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In Defense of the World’s Most Despised Species

Some animals and plants injure or kill millions of people annually, and others cause trillions of dollars in property damage and loss. Such harmful species are understandably hated. However, the vast majority of the planet’s millions of species are disliked simply because of how they look and act. This bias is endangering numerous species that play important roles in maintaining both the natural ecosystems and the human economies of the world. In Defense of the World’s Most Despised Species examines the psychological motivations that lead people to make judgments about the attractiveness of species, noting the overwhelming importance of visual cues. It describes in considerable detail the physical and behavioral traits of species that lead us to love or hate them. Full color illustrations throughout present beautiful, charming animals and plants, species that seem loathsome, behavior of people in relation to such divergent species and their characteristics, and numerous explanatory diagrams of relevant biological and psychological phenomena. The aim of this book is to give readers insights into how we humans arrive at biased judgments and to promote the welfare of valuable, albeit sometimes unlovable animals and plants that consequently suffer from discrimination. Many of the ugliest, most disgusting, and feared species, such as vultures, toads, hyenas, sharks, spiders, and even the vast majority of cockroaches, in reality are some of our most valuable friends.

Features


	Theme of the book – human preferences for and against species – is novel, scarcely examined to date.

	Multidisciplinary analysis, especially psychology, biological conservation science, and ecology, as well as philosophy, agriculture, urban planning, human health, and law.

	Text is accessible, user-friendly, concise, and well-organized, making numerous complex topics comprehensible, readable not only by specialists but also by students and the educated layperson.

	Includes over 2,000 high-quality, entertaining, and informative color figures.
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Executive summary


[image: ]
FIGURE 0.1 Human preference for beauty, evidenced by animals likely to be chosen to survive on Noah’s Ark. Attractive animals, as shown here, are given much more priority for conservation than ugly species. Painting by Jessica Hsiung.
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FIGURE 0.2 Human prejudice against ugliness, evidenced by animals unlikely to be chosen to survive on Noah’s Ark. Unattractive animals, as shown here, are much less likely to be conserved than attractive species. Painting by Jessica Hsiung.

Biodiversity is often defined as a combination of species (living things), habitats (their homes), and ecosystems (the interactions of environment and constituent species in given regions). Countless publications and thousands of concerned organizations have raised the alarm that all three components of biodiversity are in crisis. Habitats and ecosystems are rapidly being degraded, and species are undergoing extinction faster than at any time since humans came into existence. It is widely recognized that humans are both the cause and the potential cure of the world’s ecological problems. This book addresses a very poorly appreciated and largely ignored problem that is key for humans to, literally, save the living components of the world. The issue is ferocious, largely ingrained preferences and prejudices that determine human behavior toward non-human species. Most people hate most species, and are indifferent at best to their survival, while not appreciating that they are indispensable for our welfare.

This book describes in considerable detail the physical and behavioral traits of species, which lead us to like or dislike them. Just as prejudice based on appearance is widespread among humans, there is parallel bias directed against non-human species, primarily because of the way they look. Similarly, favoritism toward good-looking people is matched by strong preferences for a very select number of attractive species. Astonishingly, many of the physical features that elicit prejudices and preferences toward people are the same that elicit prejudices and preferences toward animals, and sometimes even plants. This reflects the instinctive or hard-wired determinants of many prejudices and preferences, which are difficult to modify. Nothing is as attractive as a human baby, so it is hardly surprising that baby features retained in adult humans and even non-humans elicit profound admiration. Unfortunately, the vast majority of non-human species have been judged by most people to be so ugly that they are unworthy of consideration.

The attractive species people favor are evident from zoos, botanical gardens, and indeed from the biota we maintain around our own homes. Size is, by a considerable margin, the most admired of all features. The giants of the world (such as whales, elephants, and colossal trees) always demand respect; tiny ‘bugs’ – making up the majority of the world’s species – are fortunate not to be deliberately crushed underfoot. The ‘charismatic megafauna’ include big glamorous animals such as pandas and tigers, which have been adopted as icons of environmental and biodiversity organizations. They receive the lion’s share of public and private financial support, publicity, research, and protective legislation. Such species usefully increase public awareness of the environmental and biodiversity crises and assist in mobilizing financial support for conservation. They are widely touted as critical to the cause of conservation, not just symbolically, but also because preservation of their habitats, it has been claimed, can simultaneously preserve other species. However, there are only limited benefits to other species and habitats. Indeed, by monopolizing conservation funding and biasing support toward the welfare of the glamorous species, support is being diverted from the most degraded ecosystems and the majority of species in danger of extinction. Our natural emotional preference for a small number of species is beneficial for conservation, but unless it is tempered with a rational program of support for all habitats and species, the world is destined to become a much poorer place.

Just as the most charismatic and useful species generate compassion for biodiversity, the most despised species generate hatred and indeed destructiveness toward the natural world. Human attitudes to species are of course partly determined by rational considerations, such as whether they are dangerous or valuable. We are harmed physically and economically by many animals and plants, which understandably have often led to hatred against them. However, many species are so ugly and their lifestyles so disgusting that people seem unable to tolerate them. Indeed, the physical appearance and behavior of the world’s species are critical determinants of how well or badly they are treated by people. While there are moral and ethical reasons why all living things deserve respect, far more critical from a human perspective is that our negative emotional reactions to most of the world’s species are preventing appreciation of their indispensable values for our welfare – indeed, for our very survival in the perspective of current ecological crises threatening the planet. This book examines in detail the world’s most despised creatures (listed below), illustrating that for the most part they are victims of prejudice, have significant compensating values, and their harm potential is better controlled by an improved understanding of their biology rather than blind attempts at extermination.

Principal despised species of the world.





	‘Bugs’
	‘Lower’ Vertebrate Animals
	Toxic Plants
	Environmental Weeds



	Bedbugs
	Sharks
	Opium poppy
	Cactus pear



	Clothes moths
	Frogs and toads
	Tobacco
	Common reed



	Cockroaches
	Snakes
	Sugar cane
	English ivy



	Fleas
	Vultures
	Poison ivy and relatives
	Purple loosestrife



	Houseflies
	Feral pigeon
	Ragweed
	Water hyacinth



	Leeches
	
	
	



	Lice
	Mammals
	Agricultural Weeds
	Urban Weeds



	Locusts
	Bats
	Barnyard grass
	Crabgrass



	Mosquitoes
	House mouse
	Bermuda grass
	Dandelion



	Spiders
	Hyenas
	Lambsquarters
	Japanese knotweed



	Termites
	Rats
	Nutsedges
	Kudzu



	Ticks
	Skunks
	Water hyacinth
	Canada thistle







Why Are There So Many Pictures of Animals, Plants, and People in This Book?

Humans have understood the testimonial value of pictures of species since prehistory. The earliest crude paintings and engravings on rocks and in caves showed the animals of greatest significance, including bison, horses, mammoths, and deer that were hunted for food, and lions, bears, and wolves that were dangerous predators and competitors. (Analyses of cave paintings made from 3000 to 8000 B.C.E. in Europe showed that only animals were depicted [Leroi-Gouram 1982; Ruspoli 1987].) These primitive drawings reflect simple economic motivations for liking or disliking species. By contrast, consider which images of species are most often exhibited today: photos of other people (loved ones, but also admired media stars and athletes), pets, and charismatic animals (especially big mammals and colorful birds). For women, floral images are universal – on clothing, bedding, and even wallpaper. Conversely, aside from butterflies, how often does one observe framed photos of insects (which happen to make up most of the world’s species)? Clearly, we have strong preferences for and prejudices against the visual appearance of both other people and other species.

The familiar maxim ‘What you see is what you get’ reflects how extremely reliant most of us are on our vision. But as many eventually learn, looks can be misleading, and even our perception of what we see is conditioned by what we have been told (remember the expression ‘The Emperor has no clothes’). Nevertheless, as detailed in this book, we humans are programmed to accept good looks as the basis of merit, and bad appearance as the basis for disapproval. This is of course superficial, and results in bias and prejudice that have led to preferential favoring of good-looking individuals (both human and non-human) and disrespectful behavior toward less fortunate individuals (including the majority of species). This book analyzes how quite parallel perception of the visual beauty or ugliness of people is the key consideration that determines how well or badly non-human species are treated by people. The result is not merely academic: we humans are conserving hundreds of the most beautiful species while millions of unattractive ones that are at least as valuable for human welfare are being exterminated.

This book presents more than 2,000 illustrations in color (arranged in about 800 plates), and this is not merely for entertainment. They serve to demonstrate how pervasive and decisive aesthetic appearance of species is to determining our behavior toward them, and therefore that it is essential to appreciate and control our natural visual biases.

Academic volumes generally have few if any illustrations, and given the inevitable technical complexity of subjects and language, most such books are typically challenging to read and, frankly, tedious or even boring. Animals and plants are not boring – they are fascinating, and the best way of presenting them is often pictorially. Art lovers will notice that many of the paintings reproduced here to illustrate various themes are often by history’s greatest artists, and in some cases by masterful cartoonists and caricaturists whose works are also featured in art museums. Moreover, some of the figures are provocative: sardonic, sad, or funny, consistent with the aim of this book to provoke and analyze emotional responses toward the welfare of the species under discussion. All of the many figures included in this book are beautiful, but in some cases, this requires thought. ‘Beauty will save the world’ is the famous utterance of a character in The Idiot, one of the novels of Russian author F. M. Dostoevsky. Analysts of the quotation have pointed out that Dostoevsky’s idiot was unconsciously pointing out the profound observation that true beauty underlies nature but often takes on the appearance of ugliness, just as evil often hides under the disguise of beauty. Readers of this book are invited to explore and judge these issues for themselves.





Preface

Modern science is extensively compartmentalized into very specialized disciplines, many of which are so arcane that even other scientists, let alone the public, often find incomprehensible. Science benefits greatly from interactions among different kinds of researchers, but some disciplines seem not to combine well, like ketchup and ice cream. This book addresses two apparently disparate fields, conservation biology, and psychology. In fact, as explained in the text, there is a budding field of ‘conservation psychology’ with the general goal of understanding and guiding the behavior of humans toward the natural world for the benefit of both. One cannot help but notice (since so many scientists say so) that the natural world is in crisis, and immediate remediation is vital to prevent imminent disaster. Although the public has focused almost exclusively on the deterioration of the climate (it’s hard not to notice how erratic the weather has become), in fact humankind is also significantly endangered by deteriorating biodiversity (living things and their habitats). This book addresses value judgments, based particularly on the physical appearance of species, that determine how people behave toward them. Just as many people are victims of biases and prejudices, most species are similarly misjudged and mistreated. Indeed, most species are disliked, even detested. This is facilitating the current disastrous disregard for the world’s ecosystems and the associated extinction of countless species. Because the welfare of humans depends on these species, their conservation needs to be promoted. Understanding the underlying psychology of concerns (inevitably biased) for different species is critical to alleviating impending threats not just to non-human species but to ourselves.

The fields of science dealing with living things have tended to separate research concerning humans from research into all other species. For example, the economic relationships of humans with each other and with the environment fall under ‘Economics,’ while the economic relationships of non-human animals with each other and with the environment tend to fall under ‘Ecology.’ This book stresses that controlling human behavior toward species is critical ecologically for human survival and critical economically for human welfare. This is why this book includes chapters on ecology, agriculture, and urbanization, the primary areas in which humans are endangering themselves by endangering the biota of the planet.

Brain-controlled behavior of humans is the subject matter of ‘Psychology’ while the counterpart in non-human animals is ‘Ethology.’ Although the two fields are traditionally separated, as reviewed in this book there are numerous parallels between humans and non-humans that explain how we think and behave. As will be stressed, a substantial portion of our behavior is instinctive, just as in so-called ‘lower animals,’ and this often accounts for biases, prejudice, and counterproductive activities.

The central topic of this book, human behavior toward species, demands examination of information from the disciplines of ecology, the behavioral sciences, and related fields. This information is voluminous, as reflected by the very extensive references (over 2,000) listed. Authors are often advised to refer to primary (i.e., earliest) papers dealing with scientific findings, but in the main recent reviews are cited here, since this allows interested readers to quickly locate background information should they wish.

Psychology, indeed the human social sciences in general, can rarely predict human behavior with the mathematical precision of the physical sciences. Similarly, ethology (animal psychology) deals with complex, variable phenomena that are difficult to analyze. In this book, claims are examined based mainly on the most recent authoritative scientific reviews. The attempt is made consistently to reflect majority scientific opinion, but many aspects are controversial, speculative, and conflicting, and need more study. Researchers in the fields of behavioral sciences are sometimes prone to drawing grand conclusions based on scant evidence (which is often all that is available), and likely reviewers of this book will find that some overgeneralizations have been repeated. Readers are advised to be skeptical.

As emphasized in the previous section, this book is rather lavishly illustrated because visual criteria strongly determine how well or how badly we treat other species. Most people are pleased by photos and paintings of beautiful and interesting species and their interactions with people. But this book is also about ugliness. Many species that are hostile to humans (particularly disease-causing microorganisms) cause horrific symptoms in humans and animals. Illustrations of such pathology are appropriate for medical and veterinary presentations, but not here. In illustrating non-photogenic species, and more particularly in showing cruel and painful behavior toward them, I have been restrained, simply because of the need not to offend the heterogeneous audience for which this book is addressed. I have frequently employed paintings and drawings, since by nature they can diffuse the harshness that is more evident in photos. I have also often included humorous cartoons in criticizing exploitative segments of society, since once again this is less shocking than the associated pain or damage that could be more harshly illustrated.

This book includes information on both animal conservation (keeping them and their supporting habitats from vanishing in nature) and ‘animal welfare’ (preventing cruelty and pain). As described in detail in the book, animal (along with plant and habitat) conservation is vital for the future welfare of humans because of the indispensable associated supplies of materials, as well as the indispensable support of the health of our environment. We can and should save as much as possible of the natural world, including as many species as possible, simply for our own (selfish) survival. Species that harm us and/or our interests need to be controlled, but judiciously, because of the potential of harming ourselves. All these are pragmatic reasons for supporting conservation. Although there are also moral reasons for conservation of nature the presentation in the book is primarily pragmatic. The animal welfare aspects, which are mostly ethical in nature, are examined to a much lesser degree, simply because, for most people, pocketbook and other human benefits trump ethical issues. For example, most of us prefer to eat animals and accept that rodents should continue to be employed in medical research, although these activities generate pain. References are provided for the viewpoint that pain to sentient beings that we exploit needs to be minimized, with the long-term objective of total elimination. The epilogue to this book makes basic recommendations on how we should address the welfare of non-human species that are harmful to us.

This work presents extensive information gathered from the literature, and some error, omission, and misinterpretation are inevitably incorporated into compilations of this type. Moreover, scientific knowledge concerning the material is rapidly evolving. Liability arising directly or indirectly from the use of any of the information is specifically disclaimed.
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Introduction to the Book

Bias and prejudice based particularly on appearance are major problems for society. We humans are obsessed with our own appearance and that of others (note Figure 1.1), resulting in widespread unfair treatment. This book documents the harmful results of astonishingly parallel bias and prejudice directed against the majority of non-human species, primarily because of the way they look.
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FIGURE 1.1 ‘Beauty and the beast’ is a fairy tale, encountered in various versions, tracing back thousands of years. The yarn relates how a young attractive girl meets a hideous beast, who eventually transforms into a handsome prince. The story points out the preoccupation of people with beautiful appearance, and the reluctance to accept ugliness. This painting (public domain) is from: Crane, W. 1874. Beauty and the Beast. London, George Routledge and Sons.

Bias and prejudice are negative beliefs, attitudes, and behaviors based on incomplete, usually mistaken information. Frequently the negativism is acquired because of erroneous information provided by others (particularly parents and peers). Also frequently, the negativism is acquired by a single painful experience (like a dog bite, leading to a lifelong fear of dogs). Both sources of bias and prejudice are significant, but as discussed in great detail in this book, there is another determinator: our innate nature. Our species is hardwired to react instinctively to many features of other living things. The initial reactions are emotions, like fear, pleasure, and disgust, which inevitably lead to attitudes (positive or negative) and behaviors. For example, the first experience with the smell of a skunk leads to suspicion about all small black and white mammals, while smelling a perfumed flower leads to trying to smell many other flowers.

Scientists argue over whether we are born with particular instinctive behaviors, or have predispositions to acquire the behaviors with early experience, but the result is the same. Obviously (at least, it is clear to most people) that sexual ‘preference’ is fixed very early in human development, and so each of us is hardwired to admire specific visual characteristics of the opposite sex. As this book documents, humans also appear programmed to approve of a wide range of visual features, and conversely to disapprove of contrasting features. The result is that we have innate evaluative tendencies that significantly bias our attitudes and behaviors toward not only other people but toward other species.

It is clear (documentation is provided in this book) that across human cultures (i.e., wherever one lives in the world), similar biases develop, proving that we humans have innate perceptual tendencies, toward both humans and other species. Perhaps the strongest evidence for innate biases against other species is furnished by animal phobias – why should fear of spiders, snakes, and frogs be common, and why are women much more frequently afraid?

Remarkably, many, indeed the majority of physical traits that are employed as criteria to (mis)judge other humans are paralleled by similar criteria used to evaluate other species. A simple example: think of how we react to an elephant and an ant. We immediately respect large living things (human or non-human) but are relatively indifferent to small creatures. Clearly, humans are hardwired to judge both other humans and other animals, and while such innate judgments are (or were in historical times) important for survival, in modern times biased judgments can be destructive to human interests.

Indeed, prejudice against other species is highly counterproductive for human welfare. As will be described, most people are extremely biased against most other species (this is obvious since most species are insects, and aside from entomologists, bugs elicit little admiration). The fact is, however, most species contribute usefully, indeed indispensably, to the welfare of the planet in general and the well-being of humans in particular. Unfortunately, the majority of species are quite unattractive by human standards and are accordingly viewed with disdain. The resulting hostility to most species has facilitated an alarming explosion of extinctions. As will be explained, while most people aren’t that concerned, they should be, because the result is a planet that is deteriorating, endangering human welfare.

Living things (technically ‘organisms,’ colloquially ‘creatures’) exist in discernibly different groups called ‘species,’ of which the most familiar is our own, humans (Homo sapiens). The subject of this book is human attitudes (particularly ‘preferences’ and ‘prejudices’) toward and consequent treatment of all the other millions of species. As will be noted, we spontaneously love and respect a minority of creatures with attractive physical characteristics or economic values, but despise and fear a much larger number with opposing characteristics (Figure 1.2). The consequences are enormous – for numerous other species since they are progressively being eliminated – but also for people, because the species we are eradicating have ecological and resource values contributing significantly to human welfare (Table 1.1).
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FIGURE 1.2 Extreme examples on a preference or prejudice scale ranking the likability of species. The cockroach is frequently cited as the most objectionable and unwelcome of creatures. By contrast, humans almost universally regard themselves as the most magnificent of species, and human babies as the supreme examples of perfection.



TABLE 1.1 A Concise Summary of How Human Preferences and Prejudices Influence the Survival of All Other Species and the Ecological Welfare of the World. Detailed information is provided in subsequent chapters.


	Human Judgments, Responses
↓

	Despicable Species
(Especially ‘Pests,’ ‘Vermin,’ and ‘Weeds,’ But by Extension Most Invertebrates, Consistent with the Saying ‘The Only Good Bug Is a Dead Bug’)

	Admirable Species
(Especially Domesticated Livestock and Pets, Cultivated Plants, Harvested Lumber and Seafood Species, Birds, and Popular Mammals)






	Perception
	Destructive, dangerous, harmful, inferior, ugly, useless
	Beautiful, benign, likable, impressive, superior, valuable



	Emotions induced
	Anger, disgust, fear, hate, pain
	Admiration, love, pleasure, respect, satisfaction



	Actions
	Pest control, with unintended associated reduction of biodiversity;
indifference to the majority of species and their habitats as they are degraded by human activities

	Breeding of animals and plants so that domesticated forms now dominate the planet; highly inadequate wild species preservation, concentration on saving charismatic mammals



	Consequences
	Species extinctions,
ecosystems degradation, environmental pollution, planetary resources crisis, threats to human survival

	Selective species conservation,
increase of beautiful and valuable species, conversion of wildlands and natural habitats into cities, farmland, and wasteland







There are different ways of examining human attitudes and behaviors toward other species. Indeed, several fields of inquiry are concerned specifically with human values and attitudes. Economics is sometimes defined as the study of wealth or finance but more broadly deals with how people use resources. Aesthetics (esthetics) is a branch of philosophy judging beauty, taste, and sentiment, especially with regard to art and culture, but it also addresses nature. Ethics, another branch of philosophy, deals with morals (right and wrong, good and bad).

Neuroaesthetics, a young science, is ‘the study of the neural processes that underlie aesthetic behavior’ (Skov and Vartanian 2009) and attempts to relate brain functions to perceptions of beauty in many fields, including biology. Psychology is the study of how the mind determines attitudes and behavior, including emotional reactions and value judgments. There have been attempts to establish a field of ‘conservation psychology’ (Clayton and Myers 2015) with the associated hope that psychology can be employed to save biodiversity (Saunders et al. 2006; Blumberg 2015). All of these fields bear on human preferences and prejudices. Prejudice is usually conceived as an opinion or judgment that is ‘unfair’ (a moral and legal issue) or more importantly based on insufficient knowledge (an education issue). However, as will be examined, to at least some extent some of our likes and dislikes are hardwired into our brains. This is not to excuse bias, but to point out that to promote rational behavior, in our own interests we must comprehend why and when our attitudes are not entirely appropriate. Much of this book is concerned with the psychological determinants of our likes and dislikes of other species and the consequences.

Most of the world’s species are animals, these are extremely diverse, and very few are attractive by conventional standards. Human beauty contests (admittedly increasingly viewed as sexist and socially damaging) provide an instructive model of how most people judge the appearance of animals: most species are ‘losers’ while only a select few are beautiful (compare Figures 1.3 and 1.4). Indeed, some animals are celebrities, admired like entertainment stars, because they exhibit certain physical and behavioral features which are widely considered to be attractive. Animals that have achieved public star status are almost completely represented by a very small number of wild mammals and birds, and a few butterflies. These are the animals that are featured in zoos, in the visual and print media, and indeed even in the names of sports teams. The appeal of these species is emotional, due mostly to how well they conform to human concepts of beauty and power.
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FIGURE 1.3 Beauty contests. Source: Shutterstock. Contributors: (a) BNP Design Studio; (b) Viktoriia_P.; (c) Guingm.
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FIGURE 1.4 Animal beauty contests. Source: Shutterstock. (a) Fish beauty contest. Notice that the fish at left is jealous of the winner at right. (Contributor: Natas). (b) Cow beauty contest. (Contributor: Alexcoolok). (c) Dog beauty contest. (Contributor: Mikhail Sedov).

Plants are so different in appearance and behavior from the majority of animals that it is hard to imagine that they are the victims of prejudice. But they are. One only has to consider attitudes toward plants in lawns. Only the primary turf grass (commonly Kentucky bluegrass) is welcome, and homeowners go to great lengths to eradicate every other plant, contemptuously termed ‘weeds.’ A few dozen animals (such as dogs, cats, canaries, and goldfish) have been ‘beautified’ into ornamental breeds by humans, showing their dissatisfaction with the appearance of their wild progenitors. But plants have suffered this fate to a much greater extent: thanks to genetic selection, thousands of species have been ‘prettified’ – most often their flowers have been enormously expanded, strikingly colorized, and made to last for long periods (Figure 1.5). Curiously, the world of wild species is also being beautified by virtue of conservation efforts being heavily directed on the basis of aesthetic standards: attractive species are the primary beneficiaries of protection from extinction, while the plight of the overwhelming majority of endangered species is receiving limited attention.
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FIGURE 1.5 Competitive exhibitions of flower varieties result in continuing selection of more beautiful plants. (a) Tulips at the Keukenhof Garden in the Netherlands. Photo by Krysi@ (CC BY 3.0). (b) Flower show at the Royal Hospital Chelsea, London. Photo by Kent Wang (CC BY SA 2.0).

Almost everyone at some point in their lives is the victim of unfair treatment by society because of the ways people frequently instinctively think or have learned to think. Various aspects of physiological status or physical appearance have long been the basis of prejudicial treatment. Sexism – usually the preferential treatment of males – is perhaps the most ancient and widespread bias-based ‘ism.’ People with pathological conditions caused by disease, genetics, or accident have long suffered from neglect and indifference. Age, mental disability, and sexual orientation are other common physiological bases for discrimination. Legislation now prevents the worst abuses, but it is safe to say that no form of human bias toward other humans has been eliminated. However, bias toward other species has scarcely been addressed. The importance of understanding and controlling our biases concerning other species is the subject of this book. Most of the world’s species are currently viewed as insignificant and inconsequential, if not contemptible. In reality, they need to be respected and conserved because without the invaluable materials and indispensable ecological services they provide the welfare of humans is at severe risk.

Millions of years ago, when the human species was in its infancy, we were an experiment by nature with little prospect of survival, since we lacked fangs, claws, horns, and other weapons possessed by many of the other dominant species. Modern humans have existed on Earth for perhaps hundreds of thousands of years, but during most of our history, we were merely one of millions of species that shared the planet. Through technology and population increase, much of the world has been usurped and modified to satisfy human needs and tastes. Unintentionally, we have made much of the planet less safe for ourselves. Our artificial habitats suit us and a minority of other species, although not the majority. Until recently, the survival of species was decided by nature, but increasingly it is being determined by humans. Thanks to our intelligence and luck, we have come to rule the world. In effect, mankind has taken on the responsibilities of God and Nature. We seem destined to progressively usurp from nature every remaining square cm that can be made hospitable by technology. Unfortunately, mankind (womankind to a lesser degree) is extremely destructive, and we have reached the point where continuing ruination of our environment (both the living and inanimate parts) threatens our continued existence.



Summary of Chapter 1 (Introduction and Chapter Summaries)

This chapter (1) as stated above, introduces the basic issue addressed in this book: how bias and prejudice directed at most of the world’s species, largely and superficially based on appearance, is so harmful to human welfare that it has resulted in a planetary existential crisis; (2) as presented in the following, provides brief summaries of all of the remaining chapters, which detail various aspects bearing on the causes and extent of bias against species; and (3) concludes that in parallel with discriminatory behavior unjustly directed against human beings, the key solution is education about the beauty, joy, and values of non-human beings.



Summary of Chapter 2 (Cruel & Compassionate Sides of Humans)

At the heart of some of the most intractable problems faced by people is human nature – we have both a compassionate side (which is why we are kind to some species) and a cruel side (leading to damage to other life forms and their living quarters). Chapter 2 explores the cruel and compassionate sides of human nature (note Figure 1.6). On the cruel side, we have some very nasty behaviors toward other people, such as bullying, racism, slavery, and war. On the compassionate side, we are a social species, often exhibiting kindness, at least to our kin. Similarly, we are nice to some species, particularly toward those that seem to represent kinship (albeit, relatively distant). But most humans are, at best, indifferent to most species, and quite hostile to most.


[image: ]
FIGURE 1.6 Good and bad behavior. (a) Good behavior toward humans: ‘The Good Samaritan’ by Austrian painter Josef Arnold the Elder (?–1879), a fresco of the parish church of Lajen (South Tyrol). Photo by Wolfgang Moroder (CC BY 3.0). (b) Bad behavior toward humans: A pickpocket scene (public domain) by English illustrator Isaac Robert Cruikshank (1789–1856). Source: Woodward, G. M. 1819. The caricature Magazine 5: Folio 75. Credit: Lewis Walpole Library. (c) Good behavior toward animals: Painting entitled ‘Suspense’ (public domain) by English artist Charles Burton Barber (1845–1894). (d) Bad behavior toward animals: Fox hunt. Source (public domain): Surtees, R. S. and J. Leech. 1892. Handley Cross; or, Mr. Jorrock’s Hunt. London, Bradbury, Agnew and Company. Credit: University of North Carolina at Chapel Hill.

A critical contrast is made in Chapter 2 with regard to human motivation affecting sentient animals. The distinction concerns the difference between ‘animal conservation’ and ‘animal welfare’ – the former concerned with promoting species survival, the latter with reducing or eliminating cruelty (i.e., subjecting animals to pain). The central theme of this book is that we need to protect all (or at least nearly all) species (which is addressed by conservation) simply because they are valuable either directly to human welfare or contribute indirectly by maintaining planetary ecology upon which humans depend. However, aside from these pragmatic justifications, there are also ethical and spiritual issues connected with animal conservation, since preservation or elimination of biodiversity is also a moral question. By contrast, the need to provide humane treatment to sentient animals that are exploited is basically a moral issue (a topic very extensively examined in the literature, largely from a philosophical perspective). As discussed in this book, both with regard to animal conservation and animal welfare, sympathy for other species is heavily determined by our innate preferences and prejudices.



Summary of Chapter 3 (Speciesism)

There are innumerable forms of prejudice in the human sphere (those mentioned in this book include ableism, ageism, favoritism, lookism, racism, sexism, and sizeism). Chapter 3 addresses ‘speciesism,’ a term which summarizes the biases and prejudices that humans manifest toward other species. Many animals and some plants suffer from negative stereotypes. A propaganda war is being waged by the pest control and pesticide industries, targeted against ‘bugs,’ ‘vermin,’ and ‘weeds’ but affecting many innocent species, including people. The lack of concern for both humans and non-human species sometimes amounts to genocide (Figure 1.7). (The word ‘genocide’ traditionally refers to extermination activities directed at humans. Its use here in reference to other species, and similar use in this book of the phrase ‘a holocaust’ (not The Holocaust) is by extension, with apologies to those whose value systems do not accept that the terms are also appropriate for non-human species.)
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FIGURE 1.7 Genocidal prejudice. (a) Shooting African Americans on May 2, 1866, during a race riot in Memphis. Illustration (public domain) by Alfred Rudolph Waud in Harper’s Weekly, 26 May 1866. Source Tennessee State Library and Archive: Tennessee Virtual Archive. (b) Passenger pigeon (Ectopistes migratorius), driven to extinction in the early 20th century. Source (public domain): Whitman, C.O. 1920. Orthogenetic Evolution in the Pigeons. 3 vols. Credit: K. Kayashi. (c) Dutch sailors pursuing dodos (Raphus cucullatus). This flightless bird was endemic to the island of Mauritius, east of Madagascar in the Indian Ocean. It became extinct during the mid-to-late 17th century because of persecution by humans. Source (public domain): Johnston, H. H. 1914. Pioneers in South Africa, London, Blackie (figure by Walter Paget).



Summary of Chapters 4–6 (Determinants of Human Prejudice against & Preference for Species)

These three chapters provide quite detailed reviews of physical (Chapters 4 and 5) and behavioral (Chapter 6) characteristics of animals and plants that are employed as criteria to judge their attractiveness and merit. The aesthetic and utilitarian features that we humans value in animals are summarized in Table 1.2, and those we value in plants are presented in Table 1.3. The physical beauty features detailed in Table 1.2 are, to a considerable extent, what people employ to base their biases and prejudices toward both other people and species.



TABLE 1.2 Features That Make an Animal Attractive or Unattractive to Humans


	Attractive Features
	Unattractive Features





	Utilitarian Considerations



	Source of resources (food, clothing, medicine, etc.)
	Competitor for resources or preys on humans, livestock, or damages crops (predators, parasites, pests, vermin)



	Safe (friendly, limited harm potential, non-toxic)
	Dangerous (aggressive, threatening, venomous, or pathogenic)



	Appearance



	Phylogenetic (morphological) proximity to humans: a mammal or at least a vertebrate
	Quite unlike human form: ‘creepy-crawlies,’ ‘bugs,’ ‘worms,’ snakes



	Possession of infantile human features that suggest vulnerability and evoke protective sentiments (large head, large eyes, large forehead, flat face, rotundness, soft contours, clear complexion, small mouth, small limbs)
	Possession of mature or aged human-like features (e.g., baldness, missing teeth, wrinkled or sagging skin); aggressive or powerful appearance



	Absence of natural weapons that threaten people (horns and antlers are dangerous, but not intended for humans)
	Possession of prominent killing weapons (large jaws, teeth, claws)
(Additionally, many species have much less evident but dangerous weapons – e.g., snakes that inject toxin or asphyxiate by constriction; electric eels)




	Healthy appearance: body organs present and conform to norms of size and appearance; lack of evident physical damage
	Possession of human-like features that appear exaggerated, unhealthy, or diseased and provoke urge for avoidance (e.g., large proboscis, large stomach, large mouth, bow legs, warts, irregular teeth or tusks, wrinkled or sagging skin; missing body parts; missing teeth; scars, wounds, discolorations, pathological growths)



	Beautiful, spectacular, distinctive, humorous, or entertaining features
	Conventional, uninteresting



	Large size
	Tiny or microscopic



	Luxuriant, soft, fluffy, or fuzzy, colorful covering (hair, fur, feathers); ornamentation (horns, antlers)
	Naked, or covered with scales, slime, warts, wrinkles; spines (sometimes considered ornamental)



	Behavioral, Ecological



	Similar to admirable and complex behavior of humans: intelligence, maternal and social instincts, monogamy, gregariousness, communication, cleanliness (grooming), use of tools; apparent capacities for feeling, thought, pain, emotion, compassion
	Solitary life style, simple instinctual behavior, hostility, cannibalism, polygamy



	Dominant: a powerful predator or extremely resistant to predators
	Vulnerable prey



	Athletic and graceful; locomotory virtuosity and speed, on land, in the air, in water, or in trees
	Clumsy, slow or erratic movements, sedentary or sessile



	‘Honorable’ or ‘clean’ food source: ideally a carnivorous hunter, less preferably a herbivore or omnivore
	‘Dishonorable’ or ‘filthy’ food source: parasites (including cuckoos and bloodsuckers) or eats carrion (scavengers) or rotting organic matter (including feces)



	Pleasant, sounds (e.g., bird song; mimics of human speech)
	Unpleasant, persistent sounds (screams, squeals, rasps), such as by howler monkeys, cicadas, and crickets



	Pleasant or neutral smell
	Bad smell (skunks, etc.)



