
  [image: ]


  
    EVOLUTION

  


  OTHER WORKS BY JEAN-PIERRE ROGEL


  [image: ]


  L’hippopotame du Saint-Laurent:

  dernières nouvelles de l’évolution (2007)

  



  La grande saga des gènes (1999)

  



  Le défi de l’immigration (1989)

  



  Bombe A à Montréal, documentary film (1989)

  



  Un paradis de la pollution (1981)

  



  Face au nucléaire, co-authored (1979)


  
    [image: ]

  


  
    EVOLUTION

    Copyright © 2010 Jean-Pierre Rogel

    Translation Copyright © 2010 Nigel Spencer

    First published as L’hippopotame du Saint-Laurent (Multimondes, 2007)


    All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, without prior written permission of the publisher, or, in Canada, in the case of photocopying or other reprographic copying, a licence from Access Copyright (the Canadian Copyright Licensing Agency).


    RONSDALE PRESS

    3350 West 21st Avenue, Vancouver, B.C.

    Canada V6S 1G7

    www.ronsdalepress.com


    Typesetting: Julie Cochrane, in Granjon 11.5 pt on 15

    Cover Design: Cyanotype

    Cover Photo Credit: Ivan Stanic

    Index: Noah Moscovitch

    Paper: Ancient Forest Friendly “Silva” (FSC) — 100% post-consumer waste, totally

    chlorine-free and acid-free


    Ronsdale Press wishes to thank the following for their support of its publishing program: the Canada Council for the Arts, the Government of Canada through the Canada Book Fund, the British Columbia Arts Council, and the Province of British Columbia through the British Columbia Book Publishing Tax Credit program.

    

    Ronsdale Press also acknowledges the financial support of the Government of Canada, through the National Translation Program for Book Publishing, for our translation activities.


    Library and Archives Canada Cataloguing in Publication


    Rogel, Jean-Pierre, 1950–

    Evolution: the view from the cottage / Jean-Pierre Rogel; translator,

    Nigel Spencer.


    Translation of: L’hippopotame du Saint-Laurent.

    Includes bibliographical references and index.

    ISBN 978-1-55380-104-7


    1. Evolution (Biology). 2. Biodiversity. 3. Nature — Effect of human

    beings on. 4. Nature conservation. I. Title.


    QH367.R6313 2010 576.8 C2010-904858-X


    At Ronsdale Press we are committed to protecting the environment. To this end we are working with Canopy (formerly Markets Initiative) and printers to phase out our use of paper produced from ancient forests. This book is one step towards that goal.

    

    Printed in Canada by Marquis Printing, Quebec

  


  Acknowledgements


  I would first like to thank the readers of my column Planète ADN in the magazine Québec Science: this book owes much to their support over the years. I would also like to recognize the contribution of Joël Leblanc, who researched three chapters and wrote up material which provided some very stimulating starting points. His paleontological training helped me find my way through the arcane world of fossils. Chapters 7 and 13 bear his imprint. I wish also to thank Robert Loiselle, professor of evolutionary science at the Université du Québec at Chicoutimi. I much appreciate his attentive reading of the manuscript and his generous, constructive remarks. The great evolutionary specialist Cyrille Barrette of Université Laval is owed great thanks for having read the manuscript and made invaluable suggestions. Pierre Béland, specialist in marine mammals, has kindly examined Chapter 4. Thanks are due to my colleagues Claude D’Astous, Hélène Courchesne and Michel Rochon for their advice on an earlier version. Any error or inaccuracy, however, remains my responsibility.


  For the preparation of this book, the Centre du livre français provided support in the form of a grant, for which I thank them.


  This English edition is based on the original version in French, but has been enlarged and updated to take into account recent developments in science. I want to thank Ronald Hatch of Ronsdale Press for his guidance through the process, and — last but not least — Nigel Spencer in his double role of attentive friend and impeccable translator.


  
    CONTENTS


    INTRODUCTION

    



    PART ONE:

    Connected by

    an Invisible Thread


    [image: ]


    “Mystery of Mysteries”:

    The View from the Cottage


    The Tree of Life and the Two “D”s


    And What’s Your Bar Code?


    Hippos in the St. Lawrence

    



    PART TWO

    All Parts Included:

    Some Assembly Required


    [image: ]


    The Fly and the Butterfly Tell All


    Of Finches and Their Beaks


    Stuck in the Mud and How to Get Out

    in under 10 Million Years


    The Thumb and the Baby Panda


    A Very Brainy Animal

    



    PART THREE

    When Humans Interfere

    with Evolution


    [image: ]


    Parasites in High Gear


    Salmon under the Influence


    Mr. O’Connor’s Stubborn Struggle


    Avatars of the White Bear


    Sign of the Loon

    



    Calendar of life


    Glossary


    Notes


    Bibliography


    About the Author & Translator


    Index

  


  Introduction


  JUST OVER 150 YEARS AGO, in June 1858, the English naturalist Charles Darwin, tucked away in the Kent countryside, received a manuscript from a young colleague, Alfred Russell Wallace, presenting his thoughts on nature. So innovative were these ideas, and so like Darwin’s own, finally about to be published after twenty years, that he determined to work on a joint publication with Wallace for the Linnean Society. This marked the beginning of a revolution in science, and a year later, Darwin published On the Origin of Species. The first printing sold out in a single day — lucky author! — and it is safe to say that nothing in biology was ever the same again.


  Their main idea that species evolve and descend from one another — most of them disappearing in the great expanse of time — would change the way we see the world. If Darwin and Wallace had merely been content to present this theory, already advanced by others, their influence would not have been as great. But they went further, explaining natural selection, the mechanism by which evolution occurred, and convincingly showing how it functioned. Because religious dogmas at the time preached that species were fixed and unchanging, an inevitable clash occurred.


  Today, having just celebrated the 150th anniversary of its publication with exhibitions, books and films, the theory of evolution by natural selection is, for scientists, unshakeable. Of course, it does not explain everything in complete detail, even in much-studied organisms like mice, even more so in humans, but it is a solid scientific theory, tested and proven, despite repeated criticisms for more than a century. It is the indispensible framework in which to explain life. As the American geneticist Theodosius Dobzhansky said in 1973, “Nothing in biology makes sense except in the light of evolution.”


