadcuts, which might expose a considerable amount of rock but

are sometimes hazardous due to passing traffic or are unavailable due to legal restrictions. The

best sites are rock quarries, which until recently were quite welcoming to collectors, both

professional and amateur. Fears of lawsuits and complications with federal safely regulators

have markedly reduced access. I recently scheduled a paleontology class visit to a quarry in

western Illinois. On the Monday before our Saturday excursion, our contact emailed me to say

that “the plant regrets a last-minute cancellation but was visited on site by MHSA this past

week in a routine inspection. We are forced to withdraw the invitation.” MHSA is the federal

Mine Health and Safety Administration responsible for ensuring safe conditions at the nation’s

quarries and mines. I was never able to find out what issues prompted the cancellation. I had to

scramble until I could find another quarry willing to accommodate us.Access to private lands is

always an issue. It is vital to build trust with local landowners to overcome any suspicions they

may have of why you want access to their property. Some of this is the legacy of the collecting

of the T. rex known as Sue, which ended up impounded over issues of land ownership and

access. One of my former students, who is from Montana, has been very successful in getting

access to field sites in that area because she speaks the language of the landowners. Public

lands have also become problematic, with increasing restrictions placed on collecting. I return

to these issues in chapter 16.Once you have an idea of where to look, you must gear up. Gear

for the field varies from simple to complex, from high tech to low tech or even no tech at all.



The simplest tools of all are the trained eye and brain. Much of a paleontologist’s time is spent

scanning the ground or the cliff face, looking for that elusive bit of color or shape that signals

the presence of an item of interest. The best fossil hunters literally seem able to “smell” the

fossils. A similar ability among mushroom hunters was described by Michael Pollan in The

Omnivore’s Dilemma as “getting his eyes on.”Fossils, like the living things they come from, tend

to be small. Even large bones can shatter into thousands of small fragments. So around the

paleontologist’s neck is a hand lens, a high-quality magnifying glass that is similar to the loupe

used by jewelers. The item of interest is examined closely under the hand lens, leading to the

decision to keep it or more likely toss it aside (an old joke used on students is that such

specimens are leaverites, as in “leave it right there”).Fossils also tend to be embedded in rock

or at least in compact sediments, from which they need to be separated. If the material is soft

or loose, an old butter knife is a useful tool. If it is hard, however, it must be broken or split, and

for that you need a hammer. Not just any hammer, mind you, but a sturdy steel hammer with a

comfortable handle. A flat chisel end is handy for splitting rocks. A well-made hammer, with

good balance, is not only easy to use but is fun to bash on rocks. In some cases, if the rock is

hard, a large crack hammer or sledgehammer can be used to break it up. One of the chief

tasks of a paleontologist in the field with students is to get them to not use their hammers at

every opportunity. The other task is to get them to put safety glasses on when hammering on

hard rocks (splinters will fly). Murphy’s Law for field paleontology is that the rock will always

split across the specimen you are interested in recovering. The hammer also can be used to

smack a chisel into the rocks, to separate the layers or to reduce a large block into something

more manageable. Peter Ward has called these “the tools of my trade, the cold steel of

hammer and chisel which are my access back into time.”9A hand lens, a hammer, a chisel,

safety glasses, toilet paper to wrap small or fragile specimens, plastic bags for fossils, a pen to

label the bags and make notes, a waterproof notebook to record observations and what is

collected, perhaps an old toothbrush or small whisk broom to remove dirt, a tape measure, and

a sturdy backpack to put all of this stuff into is the basic field kit. A lot more can be added. If

you are working near vertical cliffs, a hardhat is a necessity—it is required by law if you are

working in a quarry. A camera is important for recording information about the site; a map and

a GPS unit are vital to determine where you are and to accurately record locality data; bug

spray is critical in some climates and times of year; and, of course, we always wear sunscreen.

Tablet or laptop computers have become standard ways of taking notes. Many of us also pack

a small bottle of dilute hydrochloric acid; “dropping acid” tells us if our rocks are limestones. If

you are working on relatively recent fossils in sediments that have not yet become rocks, a

sieve is useful for finding very small things.Things get more and more complex the longer you

plan to be out in the field and depending on the location of your field site. I am fortunate that

my field sites are less than two hours from home. I can drive there and spend the night in my

own bed. Many sites, however, require you to spend the night far from home or a pleasant

motel (which costs too much anyway). Camping out is standard operating procedure, and in

some cases this is far from even the minimal amenities of water and a pit toilet. Of course, this

means bringing all the gear needed for camping, as well as food, perhaps water, and any

supplies you might need, such as bug spray. For remote field sites such as in the Arctic, this

gear must be flown in, at a not inconsiderable expense. As Neil Shubin points out, the logistics

of fieldwork in remote areas is complex, requiring “at least eight days planning for every day in

the field.”The technological revolution has also transformed paleontological fieldwork. One of

the most important things in the field is knowing exactly where you are. Detailed location

information, usually including a detailed map, is part of every paper describing a field site.