	Constructs domicile above ground
	Lives in earth, mud, or inside other species



	Viewable
	Not viewable (shy, nocturnal, ‘sneaky,’ or lives below ground or in the sea, or simply microscopic)



	Homeothermy (= warm-blooded; temperature maintained more or less constant at a desired temperature; ‘heterothermic’ animals exhibit both homeothermy and poikilothermy depending on time, environment, or season)
	Poikilothermy (= cold-blooded; temperature determined mostly by environment)








TABLE 1.3 Features That Make Plants Attractive or Unattractive to Humans


	Attractive Features
	Unattractive Features





	Utilitarian Considerations



	Useful for materials (food, fodder, fiber, medicine, etc.), groundcover, ornament, etc.
	Harmful: Aggressive weeds or toxic (orally, by skin contact, or pollen causes hayfever), or spines cause injuries



	Attracts entertaining animals (birds, butterflies, bees, squirrels)
	Attracts problem animals (bears, deer, rabbits, moles, groundhogs)



	Appearance



	Impressive size, long-life (usually large trees, but dwarfed trees, i.e., bonsai, are also attractive)
	Short-lived, evanescent



	Large, colorful, long-lasting floral display
	Small or no flowers



	Decorative fruit (large, numerous, colorful, and/or persistent)
	Fruit small or absent, or messy and staining (e.g., mulberry, Morus species)



	Unique, decorative foliage (dissected or colorful)
	Foliage indistinct, unattractive shade of green or yellow



	Unique stems and habit (succulent, colorful bark, unusual branching, interesting shapes, vines)
	Scraggly, leafless much of year, or climbs upon or among, and thereby reduces appearance of, more attractive plants



	Miscellaneous



	Pleasant smell
	Repugnant smell (e.g., Bradford Pear, Pyrus calleryana cultivar Bradford; female ginkgo trees, Ginkgo biloba; tree-of-heaven, Ailanthus altissima)







Summary of Chapter 4 (Size, the Most Important Determinant of Human Prejudice against and Preference for Species)

The most universally admired physical characteristic is size, and simply because of its dominating importance, the topic is separated from other visual considerations (which are discussed in detail in Chapter 5). Huge creatures elicit great respect (Figure 1.8), whereas the majority of species, which are small, tend to be ignored or disdained.
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FIGURE 1.8 The importance of size (public domain figures). In the famous book Gulliver’s Travels by Anglo-Irish writer Jonathan Swift (1667–1745), the central character Gulliver visits exotic lands, including one in which he was huge compared to the inhabitants, and another in which he was tiny by comparison. The contrast illustrates how relatively large size results in respect, whereas smaller size is associated with disdain. (a) Gulliver as a giant in a land of dwarfs. Source: Louis Rhead’s cover illustration of a 1913 edition of Gulliver’s Travels. (b) Gulliver as a dwarf in a land of giants. Source: A 1797 Spanish cartoon from Digital Bodleian. (c) In a similar vein, giant people and animals are the star attractants of movies, as shown by this poster by Reynold Brown (1917–1991) for the 1958 film Attack of the 50 Foot Woman.



Summary of Chapter 5 (Visual/Beauty Determinants of Human Prejudices against and Preferences for Species)

People evaluate species primarily by aesthetic considerations – usually just relative visual beauty or ugliness, discussed in considerable detail in Chapter 5. Most of the more than a dozen physical assessment attributes employed are the same or at least reminiscent of features that we admire or dislike in other people. Glamorous appearance of animals is critical for sympathetic attention, but bizarre or ferocious appearance, if entertaining, can also be important. Vertebrates (including fish, amphibians, snakes, birds, and mammals) include a wide spectrum of species that humans consider ugly, and others that are judged to be beautiful (Figure 1.9). As will be detailed, we are hardwired to admire many mammals, provided that they have features indicative of beauty, health, intelligence, and/or power in humans, or are ‘cute and cuddly’ as indicated by many physical attributes of human babies. Most bird species also possess admired traits. Fish are very variable, some impressively ugly or pretty, but mostly neither. Frogs and snakes are decidedly handicapped by both their appearance and behavior. Animals distantly related to humans, particularly invertebrates, usually have few features considered attractive. Most of the world’s creatures are invertebrate animals, and extremely few of these conform to human concepts of beauty. The majority of all species are insects, but except for butterflies and bees, most are usually perceived very negatively. Ornamental plants and many of our pets have undergone very intensive selection to conform to human concepts of beauty.
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FIGURE 1.9 Beautiful (top) and ugly (bottom) species. (a) Beautiful people. ‘Prince Florimund finds the Sleeping Beauty.’ Source (public domain): Forbush, W. B., E. V. Hale, and H. W. Mabie. 1916. Childhood’s Favorites and Fairy Stories. The Young Folks Treasury, Volume 1. University Society. (b) Paine’s flasher wrasse (Paracheilinus paineorum) Photo by Rickard Zerpe (CC BY 2.0). (c) Rainbow lorikeet (Trichoglossus moluccanus). Source (public domain): Smit, J. 1881. Report on the Scientific Results of the Voyage of H.M.S. Challenger during the Years 1873–76. (d) ‘The Ugly Duchess,’ a satirical portrait by Flemish artist Quentin Matsys (1466–1530). (e) Fishing frog or angler (Lophius Piscatorius). Source (public domain): Donovan, E. 1802. The Natural History of British Fishes. Digitally enhanced by Rawpixel (CC BY SA 4.0). (f) King vulture (Sarcoramphus papa), painting by Pavel Galván (CC BY SA 3.0).



Summary of Chapter 6 (Non-visual Determinants of Human Prejudices against and Preferences for Species)

Chapter 6 analyses several non-visual determinants of human preferences for and prejudices against species. Once again, considerations that are reminiscent of features that people admire or dislike in other people are key to our attitudes. We dislike obnoxious features like bad smells and disgusting behaviors like drunken carousing (Figure 1.10) and living in unsanitary conditions, but admire athleticism, caring parents, and lifestyles reminiscent of our own.
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FIGURE 1.10 Obnoxious human and non-human animals. (a) A gang of drunken sailors. Old colored etching by W. Elmes. Source: Wellcome Library, London (CC BY 4.0). (b) A gang of party animals. Sign at a bar in Valencia. Photo by J. Bizzie (CC BY 2.0). (c) A gang of carousing bugs. Source: Historia de un grillo sabio (public domain; part of a vintage collection of chromolithographs published in Barcelona).




Summary of Chapter 7 (Symbolic/Representational Creatures as Reflections of Human Prejudices against and Preferences for Species)

Much of human attitudes toward other species is odd, indeed often irrational. Human culture has generated a mythology in which many species have come to epitomize the best and worst of human behaviors, and accordingly are respectively idolized or despised. Such species are valued or hated in religion, commerce, literary tradition, entertainment media, and other aspects of society. The separateness of humans and other animals has even become obscured in some circumstances, with various beings conceived as semi-human hybrids or blends with other species. Favored species are commonly humanized and depicted conducting themselves much like people (Figure 1.11). Moreover, many have anthropomorphized their pets as child surrogates. These developments, explored in Chapter 7, provide key indications of how humans think about other species and reflect many of our preferences and prejudices.
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FIGURE 1.11 Anthropomorphic animals (all figures are public domain). (a) Funeral for a horse, by artist J. S. Pughe (1870–1909). Credit: Library of Congress. (b) Elephants from a children’s book illustration by British artist Harry B. Neilson (1861–1941). (c) Rollerskating dogs by German artist Carl Robert Arthur Thiele (1860–1936). (d) Singing cats, also by C. R A. Thiele. (e) A family of hedgehogs. Source: Mein erstes Märchenbuch, Stuttgart, Verlag Wilh. Effenberger; a late 19th-century German fairy tale book illustrated by Heinrich Leutemann and Carl Offterdinger. Photo credit: Harke. (f) Lions on the cover of an 1898 comic book, The Funny Household, published by McLaughlin Bros, New York.



Summary of Chapter 8 (Indispensable Values of Species for Human Welfare)

Species have extensive and varied utilitarian values. As noted in Chapter 8, non-human animals (1) provide humans with food, clothing (e.g., leather, wool), construction materials, manure, and industrial materials; (2) assist in the maintenance of ecosystems upon which humans are dependent; (3) are experimental subjects of biomedical research and toxicity testing; (4) furnish labor (as draught/towing and riding animals); (5) provide assistance (as guard and herding dogs, and guides for the blind); (6) contribute companionship; and (7) act as entertainers. Plants are much more important than animals for (1) and (2), and additionally are more important for providing medicines and beautifying the living areas of people. In addition to physical and behavioral attractiveness, people employ such economic values to evaluate the merits of animals and plants. Under these circumstances, practical value trumps appearance.

As emphasized in Chapter 8, almost all species are wild. Species that are harvested from nature (notably marine animals, especially fish, and timber trees) provide such essential resources that humans appreciate their value regardless of their external appeal. (Domesticated livestock, service animals, and crops are so indispensable that they too are not handicapped by their appearance.) Wild fish and seafood stocks are invaluable, although lobsters and indeed most other edible marine creatures are not emotionally attractive to humans. Even stinging bees are forgiven for being insects, if they furnish honey. Most thinking people, even if they dislike the appearance and/or the behavior of most animals, recognize that certain wild species supply invaluable products (Figure 1.12) and so wilderness areas of the world need to be maintained at least to sustain these species.


[image: ]
FIGURE 1.12 Exemplary harvests from the wild. All images are public domain. (a) Lumber from forests. Source: Whipple, W. 1915. The story of young Abraham Lincoln. Philadelphia, Henry Altemus. (b) Fishing. Source U.S. National Oceanic and Atmospheric Administration. (c) Preparing sugar maple syrup. Painting by Dutch-Canadian artist Cornelius Krieghoff (1815–1872). Photo credit: Library and Archives Canada.

However, as discussed in Chapter 8, the public is hardly aware that the millions of seemingly unimportant species are in fact indispensable for human welfare, specifically for maintenance of ecosystem services (Figure 1.13). Unfortunately, the current holocaust eliminating many of these species represents an existential threat to the future of humans. Chapter 8 strives to explain that species, including the human species, are inseparable from their habitats, ecosystems, and the welfare of the planet. Ecosystems regulate key cycles and processes (such as soil formation, atmospheric maintenance, and purification of fresh water), and species are necessary contributors. Society has become acutely aware of how human welfare is being negatively influenced by climate change and global warming associated with degradation of the atmosphere, but this is just one component of the ‘environmental crisis.’ The public scarcely recognizes that countless species indispensable for maintenance of ecosystem functions, and accordingly for human welfare, are under severe threat. The overwhelming majority of the world’s species are unattractive by human standards, and as emphasized in this book, this represents a critical roadblock to providing the necessary support for their conservation.
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FIGURE 1.13 Ecosystem services. Source: Shutterstock (contributor: VectorMine).



Summary of Chapter 9 (Extinction – How Biased Elimination of Species Endangers Humans)

Chapter 9 examines the extent of the extinction threat to species, which is widely misconceived by the public as simply a situation requiring selective preservation of charismatic animals such as pandas and whales. Indeed, as emphasized in this chapter, biased favoring of particular species oversimplifies and leads to inadequately addressing the ecological threats. An additional confusion concerns ‘de-extinction’ as a solution, but technology just can’t regenerate real dinosaurs or resurrect other spectacular extinct animals. Still another misconception is that extinction is just ‘normal’ (so is death, but not when the survival of the human species is at risk). The extent of reduction of the living world compared to past times is staggering (Figures 1.14 and 1.15). The biodiversity/bioresources crisis has two interrelated symptoms: species reduction/extinction and ecosystem/habitat degeneration. Human expansionism – population growth and associated destructive exploitation of the life systems of the planet – are the drivers. Overpopulation is the result of normal reproductive behavior, and is difficult to control, although efforts are underway. Overexploitation of the planet’s limited resources, also caused by normal human behavior, is also difficult to control. The frequent failure of people to protect ecosystems independently exploited by different interests (a phenomenon termed ‘the tragedy of the commons’) is examined in this chapter as a key problem to be addressed. The key organizations and international agreements addressing extinction threats are identified. It is clear that current international attempts to address impending ecological disasters are inadequate.
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FIGURE 1.14 Overfishing resulting in a huge decrease of the natural supply. Central panel prepared by Hans Hillewaert (CC BY SA 4.0), remainder by B. Brookes.


[image: ]
FIGURE 1.15 Damage caused by humans to environmental categories, compared to pre-human influence. Figure from Bradshaw et al. (2021; CC BY 4.0), slightly altered by B. Brookes.



Summary of Chapter 10 (Bias and Prejudice in Species Conservation)

‘Conservation’ of species and their supporting habitats concerns the reduction of the threats to species and ecosystems, and attempts at remediation. Unfortunately, as discussed in Chapter 10, there is considerable disagreement on which species, which habitats and ecosystems (indeed, which geographical regions), and what approaches are appropriate. Moreover, there is very strong bias and prejudice against most species coupled with strong preferences for a minority of species. This chapter examines the extent of bias in the world of biological conservation and makes recommendations on how to control this.

Conservation, remediation, and restoration of at least a portion of remaining wildlands and their biodiversity depends on convincing the public, philanthropic organizations, and political leaders to provide the considerable funding required. A principal technique that conservation-oriented organizations have found effective for obtaining financial support is to highlight the plight of the most valued species that are endangered. In theory, species could be evaluated on the basis of economics, ecological importance, scientific interest, or cultural significance, but in practice aesthetics trumps other considerations. Not surprisingly, conservationists individually and as organizations show very strong favoritism for exactly the same charismatic, attractive species as does the general public (Figure 1.16). A chief issue is whether it is preferable to concentrate on the welfare of particular ecosystems or the welfare of certain species (because of their attractiveness in raising public support and funding, or because they play key ecological roles supporting ecosystems, or because they are associated with many other species that indirectly benefit). This chapter examines the advantages, disadvantages, limitations, and misunderstandings associated with the different approaches. Controversial solutions include species triage (saving some, disregarding others) and abandoning given species in nature while maintaining them only in parks or zoos. Given that all proposed solutions involve preferential treatment of species, it is important to involve the diversity of society in making decisions. As reviewed in the chapter, legislators, educators, religious leaders, corporations, hunters, artists, and others, in addition to professional conservationists, all can contribute to minimize bias and prejudice.


[image: ]
FIGURE 1.16 Favoritism for funding of conservation of attractive species penalizes ecologically essential but ugly animals. Prepared by B. Brookes.



Summary of Chapter 11 (Dealing with Dangerous Species)

Some animals inspire terror and are greatly feared although in reality they very rarely kill people (sharks are the best example), others, notably dogs, are quite lovable, but they frequently kill people. Albeit a very small proportion of all species, many animals are harmful to humans, threatening the welfare of ourselves, our livestock, pets, and crops. Some are merely annoying, but others are quite dangerous. Our traditional response has been to kill off species that appear to be threatening (Figure 1.17), but as discussed in Chapter 11, in many cases there are less drastic solutions that allow co-existence.
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FIGURE 1.17 Examples of greatly feared animals that people have tried to exterminate. (a) White shark. Source: Shutterstock (contributor: ARTYuSTUDIO). (b) Cobra. Source: Shutterstock (contributor: DEYASA_346). (c) Female Culex mosquito Photo by Alan R Walker (CC BY SA 3.0).



Summary of Chapters 12 and 13 (Reforming Agriculture and Urbanization – The Greatest Threats to Species)

The most acute problem of modern times is the threat of environmental degradation ruining the planetary ecosystems upon which world’s species depend. The world’s biota and biosphere are in catastrophic decline because the indispensable habitats and ecosystems in which species live are being degraded by human activities or converted to human uses. Humans have created two principal artificial environments – cultivated lands and cities – and these are the chief sites of habitat elimination, and hence the principal causes of species reduction and extinction. The agricultural use of land is the most common cause of habitat decline, but urban spread is also significant. Agriculture is discussed in Chapter 12, urbanization in Chapter 13. Both agriculture and urbanization fall under the headings ‘land intensification’ (Lindenmayer et al. 2012), which is hostile to co-existence with species that live in the same or adjacent areas. Both agriculture and urbanization are also expanding, their ‘footprints,’ taking over much of the Earth’s terrestrial areas, and thereby simply physically excluding most other species.

Both in cities and farms, humans are at war with the specialized pests that harm us or our possessions (including property, domesticated animals, and crops). Enormous quantities of ‘pesticides’ are being employed to kill harmful animals, and enormous quantities of ‘herbicides’ are similarly used to eliminate harmful plants. (Some authorities include all chemicals designed to eliminate unwanted plants and animals under the term ‘pesticide.’). Unfortunately, in attacking these species, we are causing them to become more resistant to the chemicals, and the environment is being contaminated, harming innocent species including ourselves. Moreover, since these detrimental wild species receive extensive negative publicity, the public’s view of wild species in general is being degraded. As discussed in Chapters 12 and 13, it is possible to live much more harmoniously with wild creatures by conducting agriculture in more sustainable ways and by designing cities with species-friendly green spaces (Figure 1.18).
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FIGURE 1.18 Sustainable vs. unsustainable occupation of land for agriculture (top row) and cities (bottom row). The key to biodiversity sustainability is breaking up the landscape with permanent green spaces that provide habitats for wildlife. (a) Example of a sustainable farm near Klingerstown, Pennsylvania, the area separated by woodlots that provide habitats. Photo (public domain) by Scott Bauer, U.S. Department of Agriculture. (b) A wheat monoculture being harvested. Monocultures are highly productive and efficient but very substantially exclude wildlife. Photo by Scott Bauer, USDA (public domain). (c) A wonderful city green space promoting habitats for wildlife: Central Park, New York. Photo by David Shankbone (CC BY SA 3.0). (d) Extreme urbanization leaving little habitat for wildlife: The urban jungle of Hong Kong. Photo by Cattan2011 (CC BY 2.0).


Summary of Chapter 12 (Reforming Agriculture – The Greatest Threat to Species)

Historians argue over whether agriculture was ‘invented’ or ‘discovered.’ Regardless, agriculture has been the greatest innovation in the history of humankind, because (as discussed in Chapter 12) it has saved billions of people from starvation. On the negative side, agricultural practices have been the principal causes of the current environmental crisis and the accompanying decimation of the world’s species. Several challenges are facing agriculture (Figure 1.19), making it imperative to adopt more sustainable practices. The need to feed the world’s population (which hopefully will stop growing) dictates that agriculture cannot be abandoned. However, as discussed in Chapter 12, there are steps that should be taken to limit harm to the environment and biodiversity. Animal welfare is an allied issue. Livestock constitute an extremely small percentage of the world’s species but represent the majority of opportunities for humans to demonstrate their humanity toward other sentient creatures.
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FIGURE 1.19 Some key issues facing agriculture. (a) Methane emissions from cattle contribute to greenhouse gas pollution of the atmosphere. Source: Shutterstock (contributor: BlueRingMedia). (b) Honeybees, essential for crop pollination, are dying off. Source: Shutterstock (contributor: Laurie Barr). (c) Agriculture uses more water than any other sector, but the world is running out of fresh water, and drought is endangering food crop production. Source: Shutterstock (contributor: Elegant Solution). (d) Small, sustainable farms such as this are disappearing and being replaced by ecologically damaging factory farms and monocultural crops. ‘A Milking We Will Go,’ painting (public domain) by American artist Edward Mason Eggleston (1882–1941).



Summary of Chapter 13 (Reforming Urbanization – The Second Major Threat to Species)

The great irony of cities, which now provide housing for the majority of the human species, is that they do so at the cost of eviction of most other species. The second irony is that cities not only have been constructed for the comfort of humans, but they have proven to also provide ideal habitats for some species of wildlife (Figure 1.20) and weeds, including the majority of the world’s most despised pests. As discussed in Chapter 13, priority should be given to designing cities that are more compatible with biodiversity, but also there should be greater tolerance of species that are merely annoying or pose quite limited threats.
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FIGURE 1.20 Urban pests. Source: Shutterstock. (a) Rats looking for food from trashcans (contributor: GraphicsRF.com). (b) Raccoon raiding a trashcan (contributor: bilha golan). (c) Homeowner looking at a mole damaging his lawn (contributor: Aleutie). (d) Pigeons pooping on a car (contributor: Vector Micro Master).




Summary of Chapter 14 (Advancing Technologies and the Fate of the World’s Species)

Chapter 14 deals with advancing technologies that offer possibilities of drastically altering the relationships of humans and other species. Technology may progress to the level that genuine species may no longer be needed, and artificial machines meeting human needs are produced (Figure 1.21). In theory, people may be able to manipulate genes so extensively that revolutionary inter-species creations may come to dominate the planet. Eliminating undesirable species could become a simple exercise. The majority of the world’s wild species find refuge in sites that are as yet too hostile for human exploitation, but with new technologies virtually the whole planet could be exploited, excluding most species. One can expect that human taste and values (or biases) will dictate what life forms are permitted to exist in the future. Doubtless there is both promise and peril.
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FIGURE 1.21 Robotic interpretations of animals that conceivably advancing technology could substitute for the real versions. Source: Shutterstock. (a) Bee (contributor: Josh McCann). (b) Dog (contributor: Photo-kot). (c) Cow (contributor: Vitalii Gaidukov). (d) Hippo (contributor: VHar).



Summary of Chapters 15–21 (The World’s Most Despised Species)

The remaining chapters examine 22 groups of animal species and 20 of plant species that are (with some exceptions) extremely damaging to human health, natural ecosystems, agriculture, and urban property. It will be emphasized that although they are the world’s most despised, dangerous, and destructive of all creatures, they have beneficial properties so a better understanding of the biology of these seemingly villainous species is key to managing both their adverse and advantageous potentials.

Chapters 15–17 deal respectively with the world’s most despised species of animals, respectively of invertebrates, non-mammalian (‘lower’) vertebrates, and mammals. These species (often called ‘pests,’ vermin,’ and ‘parasites’) are detrimental, despised, and persecuted, but often excessively. Frequently, such pariah species have redeeming values. Numerous innocent species are often confused with similar injurious ones – reminiscent of harmful stereotyping among people.

Chapters 18–21 examine the world’s most despised species of plants, including those that are directly toxic to humans and animals (Chapter 18), or are harmful weeds of agriculture (Chapter 19), natural ecosystems (Chapter 20), and urban areas (Chapter 21).


Summary of Chapter 15 (In Defense of the World’s Most Despised Invertebrate ‘Bugs’)

Chapter 15 deals with invertebrate pests. The majority of the most strongly despised species are insects. Along with equally hated spiders and ticks (which are correctly ‘arachnids,’ not insects) these are often derisively termed ‘bugs.’ Invertebrates are remarkably diversified, but only a minority cause serious problems (Figure 1.22). The true insects include bedbugs, clothes moths, cockroaches, fleas, houseflies, lice, locusts, and mosquitoes. Leeches are also included in this chapter, although they are ‘worms.’ This set of ‘least-wanted’ villains (most of which are parasites of humans), in the minds of most people, are the worst of the worst, deserving merciless extermination. Nevertheless, as will be explained, they have some desirable features, and limiting their negative effects requires careful risk/benefit balancing of the effects of control measures. Unfortunately, these harmful animals have caused almost all insects to be painted with the same stereotyping brush. Bugs, although making up the majority of the world’s species, are widely considered inferior, insignificant, disgusting, harmful, and deservedly killed. Changing this perception is essential.
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FIGURE 1.22 Examples of pest insects. Source: Shutterstock. (a) Ants stealing a sandwich (contributor: Teguh Mujiono). (b) Housefly alarming a girl (contributor: Piscary). (c) Mosquitoes chasing a man (contributor: Ron Leishman). (d) A flea-infested dog (contributor: Teguh Mujiono).



Summary of Chapter 16 (In Defense of the World’s Most Despised ‘Lower’ Vertebrate Animals)

Chapter 16 concerns ‘lower vertebrates’ (exemplified by sharks, frogs and toads, snakes, vultures, and pigeons). Except for poisonous snakes (which kill as many 100,000 people in some years), there is little justification for the very negative attitude people have for these species, all of which provide critical ecological services contributing to the health of the environment. The deep prejudice against the appearance of many of these species is illustrated by the traditional tale of a princess transforming an ugly frog into a handsome prince (Figure 1.23).
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FIGURE 1.23 Illustrations (public domain) of the familiar fairy tale relating how a princess transforms an ugly frog into a handsome prince by kissing it. (a and c) Source: Crane, W. 1874. The Frog Prince. New York, George Routledge and Sons. (b) Source: Pixabay, modified by B. Brookes.



Summary of Chapter 17 (In Defense of the World’s Most Despised Mammals)

Chapter 17 discusses the most despised mammals: bats, mice, hyenas, rats, and skunks. The presence of mice and rats in buildings (Figure 1.24) triggers intense disgust and alarm. These mammals are significant vectors of diseases, but ironically, as will be noted, they have contributed immeasurably, as experimental research subjects, to cures for diseases. Like the lower vertebrates discussed above, the repulsiveness felt for them by most people is mostly the result of their offensive appearance and assassination of their reputations. Remarkably, several of these despised species have been domesticated, and attractive, friendly breeds have been selected which make good pets.


[image: ]
FIGURE 1.24 Rodent infestations. (a) House mouse (Mus musculus) exhibit at the Staatliches Museum für Naturkunde Karlsruhe, Germany. Photo by H. Zell (CC BY SA 3.0). (b) Norway rat (Rattus norvegicus) in a pantry. Source: Shutterstock (contributor: Torook).



Summary of Chapter 18 (In Defense of the World’s Most Despised Toxic Plants)

Chapter 18 deals with the world’s most toxic plants. Many plant species are dangerous, either when consumed or touched, and some are deadly (Figure 1.25). Poisonous weeds extensively harm domesticated livestock (wild animals instinctively avoid most toxic plants), and some toxic garden ornamentals and houseplants are a potential health threat, mostly to children and pets. However, unlike many pathogenic microorganisms and some dangerous animals which kill many people, few humans are killed by being attacked by plants. Accidental or unwise consumption of toxic or tainted plant materials does occur but is relatively avoidable. By contrast, involuntary physical contact with some noxious plants is very widespread and often serious. The species that are particularly infamous for causing misery are the skin-irritating poison ivy and the allergenic-pollen-producing ragweed. The pain produced by these plants generates hostility toward the natural world and so reduces respect for biodiversity. The deadliest species, however, are the dangerously addictive opium poppy, tobacco, and sugar cane, each of which prematurely ends the lives of millions of people annually. Coincidentally, these are major crops with some detrimental effects on ecosystems. Of course, it is unfair to blame these plants for self-destructive human behavior, but it is equally unfair to condemn all of the other problematical species that harm people, which came into existence long before humans appeared and changed the balance of nature. As noted in Chapter 18, all of these species have very valuable redeeming features, and their harm can be greatly alleviated by appropriate management.
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FIGURE 1.25 Socrates and poison hemlock – the most famous example of plant poisoning. Accused by the Athenian government of denying the gods and corrupting the young through his teachings, Socrates (469–399 B.C.E.) was offered the choice of renouncing his beliefs or being sentenced to death by drinking a poison hemlock potion. (a) “The Death of Socrates” (1787) by French artist Jacques-Louis David (1748–1825). Public domain image (credit: New York Metropolitan Museum of Art). (b) Poison hemlock (Conium maculatum). All parts of the plant are extremely toxic. Source: public domain image from Köhler, F. E. 1887. Medizinal-Pflanzen, Volume 2. Berlin, Germany: Gera-Untermhaus.



Summary of Chapter 19 (In Defense of the World’s Most Despised Agricultural Weeds)

Chapter 19 examines weeds that threaten agriculture, the most indispensable activity contributing to human existence. Indeed, agriculture occupies about 38% of Earth’s terrestrial surface and represents the largest use of land on the planet (https://ec.europa.eu/environment/integration/research/newsalert/pdf/sustainable_food_IR8_en.pdf). Agricultural weeds (e.g., Figure 1.26) are a grave threat to people because they injure the crops that sustain human life. They also indirectly degrade biodiversity by provoking environmentally unsustainable agricultural practices to control the weeds. Indeed, there is an inextricable destructive link between agriculture and nature: the former usurps land from the latter, and agricultural activities represent the greatest threat to biodiversity and natural ecosystems. Because agricultural weeds greatly reduce agricultural productivity, they increase demand for converting natural lands and also increase the need for biodiversity-damaging pesticides and ecosystem-damaging overuse of fossil fuels and water. The world’s worst agricultural weeds include barnyard grass, Bermuda grass, lambsquarters, the nutsedges, and weedy rice, discussed in detail, but there are hundreds more. These will not be as familiar to most people as the other pests, animals, and plants highlighted in this book, but they are detested by farmers. While the worst weeds are responsible for devastating damage to both agriculture and the environment, as will be described they possess remarkably important useful properties.
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FIGURE 1.26 Eliminating agricultural weeds, the principal plants that directly harm human economic welfare. (a) A Kenyan farmer removing weeds by hand, the main method of controlling weeds in the Third World. Photo by Neil Palmer, CIAT (CC BY SA 2.0). (b) A tractor applying herbicides and other pesticides to a crop. Although efficient, pesticides inevitably affect non-targeted wild species and natural ecosystems, and so agricultural weeds also negatively affect biodiversity. Photo by Aqua Mechanical (CC BY 2.0).



Summary of Chapter 20 (In Defense of the World’s Most Despised Environmental Weeds)

Chapter 20 is concerned with weeds that degrade ecosystems of the natural environment. Weeds that specialize in natural habitats (e.g., Figure 1.27) are a grave threat to biodiversity because they can degrade fragile natural ecosystems and eliminate susceptible indigenous species. Cactus pear, common reed, English ivy, purple loosestrife, and water hyacinth, among the world’s leading weeds harming natural habitats, are highlighted.
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FIGURE 1.27 Love vine (Cassytha filiformis), an example of a very serious environmental weed (even where it is native). Love vine is an apparently leafless (actually, leaves are reduced to scales), climbing, twining, parasite which infests coastal woody plants throughout the tropics worldwide. It also can infest orchards and gardens. Love vine weakens and often kills plants, not just by lowering the light available for photosynthesis, but also by piercing the host with haustoria (root-like extensions) through which it withdraws nutrients. (Love vine has very little chlorophyll and cannot photosynthesize sufficiently for itself.) (a) Love vine draped over a tree in Florida. Photo by Forest & Kim Starr (CC BY 3.0). (b) Volunteers removing love vine by hand from wildland in Florida. Photo by U.S. Department of the Interior, Bureau of Land Management, Eastern States (CC BY 2.0).



Summary of Chapter 21 (In Defense of the World’s Most Despised Urban Weeds)

Chapter 21 deals with annoying urban weeds like crabgrass, dandelion, and Canadian thistle. In most poorer/developing (so-called ‘Third World’) nations, a large majority of the population works directly or indirectly in agricultural activities, and so weeds of crops and grazing lands are of predominant concern. By contrast, in rich/developed countries, agriculture occupies far fewer people (e.g., in the U.S., farmers and ranchers make up just 1.3% of the labor force), and so agricultural weeds are of little concern for most. Similarly, although people increasingly conduct leisure activities in wildlands, they rarely become acquainted with damaging environmental weeds. However, weeds that occur in urbanized areas – such as those found associated with residences, commercial areas, roadways, and parks – are viewed constantly by most people and so have acquired exaggerated importance. As a result, although weeds of commercial crops and natural wildlands cause much more economic and environmental damage, urban weeds generate much more hostility to nature. A few species, like Japanese knotweed and kudzu (also discussed in detail in Chapter 21), are indeed capable of physically damaging property, but by a considerable margin urban weeds are merely an aesthetic problem (Figure 1.28). Eliminating weeds from lawns, examined in detail in this chapter, exemplifies the considerable biodiversity-harmful consequences of overzealous persecution of unwanted but basically harmless plants. The discussion concludes that much greater use of sustainable groundcovers is desirable to reduce the excessive ecological problems associated with lawns. Moreover, the socially responsible trend of simply tolerating weed growth on public lands should be encouraged.
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FIGURE 1.28 A ‘perfect’ lawn (but very hostile to biodiversity) and a perfectly awful lawn. (a) Lawn seed advertisement (ca 1915). Credit: Henry G. Gilbert Nursery and Seed Trade Catalog Collection; Peter Henderson & Co., Biodiversity Heritage Library (CC BY 2.0). (b) A dandelion-infested lawn. Photo by Mike Mozart (CC by 2.0).




Key Messages of the Book

As humans, we are prisoners of our unconscious reflexive positive and negative reactions to the superficial appearance of species, regardless of whether they are in fact friends or foes. But we should recognize that all species have virtues, which are often indispensable, and we need to temper our hostility to the majority of living things with knowledge of their values. We have preferences for and prejudices against most of our fellow creatures. This is having momentous effects on conservation of biodiversity and, consequently, will inevitably also affect the ecosystems that sustain life on our planet. Aside from the moral aspects of eliminating numerous species, we must realize that our indifference to most of the world’s species is short-sighted. The appearance and even the economic usefulness of species for the most part are independent of the vital ecological roles they play in sustaining the ecosystems vital to our own lives. What is important is not that we suppress our natural admiration for certain life forms, but that we moderate our prejudices with understanding of the inapparent values of all species, for the long-term welfare of ourselves and our planet.

This is a big volume, with lots of complex information, so it is important to emphasize a simple, key practical recommendation, which in fact is mentioned throughout the book. Biases and prejudices that have been acquired by most adults are very difficult to escape, so it is critical to educate our children about the beauty, joy, and value of species (Figure 1.29).
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FIGURE 1.29 Children being educated to value and respect species. Source: Shutterstock. (a) Contributor: BlueRingMedia (b) Contributor: White Space Illustrations.






