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Introduction


The first page in the history of biology was undoubtedly “written” when our preliterate forebears became consciously aware of the distinction between living and nonliving objects. Later they recognized, at least at a superficial level, the similarities among, and differences between, living organisms encountered in their local environment while hunting for game and gathering food. During the course of preparing animals for a meal, their internal structures were revealed, but there is little reason to suspect that the differences between and among such animals aroused their intellectual hunters’ curiosity. Of far greater importance in the lives of our ancestors were the supernatural forces that were responsible for their existence and who rewarded them with good fortune and children, while punishing them by withholding food sources and inflicting them with disease. They hoped those decisions could be influenced by human and animal sacrifices. Some 12,000 years ago, humans began assuming greater control of their living environment by cultivating plants to provide food and domesticating animals, notably dogs, to assist and accompany them.


The earliest students of biology were healers—variously referred to as witch doctors, medicine men/women, or shamans, who were the resident experts in treating disease. Their “therapy” combined plant-based medicines and prayers and supplications to supernatural forces with healing practices they acquired by experience—not systematic study. Among the greatest and earliest scholars of living organisms was Aristotle (384–322 BCE), who systematically examined animals and plants and their characteristics, and categorized them based on meticulous observation, reasoning, and interpretation, devoid of supernatural explanations, sharing this knowledge in no fewer than four books.


In the late seventeenth century, Leeuwenhoek—trained as a linen merchant and functioning as a self-taught amateur lens grinder, and whose letters to European scientific societies were limited to his native Dutch—uncovered a previously unknown microscopic world that was inhabited by living beings that were neither plants nor animals. Using a microscope, it was possible for Schneider and Schwann in the 1830s to identify the cell as the basic structural and functional unit of life—all life, both plant and animal—just as the atom is the basic unit in chemistry.


Prior to the nineteenth century, the study of living things, then called natural history, focused primarily on the diversity and classification of plants and animals as well as on the anatomy and physiology of animals. These naturalists employed observational rather than experimental methods of study. This dramatically changed in the nineteenth century, which hosted the explosive emergence of the systematic study of living things and descriptions of how living organisms functioned. Natural science was replaced by the newly coined designation biology. Advances in organic chemistry were applied to studying the chemistry of living organisms by such biochemical pioneers as Claude Bernard; those studies have continued to this present day with increasing sophistication.


Perhaps some of the most momentous findings in biology occurred in the decade between 1859 and 1868. In 1859, Charles Darwin advanced his theory of natural selection, the basis for evolution. Evolution, now the central theme of biology, has been used to explain both the unity and diversity of all living organisms. The scientific world reverberated in response to the appearance of Darwin’s On the Origin of Species by Means of Natural Selection but barely took notice when Gregor Mendel, an obscure Czech priest, published the results of his studies on the height of garden peas conducted in a monastery garden. Over three decades later, Mendel’s paper was rediscovered and served as the foundation for the new science of genetics. It also provided the basis for explaining mutations that lead to natural selection, an explanation that perplexed Darwin and his acolytes and that had challenged his theory of evolution. Since ancient times, living beings were believed to have arisen from nonliving sources, namely, by spontaneous generation. In a simple but elegant experiment, Louis Pasteur provided convincing evidence that living beings arose from earlier life forms. But the question still remains, what was the original source of life?


Among the most significant studies in the twentieth century, and continuing to the present, are those that have sought to understand the role of the individual cell components and their unique contributions to cell function. James Watson and Frances Crick’s 1953 determination of the structure of DNA generated a revolution in biological research and a popular interest in science that continues to excite. Subsequent research focused upon explaining how genes, working through DNA, serve as the molecular basis for inheritance, direct the synthesis of proteins, and influence our health. Manipulation of DNA and biotechnology have been valuable contemporary tools in the development and modification of innovative medicines and the plants and animals we consume.


Unlike Aristotle, who was interested in and attempted to understand all knowledge of his day, the study of biology became increasingly detailed, diversified, and specialized in the late nineteenth century, giving rise to subdisciplines and professionally trained specialists who placed an increasing emphasis on active experimentation. General biology or zoology/botany courses and departments have fragmented into departments of biochemistry, molecular and cellular biology, anatomy and physiology, microbiology, evolutionary biology, genetics, and ecology. The milestones in each of these specialty disciplines will be found in The Biology Book.



















The Biology Book


Our goal in writing The Biology Book is to provide insights into the 250 most significant events in biology in a readable and enjoyable manner. Each entry is intended to be readily comprehensible to all readers, while providing new information and insights for the scientifically well-prepared. In the available space of several paragraphs, we will set the stage for the milestone by providing essential background information, without subjecting the reader to the task of slogging through highly technical discussions and explanations. In short, each entry, arranged chronologically, is intended to be scientifically sound, yet accessible and engaging, and each can stand alone and be read in any order. We have provided cross-references to other entries related to the topic, as well as to sources of more detailed information. As we are sure you will appreciate, the dates assigned to some entries vary in precision: experts are not always of a single mind regarding a date or, for that matter, even which researcher should be most credited with the milestone.


Since most leading college-level biology textbooks are over 1,000 pages long, what was our rationale for selecting only 250 milestones? First and foremost, each milestone must have represented a significant scientific advance in its day, for hundreds of years, and perhaps even today. Some of these milestones incrementally built upon and extended earlier discoveries, and were readily accepted by their contemporaries. Others, particularly those that were revolutionary in nature—a paradigm shift as described by the philosopher of science Thomas Kuhn—and that significantly departed from the then-accepted “truth,” were all too often greeted by naysayers with a firestorm of derision, criticism, and even outright hostility. Although contrary to the self-image of scientists as being rational and objective, over time, some scholars have resisted and rejected new and novel ideas for political, philosophical, economic, or religious reasons, because such ideas ran counter to traditional time-honored, venerated beliefs they embraced, or because of simple, unvarnished ignorance. However, as irrefutable evidence was presented, the scientific community embraced Andreas Vesalius’s correction of Galen’s erroneous description of the human body, which had been taught without question to medical students for almost 1,500 years. Robert Koch’s demonstration that germs—and not supernatural forces or “bad air”—were the causes of infectious diseases was another victory for the scientific method that revolutionized medicine.


Some of the greatest of all scientists, regardless of discipline, made monumental discoveries in the biological sciences. The Biology Book highlights their particular discovery and, when appropriate and interesting, profiles these scientists. Consider the internationally acclaimed physiologist Nobel laureate Ivan Pavlov, who linked psychic stimulation and digestive function, and who was tolerated by the Soviet regime during the 1920s and 1930s, notwithstanding his outspoken negative views of Communism; or Otto Loewi, who provided convincing proof of chemical neurotransmission and used his Nobel Prize money to buy his way out of Austria after the Nazi invasion. Finally, we must confess that a few milestone entries are included mainly because they provide an interesting story and, we suspect, all of us like a good story.


