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We dedicate this book to the scientific laboratories, natural history
 museums, botanical gardens, and aquaria around the world where 
taxonomists tirelessly pursue the vision of Linnaeus to inventory 
and preserve our world’s microbes, flora, and fauna.

This book is also dedicated to baby Jack, who timed his arrival right 
after deadline, and to his adorable big brother, Tim. The world is waiting
 for you guys—explore!
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Introduction




We don’t know for sure how many species there are,
 where they can be found or how fast they’re disappearing.
 It’s like having astronomy without knowing where the stars are.

—E. O. WILSON, TIME (OCTOBER 13, 1986)
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What do you call 2 million slithering, crawling, running, flying, digging, oozing, and swimming species? A good start. Scientists estimate that no fewer than 10 million kinds of living plants and animals remain to be discovered, and if we include single-celled microbes in our estimate, then the number is significantly higher. Many people are surprised to learn of the steady progress being made by species explorers, who document an average of eighteen thousand new species each year.

Quietly, effectively, and mostly out of the public eye, a dedicated army of professional and amateur taxonomists advances our knowledge of the diversity of life forms and their distribution in the biosphere. They carry on one of the most ambitious and longest-running scientific enterprises ever conceived. While formal efforts to classify the kinds of living things have existed from the time of Aristotle in ancient Greece, “modern” taxonomy began at the height of the Enlightenment in the 1750s with the groundbreaking work of Carl von Linné, better known as Linnaeus.

Incorporating the many theoretical and practical advances made since Linnaeus, taxonomy is the branch of biology focused on species exploration. Taxonomy goes far beyond the initial discovery of new species. After a new species is discovered, a carefully crafted hypothesis is written to discuss the unique combination of features that
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differentiates this new life form from other existing species. The species is then classified based on its position on the tree of life using what is known as a cladistic analysis. A cladistic analysis determines where the species fits in the grand scheme of all life forms and allows taxonomists to place each species alongside its nearest relatives. Unique names are then provided to the species, so scientists can record and retrieve information about species and groups of species (taxa). All species are given scientific, two-part names (binomials) that are commonly Latin words, although some new names are rooted in languages as diverse as Spanish, Greek, Quechua, and Sanskrit. The official scientific name for a species is not the same as the species’ “common name,” which most people use when talking about familiar plants and animals. It may be apples and oranges to most folks, but to scientists they’re Malus domestica and Citrus sinensis.




Only when a name and formal description are published and made available to the scientific community does a new species officially exist. This is not the end of species exploration but, rather, the beginning of a long and ever-evolving process. Every time a taxonomist collects a new specimen, finds another related species, or discovers a new anatomical characteristic, there is a chance to further explore the species. Scientists continually test the predictions about each species’ characteristics and uniqueness and, over time, modify and improve the accuracy and fullness of the species’ description.

So what is a new species? Taxonomists are often asked whether this means a species is newly minted by nature. It does not. Species are typically created slowly by evolution over many thousands or tens of thousands of years. Some species persist and are changed very little over hundreds of thousands, or even millions, of years. These species are




Wedding portrait of Carl Linnaeus (1739).

MARK A. WILSON (DEPARTMENT OF GEOLOGY, COLLEGE OF WOOSTER)
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sometimes called living fossils, such as the tiny Cyprus mouse that appears in chapter 3. In contrast, there is evidence of certain populations isolated on islands or mountaintops that seem to have fully completed a twelve-thousand-year process of evolving into a new species. That is blazingly fast for a new species to appear.

Many factors contribute to speciation—the evolutionary processes by which new species arise. Geographic isolation plays a major role. In many taxa, sexual selection is important, while other species arise by asexual means. Multiplication of chromosome numbers, a process called polyploidy, instantly isolates offspring from parent and is common among plants. And there are countless species, from insects to lizards, in which females reproduce in the absence of males through a process called thelytoky. In these organisms, sudden mutations instantly create new species and thereby account for many new species on our planet.

Advances in taxonomy have come as a result of greater access to all corners of the Earth. Isolated localities in dense jungles, on high mountaintops, and in deep sea trenches are




becoming increasingly accessible to scientists, allowing species to be discovered in previously unexplored regions. Online access to geographic data provides clues about gaps in distributions and places where new species may exist, while satellite images allow for more precise targeting of promising habitats. Ironically, improved access is the result of the same activities that constitute threats to the survival of species, such as logging roads or slash-and-burn agriculture. In other cases, taxonomists are revisiting their assumptions about where species can exist. Some extreme environments where life was thought to be unlikely if not impossible have surprised us in recent years, turning up a wealth of new species. (More about this in chapter 8.)