Traditionally, paleontologists and geologists have used topographic maps and high-end

compasses to orient themselves and mark their collecting sites. Learning to read a topographic

map, and to use it in the field, was and is part of the basic training of Earth scientists. The

advent of global positioning systems (GPS) has changed all that. Once used only by the

military, almost every cell phone can now locate you on the surface of the Earth to within 10

meters, and you can purchase GPS equipment that has precision on the centimeter scale. The

locations can then be mapped with high precision using geographic information systems (GIS),

the same technology that tells you the location of the nearest takeout pizza. The GPS

coordinates of a fossil site are now essential pieces of information to be reported.Everything

that is transported in also needs to be transported out. This includes not only gear but the

fossils themselves and any material needed to protect them during the journey home. As Anne

Weil (Oklahoma State University; figure 4.2, box 4.3) puts it: “This can be very physically

demanding since I worked very intensively in wilderness areas from which one has to hike

hundreds of pounds of matrix out…. I think this is what people really imagine vertebrate

paleontology is like, and it is just like that a lot of the time—filthy, sweaty, exhausting, and very

satisfying.” Susan Butts recalls someone calling this “blood, sweat, and beers.” During his 2012

Mongolia expedition, Johnny Waters and his field party “had to literally transport everything it

needed—food, water, gas, etc. We traveled in Russian vans on roads that are basically tracks

across the desert…. The camp had a cooking tent, individual tents for sleeping, and a very

cold stream for bathing. There were no bathroom facilities.”10FIGURE 4.2 Anne Weil at the

Homestead Site, an Oklahoma fossil site.Source: Photo by Jeff Hargrave.Being out in the field

often means being away from a convenient toilet, even a pit toilet. For some beginning

students, the very idea of going to the bathroom outdoors is problematic, let alone the lack of

showers. As Anne Weil explains it: “Solid waste disposal depends entirely on the regulations

enacted by the agency or preference of the landowner.” Some require burial on site, others that

it be hiked out. She continues, “One efficient way to do the latter is to use a “groover,” or toilet-

dedicated ammo can, so named for the grooves it leaves on one’s fleshy hind parts.” At the

least, many of us are already carrying a roll of toilet paper and hand sanitizer.Box 4.3Anne

Weil is a vertebrate paleontologist at the Center for Health Sciences of Oklahoma State

University. Anne considers herself primarily a geologist. She came to paleontology somewhat

late. She was interested in journalism in high school and began as an English major at

Harvard. As part of the breadth requirement, she took a class with Stephen Jay Gould on the

history of life. Gould, in turn, suggested that she also take physical geology to complete her

requirements. Her instructor urged her to go into geology. Anne did end up an English major

but took enough geology to be able to enroll for a master’s degree in geology at the University

of Texas at Austin. She then went on to study at Berkeley with the great vertebrate

paleontologist William Clemens. Like many vertebrate paleontologists, she is employed at a

medical school, teaching courses such as gross anatomy. She calls herself “a geologist in a

medical school.”This is one area of fieldwork where sex differences really stand out. For men,

urination is usually no more complicated than finding a nearby tree, bush, or rock to mark as

your territory. For women, it is often more difficult to find a private spot. Then there are

additional complications associated with menstrual periods. Anne Weil again: “I think a lot of

women are afraid that someone will notice the terrible, shameful event of their period. ‘What if

someone sees the bag in the trash??!’ To which I say, ‘So? It’s not like it was a mystery to them

that you are a female of reproductive age.’” I spent a summer in the field with a nursing mother

who needed to express breast milk, while her own mother cared for the child. Marilyn Fox, who

leads field trips for the Yale Peabody Museum, has a necessary discussion with



undergraduates about “female things in the field.” None of this has stopped women

paleontologists from being as successful at fieldwork as their male counterparts.This is

assuming that cover is available and the weather is warm. On subfreezing nights, one fights