The milestones described in The Biology Book illustrate Isaac Newton’s saying, “If I have seen further it is by standing on the shoulders of giants.” We shall attempt to explain the importance of the discovery or concept in biology from a historical perspective, and underline the influence the finding has had on subsequent researchers and on our contemporary thinking. It is our hope that readers of The Biology Book will come away with a vastly enriched appreciation of the living world around them.
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Origin of Life


Louis Pasteur (1822–1895), J.B.S. Haldane (1892–1964), Alexander Oparin (1894–1980)


c. 4 Billion BCE


The remains of fossils of microorganisms reveal that life on Earth began perhaps as early as 4–4.2 billion years ago. But how did life begin? The notion that life could arise from nonliving matter (spontaneous generation) can be traced back to ancient Greece, and it wasn’t until 1859 that Louis Pasteur conducted a series of experiments that apparently disproved this concept. But in the mid-1920s, spontaneous generation reappeared, now relabeled as abiogenesis. The Russian biochemist Alexander Oparin and British evolutionary biologist J.B.S. Haldane, working independently, suggested that conditions on the primordial Earth were very different from those that now exist and favored chemical reactions leading to the synthesis of organic molecules from inorganic starting materials. The scientific literature abounds with theories postulating how the origin of life occurred, and while none have gained universal acceptance, most use some variation of the Oparin-Haldane hypothesis as their basis.


The process of abiogenesis (or biopoiesis), by which life arises from self-replicating abiotic (nonliving) simple organic molecules, occurs in several stages: Small organic molecules, such as amino acids and nitrogen-containing bases, are synthesized from atmospheric carbon dioxide and nitrogen, with energy provided by intense sunlight or UV (ultraviolet) radiation. These small organic molecules are linked to form macromolecules, such as proteins and nucleic acids. The macromolecules are brought in proximity within protocells, vesicles that are precursors of living cells and surrounded by a membrane controlling the cell’s internal chemical contents. Under these conditions, reproduction and energy-producing and energy-utilizing chemical reactions can occur. In the final stage, a self-reproducing ribonucleic acid (RNA) is formed that is required for protein synthesis and that can perform enzyme functions needed for RNA replication. The unique chemistry of these newly formed RNA molecules makes them most successful in self-replication, allowing them to pass their favorable traits to daughter RNA molecules. This may represent the earliest example of natural selection.


SEE ALSO: Prokaryotes (c. 3.9 Billion BCE), Eukaryotes (c. 2 Billion BCE), Metabolism (1614), Refuting Spontaneous Generation (1668), Fossil Record and Evolution (1836), Darwin’s Theory of Natural Selection (1859), Enzymes (1878), Miller-Urey Experiment (1953), Domains of Life (1990).
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The question of how life first began on Earth has challenged scholars and philosophers for thousands of years. Conditions on our planet some one billion years after its formation were very different and conducive to the formation of simple organic molecules from the raw materials in the primordial atmosphere.



















Last Universal Common Ancestor


Charles Darwin (1809–1882)


c. 3.9 Billion BCE


Charles Darwin’s theory of evolution postulated that all life on earth descended from a common ancestor. In Origin of Species, Darwin wrote, “Therefore I should infer from analogy that all the organic beings which have ever lived on this earth have descended from the same one primordial form, into which life was first breathed.” This last universal common ancestor (LUCA), also called the last common ancestor (LCA), was not necessarily the first living being. Rather, it was the most recent ancestor from which all other life that now exists had evolved approximately 3.9 billion years ago, and which now shares its genetic characteristics. There are three major branches of living organisms: the eukaryotes, including plants, animals, protozoa, and all others that have a nucleus; and bacteria and archaea, two branches of organisms that do not have a nucleus.


This search for characteristics that would enable us to anoint LUCA has proven to be both elusive and controversial. When the search began, it was assumed that LUCA was a crude, simple mass, but it is now believed that this was a gross oversimplification. In 2010, a formal test was proposed to evaluate the common features a LUCA candidate would have to meet.


LUCA was a single-celled organism, with a lipid membrane surrounding that cell. Some of the other features are in the general areas of genetics, biochemistry, energy source, and reproduction. In all living forms, genetic information is encoded in deoxyribonucleic acid (DNA), and the genetic code by which DNA is translated into the production of enzymes and other proteins is almost identical from bacteria to humans. This translation of genetic information provides support for the concept of LUCA, and it appears far less likely that life evolved from multiple ancestors.


One of the greatest complications involved in the identification of LUCA is related to gene swapping. Genes have been shown to be able to jump from organism to organism, making it difficult to determine whether the characteristics we are viewing are universal or those characteristics that have moved.


SEE ALSO: Origin of Life (c. 4 Billion BCE), Prokaryotes (c. 3.9 Billion BCE), Eukaryotes (c. 2 Billion BCE), Darwin’s Theory of Natural Selection (1859), Deoxyribonucleic Acid (DNA) (1869), Enzymes (1878), Miller-Urey Experiment (1953).
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The tree of life, an allusion to our common origin, is a metaphor used in theologies and mythologies worldwide. This painting of the tree of life from the Palace of the Shaki Khans (c. 1797) is now on display in the Azerbaijan National Art Museum.



















Prokaryotes


Carl Woese (1928–2012), George E. Fox (b. 1945)


c. 3.9 Billion BCE


Life first began on earth approximately four billion years ago, 600 million years after the formation of the earth. Prokaryotes are the most primitive and most abundant life forms. Their successful survival has been attributed to a number of factors: Most prokaryotes have a cell wall, which protects the cell and serves to maintain its shape. Many exhibit taxis, the innate ability to move toward nutrients and oxygen and away from noxious stimuli. Most significantly, prokaryotes can rapidly reproduce asexually by binary fission (dividing in half) and rapidly adapt to unfavorable environmental conditions.


Based on Woese and Fox’s domain classification of life, two of the three domains—Archaea and Bacteria—are prokaryotic, lacking membranes surrounding their nucleus and organelles, structures (such as ribosomes and mitochondria) that have specific functions within the cell. The interior of the prokaryotic cell is a gelatinous fluid, the cytosol, in which subcellular materials are suspended; deoxyribonucleic acid (DNA) is contained in the nucleoid region of the cytosol.


Archaea have the remarkable ability to adapt, survive, and thrive in extreme environments in which few other living forms can exist. Referred to as extremophiles, some Arachaea live in volcanic hot springs, while others reside in the Great Salt Lake in Utah, where the salt concentration is tenfold higher than seawater.


By far, the majority of prokaryotes are bacteria, some with which animals have symbiotic or mutualistic (mutually beneficial) relationships. Bacteria are far better known because of their role in disease, and it has been estimated that one half of all human diseases have a bacterial cause. When examined under a microscope, bacteria can assume a number of shapes, the most common being sphere, rod, spiral, or comma shaped. Based on the chemical composition of their cell walls, and their response to a dye (Gram stain), bacteria are classified as gram-positive or gram-negative, which has important implications in clinical medicine for the diagnosis and treatment of infectious disorders with antibiotics.


SEE ALSO: Origin of Life (c. 4 Billion BCE), Eukaryotes (c. 2 Billion BCE), Leeuwenhoek’s Microscopic World (1674), Cell Theory (1838), Darwin’s Theory of Natural Selection (1859), Deoxyribonucleic Acid (DNA) (1869), Gram Stain (1884), Germ Theory of Disease (1890), Probiotics (1907), Antibiotics (1928), Ribosomes (1955), Domains of Life (1990).
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Prokaryotes are the most populous living organisms and were the earliest to exist. Bacteria, which represent one of the three domains of life and are the most familiar prokaryotes, have a cell wall and assume four major shapes: rod (shown), sphere, spiral, and comma.



