2 The Cruel and Compassionate Sides of Human Nature

DOI: 10.1201/9781003412946-2



Introduction

Human behavior is complex, with numerous examples of cruelty and kindness to other people (Figure 2.1). The brilliant English poet Alexander Pope (1688–1744) wrote ‘The proper study of Mankind is Man.’ Indeed, human nature is of predominant importance for many issues because it controls what people do, and the ability of people to alter the world is becoming God-like. This book is about the constructive and destructive interrelationships between humankind and all other species, upon which, as will be explained, depend on the ultimate survival of both. Humans have the choice of living harmoniously within the constraints of nature or continuing to engage in exploitation-for-the-short-term, suicidal ruination of the planet’s life-support systems. The latter alternative is rapidly leading to degradation of the planet and endangering the future. A key factor, which has scarcely been examined to date, is how human psychology leads to how we behave antagonistically toward other living things, which are frequently invaluable because they generate indispensable resources and services. In particular, as will be presented, most of society is inclined to hostility toward most species, albeit we are also programmed to favor a minority, with the result that we are naturally destructive to most of the living world. As noted in the following, humans appear to have intrinsic tendencies to behave savagely and pitilessly, although civilization tends to moderate our worst behaviors, and some of the world’s best minds advocate a greatly increased benevolence toward animals (Textbox 2.1).
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FIGURE 2.1 ‘The Kosovo Maiden’ by Serbian artist Uroš Predić (1857–1953), a painting (public domain) illustrating both compassion and cruelty. The scene illustrates a famous poem in which a young beauty fruitlessly searches the battlefield for her fiancé after the Battle of Kosovo in 1389 between Serbia and the Ottoman Empire. She is shown helping wounded Serbian warriors by providing water, wine, and bread.


Textbox 2.1 Compassion for All Living Things


Sympathy beyond the confines of man, that is, humanity to the lower animals, seems to be one of the latest moral acquisitions…. This virtue, one of the noblest with which man is endowed, seems to arise incidentally from our sympathies becoming more tender and more widely diffused, until they are extended to all sentient beings.

—Charles Darwin (1809–1882, foremost student of evolution; in Darwin 1871)




We must fight against the spirit of unconscious cruelty with which we treat the animals. Animals suffer as much as we do. True humanity does not allow us to impose such sufferings on them. It is our duty to make the whole world recognize it. Until we extend our circle of compassion to all living things, humanity will not find peace.

—Albert Schweitzer (1875–1965; German-born humanitarian, philosopher, and physician, medical missionary in Africa, Nobel Laureate; in Schweitzer 1959)




If only we can overcome cruelty, to human and animal, with love and compassion we shall stand at the threshold of a new era in human moral and spiritual evolution – and realize, at last, our most unique quality: humanity.

—Jane Goodall (1934–; English primatologist and anthropologist, viewed as the foremost expert on the behavior of wild chimpanzees, environmental activist; in Goodall 1999)




This paragraph represents a brief excursion into philosophy, which the reader may choose to ignore since most people find the subject to be abstruse. ‘Altruism’ has been defined as ‘uncalculated consideration of, regard for, or devotion to others’ interests sometimes in accordance with an ethical principle’ (Webster’s Third New International Dictionary 1993), a definition which stresses unselfishness. There are sophisticated analyses of the biological nature of altruism (Dawkins 1989; Stevens 2004; Batson 2011) suggesting that most if not all generosity toward others is just reflective of the survival value of such behavior, not of ‘goodness’ or ‘badness.’ In the context of this book, this does not invalidate advocating for the conservation of all species because this is good for humans, but it represents a philosophical challenge for doing so for moral reasons. But there are also numerous analyses of the moral nature of good and evil (e.g. Shermer 2004). Psychologically, some humans are saints, and others are devils (Kaufman et al. 2019). Paulus and Williams (2002) defined a socially aversive set of personality traits as ‘The Dark Triad’ (Figure 2.2). These include narcissism (self-importance), Machiavellianism (strategic exploitation and deceit), and psychopathy (callousness and cynicism). Probably all of us have at least a trace of these traits. However, ‘strongman’ personalities in leadership positions (dictators, despots, totalitarians, tycoons, tyrants, and other autocrats – notably Vladimir Putin and, some would contend, Donald Trump) ‘score significantly higher than non-autocrats on the Dark Triad’ (Nai and Toros 2020). To control our barbaric tendencies, it is critical that we understand both our personal cruel and compassionate nature, and the obsessive destructive nature of some of our influential leaders.
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FIGURE 2.2 The ‘Dark Triad,’ a model based on three pathological psychological traits thought to contribute substantially to harmful, destructive personalities. Prepared by B. Brookes.



Cruelty


Background

The concept of cruelty is vague (it covers a range of behaviors) and ambiguous (it may be defined differently, especially in law and philosophy). Cruelty by people typically involves indifference or even pleasure while inflicting suffering on sentient creatures, including both humans and non-human animals (Figure 2.3). Sociopathy (or psychopathy) is an inability to perceive or at least to sympathize with pain in others. Sadism is an extreme, deviant, compulsive form of cruelty. Psychological inability to empathize may free one from moral responsibility, but not from legal consequences. As noted in this chapter, there is a questionable but well-established tradition of employing intelligence of animals as a guide to their capacity to feel pain, and accordingly to judge the degree, if any, of cruelty toward them. The principal concern in the following discussion is with how human tendencies to harm living things (including other humans) requires understanding and control simply as a practical matter in order to promote the health of both human society and the natural world which supports the human species. For many, however, the ethical aspects of cruelty by humans are their principal concern.
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FIGURE 2.3 Caricatures (public domain) of cruelty to humans (top three figures) and non-human animals (bottom three figures). (a) Early 19th-century print showing a schoolmaster flogging a student. Credit: British Museum. (b) Late 18th-century print (public domain) showing two women in a pillory. Credit: British Museum. (c) ‘The abolition of the slave trade,’ an illustration of inhuman treatment by Scottish caricaturist Isaac Cruikshank (1764–1811). Credit: Royal Museum Greenwich. (d) Early 19th-century print showing an excessively heavy man (dressed as Napoleon) weighing down an unfortunate horse. Credit: Bodleian Libraries, Oxford University. (e) Spanish-style bullfight by British caricaturist James Gillray (1756–1815). Credit: British Museum. (f) ‘The Death of the Fox’ by English caricaturist Thomas Rowlandson (1756–1827). Credit: Yale Center for British Art.

The words ‘human’ and ‘inhuman’ are often employed to mean kind and brutal, respectively, but humans are by no means always kind. In practice, humans frequently behave viciously toward other living things. To be a human being necessarily includes having an animal nature with potential for bestial behavior. Understanding and controlling our instinctive tendencies to harm our own and other species is critical because, as discussed in this book, our welfare is dependent on that of countless other organisms. Unfortunately, as also discussed, it is altogether too easy to hate and victimize the majority of living things. This chapter addresses the hostile, exploitative capabilities of the human species with a view to relevance to deal constructively with other species.

Evolution favors behavior that enhances survival of one’s genes (Dawkins 1989), so selfishness for oneself and altruism, empathy, and compassion for one’s close relatives (who share the same genes) are natural, while indifference or hostility to distantly related individuals is also somewhat ‘natural.’ Complex species, including humans, tend to have an instinctive (genetically programmed) side resulting in kindness to beneficial organisms, tolerance to harmless ones, and hostility to species perceived as dangerous or competitive. In fighting for limited resources, it is often the case that closely related organisms – sometimes even parents and siblings – become chief competitors, and this often generates ferocious combat. Humans are ingenious and often seemingly merciless competitors toward each other. History reveals that widespread homicide was practiced, frequently to usurp resources or power. As well, torture was commonly employed in order to coerce others to adopt the conventions and values (especially religious dogma) of those in power. Slavery, rape, and other atrocities that are exploitative have been widespread phenomena dating back to pre-history and regrettably still occur.



Racial Hostility among Humans as a Model of Hostility to Other Species

Perceived differences among humans matter, as evidenced by how many people view and behave toward the discernibly different groups of our fellow human beings (Figure 2.4a). Embarrassingly, there is a long history of human bigotry, savagery, and cruelty to groups of other humans that are racially different (Figure 2.4b). Indeed, many readers will have been the victims of abusive prejudice. At the root of much of human conflict is ‘intraspecific competition,’ in which members of the same species compete for exactly the same limited resources. When tribes or nations compete, even minor racial differences may serve to identify the ‘enemy,’ and stereotypes can be established that needlessly maintain hostilities for generations. Occasionally, conflict between groups is initiated when members of one group conclude or imagine that they have been harmed by members of another group. The result can be the overgeneralization that all members of the other group are equally capable of harm – i.e., guilt by association. Such stereotyping is not only a major contributor to racism, but it is also basic to why humans are very hostile to most other species (‘speciesism,’ as discussed in Chapter 3). Moreover, as will be presented, we humans may even be programmed so that we are instinctively hostile to many creatures. Unfortunately, we also seem to be susceptible to believe the worst about many animals – notably insects, spiders, snakes, and rodents – when in fact the vast majority are not only harmless, they indispensably contribute to our welfare.
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FIGURE 2.4 Racial variation in humans as a basis for inter-group conflict. (a) ‘Races of mankind,’ illustrating the extensive biological variation among humans. From Roe and Leonard-Stuart (1911), photo by Sue Clark (CC BY 2.0). (b) A painting (public domain) commemorating war in 1824 between the British and the Ashanti Empire in the region of the Gold Coast of Africa (now Ghana). Source: https://commons.wikimedia.org/wiki/File:Aschanti_Gefecht_11_july_1824_300dpi.jpg.



Are Humans Natural Killers?

‘Murder,’ the unlawful or unethical killing of another human, is a social construct; the concern here is simply deliberate killing of animals (human or not). Killing other humans is ‘homicide’ (see review by Daly and Wilson 1988, and the epilogue to this book). Among humans, killing occasionally reflects psychopathy (i.e., abnormal psychology) or sometimes results from extreme overcrowding or stress, but killing for gain or revenge occurs in every society (i.e., in a statistical sense, killing is a ‘normal’ associate of intraspecific competition). Because we are a social species, most killing is the result of war between groups. Possibly most combat killing and mass genocides are based on the human social predisposition to obey dominant male leaders (leading to the excuse ‘I was only following orders’). Traditionally, killing for personal gain or satisfaction is considered unjustified. In Judeo-Christian tradition as related in Genesis, Cain kills his brother Abel, and mankind inherits the ‘mark of Cain,’ suggesting that humans are inherently murderous (Figure 2.5). Perhaps we are, at least potentially.
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FIGURE 2.5 People killing animals and each other. (a) Diorama entitled ‘Primitive Man Hunting Animals’ at the Museum of Vietnamese History. Photo by HappyMidnight (CC BY SA 3.0). (b) Roman gladiators fighting to the death at the Colosseum, a painting (public domain) by French artist Jean-Léon Gérôme (1824–1904). Photo credit: phxart.org. (c) Aztec human sacrifice depicted in the 16th century Ignote, codex (public domain; source: http://www.latinamericanstudies.org/aztec-human-sacrifice.htm). (d) Painting (public domain) of ‘Custer’s last stand’ by Edgar Samuel Paxson (1852–1919). Photo credit: Whitney Gallery of Western Art.

Certain species are natural killers at birth: some newborn chicks kill off their younger and smaller nestmates (‘siblicide’), so only the firstborn survives. Some sharks, such as sand tiger sharks, cannibalistically consume their brothers and sisters while still in the uterus. Some salamanders are induced to become cannibals when food becomes scarce (Wakahara 1995). However, these examples are debatably comparable to humans, since we are social by nature, i.e., we thrive in groups, and families produce so few offspring that all individuals are valued. ‘Comparative ethology’ is concerned with the behavior of social groups of animals (Crook and Goss-Custard 1972). Aside from clarifying the nature of the animals themselves (such as how they organize hierarchically), the study of social animals is valuable as clues to the nature of humans (Wilson 2000).

Diet is key to how ‘bloodthirsty’ particular animals are. Social animals that are predators, such as lions and wolves, are indeed natural killers: as obligative carnivores, they rely on killing other animals for food. Social animals that are herbivores, such as elephants, horses, and bison, do not seek to destroy other species unless attacked (although males may compete against each other for dominance). Humans are omnivorous, physiologically adapted to both animal and plant foods, but most individuals have a distinct preference for flesh. Historically, humans have been hunter-gatherers, eating whatever was locally available. In modern times, we culture enormous quantities of livestock and crops for food, but most sustenance that is still harvested from nature is animal rather than plant, especially from the seas. Harvesting animals inevitably is accompanied by pain. Many humans are concerned with humane treatment of animals, but cruelty remains widespread. As a philosophical principle, the majority of people are comfortable with killing animals for economic purposes (although few would choose to visit an abattoir). However, for religious or moral reasons, many are completely opposed to killing animals.

Territoriality is a second key to killer instinct in animals. Social predators often kill competitors in their territory, particularly intruders of the same species. Sex is a third key, as exemplified by male lions taking over another pride and killing the young in order to bring the lionesses into sexual receptivity so that they can sire their own cubs. Whether the motivation is food, territory, or sex, the fundamental driver is competition for resources.

Although most animal-based food is generated by agriculture, numerous people continue to hunt and fish, often recreationally, as a leisure activity. While obtaining food and enjoying the outdoors may be motives, it is clear that, for some, a principal impetus is enjoyment associated with the act of killing (Oven 2019), often euphemistically termed ‘harvesting’ since admitting that killing is pleasurable seems deviant. The pleasure associated with hunting and fishing frequently is directly proportional to how big and/or how dangerous the prey is (Child and Darimont 2015; Figure 2.6). As discussed later, the most respected animals are the ‘charismatic megafauna,’ and many of the biggest and most dangerous of these have also been traditionally admired as prey (‘big game’). Increasingly, these animals have become endangered, and there is now a strong element of shame in killing them for ‘sport.’ In the Western world, the shame element markedly increased in 2015, when a male African lion named Cecil (Figure 2.7), under scientific study in Zimbabwe, was killed by arrows from an American recreational big-game trophy hunter. International media outrage ensued, and the U.S. Fish and Wildlife Service added African and Indian lions to their endangered species list. It is notable that the ‘blood lust’ of trophy hunters has been moderated by the perception of society that hunting the world’s most admired animals to extinction is unacceptable. Nevertheless, hunting and fishing remain extremely popular recreational activities (Figure 2.8), and killing (not ‘catch-and-release’ or simply photographing) is an essential element. For exemplary articles regarding the range of views on the ethical and environmental aspects of recreational hunting, see Gunn (2001), Dickson (2009), Cohen (2014), Von Essen and Hansen (2016), and Di Minin et al. (2021a).
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FIGURE 2.6 Hunting scenes (public domain paintings) reflecting the traditional view that big game recreational hunting is heroic. (a) ‘The lion hunt’ by French artist Horace Vernet (1789–1863). (b) Hunting bear in Russia, a 1931 advertising poster of Intourist. (c) Tiger hunt by British artist Briton Rivière (1840–1920). Photo by Lot-tissimo.
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FIGURE 2.7 Cecil the lion, a protected research lion in Africa killed in 2015 by a recreational hunter, resulting in widespread protests. Source: Shutterstock (contributor: Paula French).
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FIGURE 2.8 Recreational (sport) hunting paintings (public domain). (a) ‘Battue d’Automne’ by French artist Bernard Boutet de Monvel (1881–1949); credit: rawpixel.com (CC BY 4.0). (b) Woman with a dead turkey, by American artist L. M. Glackens (1866–1933), published by J. Ottmann Lith. Co., NY in 1904. (c) Illustration of fox hunting by English artist Henry Alken (1784–1851). Credit: rawpixel.com (CC BY 4.0).

Humans are primates, and so comparison is appropriately with other social primates. Tarsiers (including about 20 species in three genera), which are native to Indonesia, Philippines, and Malaysia, are the only extant completely carnivorous primates, consuming insects and small vertebrates. Most non-human primates eat meat, mostly vertebrates, but only as a small part of their diet, and some species are entirely herbivorous (Watts 2020). The closest social relatives of humans are chimpanzees (Pan troglodytes) and bonobos (Pan paniscus), followed by gorillas (Gorilla species). Chimpanzees consume more meat than any other primate except humans, and bonobos also have a definite taste for meat. Gorillas, the largest living primates, are mainly vegetarians, feeding on stems, foliage, and fruits, although western lowland gorillas have been observed eating termites and ants. Orangutans (Pongo species) are solitary, not social, and are mostly vegetarians although they do eat insects, bird eggs, and small vertebrates. Humans are omnivorous like our closest relatives but eat far more meat than any other primate. Humans and chimpanzees, which prefer meat, are considered to be relatively prone to violence, while bonobos and gorillas, which prefer plants, are not, unless provoked.

It has been proposed that the roots of violence in humans originate in our primate ancestors (Ferguson and Beaver 2009; Gómez et al. 2016), at least as reflected by chimpanzees, which seem to be violent because their aggression results in increased resources (Wilson et al. 2014). Wrangham and Peterson (1996) specifically trace human male violence to chimpanzee male violence. From an evolutionary viewpoint, if killing competitors increase resources and leads to leaving more progeny, then such behavior should be favored. Of course, competitors may respond from an evolutionary perspective by evolving countermeasures, including also becoming more violent. Peaceful co-existence is also a potential strategy for survival, and it is comforting to consider the possibility that just as we may have inherited a tendency for violence from our chimp relatives, our bonobo cousins may reflect a counter-tendency for pacifism (Figure 2.9).
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FIGURE 2.9 The closest relatives of humans. (a) A snarling, aggressive chimpanzee (Pan troglodytes). Source of photo: Shutterstock, contributor: Edwin Butter. (b) Peaceful bonobos (Pan paniscus). Photo by Wcalvin (CC BY SA 4.0).

Much research and speculation have been advanced regarding the possible inclination of humans (especially males) to be brutal toward others. Violent tendencies toward other humans could predispose people to also be vicious against other species. Anthropologists are sharply divided on this question (Gabbatiss 2017). Our anatomy and intellect show that we are quite capable of harming other people and other creatures, albeit with the aid of tools. Our history is one of very extensive warfare against each other and destruction of other species. Modern man is capable of eradicating all life with modern weaponry, and wars have become a major threat to biodiversity (Lawrence et al. 2015; Hanson 2018). Clearly, it is important to understand our aggressive behaviors for the future survival of our own, let alone the other species of the world.

‘Bloodsports’ are defined as entertainment or sporting events in which blood is shed, but how much blood is unclear, so it is arbitrary whether certain human vs. human sports (such as hockey, football, boxing, and mixed martial arts) are included. Bloodsports include setting animals against each other (dog fights, cock fights, bull baiting, bear baiting, etc.), human-non-human animal fights (primarily bullfighting and several other rodeo events), and recreational hunting and fishing (occupational harvesting is usually excluded). ’Bloodthirsty’ means eager to observe or participate in violence and killing. In past times, human sacrifice was not uncommon, gladiatorial combat occurred, and public executions and punishment were sometimes considered to be entertainment. In modern times, the worst combat and sacrificial practices have been banned or discouraged, often as a result of lobbying by groups dedicated to the protection of humans and other animals. Nevertheless, a large proportion of people are strongly entertained by violence and associated harm to living things, as manifested in fictional entertainment media (Weaver 2011). Spectator contact sports are commonly said to be a means of diffusing natural warmongering tendencies of humans, which may be true, but it frequently happens that riotous behavior is a consequence of the home team either winning or losing. Indeed, it is debatable whether violent sports, recreational hunting, and even violent computer games – all of which are often vicarious psychological substitutes for killing other humans – make homicide more likely or less so (Rothmund et al. 2018).



Are Humans Natural Slavemasters?

Slavery in its ultimate form is the complete ownership and control of one person by another, including the right to exploit, restrict, and damage the slave in any manner. The word ‘slavery’ is also employed to designate extremely abusive and unfair interhuman relationships of certain kinds, particularly economic and sexual exploitation, which are significant modern concerns. Although slavery was widespread historically and geographically, a particularly large industry that thrived until the 19th century involved kidnapping and enslaving Africans to work in the American colonies to produce crops such as tobacco and cotton (Figure 2.10). Cruel forms of slavery were widespread in the past but are condemned and vigorously prosecuted in modern times. The benefits of slavery to slave owners are great, so it is not surprising that the phenomenon was so common in the past, when survival was much more challenging for people than it is today.
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FIGURE 2.10 Slavery. (a) Dutch enslavement of indigenous people of Brazil between 1630 and 1654. Painting (public domain) prepared by Dutch artist Frans Post (1612–1680). (b) Slaves working on a cotton plantation beside the Mississippi River. Currier & Ives 1884 print (public domain). Credit: U.S. Library of Congress. (c) Lucy Higgs Nichols (1838–1915), an African American escaped slave and a nurse for the Union Army during the American Civil War. She was accepted as the only honorary female member of the army of the U.S. Republic. This painting by Lucy Grant (CC BY SA 3.0) shows Nichols and her daughter escaping slavery in Tennessee in 1862.

Among wild species, slave-like relationships are rare, but do occur, especially among ants, which particularly enslave other ant species (Wilson 1975; Buschinger 2009) and other insects (Figure 2.11a). However, there does not appear to be a good example of any animal species, other than humans, enslaving other members of its own species. Among some social insects (like bees and termites), individuals develop into castes (such as workers, soldiers, and sexual forms), which might seem to be unfairly discriminatory in human terms. One might (with considerable justification) argue that the relative burdens of human mothers and fathers are not only unequal but also unfair. Criticizing Mother Nature or Evolution is pointless; criticizing lazy fathers is not.

Human relationships with the species we have domesticated are at least partially comparable to a master-slave association (Kendrick 2018) although to some extent domesticated animals receive benefits (Figure 2.11b and c). However, the benefits tend to be one-sided. Farmers literally own livestock, and despite welfare regulations, they are often subjected to extremely hostile conditions. Beasts of burden typically have lifestyles that would be intolerable to people. Medical experimentation causes pain to countless animals, once again despite regulations and oversight. Many undomesticated animals have been captured and confined to lives of captivity in zoos and aquaria for the entertainment of humans. Most of our pets are far more privileged but nevertheless are the property of their owners.
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FIGURE 2.11 Slave-like inter-species relationships. The extent to which the seemingly exploited partner is a ‘slave’ is debatable. (a) A ‘farmer’ ant tending her ‘cows’ (aphids). In this symbiotic relationship, the ants benefit by obtaining honeydew secreted by the aphids, which in turn are protected from predators by the ants. Photo by Stuart Williams (CC BY 2.0). (b) Milking a cow. In this and the next example, the exploited animal at least receives a regular supply of food. Painting (public domain) by American illustrator Clara Miller Burd (1873–1933). (c) Raising rabbits for meat. Painting (public domain) by Polish artist Antoni Kozakiewicz (1841–1929). Photo credit: www.muzeum.leszno.pl.

A ‘symbiotic’ relationship is one in which both participants benefit. The relationship between dogs and humans (and perhaps to a lesser degree between other pet species and their owners) exemplifies a symbiotic association which is simultaneously a slave relationship (at least technically). However, among humans, slavery is always exploitative, harming some people for the benefit of other people, and many pets are treated as kindly as most children. Animal Liberation, a pivotal book by Singer (1975) argued that while animals do not have ‘rights’ comparable to those of humans, limiting the pain of animals is just as important as limiting the pain of humans. Some radical proponents of the ‘Animal Liberation Movement’ (a phrase overlapping with the ‘Animal Rights’ movement or front) have illegally freed captive animals (both domesticated and wild) from their confines. However, numerous domesticated animals and plants (indeed, all of our major crops) are so changed from their wild ancestors that should they be ‘liberated’ to the wild, they could no longer survive. Indeed, because their natural habitats have been so reduced, the best chance for survival of some wild animals is in zoos. Although we humans exercise absolute control over many other species that is in some respects comparable to slavery, in many cases we cannot abandon the relationships without causing more harm than good.



Bullying

Pain deliberately inflicted on other humans can vary from simple annoyance to torture. Volk et al. (2014) defined bullying as ‘aggressive goal-directed behavior that harms another individual within the context of a power imbalance.’ Bullying is usually harmful, intimidating, or coercive action toward someone perceived as vulnerable. It is generally less harmful than homicide and slavery discussed above but can have devastating effects on victims. In the human sphere, homicide, slavery, and bullying are so ‘evil’ that they are controlled by legislation and tradition, but in the context of evolution, harming or exploiting competitors may increase resources and so improve the genetic fitness of those who engage in such behaviors (Figure 2.12). Dominance behavior in social animals is common and is a frequent form of bullying. Social animals frequently benefit from having a strong leader (effectively the biggest bully in the group) and from denying resources to the weakest members. Bullying is widespread among humans, almost invariably developing among children, requiring adult supervision, suggesting that it is ‘natural,’ and not a form of abnormal psychology (although some bullies are clearly psychopathic). Competitive sports frequently involve intimidation – a form of bullying. Individuals often join gangs to protect themselves against bullying, while facilitating the bullying of others.
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FIGURE 2.12 Scenes showing bullying behavior in humans and other animals. (a) Bullying between children. Cartoon by Oscarioval (CC BY SA 4.0). (b) Gull about to steal a fish from a penguin (such theft has been termed ‘kleptoparasitism’ by animal behaviorists). Source: Pixabay (public domain). (c) The mobbing of a long-eared owl by other birds. Painting (public domain) by Transylvanian-born artist Tobias Stranover (1684–1756). Mobbing is harassment of dangerous species practiced by their potential victims.

The aforementioned discussion is based on intraspecific bullying, whether in humans or in other animal species. What about inter-species bullying? Larger and/or more aggressive animals frequently chase away other species from a food or habitat resource. Parasitism is a different phenomenon, but like bullying it represents one species harming but not necessarily killing another species. Predators frequently injure young prey animals and present them to their young to train them to hunt. Equally cruel, pet cats often play with their injured prey. When placing fish species in an aquarium, some species must not be placed together because one may pester another incessantly until it dies. Clearly, inter-species bullying occurs naturally.

The possibility arises that humans may also have intrinsic drives to bully other species. As discussed above, many people (hunters) do seem to take pleasure in killing animals, and we clearly benefit from enslaving animals, so it seems reasonable that at least some people naturally would bully animals. Domesticated livestock – particularly working animals – are frequently driven to near exhaustion for the benefit of people, which falls within the definition of bullying. Some rodeo events and other forms of animal-based entertainment similarly stress and sometimes endanger the animals. Traditional British foxhunting – really more aptly described as fox bullying than hunting since the event can last 3 hours or more – has been deservedly condemned as cruel.




Compassion


The Distinction between Animal Welfare and Animal Conservation

‘Animal rights’ is based on the view that there are moral constraints limiting the exploitation of animals by humans, especially cruelty and inflicted suffering. The established phrase ‘animal welfare’ is somewhat misleading since it does not address conservation aspects, which are vital to the ‘welfare’ of species. Animal welfare is mostly concerned with livestock and pets (both mostly domesticated) but also wild animals that are being harvested or employed for various purposes, including entertainment. Prior to the 1950s, limited attention was paid to the welfare and protection of animals, although compassion for animals is an old tradition in several religions (Figure 2.13) and the cause of animal welfare has been championed by some for centuries. However, animal welfare is increasingly a matter of global concern, and there are now tens of thousands of societies dedicated to the humane protection of animals (Sneddon et al. 2021). For the most part, the movement addresses cruelty to pets, livestock, and animals employed experimentally, largely for medical and/or health purposes. Animal protection organizations are supported largely by charitable donations from individual donors and accordingly are much more common in rich than in poor countries.
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FIGURE 2.13 Francis of Assisi (1181/1182–1226). St. Francis was an Italian Catholic friar, commemorated as the patron of animals and ecology. He epitomizes compassion for animals and indeed for all species. (a) Painting (public domain) ‘St. Francis and the Animals’ by 17th-century Flemish painters Lambert de Hondt and Willem van Herp. (b) Painting (public domain) showing St. Francis, entitled ‘Sermon to the birds,’ by Italian artist Giotto (1266–1337). Credit: Musée du Louvre. (c) Blessing a pet dog, a tradition in some churches on October 4, the feast day of Francis of Assisi. Photo by Siena College (CC BY 2.0).

Unique among species, humans are (sometimes) concerned with the feelings of sentient species especially those that they exploit. The motive may be pragmatic – an unhappy animal may be unproductive – but many have empathy for the suffering of all creatures. Nature is quite savage and cruel by human standards, but it is perhaps in the area of limiting the infliction of pain on other species that humans can potentially claim superiority. The ethical issues are controversial, and the following reviews are recommended: Linzey 2009; Ferguson et al. 2013; Office of Laboratory Animal Welfare 2015; Robertson 2015; Pacelle 2016; Paul et al. 2016; McWilliams 2017; Butterworth 2018; Feldstein 2018; Jabr 2018; Conte et al. 2021.

Animal welfare is different from animal conservation, which is primarily concerned with the preservation of wild animals and their habitats, but also addresses the conservation of animal genetic resources, primarily livestock breeds. Animal welfare and animal conservation are motivated by different objectives but are united in their desire to increase respect for and the well-being of non-human animals. Both movements are handicapped by the predominant view that most animals simply do not merit much, if any protection. Moreover, the degree of protection (whether for prevention of cruelty, or conservation in nature) is influenced very strongly in both cases by human prejudicial perception that ugly, primitive, dumb creatures deserve less (indeed, far less) consideration than beautiful, intelligent animals. This book stresses the importance of such prejudice especially in the pragmatic context of species conservation, because the issue is vital to the economic well-being, indeed survival of people. Animal welfare, however, is fundamentally an ethical issue and bears on the moral well-being of humans.

The public is often confused by the motives of self-appointed defenders of animals. When Greenpeace ships protect whales, is it to keep these magnificent animals from being physically damaged, or to keep the species from going extinct? When movie stars criticize the wearing of fur, is it to protest cruel trapping methods, or to maintain the species in nature? Such uncertainty does not serve the goals of either animal welfare or animal conservation. However, both movements are founded on respect, indeed love of animals, and both reflect moral convictions about human responsibilities. There should be opportunities for cooperation. For example, wild birds are under severe danger from mirror-glass-clad buildings into which they inadvertently fly, and (independently) they are also being decimated by cats. The result is threat to the survival of bird species (an animal conservation issue), but also numerous crippled birds requiring rehabilitation (an animal welfare issue).



Genetic Similarity to Humans as a Principal Determinant of Compassion for Animal Species

Although racism is basically irrational prejudice, in a twisted way it might serve to advance one’s own genetic interest group (i.e., race) at the expense of others. Racism amounts to judging the merit of others simply on the basis of how closely they are (or appear to be) genetically related to one’s own race. (This assumes that racists are knowledgeable about the biology of race, which is challengeable.) We humans not only tend to favor other people who are closely related to us, we also tend to judge all other species on the basis of relatively closeness to us (Tisdell et al. 2006; Miralles et al. 2019). Modern research has clarified the ancestry of the major lineages of living things with considerable precision. Species genetically closer to humans tend to be judged worthier of better treatment. There is in effect a ‘ladder of life’ with mankind at the top and the ‘higher,’ more deserving forms located on the higher rungs (Figure 2.14, Figure 2.15, Figure 2.16). Empathy for animal species is determined to a considerable extent by how closely (‘phylogenetically’) they are related to humans, or at least are reminiscent physically, behaviorally, or in intelligence. Thus primates are ranked very high, so are mammals in general, less support is given to reptiles, invertebrates receive very little support, and so forth. However, there are exceptions: birds, for example, receive extensive sympathy, although they are closest to reptiles and quite distant from humans. Arluke and Sanders (1996) referred to the spectrum of human preferences for animals as ‘the ‘sociozoologic scale,’ and Pizzi (2009) termed it ‘taxonomic chauvinism.’
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FIGURE 2.14 The traditional view that humans (note crowns) are the ultimate accomplishment of nature, interpreted as the ascendant apex of a pedigree tree (a) or the descendent bottom of a set of increasingly complex species (b). (a) Illustration entitled ‘Pedigree of Man’ or ‘Tree of Life’ from: Haeckel, E. 1879. The Evolution of Man: A Popular Exposition of the Principal Points of Human Ontogeny and Phylogeny. New York, Appleton. (b) Illustration of the ‘Descent of Man’ from: Avery, G. 1874. A critique of Haeckel, in Scientific American. March 11, p. 167. (The animals are identified at https://commons.wikimedia.org/wiki/File:Human_pidegree.jpg.)
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FIGURE 2.15 A simplified phylogenetic tree of multicellular animals, showing major groupings, the numbers of species, and examples of the kinds of species included in the groupings. After Li et al. 2016 (CC BY SA 4.0).
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FIGURE 2.16 A simplified phylogenetic tree of the major groups of vertebrate animals. Prepared by B. Brookes.