There are also instances in which species are known to indigenous populations,




Ernst Haeckel’s Tree of Life: Generelle
 Morphologie der Organismen (1866).
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while remaining unknown in the scientific community. For example, a newly discovered yam has been a food source so greatly exploited by the locals in Madagascar that it is most likely now an endangered species. In these cases, the concept of “discovery” sometimes leads to charges of imperialism being leveled against the scientists from the industrialized world who get credit for discovering what has long been known to natives of the area. It is important to recall, however, that “discovery” in the scientific world indicates a species has been officially classified, including the critical practice of cladistic analysis discussed earlier. The orderly organization of species is more important than ever as we confront the rapid loss of species and degradation of Earth’s ecosystems.

Scientists are often asked whether it is necessary or even desirable to complete an inventory of all the species on Earth. Human civilization has survived and more or less progressed for five thousand years in near complete ignorance of species, and so its “necessity” may appear tough to defend. While there are lots of reasons to explore species, three especially compelling ones are evolutionary curiosity, biodiversity sustainability, and biomimicry.




Evolutionary Curiosity

Charles Darwin explained how species come to be as a result of natural selection, but most interesting is the part that follows—understanding the actual history of the origins and transformations of species and the rise of those evolutionary novelties that make them unique. While we have
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often contemplated some species’ conspicuous characteristics, like rhinoceros horns and giraffe necks, the biosphere is teeming with plants, animals, and microbes that are, in their own ways, no less improbably weird and wonderful. Each has an amazing story to tell us if we will just take the time to listen.

One thing that makes us human is our innate curiosity about ourselves, our origins, and our place in the universe. A critically important part of the answer lies in the complex story of evolution. As we piece together the history of species—as revealed by morphology, ecology, behavior, fossils, and the genome—we begin to appreciate our status as a species within evolutionary history. There is a continuum that links us to the first single-celled organism, and we can never truly be divorced from its long and amazing tale. Because we are now facing serious environmental shifts and changes, a huge number of species could soon disappear, leaving behind no record of themselves. Few gifts to posterity could be more important than building great museums so that future generations can continue to wonder, explore, and admire biodiversity.
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Biodiversity Sustainability

A second reason to continue species exploration is biodiversity sustainability. All life on Earth—including the human species—depends upon healthy, resilient ecosystems to provide clean air, potable water, nutrient cycling, and carbon sinks (reservoirs that hold more carbon than they release). Clever engineers might build machines to deliver some of these services but this is a precarious alternative to nature.

Single species are not very resilient over the long haul. Emergence of a disease, a sudden change of climate, or some other stress can wipe them out. Few species even leave a fossil record behind although hundreds of new fossil species are found every year (chapter 5). Our best bet is sustainable biodiversity. Ecosystems that are diverse are more resilient to unexpected change and more likely to adapt to whatever the future throws at them. Unless we know what species already exist in an ecosystem, however, we are powerless to detect species loss or to monitor changes in biological diversity. Exploring species is the only way to face an uncertain environmental future with confidence.




Biomimicry

Mother Nature has had nearly 4 billion years to conduct endless, random, trial-and-error experiments. Most failed. Some have succeeded—and with spectacular results. As human society faces environmental challenges of unprecedented complexity, we can turn to biodiversity for solutions. We do not have the time to try countless alternatives, but luckily, evolution has already done the job for us. There are thousands of examples of designers, architects, material scientists, chemists, engineers, physicians, and others who have been inspired by nature with promising answers. Synthetic antibiotics are modeled after compounds that are produced by species for self-defense, such as penicillin. An office building in Zimbabwe uses passive air circulation modeled after a termite nest to reduce cooling costs by 90 percent. And new paints and fabrics mimic the microscopic surface structure of a plant’s leaf to shed water in such a way as to be self-cleaning.
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The possibilities are endless, yet we have only scratched the surface. How many clues for other solutions exist among the 10 million species we do not yet know?

Species: The Final Frontier

We have given reasons for continued species exploration to the curious, the desperately worried, and the profit seekers. That should pretty much cover everybody. We do not particularly care whether you are motivated by a need for intellectual stimulation or wild-eyed capitalist greed, so long as you join us in our mission to explore strange new worlds and seek out new life. As jazzed as we were by the unsuspected species discoveries at the beginning of this century, we anxiously await the hundreds of thousands of species that will be discovered in the years ahead.

Current advances in digital and computer technologies are in the process of changing everything about species exploration. In the next decade, taxonomists will have access to instrumentation, communications, data, and other research resources that will transform their science and vastly accelerate the rate at which species can be made known. The hundred species in the following chapters are just a teaser. The main act is just beginning.