Algae


c. 2.5 Billion BCE


BASE OF THE FOOD CHAIN. Algae range in complexity from a single simple cell to millions of cells. In size, they span over seven orders of magnitude—from tiny Micromonas (1 µmeter in diameter) to giant kelp (200 feet or 60 meters). By the process of photosynthesis, algae form organic food molecules from carbon dioxide and water; these represent the base of the food chain upon which the existence of all marine life is dependent. Oxygen is a by-product of photosynthesis, and algae produce 30–50 percent of the global oxygen required by land animals for respiration. Crude oil and natural gas are photosynthetic products of ancient algae.


The heterogeneous nature of algae defies a universally agreed-upon biological classification. Some share features with protozoa and fungi, which diverged from algae over one billion years ago. As a group, algae are not closely related, nor do they form a single evolutionary linkage. A massive spike in atmospheric oxygen levels around 2.3 Billion BCE, believed to result from photosynthesis by cyanobacteria (blue-green algae), suggests that their evolutionary history began 2.5 billion years ago. Red algae and green algae evolved from a common ancient ancestor more than one billion years ago, with the oldest red fossil dating back some 1.5 billion years. The lineage that produced green algae were the forebears of land plants, and some biologists have proposed including green algae in the plant kingdom.


Some classifications of algae are based on whether they have a cell nucleus (eukaryotic) or lack one (prokaryotic) or are ecologically grouped by their habitat. Since the 1830s, algae have been classified into major groups predicated upon their color (red, green, brown), a photosynthetic accessory pigment that masks the green of chlorophyll. There are some 6,000 known species of red algae, with their different shades dependent on the depth of the sea, and they are most abundant in the warm coastal waters of tropical oceans. Most red algae are multicellular, the largest of which is referred to as “seaweed.” There are over 7,000 species of green algae of the chlorophyte group, most found in fresh water.


SEE ALSO: Prokaryotes (c. 3.9 Billion BCE), Eukaryotes (c. 2 Billion BCE), Fungi (c. 1.4 Billion BCE), Land Plants (c. 450 Million BCE), Cell Nucleus (1831), Photosynthesis (1845), Food Webs (1927).
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All life depends upon photosynthesis in algae. By this process, organic molecules are formed, upon which marine life is dependent. As a by-product of photosynthesis, oxygen is produced, which is essential for the survival of land life.



















Eukaryotes


c. 2 Billion BCE


All advanced life forms have eukaryotic cells. Some 1.6–2.1 billion years ago, living organisms with eukaryotic cells, which are thought to have evolved from a prokaryotic ancestor by the process of endosymbiosis, appeared. Eukaryotic cells are ten times larger and more organizationally complex than prokaryotic cells. Eukaryotes (also spelled eucaryotes) exhibit staggering differences in shape and size that vary from amoebas to whales and from red algae (among the first eukaryotes) to dinosaurs.


The principal distinguishing difference between prokaryotic and eukaryotic cell types is the presence of membranes surrounding the eukaryotic nucleus and other intracellular organelles. These walled-off compartments permit the organelles to perform their specific functions (such as energy transformation, nutrient digestion, protein synthesis) far more efficiently, unaffected by other processes that are occurring simultaneously elsewhere in the cell.


The largest of these organelles is the cell nucleus, which contains DNA packaged in chromosomes that carry genetic information. Eukaryotic reproduction involves two processes: mitosis, in which one cell gives rise to two genetically identical daughter cells; and meiosis, where a pair of chromosomes divide, with each possessing half the number of chromosomes of the original cell.


The Eukarya, a third domain of life, includes the animal, plant, and fungi kingdoms that are all multicellular, and the protist kingdom, which is mostly unicellular; protists are by far the most diverse and numerous eukaryotes. One approach to differentiate members of each of these kingdoms is to consider how they meet their nutritional needs. Plants produce their own food by the process of photosynthesis, fungi absorb dissolved nutrients (decomposed organisms, dead wastes) from their environment, and animals eat and digest other organisms. No generalizations can be drawn with respect to protists and how they obtain their nutrition: in this respect, algae are plantlike, slime molds resemble fungi, and amoeba are more animal-like. The appropriate classification and evolutionary history of the protists has been subject to revision in recent years, when genetic analysis revealed that some protists are more closely related to animals and fungi than to fellow protists.


SEE ALSO: Origin of Life (c. 4 Billion BCE), Prokaryotes (c. 3.9 Billion BCE), Algae (c. 2.5 Billion BCE), Fungi (c. 1.4 Billion BCE), Leeuwenhoek’s Microscopic World (1674), Cell Nucleus (1831), Cell Theory (1838), Darwin’s Theory of Natural Selection (1859), Meiosis (1876), Mitosis (1882), Gram Stain (1884), Germ Theory of Disease (1890), Endosymbiont Theory (1967), Domains of Life (1990), Protist Taxonomy (2005).
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Eukaryotes include multicellular plants, animals, and fungi, as well as unicellular protists. In nature, there are some 600 species of the fungus Amanita, which are responsible for 95 percent of all fatal mushroom poisonings.



















Fungi


c. 1.4 Billion BCE


Apart from molds and mushrooms, fungi don’t spring to mind as being important life forms, and yet they have a great impact on us. Fungi assist in the breakdown and recycling of dead and decaying organic matter in our environment. In addition to including mushrooms, morels, and truffles, some fungi are used to ripen cheese, and yeasts are used in the production of bread, alcoholic beverages, and industrial chemicals. Fungi are the source of the most important of all drugs: penicillin, and cyclosporine, a drug that prevents the rejection of transplanted organs. But 30 percent of the 100,000 species of fungi are parasites or pathogens. Plants are their favorite target; they’ve devastated fruit harvests and caused the American chestnut tree blight, Dutch elm disease, and ergotism, which killed 40,000 people in France in year 944 and has been implicated in causing hallucinations in those accused in the Salem witch trials. Fungi cause infections of the skin (athlete’s foot), yeast infections (candidiasis), and life-threatening systemic infections.


Fungi were formerly classified as plants. They grow in the soil, are sessile (immotile), and have cell walls. But molecular evidence reveals that they are more closely related to animals, having evolved from a common aquatic unicellular ancestor at least 1.4 billion years ago. The oldest fossil of a land fungus is 460 million years old.


With the exception of single-celled fungi, as yeasts, fungi are composed of hyphae (thread-like tubular filaments), which are surrounded by cell walls composed of chitin (as in the external skeletons of insects) and not cellulose, found in plants. Hyphae tips branch out into mycelium (interwoven mats), which are above ground and produce fruiting bodies containing spores that serve a reproductive function.


Unlike animals that ingest food, and plants that manufacture food, fungi obtain their nutrients using several different approaches: as heterotrophs, they absorb nutrients from the environment; as saprophytes, they secrete enzymes that break down large organic molecules in living and dead cells (fallen logs, animal corpses) into small molecules that fungi can absorb; and as parasites, they secrete other enzymes that penetrate the walls of cells and absorb nutrients into their own cells.


SEE ALSO: Eukaryotes (c. 2 Billion BCE), Ergotism and Witchcraft (1670), Enzymes (1878), Antibiotics (1928), Domains of Life (1990), Protist Taxonomy (2005), American Chestnut Tree Blight (2013).
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Yeasts, molds, and mushrooms are fungi that have been eaten as foods (mushrooms, truffles) and used to make bread and alcoholic beverages by fermentation (using yeast). Inoculation of milk curds with selected fungi imparts unique flavors and textures to cheese.



















