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To the paleontologists and geologists who revealed the Trout Valley Formation’s secrets of how plant-life evolved on Earth
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PREFACE

DEEP IN THE WILDERNESS OF NORTHERN MAINE IN THE MID-1950S, A Harvard PhD student is wading down a mountain stream into a remote valley. He is wading because he is looking for rocks the stream has revealed in its bed and along its edges, the avenue it has cut through the thick tangled forest that covers most of the land here. He is taking his first steps to map the geology of 300 square miles of Baxter State Park, a daunting task that will take him six years to complete. But he must see the rocks to do this, for they can tell him the geological secrets of this place. He finds his way around a waterfall and beyond he discovers a series of unusually-shaped rock outcrops. He learns later that they are part of an unknown geologic formation, hundreds of millions of years old, still mystifying today because of its relative lack of change despite nearby volcanic activity and massive land movement. Wading on, he has another surprise. In a thin layer of black shale beside the stream, he finds a small fossil of a plant. Yet many others have visited these woods and streams before him with no public comment of such a finding.

How much the young scientist was aware of the full significance of his discovery of the formation and its fossils that day in 1955 we do not know, but a fascinating story of science was about to unfold. It is a story that needs to be told, and never more so than today when our lives and future existence depend so much on the work of scientists as well as a recognition of the value of their work to society. Not since Darwin’s time has science been faced with so many challenges from society; nor has it offered so much promise for the future. As science educators, we learned the details of this story through our years of teaching and writing and exploring this area with scientists. We believe that it will capture the interest of our readers and further their understanding of our planet as much as it has ours.

In our book, we tell how scientists revealed the details of a major event in the history of our planet. This event was the transition of plants to land. It is an occurrence that had, and continues to have, a critical influence on the Earth’s life-supporting processes, including our climate. We do this by tracing the story of the discovery of one of the world’s ancient land plants. As far as we know, the fossilized remains of the plant known as Pertica (genus) quadrifaria (species) are found only in that Devonian-age geological formation residing in what is still a wild, remote, and heavily-forested place in northern Maine. The place is now protected within more than 200,000 acres deeded to the State of Maine by its donor, former Maine Governor Percival P. Baxter, whose name is forever a part of the land area known as Baxter State Park.

The fossil plant was alive about 398 million years ago during the Early Devonian Period of geologic time. It was one of the first land plants and is thought to have been the tallest plant on the landscape in its time. Today, the site of the fossil’s discovery lies in the shadow of an Eastern White Pine, Pinus strobus, also the Maine State Tree. The pine now takes the ancient plant’s place as the tallest plant on the land in the eastern part of the United States.

In this book we explore the hypothesis that these two tall plants are related. We also ask: What can these two plants, one ancient, and one modern, tell us about the past and perhaps hint at the future? And how is it that they both met here after the fossil had traveled thousands of miles from the southern hemisphere where it once existed? And why is it that both find themselves in a region divided by two very different ideas about our relationship and responsibility to the land—to keep it forever wild or to manage it for its sustainable use?

The fossil plant, Pertica quadrifaria, is now the official Maine State Fossil, and we tell the story of how this came to be. It is a plant devoid of leaves but suggesting an evolutionary promise of trees with leaves. It is a plant whose complex form is now strikingly displayed by a three-dimensional drawing, all because of the painstaking work of the scientist who discovered it.

Beyond the symbolic recognition and societal values of the fossil and the tree, there is another story. It is about the place where they are found—within or anchored in a distinct geologic formation, exposed as a belt a few miles long, relatively narrow, and hundreds of feet deep. Named the Trout Valley Formation, it is called an enigma by geologists because it was, relatively speaking, strangely unchanged by the immense geological forces of land movement and volcanic eruption that once occurred in its surroundings. Today, this massive rock formation is covered by a deep forest, except where flowing brooks and streams, and limited human activities, have exposed its forested surface.

The story is also about those who revealed the history of the fossil and the pine and the place where the two reside. They are the scientists: the geologists, biologists, and other scientists, but especially the paleontologists. It is this group who integrate botany, geology, ecology, climatology, and other sciences to understand the history of life on Earth. This story could not be told without them. They worked, and continue to do so, to unravel the fascinating history of Maine preserved here. They follow their curiosity, the motivation that drives science, leading them to investigate the ancient past and try to predict the future. With modern methods and an ever-changing technology, they search, discover, study, and communicate their findings to help us better understand our place and role on Earth.

Our book has been a long time in the making. It was in 1987 that one of us, Dean, visited one of our country’s highly respected and well-liked paleontologists, Professor Henry Andrews, at his retirement home, a family farm in New Hampshire. Dr. Andrews was one of the discoverers of Pertica quadrifaria. The purpose of the visit was to interview him for a potential children’s book. After lunch and the interview, Professor Andrews invited Dean out into the barn of his homestead. Inside, he walked over to a well-used workbench, brushed the dust off a large slab of rock, and showed it to Dean. It was a magnificent specimen of the Maine State Fossil, one of museum quality. Then he gave it to Dean, saying: “You can use this better than I can.”