  During the filming of a documentary for Radio-Canada in 2008, I asked Richard Dawkins of Oxford University — a well-known defender of Darwin, who has written eight books on the biology of evolution — about the role of Darwin’s ideas. Here is how he replied:


  
    I think that Darwin’s idea is perhaps the most powerful idea that any human mind ever had in the sense that it did the most explanatory work that actually changed the way people think, because before Darwin came along, the whole of the living world, all this magnificent complexity and beauty and elegance and diversity had no explanation at all. People knew it was there, and they were describing it, but nobody knew what caused it; nobody knew how it came into being. Darwin changed all that.

  


  For the rest of society, it may not be so clear. Among the broad public, the theory’s success is mixed. Often poorly known or understood, it is easily confused with gross oversimplification (“survival of the fittest,” for example). It is frequently challenged by fundamentalist religious belief, which is experiencing a resurgence across the globe, and my personal crystal ball tells me it will be a hot topic for years to come. Creationists or neo-creationists in the Intelligent Design movement will redouble their attacks on evolution, and this is all the more reason to discuss it publicly and show its full power and subtlety.


  This public debate is partly the context that gives rise to the present book. It appears useful nowadays to discuss these fundamental ideas about living things, as well as the gulf that separates scientists from the rest of society. If science is publicly repudiated, it loses credibility and its ability, notably among decision-makers, to solve important problems for the planet, especially climate change and the massive loss in biodiversity. Of course, not everything can be solved by science, but it does provide for an exchange of ideas that esoteric or religious beliefs cannot replace without leaving humanity and the planet at great risk.


  This book springs also from the desire to provide concrete examples to show how the science of evolution has been refined over the past 150 years. Today, by integrating modern learning in genetics and molecular biology, that science is more powerful and unassailable than ever. Both Darwin and the ideas that have developed in his wake are important and fascinating.


  For this reason, I have chosen a journalistic approach aimed at drawing attention to the newest elements of evolution. The “star,” it might be said, is what has come to be called “evo-devo,” a contraction used by specialists for “evolution and development.” Emerging in the past fifteen years, evo-devo is a new way of approaching evolution that relies on recent discoveries in the biology of embryo development and in comparative genetics. The expression evo-devo may, at the outset, seem a sort of specialist jargon and repel the uninitiated. It does lead, however, to a newer and deeper look at the world of living things, and it is an approach we shall hear more and more about.


  In order to deal with the science of evolution, I have presented evo-devo themes and accomplishments through sample case histories. Frequently, a particular anecdote or situation leads to a discussion of a question with far broader implications, and a fresh perspective offered by modern biology. Thus, each chapter can be read as a stand-alone essay, much after the manner of Stephen Jay Gould, a true master in the field. As a consequence, the reader might want to approach them in no particular order and refer to the glossary when encountering words or concepts that are unfamiliar.


  There is, nevertheless, a thread and a progression to the ideas, as indicated by their division into three parts. In the first chapter, I offer the familiar example of a wooded area in southern Quebec, revisiting what we have learned from Darwin and connecting it to what modern science has shown us. Then in Chapter 2 we come to what DNA analysis has contributed to Darwin’s intuitive but scientifically well-founded concept of a tree of life that includes all species. We will then see (Chapter 3) how all this knowledge applies to our catalogues of biodiversity and the review of the development of a well-known sea mammal, although perhaps not from an evolutionary viewpoint (Chapter 4).


  In the second part we move into the thick of evo-devo and look at recent discoveries in architect genes that govern the making of animals (Chapter 5). The next chapter takes us into the world of finches, above all the famous Galapagos finches discovered by Charles Darwin (Chapter 6), but as we shall see, it is very much a story both contemporary and universal, concerning beaks, genes and climate change. Then we turn to two applications: the creation of paws from fins (Chapter 7) and the panda’s curious thumb (Chapter 8). Next comes the sensitive topic of the disturbing genetic proximity between humans and chimpanzees (Chapter 9).


  The third and last part deals with how humans play with the machinery of evolution — so much so that evolutionary changes have become rapid enough for scientists to refer to them paradoxically as “contemporary evolution.” We shall see examples of these changes but also some additional examples of species conservation, for if we are capable of harming animal and plant species, we can also help in their conservation.


  Throughout, I have kept in mind all those who like to involve themselves in nature in their moments of leisure, and to this end I have often described personal experiences at our lakeside cottage. This is nature recomposed, of course, not untouched nature in the wildest state — as if such a thing still existed. Be that as it may, these are areas rich in animal and plant life that we cling to and wish to protect. To protect well, one must know well.


  First, then, this book can be seen as an invitation to take a fresh look at nature as it surrounds us, wherever we are, in town or country. Canadians are certainly privileged to have ready access still to large swaths of nature, even wild nature reserves. Although many visit them, they may be unaware of what is offered there. No matter where we live in this country, we must become aware of the importance of the riches around us, riches we many not even suspect to be there.


  Second, it has been my goal to lead readers toward science itself and show the strength of what it does at an essential level that concerns us all. It is not the simplest thing to explain how life forms are built, to explain the source of biodiversity, or what sets humans apart from the primates. In the background there is always the sense of how this touches us personally: each of us different, all of us cousins. The idea that all living things — from bacteria to men, salmon to birches — share the same genetic code has enormous implications. Finally, as Stephen Jay Gould says in The Panda’s Thumb:


  
    And then, of course, there are all those organisms: more than a million described species, from bacterium to blue whale, with one hell of a lot of beetles in between — each with its own beauty, and each with a story to tell.1

  


  The following pages contain a few of these stories drawn from recent research, often somewhat technical, though I have tried to tidy up the technical jargon. My goal is, above all, to offer the broadest possible public an essential part of what modern science has to offer, something I believe each of us can benefit from: an appreciation of the basis of living things.


  
    PART ONE
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    Connected by an Invisible Thread

  


  “Mystery of Mysteries”: The View from the Cottage


  AS WE MAKE OUR way down the pine-covered path loaded with supplies, a prolonged cry echoes through the woods, a sort of “chir-t-t-t” sound, sharp and insistent, amazingly loud for where it’s coming from: a 200-gram ball of fur sitting on a pine branch. It’s Friday evening, we’ve come up to the cottage, and Oscar the red squirrel is there with his usual loud welcome.