Arthropods


c. 570 Million BCE


Arthropods are the most successful animals on the planet, having populated land, sea, and air, from the highest mountain to the deepest sea, from the poles to the tropics. They make up over three-quarters of all living and fossil animals, and it has been estimated that one billion billion (1018) are currently living on earth, representing over one million species that have been described, with many millions more, living in tropical rainforests, yet to be identified. Their size ranges from microscopic insects and crustaceans to blue king crabs in the Bering Sea, with a leg span extending beyond 6 feet (1.8 meters) and often weighing more than 18 pounds (8 kilograms).


The origin and evolution of arthropods are clouded in controversy because many of the earliest members did not leave fossil remains. It is generally believed that all arthropods evolved from a common annelid ancestor—a marine worm—some 550–600 million years ago. Scientists are not of a single mind whether all arthropods evolved only once or multiple times from this common antecedent. The earliest fossil remains are of the now-extinct marine trilobites, dating back over 530 million years. The first land animals were myriapod arthropods (centipede-related) appearing some 450 million years ago.


Arthropods, the most diverse phylum, are invertebrates that are categorized into five major groups—insects, spiders, scorpions, crustaceans, and centipedes—all of which have common characteristics: They are bilaterally symmetrical (as are humans), that is, the left half of the body is the mirror image of the right half. They are surrounded by a cuticle, an exoskeleton (external skeleton) composed of chitin (a carbohydrate polymer), which provides protection, points of attachment for muscles that move their appendages, and prevents water loss from the body. Insect bodies are segmented and their appendages are jointed (arthropod means “jointed feet”), permitting them to move their legs, claws, and mouthparts, although their body is encased in the inflexible exoskeleton. Appendages have evolved to become fewer in number and more specialized in function, such as for locomotion (walking or swimming), feeding, defense, sensory perception (which is well developed), and reproduction.


SEE ALSO: Insects (c. 400 Million BCE).
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Three-quarters of all living and fossil animals are classified as arthropods, including such crustaceans as the lobster. This watercolor, Hawaiian Lobster, was painted in 1819 by a sixteen-year-old French artist named Adrien Taunay the Younger.



















Medulla: The Vital Brain


c. 530 Million BCE


When thoughts turn to the brain, we undoubtedly think about reasoning, emotions, and, of course, thinking—activities that are controlled at the highest levels. However, far more basic are those vital functions that are essential for survival, and these are regulated by the medulla oblongata, likely the first brain part to have evolved. Some authorities argue that the medulla is the most important brain component.


Animals possessing a bilaterally symmetrical body—bilaterians, the common ancestor of all vertebrates—first appeared some 555–558 million years ago. Among their characteristics was a hollow gut tube that ran from the mouth to the anus and contained a nerve cord, a precursor of the spinal cord. More than 500 million years ago, the first vertebrates, which are thought to have resembled the modern hagfish, emerged. Their anatomy had developed three swellings at the mouth end of their nerve cord: the forebrain, midbrain, and hindbrain.


The medulla, a structure in the hindbrain, developed from the top of the spinal cord. It is the lowermost portion of the brain and the most primitive portion of the vertebrate brain. The medulla regulates those functions upon which life is most dependent and which occur without our voluntary action: control of breathing, heart rate, and blood pressure. Chemoreceptors, located in the medulla, monitor oxygen and carbon dioxide levels in the blood and orchestrate appropriate changes in the rate of breathing. Its destruction causes instant death from respiratory failure. Baroreceptors, located in the aorta and carotid artery, detect changes in arterial blood pressure and, via nerve impulses, transmit messages to the cardiovascular center in the medulla, which in turn trigger changes that restore blood pressure and heart rate to normal levels.


The medulla is also the site of a number of reflex centers that respond without delay, in the absence of cognitive processing, when required to initiate vomiting, coughing, and swallowing. Additionally, it provides a pathway for nerves entering and leaving the brain and transmitting messages between the brain and spinal cord.


SEE ALSO: Fish (c. 530 Million BCE), Blood Pressure (1733), Nervous System Communication (1791), Neuron Doctrine (1891).
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The medulla, the most primitive brain structure, controls such essential functions as breathing, heart rate, and blood pressure, as well as such reflex responses as coughing and sneezing. This poster, warning US soldiers to cover their coughs and sneezes in order to prevent the spread of germs, was issued by the Office of War Information during World War II.



















Fish


c. 530 Million BCE


The earliest ancestors of vertebrates appeared in oceans over some 550 million years ago. Later, the Devonian Period (417 to 359 million years ago)—dubbed the Age of Fishes—saw the remarkable evolution of fish, which are now more diverse than any other vertebrates. Of the 52,000 vertebrate species, 32,000 are fish, which may be simply and collectively characterized as gill-bearing vertebrates that lack limbs with digits.


Agnathans, which appeared during the Cambrian Explosion around 530 million years ago, were the first fish. Jawless with plated armored heads, their round mouthparts were used for sucking or filter-feeding; lampreys and hagfish are their only surviving descendants. The development of jaws, seen in the present-day cartilaginous fish and bony fish, permitted them to ingest a wider range of foods and become active hunters. The cartilaginous fish (Chondrichthyes) lack true bone but have instead rather light, flexible skeletons of cartilage, which make fish like rays, sharks, and skates very agile predators.


There are 19,000 species of true bony fish (Osteichthyes), which are as disparate as eels, horse fish, trout, and tuna. Most species have a swim bladder, which is a gas-filled bag that enables fish to effortlessly maintain their buoyancy at a desired depth. Sharks and rays lack swim bladders and, since they are heavier than water (as are all fish), they will sink. They may choose to rest on the sea floor or remain in constant motion, which involves a large expenditure of energy. Water contains a fraction of the oxygen found in air. Multiple pairs of gills, through which water continuously passes, are highly efficient at extracting oxygen and removing carbon dioxide, the end-product of metabolism.


There are two major groups of bony fish: the far more common ray-finned fish, which are named for the bony rays that support their fins, and the lobe-finned fish, such as coelacanth, the “living fossil,” which have rod-shaped bones surrounded by muscles in their pectoral and pelvic fins. These lobed fins evolved into the limbs and feet of tetrapods, four-legged land animals, which include humans.


SEE ALSO: Devonian Period (c. 417 Million BCE), Amphibians (c. 360 Million BCE), Paleontology (1796), Coelacanth: “The Living Fossil” (1938).
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The most primitive fish, such as this sea lamprey, were jawless and used their round mouths to filter-feed. Lampreys are considered an invasive species in the North American Great Lakes, being fortunate to have no natural enemies there and feeding on such commercially valuable fish as lake trout.



















Land Plants


Aristotle (384–322 BCE), Charles Darwin (1809–1882)


c. 450 Million BCE


Aristotle was first to divide the living world into animals and plants, a division that still enjoys popular usage: animals moved and plants did not. There are 300,000 to 315,000 species of land plants (embryophytes), which include flowering plants, conifers, ferns, and mosses, but not algae and fungi.