Intelligence as a Principal Determinant of Compassion for Animal Species

  Humans greatly value intelligent people as well as intelligent animals that can be trained for service or entertainment (Figure 2.17). Indeed, it appears that the brains of several (e.g., cat, dog, goat, pig) have been altered by domestication so that they exhibit forms of behavior considered to be intelligent. Not surprisingly, the mental abilities of animals are important to human perception of their merit. On the basis of a survey, Callahan et al. (2021) found that decreasing intellectual and emotional abilities are ascribed respectively to mammals, birds, reptiles, amphibians, and fish. However, the measurement of intellectual capacities in non-human animals is problematical (Van Schaik 2006; Pouydebat 2017; Pearce 2019; Boesch 2020), and brain size in particular has not proven to be a simple indicator of relative intelligence (Logan et al. 2018; Smaers et al. 2021).
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FIGURE 2.17 Animals admired for their intelligence. (a) Chimpanzee (Pan troglodytes). Photo by William Warby (CC BY 2.0). (b) Bornean orangutan (Pongo pygmaeus). Photo by William Warby (CC BY 2.0). (c) African savanna elephant (Loxodonta africana). Photo by Felix Andrews (CCBY SA 3.0). (d) Red fox (Vulpes fulva). Public domain image from Pixabay.com. (e) Octopus (Octopus vulgaris). Photo by H. Zell (CC BY SA 3.0). (f) Bottlenose Dolphin (Tursiops truncatus). Public domain image from Pixabay.com. (g) Barred owl (Strix varia). Public domain image from Pixabay.com. (h) Scarlet macaw (Ara macao), alleged to have the intelligence of a 4–8 year old human. Photo by Matthew Romack (CC BY 2.0). (i) American crow (Corvus brachyrhynchos). Photo by Trougnouf (CC BY SA 4.0). (j) Pigeon (rock dove; Columba livia). Public domain image from Pixabay.com.

Most adults are humane and empathetic and respect the need to put boundaries on pain caused to animals that we exploit, particularly for food and for medical research. However, most people also apply this compassion very unevenly to animal species. In practice, invertebrates are rarely included in animal welfare regulations. For example, silk production involves boiling silkworms alive in their cocoons, and several other invertebrates are consumed alive – most commonly oysters, which are eaten raw. (Bates [1967] wrote that ‘if oysters shrieked as they were pried open, or squealed when jabbed with a fork, I doubt whether they would be eaten alive.’) The so-called ‘lower’ or ‘cold-blooded’ vertebrates (fish, amphibians, and reptiles), if mentioned in legislation, are usually only given limited protection (Zacchariah 2012; Crook 2013; Horvath et al. 2013; Figure 2.18). This only leaves mammals and birds, and protection for them corresponds to the widespread conviction that they (or at least many of them) are exceptionally intelligent (the same is true for squids and octopuses, rare examples of sometimes protected invertebrates). Several dozen countries now protect the other species of the ‘Great Apes’ besides humans (orangutans, gorillas, chimpanzees, and bonobos), all of which are exceptionally intelligent. As noted earlier, intelligence and ability to experience pain are not necessarily correlated, although this is a common assumption.


[image: ]
FIGURE 2.18 Discrimination on the basis of perceived intelligence. The perception is common that ‘higher’ or intelligent animals deserve protection from pain but ‘lower’ animals do not because of their alleged lack of intelligence and inability to feel pain. (a) Painting (public domain) by P. Mathews ca. 1838 of the ‘Trial of Bill Burns,’ a man prosecuted for beating his donkey, one of the earliest cases of a court case regarding animal cruelty in Great Britain. (b) Cartoon of a lobster protesting being cooked. The possibility that lobsters feel pain has resulted in the practice of boiling them alive being banned in some jurisdictions. (c) An unhappy worm. Impaling a worm on a fishing hook is widely believed to be essentially painless or simply of insignificant importance. (b and c) Prepared by B. Brookes.

The apparent intelligence of animals is a very strong determinant of how much concern people have for the suffering of animals. In discussing animal welfare, Rollins (2011) commented ‘it seems reasonable to give priority to those animals which seem to be able to experience positive and negative mental states similar to our own and display intelligence and innovative problem-solving abilities.’ A frequent rejoinder to this position that intellectually superiority entitles species to more humane treatment is the scenario that one day aliens of superior intelligence could attack Earth and exploit us just as we treat most other species. If extraterrestrial beings are indeed much more advanced than us, we may be lunch to them (Figure 2.19), but would this be justified?
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FIGURE 2.19 A scene of big-brain extraterrestrials eating humans. Does superior intelligence justify harming less intelligent animals, when humans are the inferior species? Prepared by B. Brookes.



Welfare of Wild Animals

The world of living things is constantly at war, and is a very dangerous place for most organisms, the vast majority dying long before they mature. Most species directly exploit other species for gain (e.g., as food) or indirectly harm other species (e.g., by compromising their environment). Evolution (or Mother Nature) selects only a very small number of the most adapted individuals for survival, leaving the rest to perish. In addition, regardless of how well-adapted or how weak an individual is, many survive or expire simply by chance. The scale of carnage in nature is so vast that humans are basically incapable of reducing the pain experienced by most wild species. But there are efforts. Because there is extremely uneven empathy for the ‘lower’ and ‘higher’ animals, almost no one would call for the rescue of wounded frogs, snakes, fish, or invertebrates, but many wild bird and mammal species are often rehabilitated when injured. Orphaned young of the charismatic megafauna such as bear cubs and elephant babies are especially appealing candidates for rescue. There are many examples of humane treatment of wild animals, mostly involving attractive mammals and birds (Figure 2.20).
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FIGURE 2.20 Examples of humane treatment of wild animals. (a) Elephant orphanage in Sri Lanka. Photo by Bernard Gagnon (CC BY SA 3.0). (b) Orphaned baby kangaroo at The Kangaroo Shelter, Alice Springs, Australia. Credits: UI International Programs/Riley O’Day/University of Newcastle, (CC BY ND 2.0). (c) Pelican contaminated by an oil spill in Louisiana in 2010 being cleaned. Photo by Brian Epstein (CC BY 2.0). (d) Attempt to rescue a 12 ton juvenile female northern bottlenose whale in the River Thames in central London in 2006. Photo (public domain) by John Hyde. (e) Bird house. Public domain photo from Pixabay.com. (f) Feeding an orphan squirrel. Public domain photo from Pixabay.com.



Welfare of Livestock

Most livestock today are employed as food, and while food animals are generally treated reasonably (at least in some countries), too much respect generates guilt when they are killed and eaten, a phenomenon termed ‘the meat paradox’ (Wang and Basso 2019). A poignant example develops when a calf or piglet raised as a pet by a farmer’s son or daughter becomes a candidate for slaughter (Figure 2.21). Of course, we humans do not seek advice from our livestock in regard to our dietary habits (Figure 2.22), but ending the lives of sentient creatures is distinct from consuming cereals, vegetables, and fruits. In Western society, women are more likely than men to become vegetarians (‘salad eaters’) for ethical and emotional reasons (Johnson et al. 2021), and men tend to have been persuaded that eating meat (and taking charge of the barbecue) is a reflection of their masculinity (Ruby and Heine 2011, 2012; Ruby et al. 2013). Livestock are mostly mammals and birds, and their discomfort is often not easy to ignore. A substantial minority of people are vegetarians because of the associated suffering (albeit minimized by regulation) of food animals.
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FIGURE 2.21 ‘The Meat Paradox’ illustrated by reluctance to slaughter a pet piglet. Most people are sensitive to the welfare of animals, but nevertheless choose to consume meat, necessitating their sacrifice. Prepared by B. Brookes.
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FIGURE 2.22 Suggestions for dinner from the potential main dishes. Prepared by B. Brookes.



Welfare of Work and Exhibition Animals

‘Beasts of burden,’ especially horses, donkeys, and mules, have been enormous contributors to the welfare of humans. Unfortunately, they have often been treated cruelly in historical times and frequently continue to have difficult lives in many third-world countries where humane treatment is considered unaffordable. Animals used for entertainment – especially circuses – also have often been abused historically, although today the popularity of animal exhibitions is diminishing. Rodeos sometimes appear to be quite cruel, but the animals need to be in very good physical condition, and they generally receive much better treatment than livestock. Regardless, most commercial animals end up as food, commercial products, and fertilizer. Most farmers simply cannot afford to be sentimental. A very small minority is afforded the luxury of retirement to a life of leisure, and these are usually mammals of special appeal to people (Figure 2.23).
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FIGURE 2.23 Retired animals. (a) One of the ‘Presidential Turkeys’ at the Willard Hotel in Washington, DC in Nov. 2020, in advance of the ‘National Thanksgiving Turkey Pardoning Ceremony’ at the White House. Turkeys pardoned by the President are not sacrificed but retire to a life of leisure. Official White House photo (public domain) by Andrea Hanks. (b) Chimpanzee at ‘Chimp Haven,’ the world’s largest chimpanzee sanctuary, a nonprofit facility in Keithville, Louisiana, housing more than 300 chimpanzees retired from laboratory research. Photo by ChimpHavenOfficial (CC BY SA 4.0). (c) Retired thoroughbred race horses at ‘Old Friends,’ a nonprofit equine retirement facility in Georgetown, Kentucky. More than 100 horses are present. Photo (2015) by Jlvsclrk (CC BY SA 4.0).



Welfare of Experimental Animals

Animals are sacrificed experimentally for many purposes. Aside from exploiting animals for food, the predominant deliberate infliction of harm on animals is for medical research for the benefit of humans. Some ‘privileged’ animals subjected to pioneering research have even been named (Figure 2.24) but most remain anonymous. Vast numbers of rodents and much smaller samples of other mammals are the primary subjects/victims. The associated ethical issues are briefly explored in Chapter 17, where the ethics and justification of employing experimentally harmed animals (especially rodents) are examined. The benefits to the health of humans from sacrificing animals have been enormous, but the suffering of laboratory animals should not be regarded as necessary in perpetuity for human welfare, given the continuing advances of technology. This book is concerned in part with the unfairness of human treatment to other humans and to other species, and most perceptive people intuitively appreciate that causing pain to creatures with nervous systems isn’t quite right, even if the cause is noble (cf. Figure 2.25).
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FIGURE 2.24 Animals famous for their involuntary contributions to science as experimental guinea pigs. (a) ‘Herman the Bull’ (1990–2004), the first non-human mammal modified with human DNA (with the human gene coding for lactoferrin, a protein in colostrum, the first type of breast milk produced after a baby is born). Photo by Peter Maas (CC BY SA 3.0). (b) Romanian stamp (public domain) from 1959 showing ‘Laika the Space Dog’ (1954–1957), launched into low orbit in 1957 on Soviet spacecraft Sputnik 2, where she died. (c) ‘Dolly the Sheep,’ the first mammal cloned from an adult cell. Born in 1996, she died in 2003 at age 6, about half the life span typical for sheep. Photo by Toni Barros (CC BY SA 2.0).
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FIGURE 2.25 Humans being treated as laboratory animals by other species. (a) ‘Lab humans.’ Prepared by B. Brookes. (b) ‘Vivisection of a human,’ satirical cartoon (public domain) published in Lustige Blatter (Berlin), ca. 1910. Credit: Wellcome Foundation (CC BY 4.0).



Welfare of Pets

Most pets (‘companion animals’) are extremely attractive to humans and often become psychological surrogates, substituting for children and friends. ‘Anthrozoology’ as a term was purported to be an analysis of the evolution and relationships of pets and people (Bradshaw 2017a) but has been more generally understood to be a subset of ethnobiology, dealing with interactions between humans and other animals (note Freeman et al. 2011). Ethnobiology includes ethnozoology and ethnobotany. ‘Ethnozoology’ is the study of the past and present interrelationships between human cultures and the animals in their environment (Alves and Albuquerque 2017). ‘Ethnobotany’ is similar but addresses plants, not animals. The most loved pets are birds and mammals, and the warmest treatment is reserved for dogs and cats (Figures 2.26 and 2.27). Most animal shelters are dedicated to cats and dogs, which are the most frequent long-term pets (aquarium fish have been claimed to be more popular but are treated like gift flowering plants, often discarded when they decline). The use of dogs as experimental animals is especially carefully regulated, if not forbidden in given jurisdictions. (The use of dogs as food in some countries exemplifies just how different attitudes can be toward given species.) In Western countries, dogs and to a lesser degree cats are the flagship species used in fund appeals by animal welfare groups. Unfortunately, pets are sometimes treated savagely by pathological individuals. As with human charitable campaigns, mistreated individuals are often employed in advertising to elicit sympathy.
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FIGURE 2.26 Pampered pets. Photo (public domain) from Pixabay.com.


[image: ]
FIGURE 2.27 Compassionate canine care. (a) A boy scout treating a wounded dog. Painting (public domain) by American artist Norman Rockwell (1894–1978). (b) A girl scout treating a wounded dog. Illustration (public domain) published on the cover of the Saturday Evening Post, 25 Oct 1924. (c) A sick dog being examined in a veterinary clinic. Source: Shutterstock (contributor: DeepGreen).

Most pets are domesticated, but some are wild, only slightly domesticated, or domesticated as livestock. These are sometimes collectively referred to as ‘exotic,’ ‘non-traditional,’ or ‘unconventional.’ Examples are shown in Figure 2.28. Because their dietary and environmental needs are often much less understood than conventional pets or they simply require much more care than apparent, they often are simply unsuitable as pets for most owners (Schuppli et al. 2014; Whitehead and Vaughn-Jones 2015). These unusual pets – especially those that are marketed in retail outlets – are useful in indicating the preferences of people. Cage birds are extremely popular and often receive as much love from humans as mammals. Aquarium fish are also popular (as noted above, it is sometimes claimed they are the world’s most numerous pets) but veterinarian care for them is scarcely available and their lives are often short. Large carnivores such as big cats, bears, wolves, big snakes, and crocodiles are dangerous and usually not allowed in most jurisdictions but seem to be appealing to a minority as status symbols. Reptiles (especially snakes, lizards, and turtles) are also appealing to a minority. Animals that most people find scary, such as tarantulas, piranhas, and skunks, are maintained by a few. Although frogs are not attractive to most people, there is a substantial pet trade in wild amphibians, often resulting in the introductions of alien invasives (Measey et al. 2019). Because they are so reminiscent of humans, some people find the great apes (gorillas, chimpanzees, bonobos, and orangutans) and monkeys attractive, but primates are highly unsuitable as pets (Soulsbury et al. 2009).
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FIGURE 2.28 Examples of ‘exotic’ pets. (a) Ball python (Python regius). Photo by Tris T7 (CC BY SA 4.0). (b) Green iguana (Iguana iguana). Photo (public domain) by Pineapple-Cove. (c) Monk walking a male tiger on a leash at Tiger Temple, Thailand. Photo by Michael Janich (CC BY SA 3.0). (d) Male and female sugar gliders (Petaurus breviceps, a marsupial) eating meal-worms. Photo by OberonNightSeer (CC BY SA 3.0). (e) Chaco golden knee female tarantula (Grammostola pulchripes). Photo (public domain) by PavelSI. (f) Pet pig. Photo by Eirik Newth (CC BY 2.0).



Biophilia and Domesticated Animals

Wilson (1984, 1993) defined ‘biophilia’ (based on Greek, literally meaning love of life or of living things) as ‘an innate positive emotional response of human beings to other living organisms,’ and it is not difficult to find examples (Figure 2.29). ‘Zoophilia’ has been defined as human sexual excitement through stroking or fondling animals (Adams et al. 2010), which is a quite unrelated concept. Biophilia represents the positive polar end of a wide spectrum of human likes and dislikes of species (Dhont and Hodson 2019). Most people no longer hunt or fish, so domesticated animals are the principal ones that influence human attitudes to the animal kingdom. As will be noted (Chapter 12), domesticated animals are of enormous economic importance to humankind. Numerous people have acquired considerable respect, indeed a deep love for their domesticated animals, and frequently spend considerable money on their welfare. The widespread concern for humane treatment of animals is different from the issue of animal conservation, but the emotional connection that people have for their own pets (‘companion animals’) carries over into sympathy for wild animals. Pets may function as ambassadors for livestock and wild animals (Serpell 1995, 2000; Serpell and Paul 1994). ‘Studies have shown that affection for pets goes hand-in-hand with concern for the natural world’ (Bradshaw 2017b). It is probably true that dog owners are especially predisposed to support wolf conservation, cat owners to support big cat conservation, horse owners to support the conservation of equids, and cage bird owners to support bird conservation. Farmers also have a natural interest in certain animal groups. Rare breeds are a form of biodiversity and are quite deserving of conservation efforts, albeit this issue is divorced from conservation of natural ecosystems. However, rare breed and livestock societies should be interested in the conservation of wild animal habitats related to their specialities. Very few animals are fortunate or unfortunate enough to have been domesticated, but at least their wild relatives may benefit from the emotional predisposition of people to promote their welfare.
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FIGURE 2.29 Examples of biophilia (love of other species). (a) A tender moment with an orangutan. Photo by Gautsch (CC BY 2.0). (b) Young boy with a python. Photo by Shafika Tahir (CC BY SA 4.0). (c) Young girl with ducklings. Photo by Henry Burrows (CC BY SA 2.0). (d) Young girl and puppy. Photo by David~O (CC BY 2.0). (e) Hugging a pot-bellied pig. Photo by LadyDragonfly (CC BY 2.0). (f) A girl with her cat. Photo by Niels Kliim (CC BY 2.0).




Parallels of Prejudices and Preferences of Interest Groups in Humans and Non-human Animals

Individuals have preferences and prejudices, but so do groups. The statements were made earlier in this chapter ‘At the root of much of human conflict is ‘intraspecific competition,’ in which members of the same species compete for exactly the same limited resources. When tribes or nations compete, even minor racial differences may serve to identify the ‘enemy,’ and stereotypes can be established that needlessly maintain hostilities for generations.’ Humans seem to be naturally suspicious of groups different from their own (Öhman 2005). Many animals are social, some forming permanent groups, others associating together temporarily. Such groups may be basically genetically based and long-term (especially families and tribes) or very short-term and composed of unrelated individuals (such as vegetarian animals drinking collectively at a waterhole because this increases safety from ambush by predators). Groups exist because there are advantages for the members, usually at the cost of disadvantages for others. Geographically based gang formation among youth provides protection from attack by one’s fellow members in the neighborhood, but non-members are subject to abuse when they visit neighborhoods controlled by other gangs. Many social animals claim ownership of regions much like humans (Figure 2.30). Wolf packs and lion prides share a geographical area with member of their own group but will viciously attack intruders. Among humans, political groups have the purpose of protecting their members, but this may be associated with quite vicious behavior toward others. All forms of supremacism (which could be based on age, gender, race, ethnicity, religion, sexual orientation, language, social class, ideology, national origin, or culture) reflect a degree of bias, although the primary intent may be quite legitimate. The liberal-conservative spectrum is based on a combination of economic power and social constraint, which necessarily rewards some at the cost of others. Many political groups are overtly biased, reflecting: jingoism (extreme patriotism or nationalism associated with aggressive or warlike foreign policy), xenophobia (fear and hatred of strangers or foreigners), or populism (resentment against alleged elitists and privileged people in favor of common or ordinary people).
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FIGURE 2.30 Examples of geographical gang warfare in humans and animals. (a) Painting (public domain) of an annual fistfight on a bridge between two neighborhoods in Venice, Italy, by German artist Joseph Heintz the Younger (1600–1678). Photo credit: Anagoria. (b) Imaginative painting (public domain) of wolf packs fighting by British artist George Bouverie Goddard (1832–1886). Photo credit: Art UK.

Much (possibly most) of the behavior of animals, including humans, is instinctive (genetically programmed), designed by nature and evolution to benefit individuals, and this inevitably means that the result is often harmful to others. The human concepts of bias, prejudice, and bigotry, and indeed all moral/ethical terminology, scarcely if ever apply to non-human species. However, the conduct of individuals and groups of humans, which amount to bias, prejudice, and bigotry, in considerable measure is controlled by the same biological impulses. This book emphasizes that to alleviate the associated harms it is critical to appreciate the underlying drives that direct and constrain human behavior.



Hope for the Future

Whether we humans are morally superior to other species has been argued (De Waal et al. 2006). Regardless, we alone appear capable of collectively modifying our individual behaviors for the long-term good of our own species. The simplistic contrast of ‘sins’ and ‘virtues’ (Figure 2.31) reflects recognition that the key to successful living with others is simply controlling our natural selfish urges. The emerging field of social psychology of environmentalism and conservation has potential for improving human relationships with other species (St John et al. 2010; Wauters et al. 2017; Campbell 2019).
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FIGURE 2.31 Contrast of the ‘Seven Virtues’ (Seven Capital Virtues) and the ‘Seven Sins’ (Seven Capital Sins), which trace to ancient and medieval Christian tradition.






3 Human Prejudice against Other Species (Speciesism)
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Introduction

Living things provoke emotional responses, but the sentiments span a very wide range from love and respect to nausea and hatred. Disgust and fear far exceed approval and concern. Most people are: (1) not just ignorant of but indifferent to almost all of the species on the planet; (2) slightly to extremely negative toward the majority of species they encounter; and (3) strongly positive toward certain species that are valuable or simply have characteristics appreciated by the human psyche. This chapter concentrates on negativity toward species. There are several terms for dislike of other species, but these are not well known. ‘Misothery’ is aversion, hatred, or contempt for non-human animals. Rarely, ‘biophobia’ is employed to mean fear or aversion of living things (e.g. Olivos-Jara et al. 2020).

Most humans are completely unaware of the hundreds of millions of species in the world, but on the basis of experience with a few familiar animals and plants, people have nevertheless developed unflattering stereotypes for various life forms, most infamously ‘bugs,’ which include the majority of the world’s species. We rely on a relatively small number of species for most of our physical resources, particularly crops, livestock, forest trees used as lumber, and wild fish. Of course, these are esteemed, but since most food and other goods are obtained from stores, people tend not to appreciate that the ultimate source is nature. In a similar vein, we love our pets, but these are treated as members of the household, quite different from the natural, wild world. A small number of wild species are greatly admired – notably the icons of environmental organizations such as whales, pandas, and tigers – but almost all people only see most living wild species in zoos and on video screens, and species that are either very attractive or entertaining are predominantly shown. By contrast, most people live in urban situations, and aside from cultivated flowering plants viewed in gardens, the largest number of species encountered are despised pests, vermin, and weeds, giving an unfortunate biased perspective of the world of living things.



Distinctions between Prejudices, Preferences, and Instincts with Respect to Attitudes toward Species

This book argues that prejudices and preferences that humans exhibit for and against each other are key analogues of attitudes toward animals and plants. What is the difference between ‘preferences’ and ‘prejudices’? In theory, a preference can be based on valid, logical examination of alternatives resulting in choice or choices of one or more of the alternatives. The ‘pre’ in ‘prejudice’ indicates that an attitude toward something has been acquired (‘pre-judged’) on the basis of insufficient evidence. However, many of our behaviors, likes, and dislikes are instinctive (i.e., biologically inherited), and although instincts have evolved because they are adaptive (or were for our ancestors), some may be inappropriate in modern society. Science by nature insists that we must be prepared to change our beliefs when evidence that they are not appropriate becomes available, and this credo is particularly applicable to prejudices. All of us are products of our particular histories, and it is not possible to know everything, or even enough about most subjects to be certain, so necessarily we adopt much of the ‘common knowledge’ (including misinformation) about most subjects. Once incorrect information is acquired, it is difficult to correct because of a phenomenon termed ‘confirmation bias’ – the human tendency to selectively recall and interpret information to affirm prior beliefs. Much misinformation is harmless or relatively so, but incorrect knowledge that leads to the maltreatment of living things is dangerous. Racism, the most harmful manifestation of prejudice, is fundamentally based on misinformation. As will be discussed, the substantial prejudice that people have acquired for most of the world’s species is parallel to racism among people. For our future welfare, it is important that we learn the importance and values of species. However, as will be described, our attitudes toward non-human species are based to a considerable extent on instinctive ways we evaluate physical and behavioral features of living things. As a result, we are partially programmed to like or dislike other species, depending on what they look like and how they behave. Phrased alternatively, we instinctively like or at least respect species that we perceive as beautiful, impressive, powerful, and reminiscent of humans, and dislike species that we perceive as ugly, unimpressive, weak, and quite unlike humans. This intuitive thinking greatly distorts the true values of most other species, which as will be explained play indispensable ecological roles that sustain the world in a habitable state for people. Hopefully, the information presented in this book will persuade many of the necessity of friendlier relationships with all life forms.

Wilson (2000) famously concluded that human belief and behavior are mostly deterministic – i.e., is scarcely modifiable, and it does seem that to a great extent changing human behavior is very challenging. In a 1912 essay, the founder of psychoanalysis, Sigmund Freud, wrote ‘anatomy is destiny’ (the English translation of the original German can be found in volume 12 of Strachey 1953–1974). The phrase has been very controversial because it has been applied to sexual orientation, and it is now clear that male and female anatomy does not always determine gender identification or preference. Moreover, this biological issue is related to the ethical issue of fairness. Undeniably, however, sexual anatomy has a very large influence on preferences and behavior. In a similar vein, this book points out that we humans are substantially programmed to like or dislike much of the anatomy (i.e., the appearance) of species (especially of other humans), that this in turn substantially determines our behavior toward them, which is often unfair.



Clinical Zoophobia

Clinically serious phobias affect about 10% of people. Zoophobia (fear of animals) is the most common class of phobia, with a lifetime prevalence (affecting people at some time in their lives) estimated at 3.3–5.7% (Eaton et al. 2018). Animal phobias collectively have been stated to be the world’s most frequent mental illness (Steel et al. 2014). Curtis et al. (1998) concluded that the most prevalent specific fears were of animals among women, and of heights among men. The animals most frequently feared are dogs, snakes, rodents, insects, and spiders, but other species are also causes (Figure 3.1). Frequently, zoophobia develops during childhood and resolves by adulthood. It may be noted that some psychologists have contended that humans (and other animals) are born with innate fears, or at least the predisposition to acquire fear very early in life, of some apparently threatening creatures, most notably snakes (LoBue and DeLoache 2008; DeLoache and LoBue 2009; Polák et al. 2020; see Wilson’s 1984 chapter ‘The Serpent,’ which discusses the impact of snakes on the human psyche). While it may be rational to dislike species that have harm potential, it must be remembered that, by definition, phobias are irrational fears, and so species that are the subjects of phobias are unfairly stigmatized. Unfortunately, convincing patients of particular phobias, let alone most of the public, to sympathize with such species, is difficult.


[image: ]
FIGURE 3.1 Paintings reflecting seriously phobic hatred of certain animals. (a) Biblical depiction of Adam, Eve, and the snake in the Garden of Eden. Painting (public domain) by Italian artist Marcantonio Franceschini (1648–1729). The stereotype of snakes as untrustworthy has contributed to their bad image in Western societies. (b) ‘Little Miss Muffet,’ public domain illustration, by English artist Arthur Rackham (1867–1939), based on the Mother Goose story of a girl being frightened by a harmless spider. (c) Fear of a mouse. Painting (public domain) by Spanish artist Cecilio Pla (1860–1934). (d) Jonah and the Whale, public domain painting by Dutch artist Pieter Lastman (1583–1633). Fear of whales is termed cetaphobia. (e) Illustration of the Biblical Plague of Frogs in Egypt, by Sweet Media (CC BY SA 3.0), reflecting prejudice against these usually innocuous creatures.



Speciesism

The term ‘speciesism,’ by analogy with racism, was coined by British psychologist R. D. Ryder in 1970 (Ryder 2010; cf. Singer 1975) to refer to prejudice against non-human species (Figure 3.2). It has been contended that humans and non-human animals are so different that any comparison of human traits, values, volition, and behaviors with those of animals is simply invalid, but this position is simply ignorant (Textbox 3.1). Many philosophers have argued that human prejudices toward animals are indeed fundamentally similar to prejudices against humans (Everett et al. 2019). The concept has been used particularly by animal rights advocates, but some have generalized it beyond sentient beings to apply to all forms of life (sometimes even to inanimate, inorganic objects such as rocks). The moral justification or rejection of speciesism has been discussed extensively in the context of philosophy and religion (Horta 2010; Ryder 2011; Horta and Albersmeier 2020).
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FIGURE 3.2 Cartoon depiction of ‘speciesism’ in a segregated lunch counter, reflecting human preferential treatment for ‘higher’ animals and prejudice against ‘lower’ species. Prepared by B. Brookes.


Textbox 3.1 Comparisons of Humans with Other Animals Are Valid because We Are Fundamentally Part of the Same Genetic Pool That Determines Our Nature

It is a widespread notion that humans differ fundamentally from all other animals and so much that comparisons are invalid. It is also a widespread belief that somewhere in the world it is possible to find a culture where people live in harmonious, non-competitive, altruistic bliss with each other, and were it not for the existence of Western culture we would be able to achieve this ideal state. Both claims are erroneous. Humans carry an incredibly large baggage of evolutionary history, and the mere fact that our DNA sequences are similar to those of our nearest relatives among the great apes by as much as 99% makes it a highly unlikely claim that we could just step out of ape dress. Human nature is to a large extent universal. This includes certain beauty standards, and the ways in which males and females interact.

—Grammer et al. (2003)




‘Lookism’ and Dislike of Ugly Non-human Species

In the human world, physical appearance is a strong determinant of how we perceive and behave toward other people. Good-looking people are comparatively successful in mating and other social interactions, and in achievements in numerous occupations where personal appearance is a factor, by comparison with unattractive individuals, often crudely termed ‘losers’ (Hamermesh 2011). Most obviously, individuals in the entertainment industries (especially motion pictures and television) tend to be exceptionally good-looking (although unattractive people are often assigned to play villains and menial roles). ‘Lookism,’ a relatively uncommon term that has nevertheless been employed for decades (Saiki et al. 2017), is negative perception and behavior toward unattractive people, and like most ‘isms’ is prejudicial and unfair, and increasingly the subject of human rights employment legislation (Cavico et al. 2013; Mason 2021). Racism, sexism, and ageism (discrimination on the basis of age) overlap with lookism and are allied forms of prejudice. Good looks are often unmentioned criteria for employment in occupations requiring extensive interaction with the public (Figure 3.3a–d). Attractive animals, even when they are pests, are tolerated much more than unattractive animals (Figure 3.3e and f). While we humans are obsessed with the attractiveness of our personal looks, animals in general are unconcerned (Figure 3.4). Making fun of ugly people, as exemplified by ‘freak shows’ of past times, is no longer acceptable, but there are many websites dedicated to identifying the world’s ugliest animals, such as the naked mole rat (Figure 3.5, Textbox 3.2).
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FIGURE 3.3 Looks matter. Top row: Occupations in which appearance is known to be a tacit criterion for employment. (a) Cheerleader. Photo by Palmount45 (CC BY SA 4.0). (b) Waitress. Photo by Brianfagan (CC by 2.0). (c) Stewardess. Photo by Fabio (CC BY 2.0). (d) Ceremonial guard at Buckingham Palace, London. Photo (public domain) from Pixabay.com. Bottom row: Different treatment of attractive and unattractive rodents. (e) A beautiful red squirrel being fed. Photo (public domain) by Artem Beliaikin. (f) A rat killed in a trap. Photo by Glogger (CC BY SA 4.0).
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FIGURE 3.4 Self-acceptance of their appearance by animals. All figures are from Shutterstock. Contributors: (a) Vitasunny, (b) Iliukhinao777, (c) Tadienna, (d) Kejt19801, (e) Nuvolanevicata, (f) Oleg Zhevelev.
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FIGURE 3.5 Naked mole rat (Heterocephalus glaber). Photo by TxanTxunai (CC BY SA 4.0).


Textbox 3.2 Don’t Judge a Naked Mole Rat by Its Cover

The naked mole rat (Heterocephalus glaber), a quite unique burrowing East African rodent weighing approximately 35 g, is almost always included in presentations of the world’s ugliest animals. Its offensive characteristics if present in humans would indicate disease, injury, extremely old age, or very abnormal development (which is why these features seem unsightly to us); however, they are all just special adaptations to underground existence. ‘Beady eyes’ in humans are considered unattractive, but the small eyes and corresponding poor vision of naked mole rats simply reflect a limited need for sight. The large projecting ‘buck teeth’ are superb instruments for digging tunnels, and the splayed toes for moving earth. The absence of all but a few hairs facilitates movement in the tunnels, as does the wrinkled skin, which allows easy motion of the torso in tight quarters. The pinkish or yellowish skin, which in humans could indicate disease, simply reflects lack of a need for skin pigments as protection against sunlight. Bowlegs are also a sign of disease in humans, but in naked mole rats, the curved legs are ideal for movement in tunnels (the animals can move backward as fast as forward). Compounding the aesthetic problems of this little beast is its depressing name (something like ‘sociable desert hampster’ would have been preferable). Fortunately, the naked mole rat is not considered endangered, for who would champion its conservation? But it would be extremely short-sighted to judge it (or any other animal) merely by appearance. This longest-lived rodent (up to 28 years) is mostly immune to cancer, and clarification of its genetic mechanism of resistance could be instrumental for improving human health.




Prejudicial Language and the Distinction of Humans and Non-human Animals

In biology, an ‘animal’ is a member of the animal ‘kingdom.’ In common language, an animal is frequently defined as ‘one of the lower animals: a brute or beast, as distinguished from man: any creature except a human being’ (Webster’s Third New International Dictionary 1993). In philosophy and allied disciplines, the concern has been not so much biological relationship, but what is uniquely ‘human’ in the context of social, political, literary, or ethical frames of reference (Mathäs 2014). Humans generally consider themselves highly superior to all other animals, and this attitude is reinforced by derogative terms such as brute and beast. Indeed, the word animal is often employed pejoratively (Figure 3.6). Moreover, numerous animal-based terms (such as bitch, chicken, cockroach, cow, pig, rat, skunk, and snake) are employed as slurs (Egan 2021), a phenomenon termed ‘semantic derogation’ (Fontecha and Catalán 2003). Plant terms are occasionally employed to characterize the merit of people (Sommer 1988; for example, peach and tomato refer to a beautiful woman, prune to an ugly woman, and nut to a crazy person). People extensively, often cruelly, exploit other animals (to say nothing of other humans), and downplaying the importance and feelings of the victims by using pejorative language seems to be a way of avoiding or at least reducing feelings of guilt. For additional information, see the discussion of slavery in Chapter 2.
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FIGURE 3.6 The Elephant Man Joseph Carey Merrick (‘John Merrick,’ 1862–1890), a severely deformed Englishman exhibited at a freak show as the ‘Elephant Man,’ was the subject of a famous 1980 film in which he uttered ‘I am not an animal! I am a human being!’ (a) Wax model of John Merrick, the Elephant Man, in the Museum of the Weird, Austin, Texas. Photo by Cory Doctorow (CC BY SA 2.0). (b) Model in the Brussels Museum of the Strangest. Photo by Miguel Discart (CC BY SA 2.0). (c) Cap and hood worn by Merrick to hide his deformities. Photo (public domain) by Jack 1956.