the competing urges to urinate and to stay warm in your sleeping bag. For those working in the

polar regions, sometimes the only solution at night or in foul weather is a dedicated bottle. As I

tell my students, if you see a toilet, use it. Who knows when there will be another

opportunity.This brings us to hazards. We often work near steep cliffs or quarry walls. Falling

on rocks or having rocks fall on you is a real possibility. The rules here are to never stand

directly above someone and to loudly yell “rock!” if you knock one loose. If you are outdoors

away from shelter, there is the risk of lightning strikes or flash floods. If you are working along a

sea cliff, you risk being trapped or drowned if you don’t keep an eye on the tide.Animal bites

are another danger; in areas with venomous snakes or scorpions, the basic rule is to turn over

rocks with your hammer, not your hand. In Alaska, northern Canada, and many parts of the

American West, bear attacks are not a minimal risk. Rifles are typically part of the field gear in

those areas. Then there are the mosquitoes and the black flies. George Gaylord Simpson, in

his 1934 classic Attending Marvels, tells of doing fieldwork in Patagonia in 1930. Not only were

there strong and nearly unending winds (“Its brutal force and nerve-destroying continuity

almost pass belief”) but also millions of flies, as well as scorpions, spiders, and centipedes. He

also describes a monotonous diet of mutton: “Dinner which we shared, consisted of boiled

mutton, cooked so long that it was literally putrid, followed by mutton broth. For dessert, a bowl

of hot mutton grease was brought in and bits of hard tack were soaked in this.”11Nearly ninety

years later, paleontologists working in Mongolia describe similar experiences, including

endless meals based on mutton. Ross Anderson (University of Oxford) simply characterizes

the food as “leaving much to be desired,” and Pedro Marenco (Bryn Mawr College; box 4.4), a

committed carnivore, found that it was too much meat even for him. Marenco also recalls a

rather gruesome encounter with a local insect pest. He was working in Mongolia with Stephen

Dornbos (then at the University of Wisconsin–Milwaukee) and a team led by Tatsuo Oji from

Japan, accompanied by the Mongolian geologist Sersmaa Gonchigdorj. The group was looking

for fossils preserving soft tissues in rocks of Ediacaran age, about 555 million years old. When

they arrived at the field site, they realized a trench had been dug in front of it that was filled with

dead animals, mostly goats and sheep but also included a horse. You can imagine the smell

and the swarms of insects. They set up camp. Not long afterward, the camp cook, who was

also a doctor, was called over to look at the eye of one of the Japanese students and realized

that a fly had laid eggs in it, which had already hatched into maggots. Thankfully, she was able

to remove them before there was any permanent damage.Box 4.4Pedro Marenco was born in

the United States, but his family did not emigrate permanently from Nicaragua to southern

California until the early 1980s. He had been interested in fossils since he was seven years old,

when he recorded himself reading kid’s books on dinosaurs. As a child, he thought

paleontology was just dinosaurs. As is the case with many others of his generation, he grew up

with computers and video games and loved programming, producing his first line of code when

he was eight years old. Inevitably, he entered the University of Southern California (USC) as a

computer engineering and computer science major. During his junior year, Pedro took a course

in invertebrate paleontology and evolution with David Bottjer and discovered that paleontology

was more than dinosaurs. He particularly liked the field trips. Pedro contacted Bottjer about a

job and became a field assistant to Dave’s then graduate student Margaret Fraiser. He became

smitten with the science and stayed at USC for a master’s and PhD with Bottjer.They

eventually learned that the culprit was the spotted flesh fly, which as the name implies lays its



eggs anywhere it can, but especially in exposed soft tissues. It dive bombs toward places like

eyes, which is why wearing glasses helps prevent infection. At one point, Marenco felt a thud

and found eggs laid on his eyeglasses. The fly is a scourge of livestock, which is probably why

the carcasses were in the pit in the first place. Carefully keeping their mouths closed, Steve

and Pedro and the rest of the team buried the animals so they could work in some

comfort.12When Stephen Dornbos was a graduate student at USC, he accompanied Frank

Corsetti and Junyuan Chen (Nanjing Institute of Geology and Palaeontology) on some

fieldwork in the Hunan and Guizhou provinces of China, studying rocks from the period of