All land plants arose from a single type of green algae, the carophytes, which made their first appearance on land 1.2 million years ago. Many green algae live on the edge of ponds and lakes, which are subject to drying. Darwin’s theory of natural selection suggests that those algae that adapted and lived above the water line survived when the water receded. Such early land plants, which appeared some 450 million years ago, enjoyed the benefits of greater access to bright sunlight and carbon dioxide—conditions that favored the generation of organic molecules to feed themselves by photosynthesis—as well as nutrient-rich soil. Seed plants, which represent 85–90 percent of all land plants, appeared 360 million years ago, followed by flowering plants, 140 million years later, and the most recent major group, the grasses, some 40 million years ago.


Green plants vary from small weeds to giant redwood trees. All have eukaryotic (nucleus-containing) cells and cell walls composed of cellulose, and the vast majority derive their energy by photosynthesis. The first seed plants were the now-extinct seed ferns. Seeds consist of an embryo—a sperm-fertilized egg—and its food supply surrounded by a protective coat; such seeds can remain dormant for years after their release from their parent plant.


Some 12,000 years ago, humans in many parts of the world began to cultivate wild seed plants, transforming themselves from hunter-gatherers to farmers. Seed plants are the major sources of our food, as well as fuel, wood products (absent from seedless plants), and medicines. Seedless plants, which include ferns, mosses, liverworts, and horsetails, do not grow flowers or grow from seeds.


SEE ALSO: Algae (c. 2.5 Billion BCE), Eukaryotes (c. 2 Billion BCE), Plant Defenses against Herbivores (c. 400 Million BCE), Seeds of Success (c. 350 Million BCE), Gymnosperms (c. 300 Million BCE), Angiosperms (c. 125 Million BCE), Plant-Derived Medicines (c. 60,000 BCE), Agriculture (c. 10,000 BCE), Photosynthesis (1845), Darwin’s Theory of Natural Selection (1859).
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Land plants vary in size from inconspicuous weeds to giant redwood trees. Since the moss depicted here have no system for transporting water through the plant, they require a damp environment in which to grow and must be surrounded by liquid water in which to reproduce. These roof tiles, which retain moisture in a rainy climate, are ideal.



















Devonian Period


Adam Sedgwick (1785–1873), Roderick Murchison (1792–1871)


c. 417 Million BCE


The Devonian Period was so-named in 1839 by geologists Adam Sedgwick and Roderick Murchison, after the county of Devon, England, where the rocks of this period were first studied. The Devonian, from 417–359 million years ago, witnessed major changes in plant life and fish, including some fish that ventured on land. Oceans covered 85 percent of the globe, and there were two supercontinents: Laurasia in the Northern Hemisphere and Gondwanaland in the Southern Hemisphere.


The first land plants appeared some 450 million years ago, and the oldest vascular plants appeared at the beginning of the Devonian. Unlike the earlier nonvascular plants, such as liverworts, ferns, and moss, vascular plants have an extensive system of tubes that transport water and nutrients throughout the plant. During this time, vegetation was simple, limited to the water’s edge, and consisting of small plants, the tallest a mere 3 feet (1 meter) in height. Wood appeared, increasing axial strength, permitting trees to grow taller to reach open sunlight and support the greater weight of branches and leaves. Changes in the soil promoted the development of plant rooting systems; some 385 million years ago, the first tree-like organisms growing in forests were in evidence.


A REVOLUTION IN THE BIOTIC WORLD. During the Middle Devonian, the agnathans (jawless fish, with plate-like armor) started to decline in number. Jawed fish, such as the shark-like cartilaginous fish and the vast majority of extant bony fish, increased in number and variety and became the dominant marine and freshwater predators; this period has been justifiably called the Age of Fishes. From the lobe-finned jawed fish evolved the earliest tetrapods, which were able to crawl from the mud and move about out of water to feed on terrestrial invertebrates.


Toward the end of the Devonian, some 70 percent of the invertebrates disappeared, with the greatest losses among marine and, to a lesser degree, among freshwater species; coral reefs disappeared entirely. Estimates of the duration of Late Devonian extinction range from 500,000 to 25 million years. Although its cause remains unknown, it ranks as one of the five major extinction events in biota history.


SEE ALSO: Fish (c. 530 Million BCE), Land Plants (c. 450 Million BCE), Amphibians (c. 360 Million BCE), Gymnosperms (c. 300 Million BCE), Coral Reefs (c. 8000 BCE), Paleontology (1796), Fossil Record and Evolution (1836), Continental Drift (1912).
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This image from Ernst Haeckel’s Kunsiformen der Natur (Art Forms of Nature) of 1904 shows various sea anemones, classified as Actiniae, which are water-dwelling, predatory animals that may have flourished in coral reefs during the Devonian period. Since most Actiniaria lack hard parts, however, fossil records are sparse.



















Insects


Edward O. Wilson (b. 1929)


c. 400 Million BCE


THE MOST POPULOUS ANIMAL. Some one million species of insects have been described, and scientists speculate that another six to ten million are waiting to be discovered. As such, insects are the largest group in the animal kingdom and are more numerous than all other animal life forms combined. Members of the invertebrate phylum Arthropoda, they have been divided into at least thirty insect orders, each with an external skeleton and the same common characteristics: three pairs of legs; a head, thorax, and abdomen that are the insect’s three distinct body segments; a pair of antennae, which detects sounds, vibrations, and chemical signals (semiochemicals, including pheromones), and external mouthpieces specialized for feeding.


Insects appeared some 400 million years ago, with the oldest fossils resembling modern-day silverfish. Scientists uncovered the full-body fossil impression of a flying insect that is thought to have lived 300 million years ago. Insects were the first animals to fly and the only invertebrates to do so. Flying provided insects with a major competitive advantage, permitting them to escape from predators, find food and mates, and move to new habitats.


Many insects undergo metamorphosis as an integral part of their lifecycle, and this may be incomplete metamorphosis, as with grasshoppers, where the young (nymph) resemble the adult but miniaturized. By contrast, the butterfly undergoes complete metamorphosis, in which the young (larva) goes through four distinct stages and is completely transformed in appearance as an adult. The American biologist E. O. Wilson has studied ants and their social behavior, which he described in his co-authored book The Ants (1990). Eusocial ants live in groups, cooperatively care for the brood, have overlapping generations and reproductive division of labor.


Insects have a multifaceted relationship with their environment. Many of us perceive them to be pests, feeding on animal hosts (as mosquitoes), transmitting disease (malaria), and destroying crops (locusts) and structures (termites). But they also pollinate flowering plants, are useful for genetics research, and serve as food for animals.


SEE ALSO: Arthropods (c. 570 Million BCE), Plant Defenses against Herbivores (c. 400 Million BCE), Angiosperms (c. 125 Million BCE), Paleontology (1796), Insect Dance Language (1927), Pheromones (1959), Sociobiology (1975).
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Wenceslaus Hollar (1607–1677) was a Bohemian-born etcher whose works included a broad spectrum of subjects, including this 1646 etching, Forty-One Insects.



















Plant Defenses against Herbivores


c. 400 Million BCE


Some 400 million years ago, 50 million years after the appearance of the first land plants, fossil evidence reveals that insects were feasting on plants. The earliest terrestrial vertebrates, the amphibians, dating back some 360 million years, initially fed on fish and insects, and later expanded their diets to include plants. Herbivores are animals that have adapted anatomically and physiologically to eat plant material as a major component of their diet, which provides a rich source of carbohydrates. To thwart the efforts of these herbivores, and to enhance their own survival and reproductive fitness, plants have evolved physical and chemical defense mechanisms that can deter, injure, or even kill their predators. But just as plants evolved, the herbivores co-evolved, too, to overcome or reduce the effectiveness of these defense mechanisms and enable themselves to continue their plant diets.