Since that time, though the children’s book has yet to be published, we, as college teachers, have both brought the story of the fossil to thousands of science teachers and general college students. We have relayed that story in courses we have taught in classrooms, in laboratories, and at a distance through statewide instructional television. We have brought the story to a wider audience online. We also have lent the fossil to other educators to further its educational use. Now, a book once envisioned for children has morphed into this book for the general public. The effort is the result of the gift of a fossil more than thirty years ago.

For those of you who might wish to visit Baxter State Park where the Maine State Fossil and the Trout Valley Formation are located, we have an important note. This is not a guidebook for locating fossils in the Park. There are no maps and directions to fossil sites. Collecting fossils, rocks, and minerals and the use of geologic hammers are strictly forbidden in the Park. Research studies within Baxter State Park may be approved but require a special use permit. Those interested in conducting research should consult Park regulations and personnel. In visits to the Park, safety guidelines provided by the Park should be heeded for it is a remote area and a large wilderness.
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PROLOGUE

AN OCEAN WAVE FORMS, LENGTHENS OUT AROUND THE COVE AND THEN cascades to shore. Its crest of foam washes over a colony of plants growing on the bank of an emerging stream near an eroding volcano on the coastline of a subtropical ocean we know today as the Atlantic. Meanwhile, a warm breeze caresses the plant’s branches carrying moisture and carbon dioxide to the cells of stems responsible for growth. The plant, given the name Pertica quadrifaria, is the tallest plant on the landscape. It grows with others of its kind in a patch of green on the bank and across the wetlands. There are no leaves on the plant’s branches, which spiral up a tall, rod-like stem. The assemblage catches the warm, humid air and sunlight and produces the necessary ingredients for life through a process we call photosynthesis.

Hundreds of millions of years ago before Pertica, the continental crust was barren awaiting colonization by algae and other nonvascular plants. Photosynthetic algae in the group known as steptophytic algae had evolved the necessary processes and anatomy for them to move from the water to the land. Their move to land required periodic access to water for fertilization of reproductive cells producing the next generation. The land-based algae enjoyed the direct sunlight and direct access to carbon dioxide in the atmosphere. These first plants colonized the barren earth, and their success led to offspring with the necessary features for survival and reproduction in this new arena of habitation
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	Pertica started its journey in the Early Devonian Period when it was buried in sediment promoting fossilization in the Trout Valley Formation. It grew on part of a moving tectonic plate some 398 million years ago (mya). Plant diversification occurred in a relative rush during the Devonian Period, a time which also saw the evolution of amphibians, animals that remained the planet’s dominant vertebrate for more than 100 million years. But, it was a period of time when the world lost an estimated 75 percent of its species.

	As Pertica continued to be carried along by the incredibly slow movement of the Earth’s crust, it entered the Early Carboniferous Period 359 mya. Here, at about 335 mya, the tectonic plate Pertica was in joined other plates forming the supercontinent Pangea. Twenty million years later, 315 mya, the first reptiles arrived on the surface of its plate.

	By the time Pertica had reached the end of the Late Carboniferous Period, 299 mya, conifers, to which Pertica is thought to be related, already had evolved.

	The Carboniferous was followed by the Permian Period, beginning 299 mya, during which the world experienced another mass extinction, losing 96 percent of its marine species.

	At the end of the Permian Period, 252 mya, Pertica entered the Triassic Period. While deeply buried in the Earth’s crust of the Triassic, between 243 and 233 mya, dinosaurs evolved. They were followed by the appearance of mammals, 225 mya, also in the Triassic.

	At the end of the Triassic Period and the beginning of the Jurassic Period, 201 mya, the world experienced yet another mass extinction with a loss of biodiversity approaching almost 80 percent.

	On Pertica’s way through the Jurassic to the middle of that period, 175 mya, Pangea began breaking apart. Around 150 mya, birds appeared.

	After Pertica had entered the Cretaceous Period, flowering plants came on the scene around 140 mya. Before the end of the Late Cretaceous, 94 mya, the South Atlantic Ocean opened up.

	About 66 mya, Pertica came to the end of the Cretaceous and entered the beginning of the Paleogene Period, crossing the K/T boundary. It was here that a mass extinction occurred, and the Earth lost more than three-quarters of all plant and animal species. Ten million years later, 56 mya, Pertica reached another important time boundary between the first two epochs of the Paleogene, the Paleocene and Eocene (epochs are divisions of time within periods). This boundary, called the PETM, marks a time in Earth’s history known as Paleocene-Eocene Thermal Maximum. It is a time when, for perhaps 100,000 years, the Earth experienced the highest temperatures of the last 66 million years. The temperatures were attributed to high atmospheric carbon dioxide levels.2

	By 23 mya, Pertica was being carried through the Paleogene Period into the Neogene Period.

	In the Neogene Period, 14 mya, Pertica arrived in a more modern-looking world.

	Near the end of its journey, 2.6 mya, Pertica reached the Quaternary Period, and at 18,000 years ago, the world witnessed the most recent expansion of its ice sheets at the poles, which, for the previous 30 million years, had been expanding and contracting. That was when an ice sheet bulldozed across the land of Baxter State Park, exposing the fossils at the surface.

	Finally arriving at a time humans call the present, Pertica was discovered and became the subject of investigation by paleobotanists.
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