Earth’s history before the Ediacaran, informally known as “Snowball Earth.”13We wanted to

sample this late Precambrian manganese carbonate for geochemistry and micropaleontology

because it was potentially a Snowball Earth cap carbonate … we visited an active manganese

mine to get some good samples. We gathered in the mining office and were issued knee-high

rubber boots. Now, being a tall person, I have large feet. The largest boots they had were way

too small for me, so I curled up my toes figuring that it wouldn’t be much of a walk. I was

mistaken. We ended up delving over a kilometer into this active mine that had low (5 feet or so)

unsupported ceilings, no lighting, no ventilation, and extremely poor drainage. Hunched over in

our ill-fitting boots, we sloshed slowly through knee-high black waters all the way to where they

were actively drilling. Members of our party started banging on the walls of the mine with their

hammers to get samples as Frank and I peered nervously at the unsupported ceiling. We got

our samples and got out of there as fast as we could. We emerged from the mine covered in

black sludge and were offered some soap to wash up at a faucet just outside the mine. As we

were washing our hands, we observed that the pipe leading to this faucet headed straight back

into the mine. We asked for even more soap. I think of this experience whenever I hear about

too frequent fatal Chinese mine accidents.Ellen Currano (box 4.5) is a paleobotanist focused

on determining how ancient forests respond to environmental change. Here she describes

some of her fieldwork experiences.Fieldwork is my favorite part of my job—I love wandering

the badlands, imagining what they would have looked like when the rocks were forming, and

collecting new fossils that will provide new information…. Paleobotanical fieldwork really is not

glamorous. I spend a lot of time walking the badlands, digging holes in the ground looking for

leaf fossil localities, and then when we find good ones, we dig really big holes, carefully pry out

blocks of fossiliferous rock, and wrap them in toilet paper. I’ve sure sweated it out in the

Wyoming badlands and Kenya’s Turkana Basin (midday temperatures of 120 degrees in the

shade!). I’ve had close encounters with water cobras, carpet vipers, rattlesnakes, scorpions,

and lions. I’ve worked in grizzly country, which terrifies me—all my fossil photos have bear

spray for scale. Then there are the tropical diseases. While working at the Laetoli fossil beds,

Tanzania, I got malaria and spent a week in the local hospital…. Then, there are the many GI

ailments, where you’re not really sure what you’ve got, but given time and cipro, you generally

get better. On several occasions, I’ve made it back to the U.S. with continued GI system failures

—on one occasion, I had stopped in D.C. for a meeting at the Smithsonian. I was weak enough

that I had to give my talk sitting down.Box 4.5Ellen Currano grew up in the city. “I was

introduced to dinosaurs in first grade, and I thought they were the coolest things ever. My

parents encouraged my interest in so many ways, including regular visits to the Field Museum

in Chicago. Growing up in a huge city, I dreamed of getting to spend time in the wilderness, of

going into the field and collecting fossils. At the University of Chicago, I majored in geophysical

sciences because of the department’s awesome field trips—I got to go to the Bahamas, Big

Bend and the Guadalupe Mountains, and Iceland! My junior year, I studied abroad in Tanzania

and began a lifelong love affair with East Africa. The summer after my junior year, I was an



intern at the Smithsonian under paleobotanist extraordinaire Dr. Scott Wing. We spent a month

in the Bighorn Basin, Wyoming, doing fieldwork. I found my calling in the middle of the

Wyoming desert excavating beautiful leaf fossils, and I realized that, for me at least, the

research that could be done using leaf fossils was far more interesting than anything that could

be done using dinosaurs. That summer I met my future PhD advisor at Penn State, Peter Wilf.

After college, I went to Penn State for my PhD, coadvised by Scott and Peter. Every summer, I

returned to the Bighorn Basin for more fieldwork and savored every minute of it.”And then there

are the manmade dangers. The “real Indiana Jones” was the vertebrate paleontologist Roy

Chapman Andrews, whose accounts of his exploits in the 1920s have always thrilled me.