Physical defenses or mechanical barriers, such as the thorns on the stems of roses and the spines on cacti, are intended to deter or injure herbivores. Trichomes are hairs that cover the leaves and stems of plants and represent an effective deterrent to most insect herbivores, although some insects have evolved counter-defensive mechanisms. Waxes or resins that coat plant parts serve to modify their texture and make cell walls difficult to eat and digest.


The chemicals produced for defensive purposes are by-products of plant metabolism and are secondary metabolites that do not participate in such fundamental functions as growth, development, and reproduction. Rather, they promote the long-term survival of the plant by acting as herbivore repellants or toxins. Among these chemical types are those classified as alkaloids and cyanogenic glycosides, and both contain nitrogen. Alkaloids are derivatives of amino acid metabolism and include such familiar chemicals as cocaine, strychnine, morphine, and nicotine, the latter long used as an insecticide in the garden and agricultural fields. Alkaloids adversely affect herbivores by modifying the activity of their enzymes, inhibiting protein synthesis and DNA repair mechanisms, and interfering with nerve function. When herbivores feed on plants containing cyanogenic glycosides, hydrogen cyanide is released, which poisons the cellular respiration of the would-be predator.


SEE ALSO: Land Plants (c. 450 Million BCE), Insects (c. 400 Million BCE), Amphibians (c. 360 Million BCE), Metabolism (1614), Nitrogen Cycle and Plant Chemistry (1837), Coevolution (1873), Enzymes (1878), Mitochondria and Cellular Respiration (1925).
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Thorns, spines, and prickles are plant structures with sharp, stiff ends, which are used to mechanically deter herbivores. Although these terms are commonly used interchangeably, botanists distinguish them based upon where on the plant they originate. These prickles were found on a rose.



















Amphibians


c. 360 Million BCE


Some 360 million years ago, the fins of lobe-finned fish evolved into limbs and feet with digits. This descendent of the early tetrapods was able to leave the water, which may have proved advantageous to avoid aquatic competition and predation, and allowing pursuit of prey through the thick vegetation at the water’s edge. These tetrapods evolved into amphibians (“living a double life”), with many members inhabiting both aquatic and terrestrial habitats during the course of their lifecycle.


There are 5000–6000 amphibian species divided into three groups, each with its specific characteristics: Salamanders and newts (Urodela = “tailed ones”) have long tails and two pairs of limbs. Caecilians (Apoda = “legless ones”) are legless, nearly blind, worm-like creatures found in tropical habitats.


Some 90 percent of all living amphibians are classified in the third group, frogs and toads (Anura = “tailless ones”) that are aquatic as juveniles and land-based in damp habitats as adults. The female lays her eggs in water where they are externally fertilized by the male’s sperm. The tadpole, the larval stage of the frog, has gills to extract oxygen from water, a long tail, and a lateral line system, which is a sensory system permitting it to detect movements and pressure changes in water. After metamorphosis, the tadpole develops powerful muscular hind limbs, a large head and eyes, a pair of external eardrums, and a digestive system suited for a carnivorous diet; it loses its tail, lateral line system, and gills. The exchange of respiratory gases—oxygen and carbon dioxide—occur through the skin, a common characteristics in all amphibians. Many, but not all, amphibians undergo metamorphosis.


A BELLWETHER FOR BIODIVERSITY. Since the 1980s, there has been an alarming worldwide decline in the number of amphibians and frogs, which has led to the extinction of some species. This represents a major threat to global biodiversity. Amphibians feed on algae and zooplankton, and are active predators of insects, which reduces the threat of many insect-borne diseases; they, in turn, are sources of food for other vertebrates. The causes of this decline have not been established but may involve habitat destruction or modification, pollution, and fungal infections.


SEE ALSO: Fish (c. 530 Million BCE), Insects (c. 400 Million BCE), Plant Defenses against Herbivores (c. 400 Million BCE), Gas Exchange (1789), Thyroid Gland and Metamorphosis (1912), Food Webs (1927).
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The red-eyed tree frog is an inhabitant of the Central American rainforest. When startled, the frog’s bulging red eyes flash open and its bright sides are displayed—a defensive mechanism called startle coloration—which surprises a predator bird or snake, allowing the frog to make its escape.



















Seeds of Success


c. 350 Million BCE


The first plants, related to modern moss and ferns, arrived on land some 450 million years ago and ruled the vegetative world for over 100 million years. These early ferns were seedless and dependent upon water for their sexual reproductive success. The male gametophyte released sperm that were obliged to swim through a watery film to rendezvous with an egg for fertilization, forming a zygote. Seed plants, among the most important organisms on earth, made their first appearance some 350 million years ago and since then have been and continue to be the dominant and most familiar form of vegetation. Seeds and pollen have permitted plants to succeed on land, freeing them from dependence on water for reproduction and enabling them to adapt to drought and the harmful ultraviolet radiation in sunlight.


Seedless plants produce only a single kind of spore, which gives rise to a bisexual gametophyte. Over time, some of these plants evolved into seed plants that generate two types of spores: a microspore, giving rise to multiple male gametophytes, and a megaspore that produces a single female gametophyte. The female gametophyte and its surrounding protective coat is an immature seed called an ovule. Pollen grains are male gametophytes containing sperm enclosed in a protective coat, which prevents sperm from drying out, helps them withstand mechanical damage, and enables them to travel long distances and spread their genes. Unlike sperm in seedless plants that must travel to the ovule, seed plant sperm are passively carried in air currents.


Transfer of the pollen grain to the ovule-containing part of the plant is called pollination. After the egg cell, inside an ovule, is fertilized by sperm, the ovule produces an embryo that develops into a seed. Seeds provide the embryo with protection and nourishment, and enable the embryo to remain in a dormant stage for decades, if need be, awaiting favorable climatic conditions for germination.


Seed plants (spermatophytes) are of two major types: gymnosperms (“naked” seeds), including the conifers, and angiosperms (flowering plants), of which there are some 250,000 species—about 90 percent of the plant world.


SEE ALSO: Land Plants (c. 450 Million BCE), Gymnosperms (c. 300 Million BCE), Angiosperms (c. 125 Million BCE), Depletion of the Ozone Layer (1987).
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Seed plants permit pollen grains to carry male sperm long distances, under adverse climatic conditions, to fertilize ovules. These seeds are from “lucky bean” trees (Erythrina lysistemon), members of the pea family that are cultivated in parks and gardens and believed to have magical and medicinal properties.



















Reptiles


c. 320 Million BCE


Some 320 million years ago, the earliest reptiles appeared, arising from amphibians, with lungs, more muscular legs, and laying hard-shelled external eggs that could better withstand land than the amphibian’s water-bound eggs. Reptiles would enjoy their prominence during the Mesozoic era (250–265 million years ago), fittingly called the Age of Reptiles, when they were the most numerous and dominate vertebrates. After this period of pre-eminence, only sea turtles, crocodiles, snakes, and lizards were left, with lizards representing over 95 percent of extant reptiles.