  You have to understand Oscar. This bit of forest in southern Quebec is his home, and we’re a nuisance. All weekend long, he’ll remind us of this by letting out his cry and scurrying frantically along the gutters at the edge of the roof. It’s the end of May, beautifully warm and sunny weather, so we’ll be eating all our meals outside, but Oscar couldn’t care less. He’ll still tear along the edge of the roof on his little paws, just a metre above us. Then in one bound, he’ll leap into the cedar at the corner of the cottage and be off on his highway of interlaced trunks and branches.


  This is how life goes on at the foot of the elephant mountain, a modest hill in the Eastern Townships of southern Quebec. Officially, it rises 525 metres, just a hillock on the western shore of Lake Memphremagog, one hundred kilometres west of Montreal. It’s too humble to claim the title “Mount Elephant,” so I’ll just follow tradition and call it the elephant mountain.


  Although this protuberance is beautifully forested, it’s no place for a hike; there’s nothing you could call a trail, up or even around it. It does provide us with a cosy neighbour and a reference point on the horizon facing our lakeside cottage. In the morning, we stare at this pachyderm. Any clouds over the elephant mountain? Hmm, bad sign if the sun’s going in. The elephant’s head and trunk stretching off to the right are silhouetted by blue? That’s a good sign; it means the wind’s southwesterly. Apart from that, we really just pay attention to what’s going on closer to home. The lake isn’t large, but it is in the middle of a forest of leafy trees and conifers which, believe it or not, is still pretty much the same as when the first cottages appeared in the 1960s. The shore is still very wooded and protected by owners’ association rules: no outboard motors, for instance. All the cottagers live encased in their own little bit of greenery. Sometimes it’s noisy right by the edge of the lake. Not everyone’s figured out that voices carry perfectly all the way across. In summer, pedal boats, kayaks and canoes weave their way over the water, and life flows peaceably on.


  It is both simple and amazing. We acquired the cottage a few years ago, and I was won over far more than I ever expected by the nature surrounding it. Still, what could be more ordinary than this wooded area and its human modifications? It’s not even an ancient forest, just the restored version of a wood that must have been exploited right from the early days of colonization.


  The ecological rundown is easy to do: a small, shallow, elongated lake with a catchment area at its head, shores populated by conifers and leafy trees, the usual underbrush, a few mammals here and there (foxes, deer, and above all squirrels and small rodents), birds, numerous small invertebrates, thick mulch, and with all that, the cycle of seasons: a chunk of life, brilliant in its unity and its diversity — really simple and surprising all at once. It’s easy to understand, if only by intuition, how these organisms are interconnected and depend on their surroundings, though obviously disturbed by humans.


  Still, at a deeper level, how and why have all these things come to be here? What makes them change, renew themselves and disappear? As the English philosopher John Herschel put it, it’s the “mystery of mysteries” within easy reach: mystery seen from the cottage.
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  Today, Tamiasciurus hudsonicus, Oscar in this case, is even more excited than usual. He stops at the big cedar, looking toward the lake and chattering like a magpie, his tail twitching in agitation. We’ve learned the hard way not to trust the little hypocrite. No matter how much he runs around all day collecting seeds, he’s not averse to stealing a few chips and even tortillas. He ought to be happy with what he’s got already, a nice place full of conifers just right for him. He’s got giant white pine rising forty metres, white cedar, balsam fir, hemlock, beech, maple and birch. This “seed-nut” has an embarrassment of riches, and it’s amazing to see him plow his way through his favourite, pine cones. In autumn, he takes an occasional break from shaking them out of a tree and hiding them in a myriad of secret places to eat one right under our noses. Ten seconds is all he needs to disassemble and devour the gummy things as though they were ordinary corn on the cob. What a stomach! He’s equally opportunistic with buds, flowers and mushrooms.


  It’s been a calm night, and the leaves are barely rustling, but at 4:30 in the morning, a small group of birds shows up. Half awake, I can just make out five distinct types of song, but that’s as far as it goes. I’m not good at identifying them by ear, or by sight for that matter.


  I know we have black-headed chickadees year-round, blue jays and American robins, and for the time being, other types of chickadees, as well as warblers — migratory birds, these. The other day I spotted some that were partly yellow, but that’s about as much as I know about them. Well, no, there is one bird I really like and know something about: the hairy woodpecker, and he stays year-round. We can hear him drumming away on a large dead tree behind the house. Standing guard, he cleans out all the dead trees and keeps ants and other insects away from the healthy ones nearby. If you come up on him gradually, he won’t fly away. I’ve seen him a few times, and you can tell he’s a male by the red marking on the back of his head. With his white belly and black-and-white-striped wings, he looks like a comedian or an opera singer, except that he doesn’t sing. His sharp-clawed feet fascinate me. Fingers modified for a better grip — two in the front and two in the back — are complemented by a tail that serves as an additional point of support. Solidly planted in the bark, these claws allow him to hang vertically from a tree trunk and hammer away so fast with his powerful beak that all I can see is a blur. I have read somewhere that his skull is especially well-suited to this strange occupation and it allows him to knock on wood more than a hundred times a minute. Not only is the skull thick, but it is also powerfully muscled. In addition, his beak and bones are not fused as in other birds, but connected with a spongy tissue that serves as a shock absorber.


  Oh, how proud we are of our loons! The possessive adjective is entirely misleading of course, but our lake is visited by a pair of loony divers. I do love this magnificently plumed fish eater. Since 1987, the loon’s silhouette has adorned the Canadian dollar, popularly called “the loonie,” even in financial circles. Morning and evening we can hear his call, a very moving tremolo which has come to symbolize the natural beauty of our waters. Our lake’s a modest-sized one, so they don’t actually nest here, but only stop off for a meal from time to time. The minute we spot them, it’s on with the binoculars, and we get as worked up as brokers on the stock-exchange floor. Often they come as a pair and land in the middle of the lake to do some quiet fishing. They swim half-submerged for a minute or two, then suddenly dive. Up they come a way off, and although they can wander quite some distance apart, they’re always back together.