Among his most famous finds were nests of dinosaur eggs in Mongolia. Andrews is often

pictured sitting with a rifle on his lap. This was to protect himself and his crews from bandits

who roamed the politically unstable area. Gaylord Simpson found himself in the middle of a

revolution in Argentina in 1930 and narrowly avoided getting shot to death. These dangers are

not just a romantic sounding vision from the past. In 2008, a field party led by a renowned

paleontologist was robbed by bandits in Niger, including a shot fired over their heads.14

Fieldwork in the fossil rich Siwalik Mountains of Pakistan has essentially stopped due to the

unrest there. Closer to home, there are always risks of stray shots from hunters or target

practice. The best way to avoid or minimize risks is to anticipate them and, as a colleague of

mine tells students, “don’t be stupid.”Problems also can come from your companions in the

field. Fieldwork in paleontology, as in many other areas of science, has an unfortunate legacy

of sexual harassment and even sexual assault. One female colleague angrily recalls being

propositioned and grabbed by a well-known vertebrate paleontologist, “one of five” known by

woman paleontologists to be serial offenders. It was one reason she left vertebrate

paleontology to become an invertebrate paleontologist. Another recalls: “A close friend and

colleague (a graduate student at the time) had shared with me two separate instances where

she was sexually harassed by older, more established male colleagues in a field setting. Both

instances deeply troubled her, and she felt she had nowhere to turn, and no one to turn to…. I

think because many of us have a field component to our research, the opportunity for

harassment is greater than in other fields.” A 2014 survey examined the experiences of women

and some men early career scientists (“trainees’) in field settings.15 About half of the 666

respondents were anthropologists; the remainder included geologists, archeologists, and

ecologists, some thirty-two disciplines in all. About two-thirds of the respondents described

some form of sexual harassment, e.g., inappropriate remarks, jokes or comments, and a

shocking 20 percent reported some form of sexual assault, such as unwanted sexual contact. I

suspect that the numbers in paleontology, at least historically, are not markedly different.For

many years, beer has been treated as one essential. Although drinking has long been

ingrained as part of fieldwork, this has come under increased scrutiny as being detrimental. I

have seen and heard about concerning behavior by drunk students and the faculty who are

responsible for their safety. This is another area of our culture that needs scrutiny.There is hope

that things are getting better. Part of this is the increasing willingness among victims and

witnesses of harassment to speak out and act. Another part is the recognition within the

community that this situation exists and can no longer be ignored. Lucy Edwards, a long-time

micropaleontologist at the United States Geological Survey, points out that a major change in

the status of woman in the field is that “unwanted touching and crude or disparaging comments

are now legally recognized as part of a hostile work environment.” The major paleontological

societies now have explicit statements about sexual harassment and abuse, and the

Paleontological Society adopted a rigorous code of conduct in 2019.16 As Phoebe Cohen said



in the Winter 2016 edition of Priscum, the Paleontological Society newsletter: “It is important

for us to send a clear message that such behavior is unacceptable and to also send the

message to those who may have experienced discrimination or harassment that the Society

takes such incidents seriously.”It would be a serious misconception to believe that all

paleontological fieldwork takes place on land. The oceans cover about 72 percent of the

world’s surface area, and the vast majority of the rock record lies underneath what can be tens

of kilometers of water. Beginning in 1968, a series of programs, using increasingly

sophisticated ships and drilling technology, have drilled tens of thousands of cores into the

ocean floor, capturing rock records going back tens of millions of years. The data from these

cores and those collected by other oceanographic vessels laid the foundation for the

acceptance of the theory of plate tectonics. They also provide crucial data for reconstructing

the history of the world’s oceans and climates, such as the timing and magnitude of the

advance and retreats of the glaciers during the ice age. Paleontologists aboard these ships are

critical parts of the scientific teams that analyze the cores when they are brought on board and

when they are returned for further analysis on land.Pincelli (Celli) Hull (Yale University; box 4.6)

is a micropaleontologist who has worked as a sedimentologist on several deep-sea drilling

trips. As she describes it, it is very different from the typical experience on land. Given the

expense of running the ships, they operate twenty-four hours a day and are very loud at all

times. The life of a scientist on board is extremely regimented, with a twelve hour on/twelve

hour off duty cycle, although the actual workday can be fourteen to sixteen hours long. So that

they are not distracted, all the daily needs of the scientists are taken care of by the crew. The

ship must stay in place to complete drilling in one spot, so it shudders constantly. It is also a

highly organized enterprise, with an assembly line approach to drilling the cores, recovering

them from the seafloor, bringing them into the lab, describing what is in them, and storing them

in preparation for the next core. The job of the micropaleontologists is to date the sediments in

the core while the sedimentologists describe their physical properties. The results are written

up and prepared for publication by the time the ship docks, some two months after leaving

home. Despite the hard work and long hours, Celli is quite enthusiastic about it: “It’s all about

discovery!”Box 4.6Pincelli Hull is a bit of a latecomer to paleontology. As a college student at