Reptiles are amniote (tetrapods that lay eggs on land, excluding birds and mammals), which have scales or bony exterior plates, and are ectothermic, relying on external sources to provide their body heat. The oldest reptilian fossil remains, dating back 315 million years, were found in Nova Scotia, and consist of a series of footprints, made by a lizard-like animal, 8–12 inches (20–30 centimeters) in length. Among the earliest groups of reptiles were the diapsids, characterized by a pair of holes on each side of their skull. The diapsids gave rise to two branches: the lepidosaurs and the archosaurs (saur = lizard).


The lepidosaurs include the lizards, snakes, and tuataras, the latter, a lizard attaining a length of about 39 inches (1 meter), which once inhabited many parts of the world, but now solely resides on coastal New Zealand islands. The most impressive lepidosaur was the mosasaur, an extinct marine reptile resembling the monitor lizard that could attain a length of 57 feet (17.5 meters). It was quick, agile, and the dominant marine predator for almost 20 million years.


Two prominent archosaurs were the pterosaurs and dinosaurs. The pterosaurs (formerly called pterodactyls) were the earliest vertebrates that had mastered powered flight. They were the largest flying animals of all time, having a wingspan of 40 feet (12 meters); the smallest of the 120 species of pterosaurs was the size of a sparrow. Their bones were hollow, like that of birds, and their extremely long fourth digit provided support for a wing that was unlike those of bats and birds. Pterosaurs first appeared some 215 million years ago and thrived for 150 million years before becoming extinct.


SEE ALSO: Amphibians (c. 360 Million BCE), Dinosaurs (c. 230 Million BCE), Birds (c. 150 million BCE), Paleontology (1796), Thermoreception (c.1882).
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The green tree python is found in New Guinea, Indonesia, and Cape York Peninsula in northern Australia. This python can reach more than 6 feet (180 cm) in length and resides in a distinctive coiled position around tree branches.



















Gymnosperms


c. 300 Million BCE


IF TREES COULD TALK. Some of the oldest, tallest, and thickest living organisms are gymnosperms, many of them residing in California. Redwoods live for thousands of years, and the Methuselah, a bristlecone pine, over 4,600 years old, is thought to be the world’s oldest tree. Coast redwoods sometimes exceed 360 feet (110 meters) in height, and the world’s tallest tree, the Stratosphere Giant, is 370 feet (113 meters). Fossil records reveal that the first gymnosperms appeared some 300 million years ago, 50 million years after the first seed plants, and provided nourishment for giant plant-eating dinosaurs. Although gymnosperms have been displaced for primacy in the plant world by angiosperms (flowering plants), which appeared 125 million years ago, conifers are more dominant and thrive at higher altitudes, in the colder climes of North America and northern Eurasia to the edge of the Arctic tundra, and under dry conditions. There are about six hundred conifer species, by far the largest group of gymnosperms, most of which are evergreens.


Gymnosperms (“naked” seeds) are plants that reproduce by means of an exposed seed (ovule) usually found on modified leaves that form cones; by contrast, the seeds of angiosperms are enclosed in mature ovaries (fruits). As is typical of spermatophytes (seed plants), the plant body of gymnosperms has a stem, roots, leaves, and a vascular system with two conducting pathways: the xylem channels water and minerals from the roots to the shoots, and the phloem conducts organic materials manufactured in the leaves to the nonphotosynthetic parts of the plant.


The gymnosperms are plants of great economic importance. Most of the commercial lumber in the Northern Hemisphere comes from the trunks of conifers such as pine, spruce, and Douglas fir, so-called softwoods, as does most plywood. Conifers are the source of essential oils, and their resins include derived turpentine, rosin, wood alcohol, and balsam. Some non-conifer gymnosperms are used as medicines including ephedra (the source of ephedrine), employed in China for thousands of years for respiratory disorders; Ginkgo biloba, claimed to be effective for the treatment of Alzheimer’s disease, high blood pressure, and menopause; and the anticancer drug Taxol, extracted from the yew bark.


SEE ALSO: Land Plants (c. 450 Million BCE), Seeds of Success (c. 350 Million BCE), Dinosaurs (c. 230 Million BCE), Angiosperms (c. 125 Million BCE), Plant-Derived Medicines (c. 60,000 BCE), Paleontology (1796).
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Ancient bristlecone pines, such as this one in the Inyo National Forest in California’s Sierra Nevada mountain range, are thought to be the oldest living trees. Their longevity, measured in thousands of years, has been attributed to their very dense, durable, and resinous wood that is resistant to insects and fungi.



















Dinosaurs


William Buckland (1784–1856), Richard Owen (1804–1892)


c. 230 Million BCE


THE JURASSIC WORLD. From around 230 million years ago, and for the next 135 million years, dinosaurs were the dominant land vertebrates. William Buckland first described their fossils in the scientific literature in 1824, followed by Richard Owen who, in 1842, coined the name dinosaur (“terrible lizard”). They were not lizards.


Dinosaurs, classified as reptiles, were an extremely varied group, with over 1,000 species, making it impractical to list meaningful all-encompassing distinguishing characteristics apart from laying eggs and exhibiting nesting behavior. Some were herbivores, others carnivores; some stood erect and were bipedal, while others, quadrupedal. It was long believed that dinosaurs were lumbering creatures but, in recent decades, evidence suggests that some (e.g., the velociraptor) were agile and fast moving, as well as highly sociable, congregating in flocks. Dinosaurs varied in size from that of a pigeon to the largest land animals ever known. The herbivorous Apatosaurus (Brontosaurus) had a very long neck and a relatively small head and measured some 75 feet (23 meters) in length. The most familiar dinosaur was Tyrannosaurus rex, a bipedal carnivore 40 feet (12 meters) in length that shared a common ancestor with birds.


There is general agreement that birds descended from dinosaurs, and that Archaeopteryx, which lived some 150 million years ago and was first found in Bavaria in 1861, may be the missing link. Although its fossil remains failed to disclose feathers, other feathered dinosaurs have been uncovered since the 1990s, further supporting their relationship to birds.


Some 66 million years ago, all non-avian dinosaurs became extinct, as did 95 percent of all life on earth. The event causing this mass extinction has been the subject of considerable speculation and theorizing. The prevailing theory favors an impact event producing a toxic atmosphere and blocking out sunlight for an extended time period, extinguishing plant and animal life. Although dinosaurs are gone, they have not been forgotten. They have remained a popular culture staple in children’s stuffed toys and books, and movies including A. Conan Doyle’s The Lost World (1925), King Kong (1933), and Jurassic Park (1990s–2000s).


SEE ALSO: Reptiles (c. 320 Million BCE), Birds (c. 150 Million BCE), Paleontology (1796).
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The Majungasaurus was a bipedal dinosaur that lived in Madagascar some 66–70 million years ago. Typically measuring 20–23 feet (6–7 meters) in length and weighing 2,400 lbs (1,130 kg), these carnivores were the alpha-predators in their environment.



















Mammals


Carl Linnaeus (1707–1778)


c. 200 Million BCE


For the past 65 million years, mammals have been the planet’s paramount terrestrial animals and, with the exception of insects and arachnids (spiders), have the widest worldwide distribution. Every terrestrial and aquatic biome is inhabited by mammals, and their ecological success has been largely attributed to the ability to control body temperature. The 5,500–5,700 mammalian species range in size from the bumblebee bat (1.2–1.6 inches or 30–40 millimeters) to the largest living animal, the blue whale (greater than 100 feet or 30 meters).