Comparative Preferences and Prejudices of Men and Women for Animal Species

For simplicity, the present discussion is limited to males and females regardless of how defined (i.e., biologically or heritably determined sex vs. gender identification or preference is not addressed).

A popular nursery rhyme holds that little boys are made of frogs, snakes, snails, and puppy-dogs’ tails while little girls are made of sugar and spice and everything nice. This likely reflects traditional attitudes to the roles of males and females, but there is also a biological, especially a hormonal, basis of differences in compassion or empathy between the sexes. Is it possible that there is a correlated preference or bias with respect to non-human animals? Maternal behavior in humans and indeed many other animals often is far more caring for offspring by comparison with paternal behavior. Women additionally seem to be intrinsically more sympathetic to other people than men, so they may also be more caring for animals. Indeed, although there is considerable overlap, ‘Women, on average, show higher levels of positive behaviors and attitudes toward animals (e.g., attitudes toward their use, involvement in animal protection), whereas men typically have higher levels of negative attitudes and behaviors (e.g., hunting, animal abuse, less favorable attitudes toward animal protection)’ (Herzog 2007).

Oxytocin facilitates childbirth and nursing for women, and is associated with increased caregiving and empathy, even toward other species (Handlin et al. 2012; Odendaal and Meintjes 2003).

There is a much greater degree of antihunting and antitrapping sentiment among women compared to men (Kellert and berry 1987). Although women are more concerned about the welfare of animals, they are more timid and reluctant to touch them (Herzog et al. 1991). Women are also more fearful of predators compared with men (Alves et al. 2014; de Pinho et al. 2014; Kaltenborn et al. 2006; Prokop and Fančovičová 2013). This is consistent with the ‘parental investment hypothesis,’ which postulates that since females take more care of children they need to be more sensitive to danger in order to protect them (Røskaft et al. 2003). It is also consistent with the observation, discussed previously in this chapter, that animal phobias are significantly more common among women than men.

As child-bearers, it seems plausible that women are especially favorably biased toward cute, huggable, small animals compared to men. There is ample evidence of this (Bjerke et al. 2001; Lindemann-Matthies 2005; Prokop and Tunnicliffe 2010; de Pinho et al. 2014). Conversely, men tend to be more tolerant of ‘creepy-crawlies’ than women (Boren 2015). Borgi and Cirulli (2015) found that fear and dislike of invertebrate animals were notably higher among young girls than boys.

Sexism may be defined as ideological belief that one sex is superior to the other, with consequent biased behavior. In practice, harmful discrimination based on sex is overwhelmingly males behaving badly toward females. Women are naturally more sensitive to sexism and aggressive sexual behavior, which by human standards is common in the animal kingdom. One might expect that a given sex would tend to be more sympathetic to the same sex of other species, and vice versa. It is clear, as discussed in this book, that humans have much more regard for mammals and birds than they do for other animals, so people are unlikely to care more about males or females of snakes, frogs, fish, and invertebrates (although female mosquitoes are far more annoying than the males). Indeed, most people would be unable to identify males and females of these groups. In mammals and birds, males and females are produced approximately in a 50:50 ratio, although there is appreciable deviation, sometimes related to environmental circumstances (Clutton-Brock 1986; Clutton-Brock and Iason 1986).

In a few species (notably some birds and frogs), the males assume all of the duties of child care after eggs are laid. In seahorses, the female deposits her eggs into the male’s pouch where he fertilizes and incubates them for weeks until they emerge (an example of so-called ‘male pregnancy’). However, in most species, males usually shirk parental care, and so animal mothers with their young may particularly resonate with human females (Figure 3.7). Conversely, males may be turned off just thinking about how much work would be involved if they had to assume the female’s responsibilities.
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FIGURE 3.7 The burdens of motherhood. (a) Nineteenth century advertising card (public domain) illustrating an old poem: ‘There was an old woman who lived in a shoe, She had so many children she didn’t know what to do; She gave them some broth without any bread, She whipped them all soundly and sent them to bed.’ Photo credit Boston Public Library (CC BY 2.0). (b) Comparison of an egg of kiwi (flightless bird of the genus Apteryx endemic to New Zealand) and the mother. The egg is one of the largest relative to the size of any mother bird, ranging up to 20% of her weight, so giving birth is especially laborious. Prepared by Shyamal (CC BY 3.0). (c) Muscovy duck (Cairina moschata) mother and her many ducklings. Photo by Charles Patrick Ewing (CC BY 2.0). (d) Sow and her litter of 13 piglets. Photo by Mike Ohlhausen (CC BY SA 3.0). (e) Virginia opossum (Didelphis virginiana) of North and Central America. This mother is carrying nine young on her back. Photo by SpecialJake (CC BY SA 3.0).

In humans, sexism is exacerbated by the advantages of greater size and aggression in men, and the biological burdens of motherhood and associated maternal behavior in women. The pattern of larger males than females occurs in most vertebrates. However, females are probably larger than males in most species of invertebrates (notably in honey bees and spiders), and this is also the case in many species of fish, in some species of amphibians and reptiles, and in just a few mammals such as hyenas (Ralls 1976; Figure 3.8). Students in introductory biology classes usually find the idea that females can dominate males challenging to their assumptions.
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FIGURE 3.8 Examples of species in which females are much larger than males. (a) A large female golden orb-weaver spider (Nephila pilipes) and its tiny male suitor. Males are typically smaller than females in spiders. Photo by Graham Winterflood (CC BY SA 2.0). (b) A large female common toad (Bufo bufo) with a smaller male on its back. In most frogs and toads, males are smaller than females, although there is usually overlap in size. Photo (public domain) by Bernie. (c) Two small males attempting to mate with a large female garter snake (Thamnophis sirtalis). Females are much larger than the males in garter snake species. Photo (public domain) by Miles Frank, U.S. Fish and Wildlife Service.

Polygyny is a form of social polygamy in which a male maintains multiple females (often polygamy and polygyny are treated as synonyms). The reverse, domination of many males by a female, occurs primarily in social insects, such as bees, termites, and ants. Males of species such as lions, gorillas, and seals take charge of a harem of females by besting other males in fights and excluding them from access to the females (Figure 3.9). These dominant males tend to be much larger, aggressive, and dangerous compared to the females, often possessing huge antlers, teeth, or tusks. Unfortunately for them, they attract trophy hunters. Also to their misfortune, because they are very impressive animals, they are prized as zoo and water park exhibits. Polygyny was once common in humans, and powerful men in leadership roles often maintained very large harems (Figure 3.9a). One might expect that men and women tend to differ in their attitudes to such unequal behavior in other species, the former tending to admire aggressive animals capable of acquiring harems.
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FIGURE 3.9 Male-dominant species and their harems. (a) ‘Harem dancers’ painting (public domain) by Italian artist Fabbi Fabbio (1861–1946). (b) A northern fur seal (Callorhinus ursinus) and his harem. Photo (public domain) by M. Boylan. (c) A red deer (Cervus elaphus) stag and his does. Photo by Carolyn Granycone (CC BY SA 2.0). (d) A rooster and his hens. Photo by Christine (CC BY SA 2.0). (e) A silverback gorilla (Gorilla gorilla) and his clan. Prepared by Blanca Martí de Ahumada (CC BY SA 3.0). (f) A lion and two of his lionesses. Photo by GinaFranchi (CC BY SA 4.0).

In most bird species, males are more colorful or ornamented than females (Figure 3.10), and so tend to attract bird watchers and visitors to zoos and aviaries. Peacocks, for example, notably outshine peahens. However, both sexes of pet birds tend to be equally attractive, and indeed their sex is sometimes difficult to identify.
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FIGURE 3.10 Male and female of bird species in which the male is much more colorful. (a) Indian peacock and peahen (Pavo cristatus). Photo by Michelle Kinsey Bruns (CC BY SA 2.0). (b) Mallard ducks (Anas platyrhynchos). Photo by Richard Bartz (CC BY SA 2.5). (c) Mandarin ducks (Aix galericulata). Photo by Francis C. Franklin (CC BY SA 3.0). (d) Chinese monal (Lophophorus lhuysi). Source (public domain): Gould, J. 1850–1883. Birds of Asia. London, Taylor and Francis. (e) Greater bird of paradise (Paradisaea apoda). (f) Goldie’s bird of paradise (Paradisaea decora). (e and f) Source: Gould, J. and W. M. Hart. 1875–1888. The Birds of New Guinea and the Adjacent Papuan Islands. London, Henry Southeran.

Males of the major livestock species are usually viewed very negatively because they are more dangerous and/or less useful. Of course, bulls and roosters are necessary for breeding, but cows produce milk and chickens lay eggs. And, naturally, it is the females that produce young, and only a small number of males are necessary to inseminate a large number of females. Young animals of the unwanted sex can be eliminated simply by employing them as meat. Male sheep, cattle, goats, and pigs are routinely castrated (surgically by removal of the testes, or chemically by hormones). Castration lowers testosterone levels, reducing aggressiveness and potential harm to humans and other animals. Castration may also increase the market qualities of the meat. Male horses are often castrated (becoming geldings) to make them docile. In industrial production, different breeds of chickens are employed for meat and eggs. For egg production, males are culled as soon as the chicks are recognized (on a world basis, billions are killed annually, and there is concern about associated lack of humaneness). For meat production, so-called broiler strains are raised. Half of these are males, half females, and they are harvested before they reach sexual maturity. In the past, it was common to reserve roosters for meat production, often castrating them (to become capons) to eliminate their aggressiveness and improve the quality and quantity of meat produced. In the production of foie gras using ducks and geese, the female (instead of the male) chicks are culled because the males can put on more weight.

The situation for crop plants is only slightly comparable to animals. Well over 90% of plant species bear bisexual flowers or both male and female unisexual flowers on the same plant, and only a few, notably marijuana (Cannabis sativa), hop (Humulus lupulus, used for beer), and date palm (Phoenix dactylifera) are divided into male plants and female plants. Once again it is the females that are mostly grown, and when males appear, they are usually eliminated.

Male racing horses (stallions, geldings, or colts) far outnumber females (fillies). Nevertheless, the females occasionally win prestigious horse races, such as the Kentucky Derby. Champion females can be bred once a year, while the semen of champion males can be used to breed numerous offspring, and so males can be of much greater value. Once again, the preference for males is simply an economic decision. Male greyhound dogs tend to be slightly faster than the females (Entin 2007), but the sex difference is less significant than in racehorses.

Comparative preference for male and female pet dogs has been extensively explored. Preferences seem to differ internationally, but on the whole, the two sexes are acquired as pets in equal numbers. Breeders of purebred dogs sometimes charge more for female puppies, because they have the potential of producing more puppies for sale. Vodičková et al. (2019) studied adoptions of 955 dogs from a shelter in the Czech Republic and found no significant differences between men and women with respect to whether the dogs were male or female. In a survey of 877 respondents in Australia, men preferred female dogs and women preferred male dogs (King et al. 2009). In a survey of 770 respondents in Italy, men preferred male dogs and women preferred female dogs (Diverio et al. 2016). These three studies all produced different results, suggesting that if there are different preferences for male and female dogs, between men and women, they are not substantial. Miller et al. (2019) studied the adoption of over 2,600 cats from an Australian shelter and found no significant difference between rates at which male cats and female cats were adopted. Thus the most common mammalian pets apparently do not suffer generally from human sexist attitudes. However, male and female cats and dogs differ in a number of behavioral characteristics (especially in certain breeds), and many individuals gravitate much more to one sex than the other.

In all of the above examples of domesticated species, the human preferences for females or males of other species are based on economic considerations and/or behavior or appearance.
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		Figure 0.1 Human preference for beauty, evidenced by animals likely to be chosen to survive on Noah’s Ark. Attractive animals, as shown here, are given much more priority for conservation than ugly species. Painting by Jessica Hsiung.



		Figure 0.2 Human prejudice against ugliness, evidenced by animals unlikely to be chosen to survive on Noah’s Ark. Unattractive animals, as shown here, are much less likely to be conserved than attractive species. Painting by Jessica Hsiung.



		Figure 1.1 ‘Beauty and the beast’ is a fairy tale, encountered in various versions, tracing back thousands of years. The yarn relates how a young attractive girl meets a hideous beast, who eventually transforms into a handsome prince. The story points out the preoccupation of people with beautiful appearance, and the reluctance to accept ugliness. This painting (public domain) is from: Crane, W. 1874. Beauty and the Beast. London, George Routledge and Sons.



		Figure 1.2 Extreme examples on a preference or prejudice scale ranking the likability of species. The cockroach is frequently cited as the most objectionable and unwelcome of creatures. By contrast, humans almost universally regard themselves as the most magnificent of species, and human babies as the supreme examples of perfection.



		Figure 1.3 Beauty contests. Source: Shutterstock. Contributors: (a) BNP Design Studio; (b) Viktoriia_P.; (c) Guingm.



		Figure 1.4 Animal beauty contests. Source: Shutterstock. (a) Fish beauty contest. Notice that the fish at left is jealous of the winner at right. (Contributor: Natas). (b) Cow beauty contest. (Contributor: Alexcoolok). (c) Dog beauty contest. (Contributor: Mikhail Sedov).



		Figure 1.5 Competitive exhibitions of flower varieties result in continuing selection of more beautiful plants. (a) Tulips at the Keukenhof Garden in the Netherlands. Photo by Krysi@ (CC BY 3.0). (b) Flower show at the Royal Hospital Chelsea, London. Photo by Kent Wang (CC BY SA 2.0).



		Figure 1.6 Good and bad behavior. (a) Good behavior toward humans: ‘The Good Samaritan’ by Austrian painter Josef Arnold the Elder (?–1879), a fresco of the parish church of Lajen (South Tyrol). Photo by Wolfgang Moroder (CC BY 3.0). (b) Bad behavior toward humans: A pickpocket scene (public domain) by English illustrator Isaac Robert Cruikshank (1789–1856). Source: Woodward, G. M. 1819. The caricature Magazine 5: Folio 75. Credit: Lewis Walpole Library. (c) Good behavior toward animals: Painting entitled ‘Suspense’ (public domain) by English artist Charles Burton Barber (1845–1894). (d) Bad behavior toward animals: Fox hunt. Source (public domain): Surtees, R. S. and J. Leech. 1892. Handley Cross; or, Mr. Jorrock’s Hunt. London, Bradbury, Agnew and Company. Credit: University of North Carolina at Chapel Hill.



		Figure 1.7 Genocidal prejudice. (a) Shooting African Americans on May 2, 1866, during a race riot in Memphis. Illustration (public domain) by Alfred Rudolph Waud in Harper’s Weekly, 26 May 1866. Source Tennessee State Library and Archive: Tennessee Virtual Archive. (b) Passenger pigeon (Ectopistes migratorius), driven to extinction in the early 20th century. Source (public domain): Whitman, C.O. 1920. Orthogenetic Evolution in the Pigeons. 3 vols. Credit: K. Kayashi. (c) Dutch sailors pursuing dodos (Raphus cucullatus). This flightless bird was endemic to the island of Mauritius, east of Madagascar in the Indian Ocean. It became extinct during the mid-to-late 17th century because of persecution by humans. Source (public domain): Johnston, H. H. 1914. Pioneers in South Africa, London, Blackie (figure by Walter Paget).



		Figure 1.8 The importance of size (public domain figures). In the famous book Gulliver’s Travels by Anglo-Irish writer Jonathan Swift (1667–1745), the central character Gulliver visits exotic lands, including one in which he was huge compared to the inhabitants, and another in which he was tiny by comparison. The contrast illustrates how relatively large size results in respect, whereas smaller size is associated with disdain. (a) Gulliver as a giant in a land of dwarfs. Source: Louis Rhead’s cover illustration of a 1913 edition of Gulliver’s Travels. (b) Gulliver as a dwarf in a land of giants. Source: A 1797 Spanish cartoon from Digital Bodleian. (c) In a similar vein, giant people and animals are the star attractants of movies, as shown by this poster by Reynold Brown (1917–1991) for the 1958 film Attack of the 50 Foot Woman.



		Figure 1.9 Beautiful (top) and ugly (bottom) species. (a) Beautiful people. ‘Prince Florimund finds the Sleeping Beauty.’ Source (public domain): Forbush, W. B., E. V. Hale, and H. W. Mabie. 1916. Childhood’s Favorites and Fairy Stories. The Young Folks Treasury, Volume 1. University Society. (b) Paine’s flasher wrasse (Paracheilinus paineorum) Photo by Rickard Zerpe (CC BY 2.0). (c) Rainbow lorikeet (Trichoglossus moluccanus). Source (public domain): Smit, J. 1881. Report on the Scientific Results of the Voyage of H.M.S. Challenger during the Years 1873–76. (d) ‘The Ugly Duchess,’ a satirical portrait by Flemish artist Quentin Matsys (1466–1530). (e) Fishing frog or angler (Lophius Piscatorius). Source (public domain): Donovan, E. 1802. The Natural History of British Fishes. Digitally enhanced by Rawpixel (CC BY SA 4.0). (f) King vulture (Sarcoramphus papa), painting by Pavel Galván (CC BY SA 3.0).



		Figure 1.10 Obnoxious human and non-human animals. (a) A gang of drunken sailors. Old colored etching by W. Elmes. Source: Wellcome Library, London (CC BY 4.0). (b) A gang of party animals. Sign at a bar in Valencia. Photo by J. Bizzie (CC BY 2.0). (c) A gang of carousing bugs. Source: Historia de un grillo sabio (public domain; part of a vintage collection of chromolithographs published in Barcelona).



		Figure 1.11 Anthropomorphic animals (all figures are public domain). (a) Funeral for a horse, by artist J. S. Pughe (1870–1909). Credit: Library of Congress. (b) Elephants from a children’s book illustration by British artist Harry B. Neilson (1861–1941). (c) Rollerskating dogs by German artist Carl Robert Arthur Thiele (1860–1936). (d) Singing cats, also by C. R A. Thiele. (e) A family of hedgehogs. Source: Mein erstes Märchenbuch, Stuttgart, Verlag Wilh. Effenberger; a late 19th-century German fairy tale book illustrated by Heinrich Leutemann and Carl Offterdinger. Photo credit: Harke. (f) Lions on the cover of an 1898 comic book, The Funny Household, published by McLaughlin Bros, New York.



		Figure 1.12 Exemplary harvests from the wild. All images are public domain. (a) Lumber from forests. Source: Whipple, W. 1915. The story of young Abraham Lincoln. Philadelphia, Henry Altemus. (b) Fishing. Source U.S. National Oceanic and Atmospheric Administration. (c) Preparing sugar maple syrup. Painting by Dutch-Canadian artist Cornelius Krieghoff (1815–1872). Photo credit: Library and Archives Canada.



		Figure 1.13 Ecosystem services. Source: Shutterstock (contributor: VectorMine).



		Figure 1.14 Overfishing resulting in a huge decrease of the natural supply. Central panel prepared by Hans Hillewaert (CC BY SA 4.0), remainder by B. Brookes.



		Figure 1.15 Damage caused by humans to environmental categories, compared to pre-human influence. Figure from Bradshaw et al. (2021; CC BY 4.0), slightly altered by B. Brookes.



		Figure 1.16 Favoritism for funding of conservation of attractive species penalizes ecologically essential but ugly animals. Prepared by B. Brookes.



		Figure 1.17 Examples of greatly feared animals that people have tried to exterminate. (a) White shark. Source: Shutterstock (contributor: ARTYuSTUDIO). (b) Cobra. Source: Shutterstock (contributor: DEYASA_346). (c) Female Culex mosquito Photo by Alan R Walker (CC BY SA 3.0).



		Figure 1.18 Sustainable vs. unsustainable occupation of land for agriculture (top row) and cities (bottom row). The key to biodiversity sustainability is breaking up the landscape with permanent green spaces that provide habitats for wildlife. (a) Example of a sustainable farm near Klingerstown, Pennsylvania, the area separated by woodlots that provide habitats. Photo (public domain) by Scott Bauer, U.S. Department of Agriculture. (b) A wheat monoculture being harvested. Monocultures are highly productive and efficient but very substantially exclude wildlife. Photo by Scott Bauer, USDA (public domain). (c) A wonderful city green space promoting habitats for wildlife: Central Park, New York. Photo by David Shankbone (CC BY SA 3.0). (d) Extreme urbanization leaving little habitat for wildlife: The urban jungle of Hong Kong. Photo by Cattan2011 (CC BY 2.0).



		Figure 1.19 Some key issues facing agriculture. (a) Methane emissions from cattle contribute to greenhouse gas pollution of the atmosphere. Source: Shutterstock (contributor: BlueRingMedia). (b) Honeybees, essential for crop pollination, are dying off. Source: Shutterstock (contributor: Laurie Barr). (c) Agriculture uses more water than any other sector, but the world is running out of fresh water, and drought is endangering food crop production. Source: Shutterstock (contributor: Elegant Solution). (d) Small, sustainable farms such as this are disappearing and being replaced by ecologically damaging factory farms and monocultural crops. ‘A Milking We Will Go,’ painting (public domain) by American artist Edward Mason Eggleston (1882–1941).



		Figure 1.20 Urban pests. Source: Shutterstock. (a) Rats looking for food from trashcans (contributor: GraphicsRF.com). (b) Raccoon raiding a trashcan (contributor: bilha golan). (c) Homeowner looking at a mole damaging his lawn (contributor: Aleutie). (d) Pigeons pooping on a car (contributor: Vector Micro Master).



		Figure 1.21 Robotic interpretations of animals that conceivably advancing technology could substitute for the real versions. Source: Shutterstock. (a) Bee (contributor: Josh McCann). (b) Dog (contributor: Photo-kot). (c) Cow (contributor: Vitalii Gaidukov). (d) Hippo (contributor: VHar).



		Figure 1.22 Examples of pest insects. Source: Shutterstock. (a) Ants stealing a sandwich (contributor: Teguh Mujiono). (b) Housefly alarming a girl (contributor: Piscary). (c) Mosquitoes chasing a man (contributor: Ron Leishman). (d) A flea-infested dog (contributor: Teguh Mujiono).



		Figure 1.23 Illustrations (public domain) of the familiar fairy tale relating how a princess transforms an ugly frog into a handsome prince by kissing it. (a and c) Source: Crane, W. 1874. The Frog Prince. New York, George Routledge and Sons. (b) Source: Pixabay, modified by B. Brookes.



		Figure 1.24 Rodent infestations. (a) House mouse (Mus musculus) exhibit at the Staatliches Museum für Naturkunde Karlsruhe, Germany. Photo by H. Zell (CC BY SA 3.0). (b) Norway rat (Rattus norvegicus) in a pantry. Source: Shutterstock (contributor: Torook).



		Figure 1.25 Socrates and poison hemlock – the most famous example of plant poisoning. Accused by the Athenian government of denying the gods and corrupting the young through his teachings, Socrates (469–399 B.C.E.) was offered the choice of renouncing his beliefs or being sentenced to death by drinking a poison hemlock potion. (a) “The Death of Socrates” (1787) by French artist Jacques-Louis David (1748–1825). Public domain image (credit: New York Metropolitan Museum of Art). (b) Poison hemlock (Conium maculatum). All parts of the plant are extremely toxic. Source: public domain image from Köhler, F. E. 1887. Medizinal-Pflanzen, Volume 2. Berlin, Germany: Gera-Untermhaus.



		Figure 1.26 Eliminating agricultural weeds, the principal plants that directly harm human economic welfare. (a) A Kenyan farmer removing weeds by hand, the main method of controlling weeds in the Third World. Photo by Neil Palmer, CIAT (CC BY SA 2.0). (b) A tractor applying herbicides and other pesticides to a crop. Although efficient, pesticides inevitably affect non-targeted wild species and natural ecosystems, and so agricultural weeds also negatively affect biodiversity. Photo by Aqua Mechanical (CC BY 2.0).



		Figure 1.27 Love vine (Cassytha filiformis), an example of a very serious environmental weed (even where it is native). Love vine is an apparently leafless (actually, leaves are reduced to scales), climbing, twining, parasite which infests coastal woody plants throughout the tropics worldwide. It also can infest orchards and gardens. Love vine weakens and often kills plants, not just by lowering the light available for photosynthesis, but also by piercing the host with haustoria (root-like extensions) through which it withdraws nutrients. (Love vine has very little chlorophyll and cannot photosynthesize sufficiently for itself.) (a) Love vine draped over a tree in Florida. Photo by Forest & Kim Starr (CC BY 3.0). (b) Volunteers removing love vine by hand from wildland in Florida. Photo by U.S. Department of the Interior, Bureau of Land Management, Eastern States (CC BY 2.0).



		Figure 1.28 A ‘perfect’ lawn (but very hostile to biodiversity) and a perfectly awful lawn. (a) Lawn seed advertisement (ca 1915). Credit: Henry G. Gilbert Nursery and Seed Trade Catalog Collection; Peter Henderson & Co., Biodiversity Heritage Library (CC BY 2.0). (b) A dandelion-infested lawn. Photo by Mike Mozart (CC by 2.0).



		Figure 1.29 Children being educated to value and respect species. Source: Shutterstock. (a) Contributor: BlueRingMedia (b) Contributor: White Space Illustrations.



		Figure 2.1 ‘The Kosovo Maiden’ by Serbian artist Uroš Predić (1857–1953), a painting (public domain) illustrating both compassion and cruelty. The scene illustrates a famous poem in which a young beauty fruitlessly searches the battlefield for her fiancé after the Battle of Kosovo in 1389 between Serbia and the Ottoman Empire. She is shown helping wounded Serbian warriors by providing water, wine, and bread.



		Figure 2.2 The ‘Dark Triad,’ a model based on three pathological psychological traits thought to contribute substantially to harmful, destructive personalities. Prepared by B. Brookes.



		Figure 2.3 Caricatures (public domain) of cruelty to humans (top three figures) and non-human animals (bottom three figures). (a) Early 19th-century print showing a schoolmaster flogging a student. Credit: British Museum. (b) Late 18th-century print (public domain) showing two women in a pillory. Credit: British Museum. (c) ‘The abolition of the slave trade,’ an illustration of inhuman treatment by Scottish caricaturist Isaac Cruikshank (1764–1811). Credit: Royal Museum Greenwich. (d) Early 19th-century print showing an excessively heavy man (dressed as Napoleon) weighing down an unfortunate horse. Credit: Bodleian Libraries, Oxford University. (e) Spanish-style bullfight by British caricaturist James Gillray (1756–1815). Credit: British Museum. (f) ‘The Death of the Fox’ by English caricaturist Thomas Rowlandson (1756–1827). Credit: Yale Center for British Art.



		Figure 2.4 Racial variation in humans as a basis for inter-group conflict. (a) ‘Races of mankind,’ illustrating the extensive biological variation among humans. From Roe and Leonard-Stuart (1911), photo by Sue Clark (CC BY 2.0). (b) A painting (public domain) commemorating war in 1824 between the British and the Ashanti Empire in the region of the Gold Coast of Africa (now Ghana). Source: https://commons.wikimedia.org/wiki/File:Aschanti_Gefecht_11_july_1824_300dpi.jpg.



		Figure 2.5 People killing animals and each other. (a) Diorama entitled ‘Primitive Man Hunting Animals’ at the Museum of Vietnamese History. Photo by HappyMidnight (CC BY SA 3.0). (b) Roman gladiators fighting to the death at the Colosseum, a painting (public domain) by French artist Jean-Léon Gérôme (1824–1904). Photo credit: phxart.org. (c) Aztec human sacrifice depicted in the 16th century Ignote, codex (public domain; source: http://www.latinamericanstudies.org/aztec-human-sacrifice.htm). (d) Painting (public domain) of ‘Custer’s last stand’ by Edgar Samuel Paxson (1852–1919). Photo credit: Whitney Gallery of Western Art.



		Figure 2.6 Hunting scenes (public domain paintings) reflecting the traditional view that big game recreational hunting is heroic. (a) ‘The lion hunt’ by French artist Horace Vernet (1789–1863). (b) Hunting bear in Russia, a 1931 advertising poster of Intourist. (c) Tiger hunt by British artist Briton Rivière (1840–1920). Photo by Lot-tissimo.



		Figure 2.7 Cecil the lion, a protected research lion in Africa killed in 2015 by a recreational hunter, resulting in widespread protests. Source: Shutterstock (contributor: Paula French).



		Figure 2.8 Recreational (sport) hunting paintings (public domain). (a) ‘Battue d’Automne’ by French artist Bernard Boutet de Monvel (1881–1949); credit: rawpixel.com (CC BY 4.0). (b) Woman with a dead turkey, by American artist L. M. Glackens (1866–1933), published by J. Ottmann Lith. Co., NY in 1904. (c) Illustration of fox hunting by English artist Henry Alken (1784–1851). Credit: rawpixel.com (CC BY 4.0).



		Figure 2.9 The closest relatives of humans. (a) A snarling, aggressive chimpanzee (Pan troglodytes). Source of photo: Shutterstock, contributor: Edwin Butter. (b) Peaceful bonobos (Pan paniscus). Photo by Wcalvin (CC BY SA 4.0).



		Figure 2.10 Slavery. (a) Dutch enslavement of indigenous people of Brazil between 1630 and 1654. Painting (public domain) prepared by Dutch artist Frans Post (1612–1680). (b) Slaves working on a cotton plantation beside the Mississippi River. Currier & Ives 1884 print (public domain). Credit: U.S. Library of Congress. (c) Lucy Higgs Nichols (1838–1915), an African American escaped slave and a nurse for the Union Army during the American Civil War. She was accepted as the only honorary female member of the army of the U.S. Republic. This painting by Lucy Grant (CC BY SA 3.0) shows Nichols and her daughter escaping slavery in Tennessee in 1862.



		Figure 2.11 Slave-like inter-species relationships. The extent to which the seemingly exploited partner is a ‘slave’ is debatable. (a) A ‘farmer’ ant tending her ‘cows’ (aphids). In this symbiotic relationship, the ants benefit by obtaining honeydew secreted by the aphids, which in turn are protected from predators by the ants. Photo by Stuart Williams (CC BY 2.0). (b) Milking a cow. In this and the next example, the exploited animal at least receives a regular supply of food. Painting (public domain) by American illustrator Clara Miller Burd (1873–1933). (c) Raising rabbits for meat. Painting (public domain) by Polish artist Antoni Kozakiewicz (1841–1929). Photo credit: www.muzeum.leszno.pl.



		Figure 2.12 Scenes showing bullying behavior in humans and other animals. (a) Bullying between children. Cartoon by Oscarioval (CC BY SA 4.0). (b) Gull about to steal a fish from a penguin (such theft has been termed ‘kleptoparasitism’ by animal behaviorists). Source: Pixabay (public domain). (c) The mobbing of a long-eared owl by other birds. Painting (public domain) by Transylvanian-born artist Tobias Stranover (1684–1756). Mobbing is harassment of dangerous species practiced by their potential victims.



		Figure 2.13 Francis of Assisi (1181/1182–1226). St. Francis was an Italian Catholic friar, commemorated as the patron of animals and ecology. He epitomizes compassion for animals and indeed for all species. (a) Painting (public domain) ‘St. Francis and the Animals’ by 17th-century Flemish painters Lambert de Hondt and Willem van Herp. (b) Painting (public domain) showing St. Francis, entitled ‘Sermon to the birds,’ by Italian artist Giotto (1266–1337). Credit: Musée du Louvre. (c) Blessing a pet dog, a tradition in some churches on October 4, the feast day of Francis of Assisi. Photo by Siena College (CC BY 2.0).



		Figure 2.14 The traditional view that humans (note crowns) are the ultimate accomplishment of nature, interpreted as the ascendant apex of a pedigree tree (a) or the descendent bottom of a set of increasingly complex species (b). (a) Illustration entitled ‘Pedigree of Man’ or ‘Tree of Life’ from: Haeckel, E. 1879. The Evolution of Man: A Popular Exposition of the Principal Points of Human Ontogeny and Phylogeny. New York, Appleton. (b) Illustration of the ‘Descent of Man’ from: Avery, G. 1874. A critique of Haeckel, in Scientific American. March 11, p. 167. (The animals are identified at https://commons.wikimedia.org/wiki/File:Human_pidegree.jpg.)



		Figure 2.15 A simplified phylogenetic tree of multicellular animals, showing major groupings, the numbers of species, and examples of the kinds of species included in the groupings. After Li et al. 2016 (CC BY SA 4.0).



		Figure 2.16 A simplified phylogenetic tree of the major groups of vertebrate animals. Prepared by B. Brookes.



		Figure 2.17 Animals admired for their intelligence. (a) Chimpanzee (Pan troglodytes). Photo by William Warby (CC BY 2.0). (b) Bornean orangutan (Pongo pygmaeus). Photo by William Warby (CC BY 2.0). (c) African savanna elephant (Loxodonta africana). Photo by Felix Andrews (CCBY SA 3.0). (d) Red fox (Vulpes fulva). Public domain image from Pixabay.com. (e) Octopus (Octopus vulgaris). Photo by H. Zell (CC BY SA 3.0). (f) Bottlenose Dolphin (Tursiops truncatus). Public domain image from Pixabay.com. (g) Barred owl (Strix varia). Public domain image from Pixabay.com. (h) Scarlet macaw (Ara macao), alleged to have the intelligence of a 4–8 year old human. Photo by Matthew Romack (CC BY 2.0). (i) American crow (Corvus brachyrhynchos). Photo by Trougnouf (CC BY SA 4.0). (j) Pigeon (rock dove; Columba livia). Public domain image from Pixabay.com.