Duke, she was interested in oceanography, double majoring in biology and earth and ocean

sciences. She spent her summers at Duke’s marine lab. She went on to graduate school at the

Scripps Institute of Oceanography in biological oceanography, but she realized that ecological

time series were not long enough to study some of the more interesting patterns in the

evolution of the single-celled organisms she was studying, so she turned to the fossil record

and the study of mass extinctions.Other paleontologists do work much closer to shore at

various marine laboratories. In these cases, much of our work overlaps with that of our friends

and colleagues in marine biology. Examining living forms and their habitats is essential training

for understanding the same relationships in ancient seas, and I require it of most of my

graduate students.Arnold Miller (University of Cincinnati) has extensively scuba dived the area

around St. Croix in the U.S. Virgin Islands with the goal of understanding what controls the

distribution of shells and other skeletal remains on the seafloor, especially the role of storms.

He ended up getting firsthand experience with this when category 4 Hurricane Hugo struck

while he was there in 1989, severely damaging the West Indies Laboratory for Underwater

Research where he was working. Arnie recalls that several times the roof of the building where

they sheltered seemed certain to fly off.17Fieldwork in modern environments also takes place

far from the ocean. Kay Behrensmeyer (box 4.7) has conducted extensive vertebrate

paleontological fieldwork in the Siwalik mountains of Pakistan. She has also worked closely



with paleoanthropologists on the paleoecology of early human sites in Africa. But for many of

us, she is best known for her long-term study of modern vertebrate remains in Amboseli Park,

Kenya, focusing on the processes involved in fossilization. Since 1975, working with the

ecologist David Western, she has periodically visited the park, tracking the breakdown of

carcasses and bones on the land surface.18 Her work has been key to understanding how

vertebrate remains become recycled or preserved in terrestrial settings. Kay’s research is one

of the pioneering studies in modern approaches to taphonomy, the science of fossil

preservation.Box 4.7Kay Behrensmeyer, curator at the National Museum of Natural History

(NMNH), has been an inspiration and mentor to many younger scientists. She recalls that “from

an early age, I was interested in fossils and rocks, and natural history in general. My two

brothers and I collected Paleozoic marine fossils where I grew up in western Illinois, along a

creek on the farm where we spent our weekends. My parents and my aunts encouraged us to

be good observers and to be interested in science. They gave us books and specimens of

rocks and fossils, and we had National Geographic Magazine to inspire us about the world

beyond the Midwestern USA. My father had an avid interest in science, and around the dinner

table he told us stories about scientific discoveries. When I went to college, I intended to study

art, but a really great geology course made me realize that I could follow my interest in fossils

and rocks to discover new things about the history of life. I also had a few dreams about being

part of fossil-hunting expeditions to exciting places around the world. Then I went to the

Indiana University Geological Field Camp in Montana, learned to map and work out geological

history, and my career trajectory was on its way.” Kay went on to earn her PhD from

Harvard.Inspired by Behrensmeyer’s approach, University of Georgia paleontologist Sally

Walker and colleagues have conducted long-term experiments on the fate of shells on the

seafloor.19 In 1993 they placed mollusk and brachiopod shells, crabs, urchins, and wood on

the seafloor, spanning shelf-to-slope habitats in the Bahamas and in the Gulf of Mexico, and

they have recovered them at intervals since that time. Given that the depths ranged to more

than 600 meters, a submersible was used to put the experiments in place and to recover them.

Sally describes her first experience diving to 610 meters (2,000 feet) in the Gulf of Mexico as

one of the highlights of her life: “Imagine climbing into a goldfish bowl, except I was the goldfish

surrounded by 3-inch Plexiglas. Safety checks were finalized, communications were

established, and the descent below the waves began.” Soon Sally “was in the “twilight zone,”

traveling through a “murky darkness that soon became an ink black night.”The red lights of the

instrument panel indicated that the sub was dropping 30 meters (100 feet) a minute. A few

minutes later, near the target spot to deploy experiments, the sub’s pilot turned on the arc lights

and I peered out at the surrounding underwater scene full of almost swimming pool-sized pits

pocking the seafloor. “What the heck are those huge pits?” I asked. The pilot calmly replied,

“Those are methane blow-out pits.” When the underwater gyres heat up during a warm-climate

interval, the frozen methane under the sediments turns to gas and blow out these huge pits.