The first true mammals made their appearance some 200 million years ago and, over the course of tens of millions of years, diverged into three branches: The monotremes are egg-laying mammals, such as the duckbilled platypus, found only in Australia and New Guinea. Kangaroos and opossums are marsupials, found in Australia and the Americas, in which the newborn continue to develop outside the womb in a marsupium (pouch). Ninety percent of all mammals are placental (eutherians), in which the fetus is carried in the womb until birth at which time it is at an advanced stage of development. In 2013, a shrew-size Chinese fossil was found, named Juramaia sinensis, which, at 160 million years, is thought to be the oldest placental mammal. Humans are placental mammals classified as primates.


Mammals have a number of unique characteristics not shared by other vertebrates: Mammary glands are modified sweat glands that allow females to nourish their young with milk, the offspring’s primary source of nutrition. (In 1758, Linnaeus named these animals mammals, from the Latin = “breast.”) Hair or fur, present at some time during life, protects mammals against extreme cold. The middle ear contains three bones that transmit sound vibrations into nerve impulses. The lower mammalian jaw consists of only a single bone on each side. Other characteristics, although not necessarily unique to mammals, include being warm-blooded (endothermic) and having specialized or differentiated teeth, a larger brain (in particular, the neocortex, the most advanced brain area), a diaphragm (a muscular sheet that separates the heart and lungs from the abdominal cavity), and an efficient four-chambered heart.


SEE ALSO: Primates (c. 65 Million BCE), Placenta (1651), Paleontology (1796).
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This 1937 poster promoted infant nursing. Breastfeeding was common since ancient times, but declined significantly from 1900 to 1960 because of negative social attitudes and the increased popularity of infant formulas. Since then, the practice has increased, and experts recommend it for at least the first six months of infant life.



















Birds


Charles Darwin (1809–1882)


c. 150 Million BCE


There are some 10,000 species of living birds on all continents that have the common characteristics of being feathered, winged, bipedal, warm-blooded, and egg-laying. However, their distinguishing characteristic, when compared with almost all other vertebrates, is the ability of most of their species to fly. The power of flight endowed birds with many benefits, which descended from the winged Archaeopteryx or a related theropod (bipedal dinosaur) some 150 million years ago. In addition to serving as their primary mode of locomotion, flying enhanced the ability of birds to hunt, forage, breed, escape from grounded predators, travel to more fruitful feeding areas, and to migrate.
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		1884: Gram Stain



		1885: Negative Feedback



		1890: Germ Theory of Disease



		1890: Animal Coloration



		1891: Neuron Doctrine



		1892: Endotoxins



		1896: Global Warming



		1897: Adaptive Immunity



		1897: Associative Learning



		1897: Ehrlich’s Side-Chain Theory



		1898: Malaria-Causing Protozoan Parasite



		1898: Viruses



		1899: Ecological Succession



		1899: Animal Locomotion



		1900: Genetics Rediscovered



		1900: Ovaries and Female Reproduction



		1901: Blood Types



		1902: Tissue Culture



		1902: Secretin: The First Hormone



		1904: Dendrochronology



		1905: Blood Clotting



		1907: Radiometric Dating



		1907: Probiotics



		1907: Why Does the Heart Beat?



		1908: Hardy-Weinberg Equilibrium



		1910: Genes on Chromosomes



		1911: Cancer-Causing Viruses



		1912: Continental Drift



		1912: Vitamins and Beriberi



		1912: Thyroid Gland and Metamorphosis



		1912: X-Ray Crystallography



		1917: Bacteriophages



		1919: Biotechnology



		1920: Neurotransmitters



		1921: Insulin



		1923: Inborn Errors of Metabolism



		1924: Embryonic Induction



		1924: Timing Fertility



		1925: Mitochondria and Cellular Respiration



		1925: “The Monkey Trial”



		1925: Population Ecology



		1927: Food Webs



		1927: Insect Dance Language



		1928: Antibiotics



		1929: Progesterone



		1930: Osmoregulation in Freshwater and Marine Fish



		1931: Electron Microscope



		1935: Imprinting



		1935: Factors Affecting Population Growth



		1936: Stress



		1936: Allometry



		1937: Evolutionary Genetics



		1938: Coelacanth: “The Living Fossil”



		1939: Action Potential



		1941: One Gene-One Enzyme Hypothesis



		1942: Biological Species Concept and Reproductive Isolation



		1943: Arabidopsis: A Model Plant



		1944: DNA as Carrier of Genetic Information



		1945: Green Revolution



		1946: Bacterial Genetics



		1949: Reticular Activating System



		1950: Phylogenetic Systematics



		1951: The Immortal HeLa Cells



		1952: Cloning (Nuclear Transfer)



		1952: Amino Acid Sequence of Insulin



		1952: Pattern Formations in Nature



		1952: Plasmids



		1952: Nerve Growth Factor



		1953: Miller-Urey Experiment



		1953: The Double Helix



		1953: REM Sleep



		1953: Acquired Immunological Tolerance and Organ Transplantation



		1954: Sliding Filament Theory of Muscle Contraction



		1955: Ribosomes



		1955: Lysosomes



		1956: Prenatal Genetic Testing



		1956: DNA Polymerase



		1956: Second Messengers



		1957: Protein Structures and Folding



		1957: Bioenergetics



		1958: Central Dogma of Molecular Biology



		1958: Bionics and Cyborgs



		1959: Pheromones



		1960: Energy Balance



		1960: Chimpanzee Use of Tools



		1961: Cellular Senescence



		1961: Cracking the Genetic Code for Protein Biosynthesis



		1961: Operon Model of Gene Regulation



		1962: Thrifty Gene Hypothesis



		1962: Silent Spring



		1963: Hybrids and Hybrid Zones



		1964: Brain Lateralization



		1964: Animal Altruism



		1966: Optimal Foraging Theory



		1967: Bacterial Resistance to Antibiotics



		1967: Endosymbiont Theory



		1968: Multi-Store Model of Memory



		1968: Hypothalamic-Pituitary Axis



		1968: Systems Biology



		1969: Cellular Determination



		1970: Cell Cycle Checkpoints



		1972: Punctuated Equilibrium



		1972: Sustainable Development



		1972: Parental Investment and Sexual Selection



		1974: Lucy



		1974: Cholesterol Metabolism



		1974: Sense of Taste



		1975: Monoclonal Antibodies



		1975: Sociobiology



		1976: Cancer-Causing Genes



		1977: Bioinformatics



		1978: In Vitro Fertilization (IVF)



		1979: Biological Magnification



		1980: Can Living Organisms Be Patented?



		1982: Genetically Modified Crops



		1983: HIV and AIDS



		1983: Polymerase Chain Reaction



		1984: DNA Fingerprinting



		1986: Genomics



		1987: Mitochondrial Eve



		1987: Depletion of the Ozone Layer



		1990: Domains of Life



		1991: Sense of Smell



		1994: Leptin: The Thinness Hormone



		2000: Skin Color



		2003: Human Genome Project



		2005: Protist Taxonomy



		2006: Induced Pluripotent Stem Cells



		2009: Viral Mutations and Pandemics



		2010: Deepwater Horizon (BP) Oil Spill



		2011: Translational Biomedical Research



		2011: Albumin From Rice



		2012: Human Microbiome Project



		2012: Epigenetics



		2013: American Chestnut Tree Blight



		2013: De-Extinction



		2013: Oldest DNA and Human Evolution
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