  It’s quite easy to make them out. Their heads and necks are black, with short vertical lines that form a white necklace. The back is a magnificent checkerboard of black-and-white plumage. They take off by running across the water, and their white breast seems to swell as they keep on flapping their wings. Their wing span is an impressive 1.3 metres, but their takeoff is heavy, and from my window they resemble bombers or seaplanes rumbling down a runway barely long enough for them, but this doesn’t do justice to the animal grace with which they beat their long wings.


  Their cry, of course, is notorious. Or is it a song? This aquatic bird, for that’s what he is, has a widely varied vocal repertory. While in flight, he lets out a kwook sound rather like a barking dog, and at a short distance from one another, adults will ululate softly. But on a summer evening, one cannot help being struck by their really loud cries: the three-note form, then a plaintive howl like a wolf, and finally, a long, sharp cry like hysterical laughter. This range of cries is heard mostly during the mating season, and anyone hearing them at evening, at night or in early morning out on a lake, is enveloped in the deep melancholy of their peculiar sound.
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  After listening to the birds for a time, I fall asleep again and reawaken around 8:00 a.m. The sun is emerging above the trees across the lake, and I take a few steps into the woods along a small path we’ve cleared to admire the plants in the underbrush, which are magnificent at this time of year. Then suddenly a mist of light rain seems to come out of nowhere, while the sun goes on shining.


  The air is instantly laden with the smell of wet leaves, and I see a thin film fall onto our veranda. It’s a mix of pollen and encased seeds from the large pines around us. The rain has threshed out these particles filled with the promise of new life, for they contain DNA, deoxyribonucleic acid. DNA is literally raining from the sky with new instructions for the formation of life: a rain of living, millennial information.


  I look up at the white pines, the jewels of our little domain. I’ve figured out they must be about thirty-five metres high and 120 years old. These trees have cones which work the same way flowers do, and these are the days when their male seed (pollen) is being released into the air. The season is too far on for this pollen to come from the flowering trees nearby, so what’s landing on my balcony must be from the pines. It is released and flows gently down from the base of higher-up branches just below the growing female cones. Whatever happens after that is entirely up to the wind. While I was in the Austrian woods some years ago, I noticed one evening that the intense output of pollen creates small clouds that are visible to the naked eye. I have never seen anything quite like it here — not enough pines for that. I think I noticed this spring’s output only because of today’s sudden rain.


  How far would this pollen travel normally? I hope it at least reaches another stand of white pine, the ones scattered around the edge of the lake in any case, so it can land on and fertilize the ovules of female cones. They need sex for reproduction just as much as we do. Self-fertilization is not an option; there has to be a partner of the same species.


  Reproduction is one of the mysteries of life, always fascinating to watch, since it connects with something very intimate inside us. It takes some training to spot it in plants and insects, but if you have the patience, it soon becomes obvious, just as it does in the animals that look more like us. In fact, we humans seem to follow a universal pattern of behaviour: we are captivated and moved by the small offspring of our pets or farm animals, and equally touched by a female mammal protecting her young in natural surroundings.


  The mystery of individual members in a species succeeding one another was practically resolved at the beginning of the 19th century before Charles Darwin was even born.
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  Nineteenth-century naturalists had already described various forms of animal and plant reproduction, building a painstaking inventory of living things on their voyages of discovery. In 1735, Carl Linnaeus of Sweden had devised a universal classification by classes, orders, families, genera and species that stood as the authoritative reference. A species represented a reproductively isolated collection of individuals easily able to cohabit and breed with one another in natural surroundings, but not with other similar organisms.


  Still, however, naturalists avoided answering some fundamental questions: how did species themselves come into being? Are they immutable, or do they change over time, and if so, why? Where do humans fit into this scheme of things? Every culture in every epoch has tried to explain the origins of species, but in the early 19th century, science was still in its near-infancy and could not.


  Long-standing and ancient concepts still clouded the debate. First came fixism from the Greeks, who held that the world was made of “essences” and thus unchanging. Then as the monotheistic religions emerged (Judaism, Christianity and Islam), creationism took its place. In this approach, God was seen as the creator of all from nothing— at once and forever. Humanity then was seen as a co-creator, or as the ultimate achievement of the creative process. In the Middle Ages, some thinkers tempered creationism with the notion of spontaneous generation. It took many centuries for this to be refuted.


  It was not until the beginning of the 18th century that evolution, the idea that lineal descent connected various life forms, began to gain adherents. In 1809, Jean-Baptiste de Monet, Chevalier de Lamarck, published his Zoological Philosophy, a milestone. He affirmed that all species were related and derived from one another, although most had disappeared along the way. He postulated that a “life force” propelled all living things to transform themselves gradually, in increasing complexity. This model was referred to as transformism. To support this, Lamarck formulated two laws: “the modification of organs according to needs” (with the famous example of long giraffes’ necks that enabled them to graze on trees) and “the heredity of acquired characteristics.” He was wrong, completely wrong, on both counts. It was not until Darwin published his On the Origin of Species fifty years later that this would be corrected.
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  Charles Darwin was twenty-two when he joined the Beagle as a naturalist for a round-the-world trip that would include South America and Australia. This quiet, well-bred Englishman with a conservative turn of mind was most certainly a creationist at the outset, but when he returned five years later, he had changed his mind, and evolution had gained the upper hand. Historians situate this shift during the first few years after his return to England, and from that time he continued to contemplate what he referred to as “my theory.” It nevertheless took him another twenty years to publish it, so disturbed was he by the debate it would stir up and so aware of the need to prove it beyond question. Reading his notebook, however, leaves no room for doubt. In March of 1838, for instance, commenting on a letter from John Herschel to Charles Lyell, he exclaimed, “Herschel refers to the appearance of new species as the ‘mystery of mysteries,’ and he devotes part of his text to the question. Hurrah!” Having found the answer, of course, he was exultant. He knew that he would at once astonish and shock his contemporaries, making a major contribution to science in the process.


  When at last On the Origin of Species appeared in 1859, the answer was detailed and crystal clear. One paragraph from the introduction sums it all up. Narrow minds might be tempted to say this was his only scientific idea, but it was genius just the same:


  
    … the Struggle for Existence amongst all organic beings throughout the world, which inevitably follows from their high geometrical powers of increase, will be treated of. This is the doctrine of Malthus, applied to the whole animal and vegetable kingdoms. As many more individuals of each species are born than can possibly survive; and as, consequently, there is a frequently recurring struggle for existence, it follows that any being, if it vary however slightly in any manner profitable to itself, under the complex and sometimes varying conditions of life, will have a better chance of surviving, and thus be naturally selected.2

  


  Thus was he proposing a thoroughly evolutionist vision of life forms (though he actually used the word “evolution” sparingly, preferring the phrase “descendance with modification”). Above all, however, he proposed and proved the existence of a mechanism to explain what had already been observed: natural selection.