		Figure 2.18 Discrimination on the basis of perceived intelligence. The perception is common that ‘higher’ or intelligent animals deserve protection from pain but ‘lower’ animals do not because of their alleged lack of intelligence and inability to feel pain. (a) Painting (public domain) by P. Mathews ca. 1838 of the ‘Trial of Bill Burns,’ a man prosecuted for beating his donkey, one of the earliest cases of a court case regarding animal cruelty in Great Britain. (b) Cartoon of a lobster protesting being cooked. The possibility that lobsters feel pain has resulted in the practice of boiling them alive being banned in some jurisdictions. (c) An unhappy worm. Impaling a worm on a fishing hook is widely believed to be essentially painless or simply of insignificant importance. (b and c) Prepared by B. Brookes.



		Figure 2.19 A scene of big-brain extraterrestrials eating humans. Does superior intelligence justify harming less intelligent animals, when humans are the inferior species? Prepared by B. Brookes.



		Figure 2.20 Examples of humane treatment of wild animals. (a) Elephant orphanage in Sri Lanka. Photo by Bernard Gagnon (CC BY SA 3.0). (b) Orphaned baby kangaroo at The Kangaroo Shelter, Alice Springs, Australia. Credits: UI International Programs/Riley O’Day/University of Newcastle, (CC BY ND 2.0). (c) Pelican contaminated by an oil spill in Louisiana in 2010 being cleaned. Photo by Brian Epstein (CC BY 2.0). (d) Attempt to rescue a 12 ton juvenile female northern bottlenose whale in the River Thames in central London in 2006. Photo (public domain) by John Hyde. (e) Bird house. Public domain photo from Pixabay.com. (f) Feeding an orphan squirrel. Public domain photo from Pixabay.com.



		Figure 2.21 ‘The Meat Paradox’ illustrated by reluctance to slaughter a pet piglet. Most people are sensitive to the welfare of animals, but nevertheless choose to consume meat, necessitating their sacrifice. Prepared by B. Brookes.



		Figure 2.22 Suggestions for dinner from the potential main dishes. Prepared by B. Brookes.



		Figure 2.23 Retired animals. (a) One of the ‘Presidential Turkeys’ at the Willard Hotel in Washington, DC in Nov. 2020, in advance of the ‘National Thanksgiving Turkey Pardoning Ceremony’ at the White House. Turkeys pardoned by the President are not sacrificed but retire to a life of leisure. Official White House photo (public domain) by Andrea Hanks. (b) Chimpanzee at ‘Chimp Haven,’ the world’s largest chimpanzee sanctuary, a nonprofit facility in Keithville, Louisiana, housing more than 300 chimpanzees retired from laboratory research. Photo by ChimpHavenOfficial (CC BY SA 4.0). (c) Retired thoroughbred race horses at ‘Old Friends,’ a nonprofit equine retirement facility in Georgetown, Kentucky. More than 100 horses are present. Photo (2015) by Jlvsclrk (CC BY SA 4.0).



		Figure 2.24 Animals famous for their involuntary contributions to science as experimental guinea pigs. (a) ‘Herman the Bull’ (1990–2004), the first non-human mammal modified with human DNA (with the human gene coding for lactoferrin, a protein in colostrum, the first type of breast milk produced after a baby is born). Photo by Peter Maas (CC BY SA 3.0). (b) Romanian stamp (public domain) from 1959 showing ‘Laika the Space Dog’ (1954–1957), launched into low orbit in 1957 on Soviet spacecraft Sputnik 2, where she died. (c) ‘Dolly the Sheep,’ the first mammal cloned from an adult cell. Born in 1996, she died in 2003 at age 6, about half the life span typical for sheep. Photo by Toni Barros (CC BY SA 2.0).



		Figure 2.25 Humans being treated as laboratory animals by other species. (a) ‘Lab humans.’ Prepared by B. Brookes. (b) ‘Vivisection of a human,’ satirical cartoon (public domain) published in Lustige Blatter (Berlin), ca. 1910. Credit: Wellcome Foundation (CC BY 4.0).



		Figure 2.26 Pampered pets. Photo (public domain) from Pixabay.com.



		Figure 2.27 Compassionate canine care. (a) A boy scout treating a wounded dog. Painting (public domain) by American artist Norman Rockwell (1894–1978). (b) A girl scout treating a wounded dog. Illustration (public domain) published on the cover of the Saturday Evening Post, 25 Oct 1924. (c) A sick dog being examined in a veterinary clinic. Source: Shutterstock (contributor: DeepGreen).



		Figure 2.28 Examples of ‘exotic’ pets. (a) Ball python (Python regius). Photo by Tris T7 (CC BY SA 4.0). (b) Green iguana (Iguana iguana). Photo (public domain) by Pineapple-Cove. (c) Monk walking a male tiger on a leash at Tiger Temple, Thailand. Photo by Michael Janich (CC BY SA 3.0). (d) Male and female sugar gliders (Petaurus breviceps, a marsupial) eating meal-worms. Photo by OberonNightSeer (CC BY SA 3.0). (e) Chaco golden knee female tarantula (Grammostola pulchripes). Photo (public domain) by PavelSI. (f) Pet pig. Photo by Eirik Newth (CC BY 2.0).



		Figure 2.29 Examples of biophilia (love of other species). (a) A tender moment with an orangutan. Photo by Gautsch (CC BY 2.0). (b) Young boy with a python. Photo by Shafika Tahir (CC BY SA 4.0). (c) Young girl with ducklings. Photo by Henry Burrows (CC BY SA 2.0). (d) Young girl and puppy. Photo by David~O (CC BY 2.0). (e) Hugging a pot-bellied pig. Photo by LadyDragonfly (CC BY 2.0). (f) A girl with her cat. Photo by Niels Kliim (CC BY 2.0).



		Figure 2.30 Examples of geographical gang warfare in humans and animals. (a) Painting (public domain) of an annual fistfight on a bridge between two neighborhoods in Venice, Italy, by German artist Joseph Heintz the Younger (1600–1678). Photo credit: Anagoria. (b) Imaginative painting (public domain) of wolf packs fighting by British artist George Bouverie Goddard (1832–1886). Photo credit: Art UK.



		Figure 2.31 Contrast of the ‘Seven Virtues’ (Seven Capital Virtues) and the ‘Seven Sins’ (Seven Capital Sins), which trace to ancient and medieval Christian tradition.



		Figure 3.1 Paintings reflecting seriously phobic hatred of certain animals. (a) Biblical depiction of Adam, Eve, and the snake in the Garden of Eden. Painting (public domain) by Italian artist Marcantonio Franceschini (1648–1729). The stereotype of snakes as untrustworthy has contributed to their bad image in Western societies. (b) ‘Little Miss Muffet,’ public domain illustration, by English artist Arthur Rackham (1867–1939), based on the Mother Goose story of a girl being frightened by a harmless spider. (c) Fear of a mouse. Painting (public domain) by Spanish artist Cecilio Pla (1860–1934). (d) Jonah and the Whale, public domain painting by Dutch artist Pieter Lastman (1583–1633). Fear of whales is termed cetaphobia. (e) Illustration of the Biblical Plague of Frogs in Egypt, by Sweet Media (CC BY SA 3.0), reflecting prejudice against these usually innocuous creatures.



		Figure 3.2 Cartoon depiction of ‘speciesism’ in a segregated lunch counter, reflecting human preferential treatment for ‘higher’ animals and prejudice against ‘lower’ species. Prepared by B. Brookes.



		Figure 3.3 Looks matter. Top row: Occupations in which appearance is known to be a tacit criterion for employment. (a) Cheerleader. Photo by Palmount45 (CC BY SA 4.0). (b) Waitress. Photo by Brianfagan (CC by 2.0). (c) Stewardess. Photo by Fabio (CC BY 2.0). (d) Ceremonial guard at Buckingham Palace, London. Photo (public domain) from Pixabay.com. Bottom row: Different treatment of attractive and unattractive rodents. (e) A beautiful red squirrel being fed. Photo (public domain) by Artem Beliaikin. (f) A rat killed in a trap. Photo by Glogger (CC BY SA 4.0).



		Figure 3.4 Self-acceptance of their appearance by animals. All figures are from Shutterstock. Contributors: (a) Vitasunny, (b) Iliukhinao777, (c) Tadienna, (d) Kejt19801, (e) Nuvolanevicata, (f) Oleg Zhevelev.



		Figure 3.5 Naked mole rat (Heterocephalus glaber). Photo by TxanTxunai (CC BY SA 4.0).



		Figure 3.6 The Elephant Man Joseph Carey Merrick (‘John Merrick,’ 1862–1890), a severely deformed Englishman exhibited at a freak show as the ‘Elephant Man,’ was the subject of a famous 1980 film in which he uttered ‘I am not an animal! I am a human being!’ (a) Wax model of John Merrick, the Elephant Man, in the Museum of the Weird, Austin, Texas. Photo by Cory Doctorow (CC BY SA 2.0). (b) Model in the Brussels Museum of the Strangest. Photo by Miguel Discart (CC BY SA 2.0). (c) Cap and hood worn by Merrick to hide his deformities. Photo (public domain) by Jack 1956.



		Figure 3.7 The burdens of motherhood. (a) Nineteenth century advertising card (public domain) illustrating an old poem: ‘There was an old woman who lived in a shoe, She had so many children she didn’t know what to do; She gave them some broth without any bread, She whipped them all soundly and sent them to bed.’ Photo credit Boston Public Library (CC BY 2.0). (b) Comparison of an egg of kiwi (flightless bird of the genus Apteryx endemic to New Zealand) and the mother. The egg is one of the largest relative to the size of any mother bird, ranging up to 20% of her weight, so giving birth is especially laborious. Prepared by Shyamal (CC BY 3.0). (c) Muscovy duck (Cairina moschata) mother and her many ducklings. Photo by Charles Patrick Ewing (CC BY 2.0). (d) Sow and her litter of 13 piglets. Photo by Mike Ohlhausen (CC BY SA 3.0). (e) Virginia opossum (Didelphis virginiana) of North and Central America. This mother is carrying nine young on her back. Photo by SpecialJake (CC BY SA 3.0).



		Figure 3.8 Examples of species in which females are much larger than males. (a) A large female golden orb-weaver spider (Nephila pilipes) and its tiny male suitor. Males are typically smaller than females in spiders. Photo by Graham Winterflood (CC BY SA 2.0). (b) A large female common toad (Bufo bufo) with a smaller male on its back. In most frogs and toads, males are smaller than females, although there is usually overlap in size. Photo (public domain) by Bernie. (c) Two small males attempting to mate with a large female garter snake (Thamnophis sirtalis). Females are much larger than the males in garter snake species. Photo (public domain) by Miles Frank, U.S. Fish and Wildlife Service.



		Figure 3.9 Male-dominant species and their harems. (a) ‘Harem dancers’ painting (public domain) by Italian artist Fabbi Fabbio (1861–1946). (b) A northern fur seal (Callorhinus ursinus) and his harem. Photo (public domain) by M. Boylan. (c) A red deer (Cervus elaphus) stag and his does. Photo by Carolyn Granycone (CC BY SA 2.0). (d) A rooster and his hens. Photo by Christine (CC BY SA 2.0). (e) A silverback gorilla (Gorilla gorilla) and his clan. Prepared by Blanca Martí de Ahumada (CC BY SA 3.0). (f) A lion and two of his lionesses. Photo by GinaFranchi (CC BY SA 4.0).



		Figure 3.10 Male and female of bird species in which the male is much more colorful. (a) Indian peacock and peahen (Pavo cristatus). Photo by Michelle Kinsey Bruns (CC BY SA 2.0). (b) Mallard ducks (Anas platyrhynchos). Photo by Richard Bartz (CC BY SA 2.5). (c) Mandarin ducks (Aix galericulata). Photo by Francis C. Franklin (CC BY SA 3.0). (d) Chinese monal (Lophophorus lhuysi). Source (public domain): Gould, J. 1850–1883. Birds of Asia. London, Taylor and Francis. (e) Greater bird of paradise (Paradisaea apoda). (f) Goldie’s bird of paradise (Paradisaea decora). (e and f) Source: Gould, J. and W. M. Hart. 1875–1888. The Birds of New Guinea and the Adjacent Papuan Islands. London, Henry Southeran.



		Figure 3.11 Views of animals that contradict their pejorative images. (a) A clean pig (by Hermandesign 2015). (b) A friendly shark (by Catalyst Labs). (c) A pleasant-smelling skunk (by Maria Bell). Source of figures: Shutterstock.



		Figure 3.12 Examples of vilification of animals in literature. (a) The fox as an untrustworthy and deceitful. This figure shows the classic Aesop fairy tale of a fox tricking a crow to drop a piece of cheese. Modified from a 1908 public domain figure in the journal Punch by J. S. Pughe, from U.S. Library of Congress. (b) A princess contemplating a frog. The familiar story reflects the traditional stereotype that frogs and toads are as so ugly and disgusting that they can be admired only if transformed into a handsome prince or princess. Illustration (public domain) of ‘The Frog Prince’ by Anne Anderson. Source: http://www.artsycraftsy.com/anderson_prints.html. (c) The wolf as a vicious predator of humans. Illustration of Little Red Riding Hood by Jessie Willcox Smith from the 1911 book (public domain) A Child’s Book of Stories. Source: https://socialistreadinggroup.wordpress.com/2018/07/08/little-red-cap-and-brier-rose/. (d) Lurid cover of a Moby Dick novel, portraying the whale as a dangerous animal hostile to humans. Source: https://commons.wikimedia.org/wiki/File:Moby_Dick_for_Wikicommons.jpg (CC BY 4.0). (e) The ostrich as an animal so dumb that it buries its head in the sand to avoid predators – a myth that has been widely accepted. Source (public domain): openclipart.org. (f) The snake as treacherous. ‘The Fall of Man,’ showing the biblical depiction of a serpent betraying mankind in the Garden of Eden. Public domain painting by German artist Lucas Cranach the Younger (1515–1586).



		Figure 3.13 The European magpie (Pica pica) has an undeserved reputation for stealing valuable objects, reinforced by Gioachino Rossini’s 1817 opera The Thieving Magpie. The plot is based on a maid who almost goes to the gallows for stealing silver, before it is discovered that the culprit was a magpie. The public domain images shown here are based on the story. (a) ‘A Thief of a Magpie,’ painted by English artist William James Webbe (1830–1904). Photo by Irina (CC BY 2.0). (b) An educational late 19th-century card. (c) Source: Pocock, I., L. C. Caigniez, and M. d’Aubigny. 1815. The Magpie or the Maid? London, John Miller.



		Figure 3.14 Insects. (a) Variation among insects. Source (public domain): Der Neue Brockhaus, vol. 2 (1937). F. A. Brockhaus, Leipzig. Image scanned by Julo. Identifications are available at https://commons.wikimedia.org/wiki/File:Insects_in_Brockhaus_1937.jpg. (b) Sally Love, former director of the Insect Zoo at the U.S. National Museum of Natural History, wearing a selection of living insects. Credit: Laurie Minor-Penland, Smithsonian Institution (CC BY 2.0).



		Figure 3.15 Some pest insects shown as extremely threatening. Source of images: Shutterstock. (a) Cockroach (contributor: ayelet-keshet). (b) Hornet (contributor: Teguh Mujiono). (c) Mosquito (contributor: Teguh Mujiono).



		Figure 3.16 A 1910 postcard (public domain) showing a woman contemptuously kicking a mosquito.



		Figure 3.17 Examples of ‘vermin.’ (a) American beaver (Castor canadensis). Photo by Steve (CC BY SA 20). (b) Groundhog (Marmota monax). Photo (public domain) by N. Lewis, U.S. National Park Service. (c) Pigeon (rock pigeon, Columba livia). Photo by Diego Delso (CC BY SA 3.0). (d) Coyote (Canis latrans). Photo by Rebecca Richardson (CC BY 2.0).



		Figure 3.18 Damaging weeds. (a) Damage to an urban area. A house overrun by weeds. Photo by Infrogmation of New Orleans (CC BY SA 4.0). (b) Damage to agriculture. Manual weeding of an agricultural field in India. Photo by Deeptrivia (CC BY SA 3.0). (c) Damage to a natural ecosystem. Purple loosestrife (Lythrum salicaria), an invasive Old Word alien that has taken over a natural marsh in North America, causing considerable damage to local plants and animals. Photo by Liz West (CC BY 2.0).



		Figure 3.19 Intoxicant (psychoactive) species. (a) Colorado River toad (Incilius alvarius). This native of northern Mexico and the southwestern United States exudes toxic hallucinogenic compounds from its parotid glands (located on the back, neck, and shoulder). Its toxin can kill dogs but nevertheless has been employed as a street drug. Photo by kuhnmi (CC BY 2.0). (b) Psilocybin mushrooms (Psilocybe weilii), also called magic mushrooms and shrooms. Several genera of fungi are called psilocybin mushrooms. Psilocybin, the main chemical of most hallucinogenic mushrooms, has been employed in indigenous New World spiritual ceremonies and as a street drug. Photo (public domain) by GumbyDude. (c) Fly agaric (Amanita muscaria). This common mushroom’s active agents are muscimol and ibotenic acid. It also has been used as a spiritual and recreational hallucinogen. Photo by Thomas Pruß (CC BY SA 3.0). (d) Marijuana plant (Cannabis sativa). Photo by Plantlady223 (CC BY SA 4.0). (e) Cocaine shrub (Erythroxylum coca). In its native South America, the leaves are commonly chewed for energy (similar to how coffee is consumed), but extracted cocaine is misused in Western countries and is much more dangerous. Photo by Darina (CC BY SA 3.0). (f) Peyote (Lophophora williamsii). This native of Mexico and southwestern Texas is a small, spineless cactus with psychoactive alkaloids, particularly mescaline. It has been used by indigenous North Americans as a spiritual drug for centuries. Photo by Maja Dumat (CC BY 2.0).



		Figure 3.20 British hawthorn fairy trees. (a) A hawthorn (Crataegus monogyna) in flower in England. Photo by Nilfanion (CC BY SA 3.0). (b) A vintage illustration of a hawthorn fairy tree in fruit. Source (public domain): Pixabay.com. (c) Ribbons attached to a hawthorn fairy tree in England, to make wishes, traditionally for cures to illness. Photo by Jim Champion (CCC BY SA 4.0).



		Figure 3.21 An aye-aye (Daubentonia madagascariensis). Photo by Klaus Rassinger, Museum Wiesbaden (CC BY SA 4.0).



		Figure 4.1 Examples of large individuals and large species commanding respect and admiration. (a) Hand-colored etching (public domain) ‘The Surprising Irish Giant of St. James’s Street’ by British artist Thomas Rowlandson (1757–1827), housed in the Metropolitan Museum of Art, New York. (b) William Bradley (1787–1820), the Yorkshire Giant, claimed to be the tallest recorded British man that ever lived, measuring 2.36 m in height. Published in London by S. W. Fores in 1810. Credit: Wellcome collection (CC BY 4.0). (c) Dinosaur exhibit in California. Photo by Catchpenny (CC BY ND 2.0). (d) Another dinosaur exhibit in California. Photo by Loren Javier (CC BY ND 2.0). (e) Sperm whale (Physeter macrocephalus), the largest toothed predator. Source: Craig, H. ed. 1880. Johnson’s Household Book of Nature, New York, H. J. Johnson. Credit: Biodiversity Heritage Library (CC BY 2.0). (f) Big Bingo, a giant two-story high elephant exhibited by Ringling Bros. Lithograph published by The Strobridge Litho. Co., Cincinnati & New York in 1916. Credit: Boston Public Library (CC BY 2.0). (g) A giant pumpkin. Record-setting pumpkins weigh well in excess of 1 t. Photo by Mike Mozart (CC BY 2.0). (h) Giant sequoia (Sequoiadendron giganteum), the world’s largest tree species in terms of mass (up to 1900 tons). Source (public domain): Flore des serres et des jardins de l’Europe, vol. 9 (1853–1854), Gand, Belgium, L. van Houtte.



		Figure 4.2 Famous mythological giants. (a) King Kong, from a 1933 Swedish movie poster (public domain) published by J Olséns Litografiska Anstalt, Stockholm. (b) A statue of the Jolly Green Giant (mascot of B&G Food), 17 m tall, in Blue Earth, Minnesota. Photo by Wallace Parry (CC BY SA 3.0). (c) Depiction of the giant and the giant beanstalk in the fairy tale ‘Jack and the beanstalk.’ Source: Shutterstock (contributor: Delcarmat). (d) The legendary giant lumberjack Paul Bunyan and his giant blue ox ‘Babe.’ Source: Shutterstock (contributor: John Kaestner). (e) The giant Goliath, defeated by David in the Bible story. Source: Shutterstock (contributor: Anton Brand).



		Figure 4.3 Examples of advantages of larger size. All figures are from Shutterstock. (a) Furniture mover, an occupation in which size and associate strength is advantageous (contributor: Vector Vision). (b) A bully using his size and strength to intimidate and extract concessions from an associate (contributor: Pretty Vectors). (c) An athletic contest, in which the larger man is advantaged by his size (contributor: Pretty Vectors). (d) Bigger fish eating smaller ones, reflecting the advantages of size to predators (contributor: Peter Hermes Furian). (e) A big fat cat, metaphorically representing a predatory businessman who has exploited smaller, more vulnerable individuals, represented by the small mouse (contributor: IDraw). (f) A huge draft horse and a much smaller pony, the large size of the former required to move very heavy loads (contributor: Sammy33). (g) Cartoon of a vintage, horse-drawn double-decker bus, requiring large powerful draft animals (contributor: Iralu).



		Figure 4.4 Examples of size contributing to security. Illustrations from Shutterstock. (a) A big bouncer responsible for crowd control at a night club (contributor: Filthydanus). (b) A king and his big bodyguards (contributor: Askib). (c) A London, England policewoman, whose stature and apparent authority are greatly increased by riding a large horse (contributor: Elmm). (d) A big guard dog providing security for property (contributor: ONYXprj).



		Figure 4.5 Tall headgear employed to heighten the visual authority of powerful men. (a) Painting of early 19th-century uniforms of the Russian Pavlovsky Grenadier Regiment. The higher status of the officers is indicated by their taller hats. Source (public domain): Charlemagne, A. J. 1890. History of the Pavlovsky Life Guards Regiment 1790–1890. (b) Pope Benedict XVI in 2008. Photo by Rvin88 (CC BY 3.0). (c) Painting (public domain) of a member of the British parliament, Fitzstephen French, by English artist George Hayter (1792–1871). Credit: Museum of Fine Arts, Houston. (d) Toyotomi Hideyoshi (1537–1598), a Japanese samurai who was one of the most influential men in Japan. He was known for his unique helmet. Public domain painting by an unknown artist. Source: https://commons.wikimedia.org/wiki/File:Toyotomi_Hideyoshi_on_his_horse.jpg. (e) Portrait (public domain) of field-marshal Manuel Inácio Martins Pamplona Corte Real (1762–1830), Portuguese nobleman and politician. Painted in the 19th century by an unknown artist. Source: Cabral Moncada Leilões – Leilão 1228 (Leilão Online de Antiguidades e Objectos de Decoração). (f) U.S. military recruitment poster (public domain) of Uncle Sam, painted by James Montgomery Flagg in 1916–1917.



		Figure 4.6 Some prominent members of the charismatic megafauna, painted by T. Knepp, U.S. Fish and Wildlife Service (public domain images). (a) African elephant (Loxodonta africana). (b) Bengal tiger (Panthera tigris tigris). (c) Black rhinoceros (Diceros bicornis). (d) Great hammerhead shark (Sphyrna mokarran).



		Figure 4.7 Giant cephalopods. (a) Colossal squid (Mesonychoteuthis hamiltoni). Invertebrate animals, which constitute the majority of known species, are generally very small. A striking exception is the colossal squid, the largest known invertebrate. A specimen collected in Antarctic waters in 2007 was 10 m long and weighed 450 kg, but it is thought that much larger animals exist. The size of the human for scale has been disputed. Figure by Citron (CC BY 3.0). (b) A mythological ‘kraken’ (giant octopus-like cephalopod) attacking a ship. Source (public domain): Pierre Dénys de Montfort, 1801. (c) A ‘giant squid’ fighting with sailors. Source (public domain): N. C. Wyeth (1882–1945) in The Adventure of the Giant Squid, 1939.



		Figure 4.8 Examples of human domination of large animals for transportation and entertainment. (a) Bull riding at the Calgary Stampede. Photo by Chuck Szmurlo (CC BY SA 3.0). (b) Lion taming. Photo by HaleyDara (CC BY ND 2.0). (c) Girl on horse. Photo by Patrick Doheny (CC BY 2.0). (d) Boy on elephant. Photo by Sheikh Rafi (CC BY 2.0). (e) Trainer standing on ‘Shamu the killer whale.’ Photo (2009) by Milan Boers (CC BY 2.0). (f) Dolphin show in Valencia, Spain. Photo by Javier Yaya Tur (CC BY 2.0).



		Figure 4.9 Coral reefs. These are constructed underwater mostly by colonies of corals, which are tiny colonial animals (usually no larger than 1.5 cm in diameter) held together by their surrounding calcium carbonate shells (exoskeletons). The mineral makes up the stony framework of reef systems, which command human respect because they can be gigantic (the largest, the Great Barrier Reef, extends for over 2,300 km, covering 345,000 km2 on the northeastern coast of Australia). Coral reefs are home to at least one-quarter of marine species and are the source of considerable harvested natural resources and ecosystem services. The reefs are under grave threat because habitat destruction, particularly from climate change, is destroying them. (a) Great Barrier Reef coral species. Source (public domain): Saville-Kent, W. 1893. The Great Barrier Reef of Australia. London, Riddle and Couchman. Photo credit: Rawpixel (CC by SA 4.0). (b) A coral reef ecosystem. Photo by Pedro Fernandes (CC BY 2.0).



		Figure 4.10 Some prominent members of the charismatic megaflora (attractive giant trees). (a) African baobab (Adansonia digitata), considered to be the world’s largest tree species in terms of individual trunk girth (circumference up to 16 m). Photo by F. Reus (CC BY SA 2.0). (b) ‘The Hundred-Horse Chestnut’ painted by Jean-Pierre Louis Laurent Houël (1735–1813). This is the largest and oldest known chestnut (Castanea sativa) in the world. Located on the eastern slope of Mount Etna in Sicily, it is 2,000 to 4,000 years old. Guinness World Records listed it for the record of ‘Greatest Tree Girth,’ with a circumference of 57.9 m when measured in 1780. Above ground, the tree has split into multiple large trunks. The tree’s name originated from a legend in which a queen of Aragon and her company of 100 knights supposedly took shelter under the tree. (c) Saguaro cactus (Carnegiea gigantea) in Saguaro National Monument, Arizona. This native of the Sonoran Desert of extreme southeastern California, southern Arizona, and adjoining northwestern Mexico is the largest cactus in the United States, and probably the most recognized cactus in the world, commonly shown as background in Wild West movies. The plant grows to a height of 5–20 m, but very slowly, often only 2.5 cm in a year. Photo (public domain) from U.S. Department of Agriculture, Forest Service.



		Figure 4.11 Contrast of beautiful and ugly phases of a butterfly. (a and b) Peacock Butterfly (Aglais io). (a) Beautiful adult. Photo by Didier Descouens (CC BY SA 4.0). (b) Ugly caterpillar. Photo by Ragnar1904 (CC BY SA 4.0). (c) An ugly version (public domain) of the caterpillar in Alice’s Adventures in Wonderland by English painter Arthur Rackham (1867–1939).



		Figure 4.12 Examples of beautiful sea animals that most people never view. Source (public domain): Haeckel (1899–1904). (a) Sea anemones (plate 49). (b) Jellyfish (plate 8). (c) Sea squirts (plate 85).



		Figure 4.13 Social animals. Assembling in groups makes predators more efficient and prey more protected. Large groups also elicit more respect (fear or admiration) from humans. (a) A colony of emperor penguins. Photo (public domain) by Denis Luyten. (b) A herd of African elephants. Photo by Vaughan Leiberum (CC BY 2.0). (c) A flock of James’s flamingo (Phoenicoparrus jamesi) in Bolivia. Photo by Pedro Szekely (CC BY SA 2.0). (d) A swarm of Pacific Sea nettles (Chrysaora fuscescens). These carnivorous animals catch their prey by their stinging tentacles, which can harm humans, although usually not lethally. Photo credit (public domain): Chad King, U.S. National Oceanic and Atmospheric Administration. (e) A pack of wolves hunting a herd of bison in Yellowstone National Park, USA. Photo by D. R. MacNulty, A. Tallian, D. R. Stahler, and D. W. Smith (CC BY 4.0). (f) A swarm of ants attacking a lizard in India (species not identified). Photo by Rajeshkunnoth (CC BY SA 1.0). (g) A swarm of red-bellied piranha (Pygocentrus nattereri). Image by Damian Soltys (CC BY SA 3.0).



		Figure 5.1 Cosmetic enhancement of appearance. (a) Relative percentage of serious cosmetic surgical procedures (based on 1.1 million operations in the US in 2018, as reported in American Society of Plastic Surgeons 2019). Figure prepared by B. Brookes. (b) A woman at her dressing table applying cosmetics. Painting (public domain) by American artist Frederick Carl Frieseke (1874–1939). (c) Displays of cosmetics in a store. Photo by Pear285, released into the public domain.



		Figure 5.2 Illustrations of stress on men to improve their appearance. (a and b) Concern over muscularity. (a) Muscular male superhero created by Mitch Hallock/ComiCONNMitch, released into the public domain. (b) Update (prepared by B. Brookes) of the famous Charles Atlas comic advertisement showing a thin man insulted about his appearance at a beach, who subsequently becomes muscular and attractive to the opposite sex. (c and d) Concern over hair loss. (c) Postcard circulated in 1910 (public domain) of a man fretting over his baldness. (d) Nineteenth-century baldness cure advertisement (public domain).



		Figure 5.3 Impressive musculature and hairiness of gorillas – characteristics valued in men. (a) Gorilla (Gorilla gorilla). Photo by Anagoria (CC BY 3.0). (b) King Kong, modified by B. Brookes from a 1933 poster (public domain).



		Figure 5.4 Double-muscled (mutant myostatin-deficient) animals. (a) A double-muscled female whippet. Photo by Charles Williams (CC BY 2.0). (b) A normal female whippet. Photo by Thomas Barregren (CC BY ND 2.0). (c) A Belgian blue double-muscled bull. Photo by Roby (CC BY SA 3.0).



		Figure 5.5 ‘After all, beauty is only skin deep!’ Cartoon (public domain) published in 1914 by German artist Heinrich Kley (1863–1945) in Puck magazine, vol. 75, no. 1940, May 9.



		Figure 5.6 Species victimized for their beautiful fashion products. (a) Leopard. Photo by www.walkers.sk (CC BY 3.0). (b) Leopard coat painting (public domain) by Harrison Fisher (1875–1934), photo (public domain) by Halloween HJB. (c) Peacock (Pavo cristatus), illustration prepared by Mahesh Iyer (CC BY SA 3.0). (d) Indian dancer in peacock costume. Photo by Arian Zwegers (CC BY 2.0). (e) Crocodile. Source: Danske Billeder (Danish Pictures), 1892, published by Alfred Jacobsen, Denmark. Credit: Dansk Skolemuseum (CC BY SA 4.0). (f) Alligator bag. Photo (public domain) by Ashley Van Haeften. Credit: Los Angeles County Museum of Art. (g) Indian Elephant (Elephas maximus indicus) confronting Bengal Tigers (Panthera tigris tigris). Painting (public domain) from Brockhaus, F. A. 1910. Kleines Konversations - Lexikon (Small Conversation Lexicon), 5th edition. Leipzig, F. A. Brockhaus. (h) Ivory seahorse brooch with gemstone eye. Public domain photo. Credit: Hiart, Honolulu Museum of Art.



		Figure 5.7 The Ugly Duckling – a fairy tale about the unfairness of judging only on the basis of appearance. (a) Illustration (public domain) by Theo van Hoytema, from the book by Hans Christian Andersen, published in 1893 by C. M. van Gogh, Amsterdam. (b and c) Figures (public domain) from Mabel Lucie Attwell’s drawings in a 1914 version of Hans Andersen’s Fairy Tales. Illustrations modified by B. Brookes.



		Figure 5.8 A beauty contest, celebrating species considered to be attractive by humans, while the rejected ugly creatures have been banished to the audience. The scene is a metaphor for how humans honor and protect a minority of glamorous, charismatic animal celebrities, while most beasts and bugs are disdained and mistreated. Prepared by Jessica Hsiung.



		Figure 5.9 Studies of physiognomy (the discredited practice of evaluating moral character from the shape of faces). (a) ‘Dublures of Characters,’ public domain, by English caricaturist James Gillray (died 1815). ‘Dublure’ or ‘doubloure’ is French for doubled, and the artist has portrayed his interpretation of the hidden characteristics of the people shown (mostly politicians) by the grotesque doubles in the background. Credit: United States Library of Congress. (b) Another depiction of physiognomy. Artist unknown (early 19th-century France). Source: Wellcome collection (CC BY 4.0). (c) A physiognomic analogization of human and nonhuman faces. Source: Le Brun, C. 1809. Dissertation sur un traité de Charles le Brun, concernant le rapport de la physionomie humaine avec celle des animaux. Paris. Credit: Wellcome collection (CC BY 4.0). (d) Caricature entitled ‘Bumpology’ prepared by George Cruikshank in 1826. Phrenology (head shape analysis) was a pseudoscience allied to physiognomy. Credit: Wellcome collection (CC BY 4.0).