The reader will no doubt wonder how we selected one hundred species from the nearly two hundred thousand named over the past decade. First, a confession—it was a whale of a task. There are, without doubt, thousands of candidate species that would




have knocked off our collective socks had we been able to review over a million pages in scientific journals. With apologies, we can say only that we made countless substitutions and some tough choices and ultimately picked species that we personally found fascinating, surprising, sometimes disgusting, or just cool. In general, we were able to agree,
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but some made it into the book or were rejected only after a few loud conversations and unvarnished sharing of opinions. Each of us will tell you in private that we were right, but in the interest of world peace and editorial deadlines, we came to the compromise across the ten chapters that follow.

In the end, the choice has to be arbitrary on some level. After all, because every single species is unique in terms of its evolutionary history and its role in one or more ecosystems, they all deserve to be in this book. If you just look at any species closely enough, you will learn something truly remarkable about the biosphere, something you could never have dreamed to ask. Our role is that of a taxonomic tour guide, to share a few entertaining facts drawn from a mere one hundred stories out of the millions that exist. We hope that this will inspire you to encourage museums to expand and to support taxonomists in their discoveries. Better still, pick out your favorite taxon—that is, your favorite group of closely related species—and get your boots dirty, become an expert or enthusiast, and help us discover a few more of the 10 million species waiting to have their stories told.
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Chapter 1

PRETTY COUNTS

THE PRETTIEST NEW SPECIES




Plant and animal species are so diverse that the old adage “beauty is in the eye of the beholder” could be the perfect slogan for nature’s bounty. It’s easy for most people to see the breathtaking beauty found in the brightly colored wings of butterflies, a field of blooming wildflowers, or a grove of hardwood trees in their autumn glory. But what about snails and their trails of slime, hoary rats with yellow teeth, or spiders that look like fierce aliens? These species are beautiful in their own right—just not in a traditional sense. Recognition of their unique beauty may require setting aside any preconceptions—or misconceptions—people may have about rotting fungi, creeping arthropods, or slithering snakes.

What we perceive as beauty is often due to form, coloration, or a combination of the two. People seem to be hardwired to see warm and fuzzy mammals as cute, while often lacking this innate and immediate attraction to the cold-blooded, eight-legged, egg-laying, or scale-clad members of the animal kingdom. Yet beauty is in no short supply among the invertebrates, the reptiles, or the fish, as several of our choices in this chapter will demonstrate.

It is worth noting that beauty can occur at all levels, from one to many and big to small, from individual organisms to entire ecosystems and back down again to micro-
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scopic cells and the beauty of the double helix of DNA. Layer upon layer of anatomical complexity presents opportunities to discover beauty in nature. The exquisiteness of a morpho butterfly’s iridescent blue wing is even more amazing when viewed under a microscope. The surface of the wing consists of thousands of overlapping scales, each with minute grooves that diffract light and create its spectacular display of color. Similarly, a plant may be appreciated for its overall form or for bearing a beautiful flower. Looking more closely at the intricate structure of a flower’s stamens and petals, another level of beauty can be observed. With even closer examination, we discover that individual grains of pollen may have ridges, bumps, and pits that are beautiful in a way that is completely unanticipated.

Beauty is also found in ensembles of individuals and mosaics of species. Consider the fluid magnificence of a flock of birds or school of fish in motion, the majesty of an intricately structured coral reef, or the awe inspired by a multilayered canopy of a tropical rain forest. Beauty is not limited to physical appearances such as shape and color, either. We only need to think of the songs of birds or the delicate webs spun by orb-weaving spiders to be reminded of this fact.

The beauty of the natural world has inspired many of the great works of art and literature. In everything from still-life paintings to Shakespearean sonnets, humans have tried to express our emotional responses to the beauty found in other species for thousands of years. Cave paintings, bone carvings, and other primitive art forms include 
depictions of deer, bison, and other species that not only documented animals familiar or important to early humans but may have also served to beautify our ancestors’ dwellings. The influence of nature’s beauty on artists is no less influential today, as a visit to any modern art museum will attest. As Yogi Berra once said, “You can observe a lot just by watching.” This may be as simple as slowing down on a walk to admire the details of a mushroom cap’s gills or looking up and stopping to snap a photo of a tree’s branches.

Taking the time to really look at species is more often than not met with unsuspected and unexpected wonder. The spectacular diversity of nature can be as inspiring to the amateur admirer as it is to the scientists who devote their careers to the exploration of a single group of species, seeking to understand the evolution of wondrously complex,
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