  For the rest, Darwin’s demonstration is very solid indeed, despite the fact that on certain points his lack of knowledge led him to errors of interpretation. He anticipates the main points of objection to his thesis and counters them methodically. His development relies cannily on daily realities known to people around him, such as the breeding of domestic animals. In fact, this causes him to spend relatively little time talking about the decisive observations he made on the Galapagos Islands. Instead, he dwells on a domain he knows well: pigeon breeding. In four chapters, he proceeds from artificial selection to his key idea: natural selection.


  Struck by the wide variety of pigeons artificially developed by breeders, he notes that, observing them in the wild, a naturalist would class them as distinct species. Inquiring as to how such diversity was possible, he evokes the mechanism of selection. The breeder begins with the pigeons that best suit his purpose — say, those with the most colourful plumage — and has them mate. After a number of generations, he finds himself with specimens that have little to do with the wild originals. Darwin shows how the same phenomenon occurs in nature, although randomly and without apparent purpose, natural selection occurring blindly, whatever its context.


  Returning to his main theme, Darwin points out that each individual in a given species usually has many descendants, too many for all to survive, reach maturity and reproduce. From birth then, nature sorts them, and only those best adapted to their surroundings manage to survive, while others die. Generation after generation, the blind game of natural selection results in a population that changes, adapts, with disparities between populations accruing over time. Thus one may observe the emergence of new species. Most often this is the result of geographical isolation or changes in environmental conditions. The key fact is that such phenomena will result in the formation of two distinct populations whose members can no longer interbreed. In this way, living creatures form diverse species across deep time, in other words, successive geological ages.
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  Nevertheless, Darwin found himself up against the question of inherited characteristics. Like most of his contemporaries, Darwin did not know that Gregor Johann Mendel, a monk in far away Moravia, discovered and published the answer in 1866. In his now-famous study on heredity in peas, Mendel demonstrated that inherited characteristics depend on material elements transferred by gametes (sex cells) when fecundation occurs, and that these are shared out among progeny according to statistical laws. When Mendel’s findings were “rediscovered” and republished around 1907, Thomas Hunt Morgan followed up a few years later with a chromosome theory of heredity. With his work on the Drosophila fly, he showed that genes, the determinants of hereditary characteristics, are carried by chromosomes in the cell nucleus, and that each individual receives only half of the parents’ genes.


  This became the point of departure for an entirely new discipline often accompanied by an overwhelming mathematical apparatus, population genetics. This added to “Darwinism” — leading to the expression “Neo-Darwinism” — rather than invalidating it. Then, in the 1930s, a synthesis of new knowledge began to emerge, and the likes of Ronald Fisher showed that natural selection favoured the continuation of certain alleles (different forms of a single gene) insofar as they conferred an advantage on the population. A new overall understanding now lay in the offing. This is primarily due to George Simpson (paleontologist), Ernst Mayr (biologist) and Theodosius Dobzhansky (geneticist); from their writings emerged what we call the synthetic theory of evolution. In the late 1950s and early ’60s, the discovery of the DNA double helix by Francis Crick and James Watson, followed by the genetic code, further built onto this already-solid structure.


  Enough about the history of ideas for the moment: suffice it to say that the synthetic theory of evolution complemented and enriched Darwinism. Researchers began to express things on a different level. It was reasonable to assume that, if genetic material was subject to mutations transmitted to future generations, an important source of variability would come into play. Darwinian logic still retains its validity in that, once expressed, mutations are well and truly subject to natural selection.


  Both approaches remain valid. One may explain biodiversity from a naturalist’s point of view: that is, one may be interested in entire organisms as well as the adaptation and reproductive success of one species or another. One may equally explain it from the perspective of a population geneticist and concentrate on genes and their relative proportions in a given population from generation to generation. These standpoints are not contradictory; they simply relate to two distinct levels of the organization of life.


  Cyrille Barrette, evolutionary specialist at Université Laval, illustrates the relationship between these two levels with the metaphor of a relay race:


  
    The runner is the individual, and the baton the genes: each relay represents a generation, and the entire contest is like a partial history of the lineage. In the relay race, the baton being passed from hand-to-hand is essential, for it alone travels the entire distance. If a single runner drops it, the race is over for that particular team (ascendancy). One cannot run or win without the baton, but it cannot travel alone: yet each runner is only its temporary carrier, just as any individual is only the temporary bearer of genes. Yet, without a runner, there is no race.3

  


  Barrette explains that from a naturalist’s point of view, it is the runners that do the hard work — the individual is stimulating and alive — so the race is what they most like to talk about. Still, the importance of the baton — or the program that inhabits every individual and every species — must be acknowledged. The modern vision of living creatures combines these two dimensions.
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  It is the first weekend of September: a perfect time to take the canoe for a spin around the lake. We ease into what, with a touch of melodrama, we call “the bay in the depths of time.” It’s simply a remote bay, a small, shallow bit of water with no human habitation nearby, a dark and quiet place filled with aquatic plants and submerged cedar trunks. Steering carefully, we slide the canoe toward some curious plants on the shoreline. They are purple pitcher plants (Sarracenia purpurea).


  These magnificent red flowers stand erect, about 30 cm high, but more astonishing is what lies at their base: dark-green trumpet-shaped bells veined with purple that open wide to catch rainwater falling from above, as well as the insects that wander into them. These are the carnivorous plants that Brother Marie-Victorin spoke so much about in his famous book Flore Laurentienne:


  
    The purple sarracenia is the most extraordinary of our flora, and the principal ornament in our bogs, a classic example of carnivorousness in plants. Exploring the inside of this tubular leaf with one’s finger, one perceives a layer of downward-pointing hairs that allow easy entry but difficult exit for the unfortunate insects that wander into the tiny receptacle seeking shelter or refreshment. Often the imprisoned insect exhausts itself in vain attempts at escape, almost always drowning in the water contained there. A particular diastasis dissolves the captured bodies thus digested by the plant tissue, perhaps allowing the organic substances to be absorbed directly.4

  


  One is immediately struck by the originality of this plant and amazed by its ability to trap, break down and finally digest insects. How can all this be the product of evolution? Although few studies on carnivorousness in plants exist due to the absence of fossils, it is possible to reconstruct some plausible stages in the process.