		Figure 5.10 Appealing (cute, adorable) features of human babies. (a) Comparative body proportions of a baby and an adult. The most obvious adult maturation features are that the human head becomes proportionately smaller, the legs become proportionately longer, and the overall size increases greatly. Figure modified from Choulant’s Anatomic illustrations (Geschichte und Bibliographie der anatomischen Abbildung; Leipzig, 1852), credit: Wellcome Images (CC BY 4.0). (b) Comparative head proportions of a baby and an adult. Key differences are indicated. Prepared by B. Brookes. (c) Appealing features of a baby. Photo (public domain) from Pixabay.com.



		Figure 5.11 The attractiveness of baby harp seals. (a) A living baby harp seal. Photo by M. Godbout (CC BY 3.0). (b) Cartoon emphasizing cuteness of a baby harp seal. Source: Shutterstock (contributor: Andryuha1981). (c) A baby boy playing with a toy seal. Note the comparable cuteness. Source: Shutterstock (contributor: Calek). (d) Anti-sealing cartoon. Source: Shutterstock (contributor: ArtbyAnny).



		Figure 5.12 Facial neoteny (retention of infantile features) in women. The attractive facial features of babies are evident in the faces of the women. (a) Photo by Heather Katsoulis (CC BY SA 4.0). (b) Photo by Jim Hammer (CC BY SA 2.0). (c) Photo by tec_estromberg (CC BY 2.0.). (d and e) Photos by fastweightlossmotivation99 (public domain). (f) Photo by Eyes_Master (CC BY 2.0).



		Figure 5.13 Care and enhancement of the female face. Illustrations from Shutterstock. (a) Contributor: Mentalmind. (b) Contributor: SkyPics Studio. (c) Contributor: Ansty. (d) Contributor: Takzany Thippon. (e) Contributor: Elysart.



		Figure 5.14 Transfer of human maternal behavior toward cute animals. Source: Shutterstock. (a) Contributor: Vectorpocket. (b) Contributor: BNP Design Studio. (c) Contributor: Vectorpocket.



		Figure 5.15 Model male faces demonstrating a very low and a very high facial width-to-height ratio. Prepared by B. Brookes.



		Figure 5.16 Early members of the genus Homo. Note the very broad (horizontal) heads and short (vertical) upper faces, so that the facial width-to-height ratios are at the extreme upper range of most present-day humans. Such faces, as discussed in the text, are decidedly intimidating and could reflect aggressive behavior that was necessary for survival in the past. (a) Homo heidelbergensis (Homo sapiens heidelbergensis). The group occupied northern Eurasia until it went extinct about 200,000 BP. Photo by Tim Evanson (CC BY 2.0). (b) Neanderthal Man (Homo neanderthalensis or Homo sapiens neanderthalensis). He lived in Eurasia and contributed a small number of genes to modern humans before going extinct about 40,000 years ago. Photo credit: Neanderthal-Museum, Mettmann (CC BY SA 4.0). (c) Early ‘anatomically modern human’ (Cro-Magnon man). Thriving in Europe after 40,000 BP, this was the main ancestor of modern humans. Photo by Cicero Moraes (CC BY SA 4.0).



		Figure 5.17 Impressively wide faces of two male primates closely related to humans. (a) Bornean orangutan (Pongo pygmaeus), with big cheeks. Photo by Eric Kilby (CC BY SA 2.0). (b) Gorilla (silverback, Gorilla gorilla). Source: Pixabay.com (public domain).



		Figure 5.18 Relatively wide-faced men, dogs, and vehicles all seem to generate fear and respect. Prepared by B. Brookes.



		Figure 5.19 Ugly animal faces, judged by deviation from the standards of ideal human faces. (a) Human female. Public domain image from Pixabay.com. (b) Human male. Public domain image from Pixabay.com. (c) Proboscis monkey (Nasalis larvatus). Photo by Charles J Sharp (CC BY SA 4.0). (d) European hornet (Vespa crabro). Photo by Llez (CC BY SA 3.0). (e) Guinea paper wasp (Polistes exclamans). Photo (public domain) by Sam Droege, U.S. Geological Survey. (f) Green iguana (Iguana iguana). Photo by Tambako the Jaguar (CC BY ND 2.0). (g) Blob fish (Psychrolutes marcidus). Note: Blobfish live at depths of 600–1,200 m and are adapted to strong atmospheric pressures. When brought to the surface, their appearance distorts, making them appear much odder than they are normally. In profile, they do not look markedly different from typical fish. Photo by James Jowel (CC BY ND 2.0). (h) California condor (Gymnogyps californianus). Photo (public domain) by U.S. Fish and Wildlife Service. (i) Warthog (Phacochoerus africanus). Photo by Jim Bowen (CC BY 2.0).



		Figure 5.20 Comparative appearance of a puppy and an adult golden retriever. Note small body size, comparatively large head size, plumpness, short legs, and flat face of the puppy – all features that are also appealing in human babies (compare Fig. 5.10). (a) Source: Pixabay.com (public domain). (b) Photo by Barras (CC BY SA 3.0).



		Figure 5.21 Cute and cuddly baby animals are strong elicitors of protective instincts in humans. (a) Koala cub (Phascolarctos cinereus). Photo by E. Veland (CC BY SA 3.0). (b) Tiger kitten (Panthera tigris). Photo from Pixabay.com (public domain). (c) Polar bear cub (Ursus maritimus). Photo by Jensk369 (CC BY SA 2.0). (d) White-tailed deer fawn (Odocoileus virginianus). Photo from Pixabay.com (public domain). (e) Muscovy duckling (Cairina moschata). Photo by Luis Miguel Bugallo Sánchez (CC BY SA 3.0). (f) Baby meerkat (Suricata suricatta). Photo from Pixabay.org (public domain).



		Figure 5.22 Comparison of a flat-faced (‘brachycephalic’) dog, the pug, with a long-snout (‘long-nosed,’ ‘dolichocephalic’) dog, the borzoi (also sometimes called the Russian wolf hound). Flat-faced dogs have been selected for their cute baby faces. Unfortunately, this is often correlated with more restricted breathing passages leading to health problems. The formidable jaws of the borzoi, while not as attractive, suit this sitehound to hunting large prey. (a) Upper photo of pug by DaPuglet (CC BY SA 2.0). Lower photo of pug by Pharaoh Hound (CC BY 2.0). (b) Photo of borzoi by Autangelist (CC BY SA 3.0).



		Figure 5.23 Cartoon animals with infantile features that make them appealing. Illustration released into the public domain by Shutterstock.



		Figure 5.24 Contrast of (a) attractive infantile features and (b) frightening mature features in cartoon bears. Prepared by B. Brookes.



		Figure 5.25 Animals that appear to be smiling tend to be appealing. All of these animals have mouths that naturally form a smile. (a) Samoyed dog. Photo by Michael Neufeld (CC BY SA 4.0). (b) Chimpanzee. Photo by Tambako the Jaguar (CC BY ND 2.0). (c) Piglet. Photo by Дино4ка228 (CC BY SA 4.0). (d) Orangutan. Source (public domain): Publicdomainpictures.net. (e) Dolphin. Photo by Matthias (CC BY 3.0).



		Figure 5.26 Ageism applied to horses. (a) Chromolithograph (public domain) showing young, vigorous horses, marketed by the print vending company Currier & Ives in 1886. Source: U.S. Library of Congress. (b) Old, worn-out horses about to be reduced to industrial byproducts. Prepared by B. Brookes.



		Figure 5.27 Examples of very old trees that have become picturesque with age, albeit scraggly. (a) Mostly dead Great Basin bristlecone pines (Pinus longaeva) in the White Mountains of California. These trees are believed to be the oldest living things on the planet, many over 4,000 years old (the result of clonal reproduction, i.e., genetically identical young trees bud off from the old ones). Photo by Rick Goldwaser (CC BY 2.0). (b) An old Benjamin fig (Ficus benjamina) in the Botanical Gardens, Kandy, Sri Lanka. Photo by Ronald Saunders (CC BY SA 2.0). (c) An ancient olive tree (Olea europaea) in Lebanon. Photo by Serge Melki (CC BY 2.0).



		Figure 5.28 Physical contact with professional ‘therapy animals’ such as these dogs provides psychological benefits and so such species are greatly valued. (a) Collie visiting a class of young students. Source: Shutterstock, contributor: Gpointstudio. (b) French bulldog visiting a hospital. Source: Shutterstock, contributor: AnnaStills. (c) Quinny, a cocker spaniel, visiting a patient at Le Bonheur Children’s Hospital, Memphis, Tennessee. Photo (public domain) by Amanda Rae Sullivan, U.S. Navy. (d) Molly, a Sheltie, visiting Langley Air Force Base Hospital in Virginia. Photo (public domain) by Zachary Wolf, U.S. Air Force.



		Figure 5.29 Physical contact with furry, fluffy, or fuzzy animals at ‘petting farms’ (‘petting zoos’) provides psychological benefits, and so such species are greatly valued. Source of photos: Shutterstock. (a) Pony. Contributor: Roman Rybaleov. (b) Duckling. Contributor: Mak_Jen. (c) Piglets. Contributor: Galitsin. (d) Goat. Contributor: MNStudio. (e) Lamb. Contributor: Critterbiz. (f) Bunny. Contributor: Serhiy Kobyakov.



		Figure 5.30 Huggability and non-huggability as factors in human judgment of the attractiveness of species. (a–c) Examples of huggability. (a) Madonna and Child, painting by Italian artist Raphael (1483–1520). Photo by José Luiz Bernardes Ribeiro (CC BY SA 4.0). (b) A girl and her Teddy Bear. Source (public domain): Pixabay.com. (c) A girl and her cat. Source (public domain): Pixabay.com. (d–f) Examples of animals that are too spiny to hug. (d) Thorny devil (Moloch horridus), an Australian lizard. Photo by Steve Shattuck (CC BY 2.0). (e) Regal horned lizard (Phrynosoma solare), native to Mexico and the Southwestern U.S. Photo by Room237 (CC BY SA 3.0). (f) Indian crested porcupine (Histrix cristata), from Gray, J. E. 1830–1834. Illustrations of Indian zoology. Digitally enhanced by Rawpixel (CC BY 4.0). (g–i) Examples of animals with toxic surfaces. (g) Hooded Pitohui (Pitohui dichrous) of New Guinea, a bird that secretes a neurotoxin causing numbness and burning when touched. Photo by Benjamin Freeman (CC BY SA 3.0). (h) Cane toad (Rhinella marina), a native of South and Central America, with skin secretions so toxic that many dogs have been killed. Photo by MyFWC Florida Fish and Wildlife (CC BY ND 2.0). (i) Red lion fish (Pterois volitans), a native of South Pacific reef ecosystems, with venomous fin spines. Photo by Michael Gäbler (CC BY SA 3.0).



		Figure 5.31 Tree-huggers. (a) Endangered Bengal tiger (Panthera tigris tigris) in India. Photo by Abhishek Chikile (CC BY SA 4.0). (b) Smokey Bear and friends. Painting (public domain image) by Rudy Wendelin. Credit: U.S. National Agricultural Library. (c) Students hugging a giant redwood (Sequoia sempervirens). Public domain photo. Credit: Redwood National Park, California.



		Figure 5.32 Women’s hair: a possible beauty criterion applied to judging the value of fur. (All figures are public domain.) (a) Eighteenth-century painting of Marie Antoinette, Queen of France, by an unknown artist. Note her elaborate hair style. (b) Illustration by Paul Hey of the Brothers Grimm fairy tale in which Rapunzel is locked in a high tower until her rescue by a prince who climbs up to her using her long hair as a rope. Source: https://www.childstories.org/vi/rapunzen-1832.html. (c) Long-haired lady. Nineteenth-century advertising card for a hair preparation published by Dr. J. C. Ayers & Co.



		Figure 5.33 The cuteness of naturally curly-textured hair. (a) A bichon fris dog. Photo by Heike Andres (CC BY SA 3.0). (b) An attractive African-origin female. Photo (public domain) by Le Dinh Thuy. (c) Another attractive African-origin female. Photo (public domain) by Kimberly, Pixabay.com. (d) A lamb. Photo by size4riggerboots (CC BY ND 2.0).



		Figure 5.34 Parallels of facial hair between people and other mammals. (a) Painting (public domain), ‘Study of an old man with a beard,’ by Antoine van Dyck (1599–1641), in the Metropolitan Museum of Art. (b) Lion. Photo by Tambako the Jaguar (CC BY ND 2.0). (c) Drawing (in 1920; public domain) of Uncle Sam (icon representing presidency of the U.S.) with a goatee, by artist James Montgomery Flagg. (d) Goat with a goatee. Source (public domain): Pixabay.com. (e) Portrait of Soviet dictator Joseph Stalin (1878–1953) with a walrus moustache. Photo by Ephraim Stillberg (CC BY SA 3.0). (f) Walrus, public domain photo. Credit: Megapixie.



		Figure 5.35 Mammalian fur, so admired that it is made into decorative rugs or fur coats. (a) Bearskin rug, Photo by Thomas Quine (CC BY 2.0). (b) Raccoon coat. Photo by Robert Sheie (CC BY 2.0). (c) Lady in fur. Credit: Bea Serendipity/Ghee (CC BY 2.0). (d) Tigerskin rug. Painting entitled ‘Scherzando’ (public domain) by Ignaz Gaugengigl (1853–1932). Photo credit: https://collections.mfa.org/objects/32126/scherzando. (e) Domestic cat (Felis catus) pelts for the fur industry. Photo by Mickey Bohnacker, Presse-Fotograf, Frankfurt/Main, released into the public domain. (f) Timberwolf jacket. Photo by Kuerschner, released into the public domain.



		Figure 5.36 Animals with skin appearance often considered undesirable. (a) Wild turkey (Meleagris gallopavo). Photo by Russ (CC BY 2.0). (b) Marabou stork (Leptoptilos crumenifer). Photo by Puffin11uk (CC BY SA 2.0). (c) Lappet-faced vulture (Torgos tracheliotos). Photo by Belgian chocolate (CC BY 2.0). (d–f) Animals with very wrinkled skin. (d) Sharpei dogs. Photo by Kitty.green (CC BY SA 2.0). (e) Sphynx kitten. Photo by Dmitry Makeev (CC BY SA 4.0). (f) Naked mole rat (Heterocephalus glaber). Photo credit (public domain): Mehgan Murphy, Smithsonian’s National Zoo & Conservation Biology Institute.



		Figure 5.37 Dangerous, deceptive, sexual lures attracting one species to a different one. (a) King-in-his-carriage (Drakaea glyptodon). This ‘hammer orchid’ of Australia has one petal (in purple) modified to look like a female wasp. When a male wasp attempts to mate with it, the hinged stalk on which it sits carries the bee against the part of the flower with the stigma and pollen, resulting in pollination. Photo by Mark Brundrett (CC BY SA 3.0). (b) Painting (public domain) of ‘sirens’ by German artist Hans Thoma (1839–1924). In Greek mythology, sirens were dangerous hybrids of women and birds, who employed enchanting music to lure sailors to become shipwrecked on rocky coasts. Photo credit: Auction House Kaupp, Sulzberg, via ARCADJA auction. (c) Femme fatale firefly (Photuris lucicrescens). Females (and sometimes males) of the firefly (beetle) genus Photuris hunt species of another firefly genus, Photinus, and so are called firefly ‘femmes fatales.’ Male fireflies flash characteristic, species-specific patterns as they search for stationary females at night, and the females usually respond with single flashes after a specific interval. Photuris females lure Photinus males by faking the latter’s flash signal, and when they arrive expecting sex they are eaten. Photo by Bruce Marlin (CC BY SA 2.5).



		Figure 5.38 Symmetry patterns. (a) Covid19 (=COVID19) virus, exemplifying spherical symmetry. Public domain image from Centers for Disease Control and Prevention, United States Department of Health and Human Services. (b) Necklace starfish or Indian red sea star (Fromia monilis), exemplifying radial symmetry. This species of the Indian Ocean and Western Pacific grows to 30 cm in diameter. Photo by Frédéric Ducarme (CC BY SA 4.0). (c) Cinnabar moth (Tyria jacobaeae), a widespread Old World species, exemplifying bilateral symmetry. Source (public domain): Nemos, F. 1895. Europas bekannteste Schmetterlinge. Beschreibung der wichtigsten Arten und Anleitung zur Kenntnis und zum Sammeln der Schmetterlinge und Raupen. Berlin, Oestergaard Verlag.



		Figure 5.39 The contribution of symmetrical, uniform teeth to beauty. (a) Excellent teeth. Photo by Liz20151222 (CC BY SA 4.0). (b) Jack-o’lantern and (c) a witch with scattered teeth contributing to eccentric appearance. Source: Pixabay.com (public domain). (d) Skull of a hippo (Hippopotamus amphibius) showing odd arrangement of specialized teeth. Photo by Raul654 (CC BY SA 3.0). (e) Skull of a camel (Camelus dromedarius) showing odd specialized teeth. Photo by David J. Stang (CC BY SA 4.0). (f) Snout of a Nile crocodile (Crocodylus niloticus) showing irregular teeth. Photo by Ermell (CC BY 3.0).



		Figure 5.40 Examples of asymmetrical animals. (a) Tasmanian giant crab (Pseudocarcinus gigas), illustrating the remarkable asymmetrical development of one of the claws of some male crabs. Males can reach 18 kg in weight. The species occurs in the oceans of southern Australia. Lithograph (public domain) by John James Wild (1824–1900). (b) Sand flounder (Rhombosolea plebeia) a flatfish of New Zealand coastal waters (note eyes on same side of the head, an adaptation that allows the fish to lie inconspicuously on the ocean floor). Source (public domain): South Pacific fishes by Frank Edward Clarke (1849–1899). Photo credit rawpixel.com. (c) Narwhal (Monodon monoceros). Males have a long helical tusk arising from an upper left canine tooth. The species is a resident of Arctic waters. Unlike the previous examples, the asymmetry is not visible externally. Source (public domain): Thorburn, A. 1920. British Mammals.



		Figure 5.41 Asymmetrically grown beautiful bonsai. (a) Japanese black pine (Pinus thunbergii). Photo by Ragesoss (CC BY SA 4.0). (b) Blue atlas cedar (Cedrus libani var. atlantica). Photo by Ragesoss (CC BY SA 3.0). (c) Indian azalea (Rhododendron indicum). Photo by Marufish (CC BY SA 2.0).



		Figure 5.42 Purebred dog shows and their ‘beauty criteria’ – standards, which are sets of specifications for acceptable ranges of characteristics. (a) Poster for the 2013 European Dog Show. Photo by Palexpo Genève (CC BY ND 2.0). (b) Sporting Group at the 2010 Westminster Kennel Club Dog show. Photo by Audrey_sel (CC BY 2.0). (c) Diagram showing relative body proportions of boxers to assist in judging conformity to their breed standards. Prepared by Loudenvier, based on a drawing by Pearson Scott Foresman (CC BY SA 3.0). (d) Rottweiler anatomical features included in judging. Prepared by Caronna (CC BY SA 3.0).



		Figure 5.43 Animals that are considered less than attractive when they have accumulated fat. (a) ‘Venus and Adonis,’ painting (public domain) by Peter Paul Rubens in the first half of the 17th century. Housed in the New York Metropolitan Museum of Art. (b) Fat orangutan (Pongo pygmaeus). Photo by Amada44 (CC BY 2.0). (c) Fat hippo (Hippopotamus amphibious). Photo by Kabacchi (CC BY 2.0). (d) Fat brown bear (Ursus arctos) in Katmai National Park and Preserve, Alaska. Photo by N. Boak, U.S. National Park Service (public domain).



		Figure 5.44 Fat livestock, considered very attractive by the farmers who raised them (19th-century public domain lithographs). (a) Pig; source: British Art Museum. (b) Turkey; published by Jos. Schulz in Germany. (c) Cattle; source: U.S. Library of Congress.



		Figure 5.45 Livestock that are overfattened to the point of causing pain. (a) Fat-tailed sheep, a breed bred for large production of tail meat. The excessive size of the tail can make movement difficult. Lithograph (public domain) by Raimundo Petraroja (1863–1900). (b) An overfed domestic goose. Photo by Stanzebla (CC BY SA 2.0). (c) A Spanish anti-foie gras poster (public domain), protesting the cruel force-feeding of geese in order to harvest their hypertrophied liver. Revised by B. Brookes. Photo credit: Paco Catalán. (d) An overfed cow, the ‘Craven Heifer,’ weighing about 2 metric tons, and claimed to be the heaviest known cow ever recorded in England. Painting (public domain) by an unknown artist in 1811.



		Figure 5.46 Slim people and their slim animals (public domain illustrations). (a) Official portrait (public domain) of First Lady Grace Coolidge (1879–1957) by American artist Howard Chandler Christy (1873–1952). Source: U.S. White House. (b) Slender girl and her slender donkey. Source: Johonnot, J. 1885. Book of Cats and Dogs, and Other Friends, for Little Folks. New York, D. Appleton and Company. (c) Dancer Josephine Baker (1906–1975) and an admiring cheetah, drawn by French poster artist Zig (Louis Gaudin, 1882–1936).



		Figure 5.47 Weirdly proportioned species. (a) Aardvark (Orycteropus afer) of Africa, with a long snout specialized for eating termites. Photo by Chris Bartnik (CC BY ND 2.0). (b) Platypus (Ornithorhynchus anatinus) of Australia, noted for its duck-like snout and other unusual features. Photo by Brisbane City Council (CC BY 2.0). (c) Star-nosed mole (Condylura cristata) of northern North America, the nose modified into touch-sensitive appendages. Photo by gordonramsaysubmissions (CC BY 2.0). (d) Dragon blood tree (Dracaena cinnabari) of the Socotra archipelago, with its unusual umbrella-like crown, is named for its red sap. Photo by Gerry & Bonni (CC BY 2.0). (e) Grandidier’s baobab (Adansonia grandidieri) of Madagascar. Baobabs have unusual barrel-like trunks that can store water. Photo by Bernard Gagnon (CC BY SA 3.0). (f) Veitch’s pitcher plant (Nepenthes veitchii) of Borneo. The leaves of pitcher plants are modified into insect-trapping pitchers. Source (public domain): The garden, an illustrated weekly journal of horticulture in all its branches, edited by William Robinson, Vol. 17, 1880.



		Figure 5.48 Misshapen fruits and vegetables that are generally discarded because of their objectionable appearance. (a) Twined apples, photo by Zonk43 (CC BY SA 3.0). (b) Octopus-like strawberry, photo by Silverije (CC BY SA 3.0). (c) Duck-shaped zucchini, photo by Alex Gee (CC BY SA 2.0). (d) Heart-shaped potato, photo by Mylenos (CC BY SA 4.0). (e) Wrinkled tomato, photo by Joe Shlabotnik (CC BY 2.0). (f) Branched carrot, photo by Bnilsen (CC BY SA 2.0). (g) Lobed red pepper, photo by Sara Jane (CC BY SA 2.0). (h) Cherry with tumor-like outgrowths, photo by Silveridge (CC BY SA 3.0). (i) Furrowed orange, photo by Forest and Kim Starr (CC BY 2.0).



		Figure 5.49 Human females and other animals with long necks. (a) A young Karen (Padaung) woman wearing neck rings for long, slim appearance. Photo by Dave Bezaire (CC BY 2.0). (b) Bust of Nefertiti (1352–1332 B.C.E.), wife of Pharaoh Akhenaten, in Neues Museum (Berlin, Germany). Photo by Philip Pikart (CC BY SA 3.0). (c) Restoration of the extinct Barosaurus lentus, one of the largest dinosaurs, defending itself from a pair of Allosaurus fragilis. The largest specimens may have exceeded 48 m in length, 66 tons in weight, with a neck length of at least 15 m. Photo by Fred Wierum (CC BY SA 4.0). (d) Giraffe (Giraffa camelopardalis). Public domain photo from Pixabay.com. (e) Ostrich (Struthio camelus). Photo by Erick Kilby (CC BY SA 2.0). (f) American Flamingo (Phoenicopterus ruber). Photo by Charles J. Sharp (CC BY SA 4.0).



		Figure 5.50 Examples of animals with large limb to body ratios. (a) A long-legged woman. Photo (public domain) by Pixabay.com. (b) Lion’s mane jellyfish (giant jellyfish, Cyanea capillata), the largest jellyfish, and possibly the longest animal. Its ‘bell’ is up to 2.5 m across, and its tentacles can exceed 35 m, longer than the blue whale. It occurs in the world’s cold northern seas and uses its stinging tentacles to capture prey. Photo by Derek Keats (CC BY 2.0). (c) Maned wolf (Chrysocyon brachyurus), of South America. Its 1 m height allows it to see over grass while hunting. Photo by Tomás Del Coro (CC BY SA 2.0). (d) Black-winged stilt (Himantopus himantopus). Such wading bird species frequently have very long legs. Photo by JJ Harrison (CC BY SA 3.0). (e) Daddy long-legs spider (Pholcus phalangioides). Photo by André Karwath (CC BY SA 2.5). (f) Japanese spider crab (Macrocheira kaempferi). This marine crab lives in the sea around Japan. It has the largest leg span of any arthropod: up to 3.7 m, and can weigh up to 19 kg. Photo by Lycaon (Hans Hillewaert; CC BY SA 3.0). (g) European mantis (Mantis religiosa). There are over 2,500 species called mantises, also known as ‘praying mantis’ for the distinctive posture of the first pair of greatly enlarged forelegs, which are spiked and adapted to grasp prey. Photo by Ángel M. Felicísimo (CC BY SA 2.0).



		Figure 5.51 Extreme feet. (a) Cinderella successfully wearing the tiny slipper that demonstrates that she is worthy of being the prince’s true love. Painting (public domain) by artist Jenny Nysrøm (1854–1946). Credit: National Library of Norway. (b) Postcard (public domain) entitled ‘A high class Chinese lady with small feet.’ Presumably she was a victim of the practice of binding feet to produce the tiny feet valued in early China. Published in 1907 by M. Sternberg. Scanned by the New York Public Library. (c) Great horned owl (Bubo virginianus) with killing talons. Photo by Peter K Burian (CC BY SA 4.0). (d) Common wallaroo (Macropus hagenbecki) with jumping feet. Wallaroos include two species of kangaroo-like mammals native to Australia. Painting (public domain) by Joseph Smit (1836–1929), published in 1907 in Novitates Zoologicae, vol. 14. (e) A pair of huge clown shoes being worn. Photo by In pastel (CC BY 2.0). (f) Paddle feet of a duck-billed platypus (Ornithorhynchus anatinus). Illustration (public domain) by Frederick Polydore Nodder in Shaw, G. 1799. Naturalist’s Miscellany. London, Nodder & Co.



		Figure 5.52 Attractiveness of the posterior of animals: (a–c) clothing that emphasizes the posterior; (d–f) spectacular tails or rear segments. (a) Dress coat with tails. Source (public domain): Vanity Fair, 14 March 1885. (b) Woman’s dress with a fishtail train. Painted by the Mademoiselles Giroux (France, circa 1880). Public domain photo released by the Los Angeles County Museum of Art. (c) Advertisement of women wearing bustles in the 1880s. Photo by C. Perrien (public domain). (d) Male superb lyrebird (Menura superba) of Australia. Painting (public domain) by Thomas Davies, published in 1810 in Transactions of the Linnean Society of London, Volume 6. (e) Butterfly tail goldfish (Carassius auratus). Photo by Syberspace (CC BY 3.0). (f) Male peacock spider (Maratus volans) in a courtship pose. Photo by KDS444 (CC BY SA 3.0).



		Figure 5.53 Coco de mer (Lodoicea maldivica). (a) Fruit, resembling a woman’s posterior. Photo by Didier Descouens (CC BY SA 4.0). (b) A Seychellois boy, his right hand on a coco de mer fruit, his left hand on an elongated cluster of male flowers. Photo (public domain) from a 1977 album by Maxime Fayon, photo credit: Dino Sassi & Marcel Fayon, Eden Ltd. (c) Painting (public domain) of coco de mer trees in the Seychelles, by British artist Marianne North (1830–1890).



		Figure 5.54 Attractive tails. (a) A Shetland pony with an enormous tail. Photo by Frederik De Graeve (CC BY SA 3.0). (b) A woman with a ponytail. Photo (public domain) by Ivan Sudorenko. (c) State flag of the Republic of Lithuania until 1940. Note the athletic impression conveyed by the flowing tail and the ribbon attached to the knight’s helmet. Public domain photo.



		Figure 5.55 Narrow waists. (a) Queen Elizabeth I (1533–1603) in 1592, painting at the National Portrait Gallery in London. Photo by HarshLight (CC BY 2.0). (b) Lady Elizabeth Vernon in 1576, Countess of Southampton, Maid of Honor and Lady in Waiting to Elizabeth I of England. Photo (public domain) by Peter K. Levy. (c) Late 18th-century painting (public domain) by U.S. artist John Collet entitled ‘Fashion Before Ease.’ (d) Asian mud-dauber wasp (Sceliphron curvatum). Photo by Gubin Olexander (CC BY 4.0). (e) German wasp (Vespula germanica). Photo (public domain) by Bernie. (f) African thief ant (Carebara vidua), wingless queen. Photo by Bernard Dupont (CC BY SA 2.0).



		Figure 5.56 Species that tend to develop pot bellies. (a) Caricature by James Gillray (died 1815) of George IV, King of the United Kingdom, 1820–1830, known for being overweight. Photo credit: U.S. Library of Congress. (b) A domestic pig (Sus scrofa) with a pot belly. Photo by Thomas Au (CC BY 2.0). (c) Proboscis monkey (Nasalis larvatus). Photo by Bernard Dupont (CC BY SA 2.0). (d) White-spotted puffer (Arothron hispidus). Pufferfish have stretchy stomachs which they enlarge for protection by rapidly pumping water into them. Source (public domain): Jordan, D. S. and B. W. Evermann. 1903. Bulletin of the United States Fish Commission, Vol. 23. (e) Central bearded dragon (Pogona vitticeps), an Australian species often kept as a pet. Photo by Lahm12 (CC BY SA 4.0). (f) Big-belly seahorse (Hippocampus abdominalis). Photo by Zureks (CC BY SA 3.0).



		Figure 5.57 Relative human perception of small and large animals that stand erect. Notice that the cuteness of the small animals in the top row is enhanced, whereas the large animals in the bottom row appear more threatening. (a) Bengal (domestic) cat. Photo by Lightburst (CC BY SA 4.0). (b) Dachshund. Source: Shutterstock (contributor: Maxtimofeev). (c) Long-tailed weasel (Neogale frenata), Photo by USFWS Mountain-Prairie (CC BY 2.0). (d) Meerkat. Photo by Anthony Kelly (CC BY 2.0). (e) Circus animal trainer confronting a tiger. Source (public domain): Pixabay.com. (f) Two Siberian (Amur) tigers (Panthera tigris altaica) fighting in Siberian Tiger Park, Harbin, China. Source: Shutterstock (contributor: Gudkov Andrey). (g) Komodo dragon in Komodo National Park, Indonesia. Source: Shutterstock (contributor: Gudkov Andrey). (h) Polar bear. Photo of a display in the Children’s Museum of Indianapolis by Daniel Schwen (CC BY SA 4.0).



		Figure 5.58 Anthropomorphic animals, their attractive human appearance enhanced by standing upright on their hind legs. (a) Vintage (before 1917; public domain) old Russian Easter postcard showing rabbits delivering a giant egg. Source: http://fotki.yandex.ru/users/koziuck-vladimir/album/158391/. (b) Comic postcard featuring a monkey mailman delivering a letter to a female monkey in a tree; advertisement for Sander’s Sinclair Station near Lindberg. Source (public domain): https://collections.carli.illinois.edu/cdm/compoundobject/collection/nby_teich/id/435051. (c) Kitten caught pilfering jam by its mother. A cartoon (public domain) entitled ‘Caught in the Act,’ from an 1880 book, Pets at Play, published by McLoughlin Bros. (d) Dog from a poster by Konrad-Adenauer-Stiftung, a German political foundation (CC BY SA 3.0). (e) Vintage trade card (public domain) showing a fishing frog, published by J. D. Larkin & Co. Source: digital.lib.muohio.edu/u?/tradecards, 2441. (f) Elephant acting as a janitor. Cartoon by Auguste Vimar (1851–1916) published in the book Le Boy de Marius Bouillabès d’Auguste Vimar, Paris, H. Laurens. (g) Poster (public domain) for Bock Beer featuring a goat, published by Calvert Lithographing Co., Detroit. Source: Library of Congress.



		Figure 5.59 Individuals that stand out because of coloration are potential victims. Source: Shutterstock. Contributors: (a) Volkanakmese, (b) TaiChesco, (c) Nuvolanevicata.



		Figure 5.60 Black cats have long suffered from prejudice and superstitious beliefs, although they are honored in some cultures. (a and b) Early 20th-century postcards (public domain) showing association of black cats and witchcraft, especially at Halloween. (c) Illustration of the widespread folklore that a black cat crossing one’s path is unlucky. Prepared by B. Brookes.



		Figure 5.61 ‘Black panthers.’ (a) Black jaguar (Panthera onca) from South America. Photo by Bardrock (CC BY 3.0). (b) Black leopard (Panthera pardus) from India. Photo by Davidvraju (CC BY SA 4.0).



		Figure 5.62 Color variants of wolves (Canis lupus). (a) Black wolf. Photo by Bruce McKay (CC BY 2.0). (b) White wolf. Source: Pixabay (public domain).



		Figure 5.63 Examples of valued white animal mutants. (a) Bennett’s wallaby (Macropus rufogriseus) with a joey in her pouch at an animal breeding farm in the Netherlands. Photo (public domain) by Apdency. (b) ‘Big Medicine,’ a taxidermy-preserved sacred white ‘buffalo’ (American bison, Bison bison) that lived from 1933 to 1959 and is on permanent display at the Montana Historical Society. Photo by Los Paseos (CC BY 2.0).