We hovered over the seafloor to an amazing array of large sea fans and giant straw-like tube

worms surrounded by a wreath of mussels that were near where we would deploy our

experiments … so much life at 610 meters! We were startled, however, to see an undulating

body larger than our sub materialize at the edge of our vision: it soon became clear that it was

a seven-gilled shark. We also saw silver-dollar-sized deep-sea hatchet fish, with flat, clear

bodies and arrow worms that darted in all directions. We soon completed our task, turned off

the arc lights, and started our ascent to the surface. The pilot asked if I wanted to see the 4th

of July fireworks. I was confused as the date had passed, but nonetheless I said: “Sure!” He

then covered the lit instrument panel with a towel and flashed the arc lights once during our



ascent. Tears started to roll from my eyes: the arc lights had stimulated all the little sea

creatures to bioluminescence, and there were Carl Sagan billions and billions of biologically

produced lights, in all their glory and diversity, shimmering and sparkling at 600 meters in the

deep sea! What an amazing adventure!Although paleontologists have been collecting fossils

for centuries, there are always new things to find. Scarcely a month goes by without the public

announcement of a new dinosaur, a new ancient mammal, or new sites in the Cambrian. Many

of these come from sites in remote areas, but as my cave discovery shows, it is not unlikely to

find them in places far closer to home. Stunning new discoveries have come from China, which

is in a golden age for paleontology, and from Morocco. It is summer as I write this. Most of my

colleagues are in the field, finding new things. I am getting itchy to abandon my keyboard and

join them.
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Ned B, “Great resource for learning about the profession of paleontology.. Anyone interested to

learn what it takes to be a paleontologist in the 21st century should get this book. It provides a

great overview of the kinds of training and skills necessary to be a paleontologist. I would

recommend it for people interested in pursuing the career path themselves or for parents of

kids who are seriously thinking about pursuing paleontology. It's also very clearly written,

accessible for a general audience. It also would be a great read for anyone who loves

paleontology and is curious about what the lives and careers of paleontologists are REALLY

like.  I really enjoyed reading this!”

Annarella, “Recommended. As lot of other people I came for the dinosaurs and discovered

what being a palaeontologist means.It's a good book that explains what they do and how to

become one.It's always interesting to learn more about one of your dream profession.It's a bit

dry at time but it was an interesting read.Recommended.Many thanks to the publisher and

http://www.neutronbyte.com/api/Wa18oYTP/e/Eaoo/OPMw/YbxLP/Explorers-of-Deep-Time-Paleontologists-and-the-History-of-Life


Netgalley for this ARC, all opinions are mine”

AnnieB, “Interesting book on academia and paleontology. Explorers of Deep Time is an

accessible, scientifically accurate, and well written look at paleontology and the scientists who

study it written by Dr. Roy Plotnick. Released 4th Jan 2022 by The Columbia University Press,

it's 344 pages and is available in hardcover and ebook formats.The author writes engagingly

and well about "Deep Time" and the conditions and physical, geological, and biological

features which shaped those eras and have had such a profound effect on our world. The

illustrations and photographs (and digital recreations) add a lot and helped me to visualize

scale (giant dragonflies circa 310 million years ago were *really* huge).Besides talking about

ancient history, the author spends a gratifying amount of time talking about academia and the

sometimes (often?) circuitous path to becoming a paleontologist or other theoretical scientist

and academic. I am a bionerd and am on numerous groups on social media and one of the

perennial questions is "My kid is interested in _____, so what education should they be

pursuing"? It's nice to see actual real life advice on real life studies by an eminent (real life)

scientist.The book is layman accessible, and I found it a fascinating read. It's well annotated

(and the chapter notes and index make for fascinating further reading) but doesn't get bogged

down in overly academic language. This is popular science writing - not a "how-to" guide for

collection or specimen study. It's clear he's both knowledgeable and engaged in the subjects as

well as having a solid interest in passing on knowledge and encouraging others to learn and

study. There are a handful of popular science writers who have the gift of writing layman

accessibly and engagingly on their topics of expertise. We can safely add Dr. Plotnick to the

list. The chapter notes and bibliography are for papers and research presented in English

(most science writing is in English these days).Five stars. Heartily recommended for readers of

science, paleontology, academic pursuits, and STEM subjects, as well as for public and school

library acquisition.Disclosure: I received an ARC at no cost from the author/publisher for review

purposes.”

The book by Roy Plotnick has a rating of  5 out of 4.4. 7 people have provided feedback.
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