  First of all, there have always been, and still are, numerous plant species which have developed apparently in order to hold water, especially desert epiphytes. Some insects fall into these, drown and decompose — not necessarily from the plant itself, but from bacteria. Many plants, moreover, can absorb nutritive substances very well through their leaves, mineral salts in particular. One can well imagine, under certain environmental circumstances, that substances resulting from the decomposition of insects went from being simply a nutritional supplement for a plant to its main source of nourishment. Quite simply, opportunism has made the plant into a carnivore. Then, again by natural selection, other developments along the same lines also occurred: beautiful colours to attract prey, hairs angled in the right direction, nectar in the bottom of the receptacle, digestive enzymes, and so on. If this model of what can be called “progressive construction” is not obvious to the layman, it definitely will be to the biologist or any experienced observer. Nor does this detract in any way from the mysterious beauty of such a magnificent plant.


  The Tree of Life and the Two “D”s


  IF YOU HAVE THE option, mid-May is the best time to visit the Jardin botanique de Montréal. It’s one of those places where, after our long, rough winter, the intensity of spring is best felt. Barely a month after the last snow, plants have already shaken off their lethargy and are growing at a tremendous rate, as though making up for lost time with a twinge of guilt and urgency. Among the Jardin’s seventy-five hectares at the base of the famous Olympic Stadium are virtually all the plant species native to this latitude, as well as many others from around the world.


  Every spring when I visit, my first stop is the apple trees and flowering lilacs. I love their floral exuberance and splendid rows of bright colour, although the excessive regularity of the layout can be annoying. After that, I head straight for the undergrowth. There, shaded by large maples, ashes and lindens, grow a number of spring plants, most of all primroses and bloodroot. Until the leaves’ shade catches up with them and hides the sun, they are in full riot. The city’s noise is barely audible; this might as well be the depths of the forest. There are always birds in the bushes trilling loudly. In a few weeks, the trees will be in thicker leaf, and the spring plants will give way to species less in need of sunlight — ferns and hostas for example — but knowing the place in summer, it will still be intimate and silent.


  The last time I went there, I spent a while in the arboretum looking for a particular tree. The previous summer, I had reread a section of On the Origin of Species that caught my attention, one in which Darwin compares all living things to a tree. The image was meant to show the links and kinship that connect all life forms. The quote is a long one, but it merits special attention since it is at the heart of Darwinian thought. It begins like this:


  
    The affinities of all the beings of the same class have sometimes been represented by a great tree. I believe this simile largely speaks the truth. The green and budding twigs may represent existing species; and those produced during each former year may represent the long succession of extinct species. At each period of growth all the growing twigs have tried to branch out on all sides, and to overtop and kill the surrounding twigs and branches, in the same manner as species and groups of species have ever tried to overmaster other species in the great battle for life.5

  


  What emerges is the notion that each species succeeds another and that only the most able individuals survive. This goes to the heart of Darwin’s central affirmation, but the English biologist did not explain what it is that links our observations to the geological past, a highly controversial matter in his day. What follows is a slightly abbreviated version of his thoughts:


  
    … of the many twigs which flourished when the tree was a mere bush, only two or three, now grown into great branches, yet survive and bear all the other branches, so with the species which lived during long-past geological periods, a very few now have living and modified descendants. From the first growth of the tree, many a limb and branch has decayed and dropped off… .6

  


  With the same analogy, he thus affirmed that most species probably died out, leaving either fossilized traces or none at all, and today what we see are the modified descendants of those past species. But he goes on, having to deal with some strange and insular animals, to offer a valid explanation for oddities in nature. Here it is:


  
    As we here and there see a thin straggling branch springing from a fork low down in a tree, and which by some chance has been favoured and is still alive on its summit, so we occasionally see an animal like the Ornithorynchus or Lepidosiren, which in some small degree connects by its affinities to two large branches of life, and which has apparently been saved from fatal competition by having inhabited a protected station.7

  


  Given the absence of fossils from such animals at the time, his interpretation of the place held by the enigmatic platypus (a bizarre egg-laying mammal) or the lungfish (a South American swamp-fish with rudimentary lungs that is able to hide underground during lengthy droughts) is remarkably insightful. Darwin concludes with a hint of uncharacteristic lyricism:


  
    As buds give rise by growth to fresh buds, and these, if vigorous, branch out and overtop on all sides many a feebler branch, so by generation I believe it has been with the Great Tree of Life, which fills with its dead and broken branches the crust of the earth, and covers the surface with its ever-branching and beautiful ramifications.8

  


  Almost a century and a half later, these lines betray no hint of age. The image of life as a great tree is just as precise and useful now as it was then. Its many spreading branches illustrate the broad spectrum of biodiversity, and the fact that there is only one tree denotes the unity in all living things. Since On the Origin of Species first made its appearance, Darwin’s key underlying idea, natural selection, has been bolstered and refined by much research in genetics, molecular biology and paleontology, and still it holds good. It is the most potent theory there is to explain life, or what John Maynard-Smith calls the principal unifying idea in biology, for it allows a satisfactory description of nature and is indispensible to the understanding of life in all its complexity. Moreover, on a more subjective note, Darwin’s tribute to these “ever-branching and beautiful ramifications” seems to me equally justified.
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  In Montreal’s botanical gardens, my search for the perfect specimen to represent Darwin’s description of the tree of life is just a tad facetious. After all, it’s nothing more than an image to help us understand things, a teaching tool. There is no problem with the general principle — each tiny branch stands for a present-day species, so the closer one gets to the trunk, the further back one travels in time to rejoin ancient ancestors. The same holds true for the ecological dimension, although it may be a bit subtler to comprehend: two small branches can be close to one another (like any two species, say wolf and caribou), but their last point of contact, that is their last common ancestor, might be far back on the trunk. Also, there can be only one route to reach a particular branch, or only one way to arrive at a given species. Such is the distinction between classifying biology and shelving books in a library — the latter allows for a variety of different approaches.


  Every comparison has limits, of course, and it is important to spot them. The main one is the shape of the tree. Normally we like fine, upstanding trees, but the tree of life cannot be seen as a straight shaft whose peak is topped by mankind. This misleading concept leads to a false notion prevalent in antiquity and the Middle Ages, that of the Great Chain of Being. In fact, evolution is not a journey to be marked out in graduated steps from point “A” to point “X,” then eventually to humankind. It has no end. Nothing was foreseeable from the outset, not even humans. In the tree of life, humans can only be considered one twig among many, and indeed might never have come to exist at all. This imaginary tree is by no means a straight evergreen or conifer with humans perched on top.


  Might it then be some majestic tree with balanced foliage, say an oak or an elm, a beech or a maple? Not really, since the great classifications of life aren’t like the evenly distributed branches of these trees. In fact, the various kingdoms of life have been diverging over a period of 3.5 billion years. Some thicker branches (phyla) have yielded a large number of medium-sized branches (classes, orders), and others very few; some of these have rapidly subdivided into many smaller branches (families, genuses) and twigs (species), and others nothing at all. Through all this, many great losses have occurred and entire branches have simply fallen by the way and disappeared, while others, such as mammals, have grown quickly, despite their relatively late emergence.


  If you think about it, the tree of life probably best resembles a bush more than a tree: a full, thick, wide one — not especially pleasing to the eye. That day in the botanical garden, I began to eliminate the most attractive trees, and finally, empty-handed, abandoned my quixotic quest for the tree of life altogether. Back at home, as I put my bike away in the garage, I saw it. There before me was a tangled honeysuckle, its foot hidden by last autumn’s dead twigs and leaves — maybe my search had yielded a tree of life after all!
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  Before Darwin, naturalists had already established a system for cataloguing living things. From the 17th century, they had developed reasoned approaches based on the comparison of living samples with collected fossils, and this morphological analysis is still a key method practised by taxonomists the world over. It marks the beginning of the scientific period. By analyzing the forms and structures of organisms, scholars of the time established lineages, which they presented within the explanatory frameworks they then possessed. Before Darwin, they relied on the notion of species fixity, as in the creationism promoted by religions: in other words, the transformation of species according to the “life force” theory of Jean-Baptiste Lamarck. Darwinism then provided a general theoretical framework that was convincing, one that corresponded to preceding observations and could be tested by them.


  One striking example was found in the skeletons of different vertebrates. Place a lizard’s claw, a dog’s paw, the arm of a human and the fin of a whale side by side, and you will see that, whatever the shape or function, the actual skeletons are virtually the same: the bones are similar and placed in the same order. One can then suppose that these animals had a common ancestor which bequeathed them a distinct skeletal structure. This idea of a common lineage, together with natural selection, allowed Darwin to perceive unity in a number of phenomena that his predecessors had observed, both in nature and in deep geological layers.


  Still, it was quite some time before the Darwinian theory of natural selection obtained pride of place, for reasons ideological as well as scientific. It was revised and amended by further post-Darwinian studies. Put simply, there were contributions from genetics, notably population genetics — referred to in the 1930s and ’40s as the new synthesis. Then in the 1960s and ’70s another theory, known as genetic neutralism, and finally in the ’80s, the Theory of Punctuated Equilibria. Nevertheless, the number of vigorous debates has simply served to reinforce Darwin’s arguments, and it is safe to say that nowadays no serious biologist doubts that natural selection is the driving force of evolution, though divergences remain as to the speed and manner with which it occurs.


  Nevertheless, 20th-century genetics has certainly shuffled the deck. When the nature of DNA was discovered in 1953 and the key to the way genes worked shortly afterwards, the outlook changed. It was utterly ground-shaking to discover suddenly that the entire spectrum of life — plants, animals, bacteria — resembled one another at the molecular level. The following material, although demanding for the lay reader, will give some of idea of this outlook and lay the groundwork for the rest of the book, but some new concepts must first be introduced.
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  We have already mentioned that the genetic code is universal, but what does it actually do? First, it’s a link between the languages of the four-part foundation of DNA (A, C, T and G) and of proteins — the workhorses of any living organism — (twenty amino acids). Of course, the combination of two languages and an intervening translation code may seem cumbersome, yet it works well. Every protein in every known living being is constructed according to this code — only this code, every protein being a distinct amalgam of the twenty basic amino acids, hence the root unity of all living things.


  Put another way, DNA is the enduring thread that connects us to all our ancestors, even the most remote. This thread, invisible to the naked eye, in fact ties us to every living organism: from the most primitive bacteria to humankind, via the ancestor of fish, a primitive amphibian, a mammal-reptile, a first primate, and an Australopithecus. There is absolutely no break at all in this genetic transmission line, its “genetic capital” being carried by the double helix that is the universal information-storage system. Obviously, DNA and the genes it transports undergo mutation and selection within each species and even each individual member, but this thread of life is unique and irreplaceable. It has appeared only once in the history of life on Earth.


  [image: ]


  The importance of all this to the way we see living things nowadays is of course enormous. To gauge this, let me refer to the second famous “D” in the world of evolution: Professor Richard Dawkins of Oxford University. In his 1986 book The Blind Watchmaker, he points out that before the age of molecular biology, the only way zoologists had to determine the lineage of animals was by the large number of anatomical similarities among them. Now, however, the treasure chest is open wide, and once-vague impressions of parental links could almost be considered statistical certainties. Each protein became a “sentence,” a chain with amino acids as “words” that could be “read” in various organisms. We must assume that two very similar proteins then had to come from species that were very close cousins. Dissimilar proteins came from distant cousins. The exact difference between two animals can actually be measured by the number of different words in a sentence.


  Parallel to this is the belief that each protein proceeds at a relatively constant speed, regardless of the animal group (there are, of course, exceptions, but these can be set aside for the moment). Thus the differences between similar proteins in distinct animals provide a good indication of the time elapsed since their common ancestor existed. This is the underlying principle behind what is called the molecular clock. This time machine allows us to determine not only which animals are closest cousins, but also when their joint forebear lived.


  Dawkins describes the method’s power thus:


  
    Not all molecular sentences in all animals have yet, of course, been deciphered, but already one can walk into the library and look up the exact word-for-word, letter-for-letter, phraseology of, say, the haemoglobin sentences of a dog, a kangaroo, a spiny anteater, a chicken, a viper, a newt, a carp and a human. Not all animals have haemoglobin, but there are other proteins, for instance histones, of which a version exists in every animal and plant, and again many of them can already be looked up in a library. These are not vague measurements of the kind which, like leg length or skull width, might vary with the age and health of the specimen, or even with the eyesight of the measurer. They are precisely worded alternative versions of the same sentence in the same language, which can be placed side by side and compared with each other as minutely and exactly as a fastidious Greek scholar might compare two parchments of the same Gospel.9

  


  He concludes that DNA sequences are in fact the gospel of life, now decoded for all to see.
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  In the concrete reality of research, all this can be rather complicated. There are many devices and techniques for comparing species directly via genetics. A simple example would be to compare a protein, human cytochrome c, with its equivalents in the rhesus monkey and the horse. There is only one difference between the gene sequences (the 66th of the 104 amino acids in the protein) in humans and monkeys, but 12 between humans and horses, and 11 between horses and monkeys.


  If one assumes a roughly even rate of change from one branch to another, one may hypothesize dates for the divergences among these three animals. It can be represented by at least three different trees, but which is the right one? This is chosen by a principle known as parsimony, which aims at finding the lowest number of independent changes in the cytochrome c protein over the evolutionary course.


  Of course, it would be easy to say we might have guessed humans would come out looking closer to apes than horses, because anatomy and paleontology predispose us to it. Research works in the same way: the number of possible phylogenic trees becomes enormous, and from the outset, we must eliminate the least probable ones to concentrate on the others. This still requires computers with specialized programs. Methods of genealogical reconstruction based on the distances between sequences (taken two at a time) are available, but there are others. These include using the number of mutations (substitutions of DNA bases, insertions, deletions) that affect each site (relative position) in the sequence.


  Before leaving these rather demanding theoretical points, we need to answer an obvious objection: “O.K., that’s fine, but can we rely on just one protein to trace the lineage in all living things?” The answer is no. Let’s quote Dawkins once more:


  
    Molecular information is so rich that we can do our taxonomy separately, over and over again, for different proteins. We can then use our conclusions, drawn from the study of one molecule, as a check on our conclusions based on the study of another molecule. If we are worried that the story told by one protein molecule is really confounded by convergence, we can immediately check it by looking at some other protein molecule.10

  


  The English biologist is referring to the phenomenon of convergent evolution — different organisms finding the same solutions to the same problem by independent routes. In that event, though statistically rare, comparison of several proteins allows us to remove the ambiguity by eliminating the coincidences. Finally, among instruments, we must mention the increasing number of genome data banks: as of 2009, the genomes of about 150 bacteria, a score of plants and about 50 animals (mice, fruit flies, earthworms, zebra fish and chimpanzees) had been decoded. The number has since doubled: the panda, the cow, the bee and the sea urchin are among those that were added by the end of the year.
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  At this point, it makes sense that the sport we refer to as molecular phylogenics would involve finding or defining the real linkage between organisms with a battery of sophisticated methods. Darwin’s image of a single tree still works, but in reality, researchers have been building a great many of them to indicate the evolving lineages according to the scales of families and genera rather than larger groupings, if only because of the immense number of details involved. In fact, we’re faced with a universe resembling Russian dolls, with each model fitting inside another. The dynamic effect is like the zoom lens of a camera.


  So let’s begin with the twig (lost somewhere in the middle of our thick, wide and tangled bush) that is humans, which is attached to the single branch (among many others) that represents mammals. First zoom-out: we can see our most remote vertebrate ancestors, the earliest tetrapods. Next come our invertebrate cousins and the ancestors we share with them. With the second zoom-out: new animal branches appear, notably anthropods (spiders, shellfish and insects). A little further, and we can see coral, jellyfish, sponges and the tiniest marine organisms.


  By now, that tiny last twig that is humans has become just an indistinguishable dot. We discover the expansion of microscopic fungi about a billion years ago, then another zoom-out and we see the first multi-cell organisms, and microbes — bacteria, viruses and archeobacteria — as they propel their distant offspring in long filaments toward the top of the bush into such density that, by comparison, the animal kingdom looks like a miserable little chicory tree.


  Nowadays we can see pictures of this fabulous story in books that synthesize the subject in rich illustrations. Yet the computer is better equipped to show the extent and dynamics of natural history, and the arrival of the Internet has made all of it accessible to the uninitiated.


  Surfing the Web can give us a perfect idea of the present state of science. There are some very specialized sites full of scientific jargon of course, but these can be hard to digest or lead us down some sort of digital black hole. Still, one Internet site is “worth the visit,” as the Michelin Guide might say: the international Tree of Life project at http://tolweb.org/tree. Their tree of life, a robust, spreading bush that looks a bit like a dishevelled aquatic plant, is remarkably successful. One can zoom in and out at will, as mentioned above. The scientific information is of the highest quality with commentary from researchers of serious repute. From section to section, the site allows us to discover some amazing parental links within given families or genera, and measure the evolutionary distances as well.


  Returning to the surprises of modern phylogenics, did you know, for example, that we are closer to flowering plants than we are to the E. coli bacteria we carry around in our intestines, or that we are closer still to mushrooms? This may seem frivolous, but there can be significant consequences when it comes to fighting fungal infections.


  There are many more examples that could be cited, but this gives us an idea of modern phylogenic methods and the importance they can have. We have come a long way from the simple matter of classifying things, or ancient quarrels about where such-and-such an organism fits into the animal or vegetable kingdoms. It is clear that the changes brought about by the methodologies relying on DNA still have further to go and relate to the origins and the diversity of life, as well as the status of the larger groupings of living things. Lastly, they also relate to the way this primate we call humans see their cousins and even their own role on the planet.


  In the following chapters, we will use two especially interesting case studies to illustrate this new way of looking at life. One concerns the origins of that important mammal group, whales. We’ll see how the tricks of phylogenics, combined with classical paleontology and the new science of evo-devo, have brought about a major reclassification. First, though, let’s take a closer look at the old question of classifying living things and show how molecular approaches have led us to renew our inventories of biodiversity.




End of sample
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