		Figure 5.64 Black and white patterning. (a) Giant panda in snow, illustrating possible camouflagic value of the black and white pattern. Photo by Ninara (CC BY 2.0). (b) Black and white formal wear, the standard for men’s suits. Lithograph made in 1906. Credit: Albert and Victoria Museum (CC BY 4.0).



		Figure 5.65 Examples of ornamental plants with white/green variegated foliage. Such mutations are attractive but penalize the plants because the white portions do not photosynthesize. (a) Dieffenbachia bowmannii cultivar Camilla. Photo by LucaLuca (CC BY SA 3.0). (b) African violet (Saintpaulia ionantha). Photo by A. Benedito (CC BY SA 4.0). (c) Hosta cultivar Hanky Panky. Photo by Jean Jones (CC BY 2.0).



		Figure 5.66 Blonde attractiveness. Top row: waitresses, an occupation that favors blond females. Source: Shutterstock, contributors: (a) Alexy Grigorev, (b) Nicoletaa Ionescu, (c) Mahno. (d) ‘Daniel in the Lions’ Den,’ painting by Flemish artist Peter Paul Rubens (1577–1640), in the U.S. National Gallery of Art. (e) American golden retriever. Photo by Newyrker10021 (CC BY SA 4.0).



		Figure 5.67 Examples of colorful animals. (a) Siamese fighting fish (Betta splendens). Source: Pixabay (public domain). (b) Peacock butterfly (Aglais io). Photo by Didier Descouens (CC BY SA 4.0). (c) Red-eyed tree frog (Agalychnis callidryas). Photo by Brian Gratwicke (CC BY 2.0). (d) Mantis shrimp (Odontodactylus scyllarus). Photo by Roy L. Caldwell (public domain). (e) Scarlet macaw (Ara macao). Photo by Russ May (CC BY 2.0). (f) Rainbow lorikeet (Trichoglossus haemotodus). Photo by John (CC BY SA 2.0).



		Figure 5.68 Very rare colors in commercial lobsters: American lobster (Homarus americanus) and European lobster (H. gammarus). Most of these were photographed in aquaria, where they were preserved. (a) Red American lobster (lobsters turn red when cooked but are normally camouflaged darkly bluish green or greenish brown, blending with the ocean floor). Photo by U.S. National Oceanic and Atmospheric Administration (public domain). (b) Split-color American lobster. Photo by Tv. Rule (CC BY SA 4.0). (c) Albino/light blue American lobster. Photo by Syrio (CC BY SA 4.0). (d) Blue American lobster. Photo by Bryan Harvey (CC BY SA 2.0). (e) Blue European lobster. Photo by Bart Braun (public domain). (f) Blue, white-speckled European lobster. Photo by Albarubescens (CC BY SA 4.0).



		Figure 5.69 Beautiful gardens. (a) Azalea garden, Tokyo. Photo by Peachbird (CC BY SA 3.0). (b) Butchart Gardens, British Columbia. Photo by MasterShake (public domain). (c) Tulips at the Keukenhof in the Netherlands, one of the world’s most famous gardens. Photo by Luu (public domain). (d) Japanese Garden in Portland, USA (featuring a Japanese Maple, Acer palmatum). Photo by John Fowler (CC BY 2.0).



		Figure 5.70 Examples of the importance of colorful dress to women. (a) Indian dancers. Photo by Ramnath Bhat (CC BY 2.0). (b) Chinese dancer. Photo by Chen Wen (CC BY 2.0).



		Figure 5.71 Illustrations showing the relationship of flowers and women. (a) ‘The Flower Seller’ (1891; public domain), Avenue de L’Opera, Paris, by French artist Louis Marie de Schryver (1862–1942). (b) ‘Mother’s Day.’ Photo by Quinn Dombrowski (CC BY SA 2.0). (c) Victorian valentine card (dated 1899; public domain) decorated with flowers and girls. Photo by DiethartK (CC BY SA 4.0).



		Figure 5.72 Paintings of young women by French artist Émile Vernon (1872–1920), who characteristically showed beautiful females associated with beautiful flowers. All figures are public domain.



		Figure 5.73 ‘Helen of Troy,’ painting (public domain) by English artist Evelyn De Morgan (1855–1919). In Greek mythology, Helen was said to be the most beautiful woman in the world. The artist has embellished her beauty with roses, claimed to be the most beautiful of flowers.



		Figure 5.74 Flowers play prominent roles in courtship. (a) ‘Bouquet de primevères’ (1893) by French artist Alfred Guillou (1844–1926). Photo by Grégory Lejeune (public domain). (b) Nineteenth-century print (public domain) showing a romantic couple, the young man dressed in the style of Napoleon, giving a bouquet of violets to his companion. (c) Hindu deity Lord Krishna courting his beautiful consort Radha, goddess of love, tenderness, compassion, and devotion, by adorning her with a garland of flowers. Illustration from Infinite Eyes (public domain).



		Figure 5.75 Great paintings (public domain) showing the most popular family pets: small mammals, birds, and fish. (a) ‘Family of cats and a dog in the salon’ by French artist Louis Eugène Lambert (1825–1900). (b) ‘A treat for her pet’ by French painter Guillaume Dubufe (1853–1909). (c) ‘Admiring the goldfish’ by Italian painter Vittorio Reggianini (1858–1938).



		Figure 5.76 Examples of selection of extraordinarily diverse variations from a wild species. (a) Gray wolf (Canis lupus), the basic ancestor of dogs. Photo by Alois Staudacher (CC BY 2.0). (b) A selection of dog breeds (Canis lupus familiaris). Public domain figure from Roe and Leonard-Stuart (1911). (c) Common pigeon (rock dove, Columbia livia), the basic ancestor of fancy pigeons. Photo by Sean MacEntee (CC BY 2.0). (d) Fancy pigeons. From an English poster (public domain) showing Victorian breeds, published in 1891.



		Figure 5.77 Goldfish (Carassius auratus) varieties, illustrating human preferences. (a) Wild fish from China, representative of the ancestor from which domesticated (fancy) forms originated. Photo by DeborahY (public domain). (b) Photo by Lawrencekhoo (CC BY SA 4.0). (c) Photo by KD Blackmore (public domain). (d) Photo by Vassil (public domain). (e) Photo by Lawrencekhoo (CC BY SA 4.0). (f) Photo by Melanochromis (public domain). (g) Photo by Lawrencekhoo (CC BY SA 4.0). (h) Photo by Lerdsuwa (CC BY SA 3.0). (i) Source: Petanos.com (public domain).



		Figure 5.78 Pets that look like their owners. (a) Dogs reminiscent of their masters (contributor: Good Stock). (b) A girl who resembles her new pet goldfish (contributor: Alina Ermokhina). Source of photos: Shutterstock.



		Figure 5.79 Charismatic megafauna (glamorous large animals) employed in advertising. (a) An 1890s advertising poster (public domain) showing an attractive woman drinking Coca-Cola. (b) 1882 advertisement (public domain) showing circus elephant Jumbo (1860–1885) feeding a laxative called Castoria to a baby elephant. (c) 1890s French advertisement (public domain) for a stomach medicine called Vin Bravais. Photo credit: Halloween HJB. (d) Wine advertisement prepared by Robin Hutton (CC BY 2.0). (e) 1910 advertisement (public domain) for the fur coat company P. Rückmar, by artist Ernest Montaut (1879–1909). Photo credit: Susanlenox. (f) Nineteenth-century soap advertisement (public domain) for Kendall M’f’g. Co. Credit: Boston Public Library.



		Figure 5.80 Popular animal costumes. (a) Fursuiters at a furry convention. Photo by Murphy (CC BY SA 4.0). (b) Boy in a Halloween lion suit. Contributor: B. Calkins. (c) Dancing cat and bunny in San Antonio, Texas. Contributor: Jennifer_Crowder_artist. (d) Two-man pantomime elephant in Myanmar. Contributor: LiteChoices. (e) Chicken man sitting down to a fried chicken dinner. Contributor: Lisa F. Young. Photos b to e are from Shutterstock.



		Figure 5.81 Elaborately decorated livestock reflecting the high respect they are given. (a) Indian elephant in Jaipur, Rajasthan. Photo by Faraz Usmani (CC BY 2.0). (b) Camel in Karachi, Pakistan. Photo (public domain) by A. Savin. (c) Yak in Yunnan Province, China. Photo by Randy Levine (CC BY SA 4.0). (d) Mounted knights at a jousting fair in England. Photo by Bradley Howard (CC BY 2.0). (e) Ox in India. Photo by Bhaskaranaidu (CC BY SA 3.0). (f) Water buffalo racing in Bali. Photo by Wiaskara (CC BY SA 4.0).



		Figure 5.82 Pet grooming, illustrating the value people place in the appearance of their beloved companions. All photos are from Shutterstock. (a) Shih tzu with curlers. Contributor: Chaoss. (b) Brushing a cat. Contributor: Koltsov. (c) Bathing a Labrador retriever. Contributor: Contributor Enadan. (d) Blowdrying a samoyed. Contributor: AF-Photography. (e) Kitten in a bubble bath. Contributor: Katrina Brown. (f) Clipping a corgi. Contributor: Makistock.



		Figure 5.83 Paintings (public domain) illustrating the theme ‘Happiness is a warm puppy.’ (a) ‘A Young Girl and Her Dog’ by British artist Joshua Reynolds (1723–1792). Credit: Tokyo Fuji Art Museum. (b) ‘Girl with a Dog in Her Hands’ by French artist Jean-Baptiste Greuze (1725–1805). Credit: National Museum Warsaw. (c) ‘The Actress Rejane and Her Dog’ by Italian artist Giovanni Boldini (1842–1931). Credit: http://www.wikiart.org/en/giovanni-boldini/the-actress-rejane-and-her-dog.



		Figure 6.1 Mother-and-child images of animals are extremely appealing to the public because they reflect human family values. (a) Lions (Panthera leo). Photo by Tambako the Jaguar (CC BY ND 2.0). (b) Common brushtail possums (Trichosurus vulpecula). Photo by JJ Harrison (CC BY SA 2.5). (c) Polar bears (Ursus maritimus). Photo (public domain) by S. Schliebe, U.S. Fish and Wildlife Service. (d) Gorillas (Gorilla gorilla). Photo by Tambako the Jaguar (CC BY ND 2.0). (e) Hippos (Hippopotamus amphibius). Photo by Tambako the Jaguar (CC BY ND 2.0). (f) Olive baboons (Papio anubis). Photo from Pixabay (public domain).



		Figure 6.2 Lovebirds (any of nine, mostly African, parrot species of the genus Agapornis). (a) Masked lovebird (yellow-collared lovebird, Agapornis personatus). Photo by Mertie (CC BY 2.0). (b) Fischer’s lovebird (Agapornis fischeri). Photo by Peter Békési (CC BY SA 2.0). (c) Rosy-faced lovebird (Agapornis roseicollis roseicollis). Photo by Charles J. Sharp (CC BY SA 4.0). (d) ‘Lovebirds,’ a composition by Joseph Christian Leyendecker, in The House of Kuppenheimer Style Book, Fall/Winter 1918–1919. Photo by Susi Pator (public domain). (e) Vintage storybook illustrations titled ‘Love Birds.’ Source (public domain): Burnside, H. M. M. A. Hoyer, M. Dickens, and E. Nisbet. 1893. Told by the Sunbeams and Me. London, Tuck & Sons.



		Figure 6.3 A peasant house in Medieval Europe. Livestock were often kept indoors, sometimes to protect them from wild animals, but more often to prevent their theft. Prepared by Jessica Hsiung.



		Figure 6.4 Ornamental flowering plants with pleasant scents are widely valued, as reflected in these great paintings (all are public domain). (a) ‘Sweet flowers’ by Belgian artist Jean-François Portaels (1818–1895). (b) ‘Little gardener sniffs flowers’ by French artist Jean-Paul Haag (1854–1906). (c) ‘The soul of the rose’ by English artist John William Waterhouse (1849–1917).



		Figure 6.5 Some of the world’s stinkiest plants. (a) Durian (from Durio zibethinus), widely considered to be the world’s most foul-smelling (although delicious) fruit. This street art scene from Singapore shows a merchant who has given a piece of durian to a child. Photo by Sasha India (CC BY SA 2.0). (b) The bloom of rafflesia (Rafflesia arnoldii), found in the rainforests of Borneo and Sumatra. Famous as the largest flower in the world, it emits a stench similar to that of decaying meat to attract the flies that pollinate the plant. Photo by Rahmat Andriansa (CC BY SA 4.0). (c) Corpse plant or titan arum (Amorphophallus titanum). The huge phallic spike is made up of numerous tiny flowers, and the whole structure is commonly misinterpreted as a single flower. Like (b), it produces an odor like rotting meat to attract pollinating insects. Photo by Lothar Grünz (public domain).



		Figure 6.6 Some of the world’s stinkiest animals. (a) Musk ox (muskox; Ovibos moschatus), a specialist of Arctic regions. Males dribble pungent urine over themselves and are famous for their musk scent. Photo by Quartl (CC BY SA 3.0). (b) Wolverine (Gulo gulo). Found in the northern parts of the Northern Hemisphere, like many other mustelids (such as weasels, badgers, otters, ferrets, martens, and minks), it has potent anal scent glands used for marking territory and sexual signaling. Its pungent odor has given rise to the nickname ‘skunk bear.’ Photo by MatthiasKabel (CC BY SA 3.0). (c) Tasmanian devil (Sarcophilus harrisii). Native to Tasmania, this ferocious marsupial produces a strong odor when under stress. Photo by JJ Harrison (CC BY SA 3.0). (d) Striped skunk (Mephitis mephitis), North America’s principal skunk. Photo (public domain) from Needpix. (e) Striped polecat (Ictonyx striatus). Native to Africa, like skunks, it sprays predators. Photo by U.Name.Me (CC BY SA 4.0). (f) Stink bird or hoatzin (Opisthocomus hoazin), a tropical species of South America. Uniquely for birds, it mostly eats leaves, which are fermented in its enlarged crop, contributing to its manure-like odor. Photo by Bill Bouton (CC BY SA 2.0). (g) Brown marmorated stink bug (Halyomorpha halys). Many stink bug species secrete foul-smelling, often toxic substances to repel attackers or anesthetize prey. Stink bugs can invade residences, especially to overwinter, and sometimes represent a significant pest control problem. Photo by Chris Hedstrom (CC BY SA 2.0).



		Figure 6.7 Respected animal calls (public domain illustrations). (a) Painting entitled ‘A chorus of birds’ by Flemish artist Jan van Kessel the Elder (1626–1679). (b) Icon (public domain) of a wolf howling at the moon. Credit: U.S. Fish and Wildlife Service. (c) An 1899 Ringling Bros. Circus poster showing trumpeting elephants. The calls of elephants can reach up to 2 km. Source: U.S. Library of Congress.



		Figure 6.8 Slow race. Cartoon by French caricaturist J. J. Grandville, published in Hetzel, P.-J. 1842. Scénes de la vie privée et publique des animaux. Paris. Colorized by B. Brookes.



		Figure 6.9 The three athletic functions of domesticated horses. (a) Riding horse. ‘Napoleon crossing the Alps,’ a painting (public domain) by French artist Jacques-Louis David (1748–1825). (b) Draft horses. Photo of heavy horses by Airwolfhound (CC BY SA 2.0). (c) Racing horse. Diamond Jubilee (1897–1923), a British thoroughbred champion race horse. Source (public domain) Richardson, C. 1911. The New Book of the Horse. London, Waverley.



		Figure 6.10 Athletic dogs. (a) Border collie jumping for a frisbee. Photo by Lucie Schönová (CC BY SA 3.0). (b) Border collie herding sheep. Photo by SheltieBoy (CC BY 2.0). (c) A sled dog team of yakut laika, an ancient working dog breed that originated in the Arctic seashore of the Yakutia (Sakha) Republic of Russia. Photo by Ajarvarlamov (CC BY SA 3.0). (d) Two merchants selling milk from a dogcart. Late 19th-century painting (public domain) from Brussels, Belgium. Credit: U.S. Library of Congress. (e & f) Paintings (public domain) of St. Bernard dogs saving children. Source: McLoughlin Bros. 1870. Dog of St. Bernard. New York, McLoughlin Bros.



		Figure 6.11 Threat displays. (a) A display of intimidation between humans. Source: Shutterstock (contributor: Iconic Bestiary). (b) Gorilla protecting a youngster. Source: Shutterstock (contributor: Australier). (c) Confrontation between a cat and a dog. Source (public domain): Valentine, D. 1865. Aunt Louisa’s Birthday Gift. Scribner, Welford and Co. Credit: https://www.reusableart.com/white-cats-03.html.



		Figure 6.12 Animal symbols representing passivity and aggressiveness. Public domain images. (a) A dove carrying an olive branch, both representing peace. Photo credit: Elembis, Sammy pompon and Mark Miller. (b) ‘Don’t tread on me,’ the ‘Gadsden flag’ (created by C. Gadsden in 1775) featuring a coiled rattlesnake, symbolic of the aggressive struggle for American independence from British rule, and recently associated with far-right political groups. (c) The greater coat of arms of the U.S. The olive branch and the arrows held in the eagle’s talons denote the power of peace and war. Photo by Ssolbergj (CC BY SA 3.0).



		Figure 6.13 Stressful habitats with limited biodiversity, and limited appeal to most people. (a) Mojave Desert near Las Vegas Nevada. Photo by Fred Morledge (CC BY SA 2.5). (b) Tundra in Nunavut, northern Canada. Photo by ADialla (CC BY 2.0). (c) Alpine zone of Mount Madison, New Hampshire. Photo by Ken Gallager (public domain). (d) Sphagnum moss peat bog in Parc national de Frontenac, Quebec, Canada. Photo by Boréal (CC BY SA 3.0). (e) Salt flat in Bolivia. Photo by Yoann Supertramp (CC BY 3.0). (f) Eroded badlands in the Four Corners region of New Mexico. Photo (public domain) by U.S. Bureau of Land Management.



		Figure 6.14 Comparative impressiveness of constructed living quarters determines attitudes toward the occupants. (a) Biltmore Estate in Asheville, North Carolina. Photo by Kolin Toney (CC BY SA 2.0). (b) A shack. Photo (public domain) by Anne and David. (c) Male baya weaver (Ploceus philippinus) of India at the entrance tunnel of its hanging woven nest. Weaver birds include over 100 species, mostly of tropical Africa and Asia, the males of which construct elaborately woven nests out of vegetation. Photo by Kamble Vidhin Sangola (CC BY SA 4.0). (d) Termite mound in Australia. Photo by Thinboyfatter (CC BY 2.0). (e) Canadian beavers (Castor canadensis) and their lodge. Beavers have been called the greatest of wild animal architects. Source (public domain): Craig, H. 1880. Johnson’s Household Book of Nature. New York, H. H. Johnson.



		Figure 6.15 A human marriage bower and bower birds. Just as the male human has prepared an impressive display for his bride, the male birds prepared a display of collected objects in front of a lodge constructed of vegetation. Public domain illustrations. (a) ‘The Nuptial-Bower’ by British caricaturist James Gilray (1756–1815). Credit: U.S. Library of Congress. (b) Great bowerbird (Chlamydera nuchalis) by British animal painter William Matthew Hart (1830–1908), published in: Sharpe, R. D. 1891–1898. Monograph of the Paradiseidae, or Birds of Paradise, and Ptilonorhynchidae, or Bower-birds. Vol. 2. London, Henry Sothern. (c) Spotted bowerbird (Ptilonorynchus maculatus) by Elizabeth and John Gould, British ornithologists and artists, from their book The Birds of Australia, Vol. 4, published by the authors in 1848 in London.



		Figure 6.16 Animal apparel. (a) Painting (public domain) of ostentatiously dressed William IV of the United Kingdom by artist Martin Archer Shee (1769–1850). (b) Painting (public domain) of ostentatiously dressed Queen Victoria of the United Kingdom by artist Franz Xaver Winterhalter (1805–1873). (c) Soldier wearing vegetation camouflage. Photo (public domain) by Anonymous. (d) African bush elephants coating themselves with mud. Photo by Mgiganteus (CC BY SA 3.0). (e) Caddis fly larva in its protective case. Photo by Devon Buchanan (CC BY 2.0). (f) A purple hermit crab (Coenobita brevimanus) wearing an old soup can. Photo by Naturalselections (CC BY SA 4.0). (g) Coconut octopus (Amphioctopus marginatus) wearing shells. Photo by Nick Hobgood (CC BY SA 3.0). (h) Kono’s carrier snail (Xenophora konoi), which coats itself with stones, shells, and whatever else it can find, for camouflage. Photo by James St. John (CC BY 2.0). (i) Spider crab (Achaeus spinosus), a species of ‘decorator crab’ which camouflages itself with bits of local material. Photo by Christian Gloor (CC BY 2.0).



		Figure 6.17 Judging species by their foods. (a) Dog with bone. Attribution: Guy Gilroy, www.myguysmoving.com (CC BY SA 2.0). (b) Raccoon at a garbage can, prepared by Knuth, Virginia State Park staff (CC BY 2.0). (c) ‘Der Gourmet,’ public domain painting by British artist Alexander Austen (1891–1909).



		Figure 6.18 Despised animals that eat our crops, garden plants, and houses. Source: Shutterstock. (a) Contributor: Kseni Now. (b) Contributor: Bassarida. (c) Contributor: Refluo.



		Figure 6.19 Dung beetles. (a) Sacred scarab (Scarabaeus sacer). Most scarabs are dung beetles. Public domain painting from Fabré, J. H. 1921. Fabre’s Book of Insects, New York, Dodd, Mead and Company. (b) Male rainbow scarab (Phanaeus vindex). Public domain photo. Credit: A. Santillana, Insects Unlocked project, University of Texas at Austin. (c) Pectoral (breast plate) of Tutankhamun (Egyptian pharaoh ‘King Tut,’ c.1341–c.1323 B.C.E.), with a winged scarab beetle (top center) and semi-precious stones. They were worshipped in ancient Egypt. Photo attribution: https://www.flickr.com/photos/dalbera/



		Figure 6.20 Food frenzies. (a) Caricature (public domain) of a dining club by English artist Thomas Rowlandson (1757–1827). Credit: The Elisha Whittelsey Collection, Metropolitan Museum of Art. (b) Kodiak bears (Ursus arctos middendorffi). Photo (public domain) by Lisa Hupp/USFWS. (c) Koi (Cyprinus rubrofuscus). Photo by Don Dexter Antonio Photography (CC BY ND 2.0). (d) Black skimmers (Rynchops niger). Photo by Charles Patrick Ewing (CC BY 2.0).



		Figure 6.21 Social animals eating communally, a life style attractive to people. (a) A pack of lions (Panthera leo) feeding on an African buffalo (Syncerus caffer caffer) in Botswana. Photo by Diego Delso (CC BY SA 4.0). (b) Orangutans (Pongo pygmaeus) feeding cooperatively at a rehabilitation center in Borneo (normally orangutans are solitary). Photo by Nino Verde (CC BY SA 3.0). (c) Painting (public domain) entitled ‘Freedom from Want’ by American artist Norman Rockwell (1894–1978). Credit: U.S. National Archives and Records Administration. (d) Painting (public domain) entitled ‘Christmas Eve’ by Swedish artist Carl Larsson (1853–1919). Photo credit: Carl Larsson.



		Figure 6.22 Dog vs. cat people. Illustrations from Shutterstock. (a) Contributor: Iconic Bestiary. (b) Contributor: StockSmartStart. (c) Contributor: Iconic Bestiary.



		Figure 6.23 Importance of status. (a) ‘The Pyramid of Capitalist System,’ an American cartoon caricature (public domain) critical of capitalism, copied from a Russian flyer published in the 1911 edition of Industrial Worker by The International Publishing Co., Cleveland, OH. In this hierarchy, a wealthy few have dominant status while the impoverished masses are at the bottom. (b) Lions guarding a waterhole in Etosha National Park, Nambia, intimidating other animals from approaching. Photo by Buiobuione (CC BY 4.0).



		Figure 7.1 Totem poles and costumes. (a) An old totem pole in Alaska. Photo by Leonard Kaplan (CC BY SA 3.0). (b) Bella Coola (Nuxálk) people of British Columbia conducting a religious ceremony in which totemic costumes representing animals are worn. Also note the totem poles. Painting (public domain) from Sievers, S. 1894. Amerika, Eine allgemeine Landeskunde. Leipzig, Bibliographisches Institut. (c) Totem poles in Formosan Aboriginal Culture Village, Taiwan. Photo by Bernard Gagnon (CC BY SA 3.0).



		Figure 7.2 Sacred turtles. (a) The ‘World Turtle’ Akupara, of Hindu mythology, supporting elephants which in turn uphold the world. Source: Shutterstock (contributor: Top Vector Studio). (b) Nineteenth century carving of an Iroquois Indian sitting on a turtle, in reference to the Great Turtle that carries the Earth in Iroquois mythology. Source: Naval Museum, Brest, France (CC BY SA 2.0). (c) Painting (1850, public domain) of the Hindu God Krishna, transforming into Kurma, his turtle form. He is shown here as half-turtle half-human. Source: https://www.britishmuseum.org/collection/object/A_1993-0806-0-6. (d) A clever interpretation of the World Turtle shown above. Created by Jerry Paffendorf (CC BY 2.0). (e) Vietmam’s Golden Turtle God (Kim Quy) with a sword on his back named Heaven’s Will that the turtle loaned to a 15th-century emperor. Photo of a mural in the Temple of the Jade Mountain, by Rdavout (CC BY SA 3.0). (f) Dragon turtle, one of the four Chinese mythological spiritual creatures (Sì Shòu), each guarding a direction of the compass. This one is the protector of the North. Photo in the Forbidden City by Jonathan O’Donnell (CC BY 2.0).



		Figure 7.3 Paradise, as conceived by 16th-century European artists (public domain images). Note that the animals are all mammals and birds. (a) Painting by Flemish artist Jan Brueghel the Elder (1568–1625). (b) Copy of an original work by Flemish artist Pieter Brueghel the Elder (1526/1530–1569) housed in Museo Nacional del Prado.



		Figure 7.4 Examples of sacred Asian plants. (a) Offerings at a Shinto shrine in Japan. In the foreground are branches from the evergreen tree sakaki (Cleyera japonica), a standard oblation to the spirits. Photo by Katorisi (CC BY SA 3.0). (b) Banyan fig (Ficus benghalensis), known as sacred fig and bo-tree, it has considerable religious significance in Asia and is therefore useful there as a conservation icon. Photo by D. Alpern (CC BY SA 3.0). (c) Holy basil (Ocimum tenuiflorum; also known as O. sanctum), called tulasi and tulsi in Asia, it is perhaps the holiest plant in Hinduism. Shown here is a decorated plant at a religious ceremony in India. Photo by Antrabhardwaj2 (CC BY SA 4.0). (d) The date palm (Phoenix dactylifera) was sacred in Mesopotamian religions, and in ancient Egypt represented immortality. Palm branches were subsequently adopted as religious symbols in the Abrahamic religions. Photo by Shehzad.abbasi (CC BY SA 4.0). (e) Sacred lotus (Nelumbo nucifera), a native of Asia and Australia, is symbolically important in Buddhism and Hinduism. Photo by T. Voekler (CC BY SA 3.0). (f) The sacred fig or bodhi tree (Ficus religiosa) is native to the Indian subcontinent and has religious significance in Buddhism, Hinduism, and Jainism. Photo by Ji-Elle (CC BY SA 3.0).



		Figure 7.5 Examples of Asian animals protected by their religious affiliation. (a) Axolotl (Ambystoma mexicanum), a Mexican salamander almost exterminated from its freshwater habitat by pollution and over-fishing. Its traditional Aztec religious significance, as well as a recent effort by Christian nuns, is leading to its rehabilitation. This photo (public domain, courtesy of Pixabay.com) shows an albino form, popular in the exotic pet trade. (b) Open-billed stork (Anastomus oscitans), a species saved in India from extreme population decline because of the religious importance of storks. Photo by A. Staudacher (CC BY SA 3.0). (c) Snow leopard (Panthera uncia), native to the mountain ranges of Central and South Asia, where its numbers have been declining alarmingly. Its sacred status in parts of Asia is contributing to efforts to conserve the species. Photo by Bernard Landgraf (CC BY SA 3.0).



		Figure 7.6 Artwork showing Hindu deities in poses depicting several of the most sacred animals in India. (a) Ayyappan, a popular deity in the South Indian state of Kerala, frequently shown riding a tigress. Public domain photo. Source: https://www.columbia.edu. (b) The elephant-headed Ganesha (Lord Ganesha, Ganesh). Photo by Adityamadhav83 (CC BY SA 3.0). (c) The god Krishna and goddess Radha with some animal companions, notably a cow. Photo by Infinite Eyes (public domain).



		Figure 7.7 Young ladies dwarfed by awesome redwoods (Sequoiadendron giganteum) in Sequoia National Park, California. Source of photos: Shutterstock. Contributors: (a) My Good Images. (b) Ivanova Ksenia.



		Figure 7.8 Examples of sacred groves. (a) Gethsemane, an ancient olive grove at the foot of the Mount of Olives in Jerusalem, the site of Jesus just before his crucifixion. Photo by Tango7174 (CC BY SA 4.0). (b) Sacred grove in Kerala, South India. Photo by Renjusplace (CC BY SA 4.0). (c) The Kitano Tenmangu Shrine in Japan, built in 947 in honor of Sugawara no Michizane, the ‘God of Agriculture.’ Note the spectacular flowering plum trees. The vegetation surrounding such Shinto shrines has sacred status. Photo by Japanexperterna.se (CC BY SA 3.0). (d) The Sacred Wood, Blida, Algeria. A photochrome print from ‘Views of People and Sites in Algeria’ from the 1905 catalog of the Detroit Publishing Company, where it is noted that ‘two picturesque tombs of saints are shaded by superb groups of Aleppo pines, araucarias, and olive-trees.’ Photo by Ashley Van Haeften (CC BY 2.0).



		Figure 7.9 The leading national animal emblems, all of which are apex predators in some locations. (a) Lion (Panthera leo), the world’s most popular national symbol. Photo by Yunaila (CC BY ND 2.0). (b) Tiger (Panthera tigris), a national emblem of Bangladesh, India, and Malaysia. Photo (public domain) by J. and K. Hollingsworth, U.S. Fish and Wildlife Service. (c) American bald eagle (Haliaeetus leucocephalus), official symbol of the United States. Eagles (various species) are the world’s second most popular national symbol. Photo (public domain) by M. Lockhart, U.S. Fish and Wildlife Service. (d) Wolf (Canis lupus), a national symbol of Estonia, Italy, Serbia, Portugal, and Turkey. Photo by MrT HK (CC BY 2.0).



		Figure 7.10 Rescue of the brown pelican (Pelecanus occidentalis) from the Deepwater Horizon oil rig Gulf of Mexico oil spill in 2010. The iconic status of the bird was key to its rehabilitation. Illustrations from Shutterstock. (a) Flag of Louisiana, featuring the brown pelican. Contributor: Norsworthy. (b) Cleaning an oil-soaked pelican. Contributor: Breck P. Kent. (c) Cartoon of the oil rig polluting the ocean. Contributor: Vectorpouch. (d) Cartoon of an oil-contaminated pelican protesting pollution. Contributor: Bogadeva1983.



		Figure 7.11 Paintings showing the slaying of dragons. (a) ‘Roger freeing Angelica,’ painting (public domain) by Swiss artist Arnold Böcklin (1827–1901). The scene is based on a 16th-century epic poem in which the knight Roger rescues Angelica who was left as a human sacrifice to a sea monster. (b) ‘Bahram Gur killing the dragon,’ painted in Persia in 1370. In the Shahnameh, Iran’s national epic, Bahram Gur eliminates a gargantuan dragon. Source: Chah-namah, Topkapı Palace collection, Folio 203. Photo credit: Michel Bakni (CC BY SA 4.0). (c) ‘Archangel Michael fights the dragon and rebel angels,’ a dome fresco in Abbey Church, Austria, based on the Book of Revelation XII, 1–17, painted by Austrian artist Paul Troger (1698–1762). Photo credit: Wolfgang Sauber (CC BY SA 4.0). (d) ‘Perseus freeing Andromeda,’ painted by Italian artist Paolo Caliari (1528–1588). Based on Greek mythology, the scene shows the hero Perseus flying through the air in combat to kill the sea dragon who has come to kill Andromeda, chained to a cliff by the sea shore. (e) Persian legendary hero Rostam killing a dragon. Image by Adel Adili (CC BY SA 3.0). (f) ‘Saint George defeating the Dragon,’ painting by German artist Johann König (1586–1642). The often-illustrated legend of Saint George and the Dragon tells of Saint George (died 303) slaying a dragon that demanded human sacrifices.



		Figure 7.12 Gargoyles. Especially in gothic architecture, these were carved stone grotesque figures often combining human and non-human features, situated to project from roof gutters to direct rainwater away from the building. Gargoyles also symbolically protected the building from evil spirits. More generally, any monstrous statue associated with a building may be termed a gargoyle. (a) Gargoyle on the Cathedral Notre-Dame de Paris. Photo by Sharon Mollerus (CC BY 2.0). b) A griffon (mythical beast) sculpted by François Gilbert on the Palais Longchamp in Marseille, France. Photo by Rvalette (CC BY SA 4.0). (c) Gargoyle at the Union Banking Company Building, Douglas, Georgia, U.S. Photo by Bubba73/Jud McCranie (CC BY SA 4.0).



		Figure 7.13 Traditional interpretations (public domain images) of ogres. These mythical creatures combine human appearance and terrifying features of beasts. (a) Painting (public domain) of an ogre by the Japanese artist Soga Shōhaku (1730–1781). (b) Satirical painting (public domain) entitled ‘The big German ogre’ by Italian artist Alphonse Lévy (1843–1918). Source: Marseille, MuCEM, Musée des Civilisations de l’Europe et de la Méditerranée. (c) Caricature entitled ‘The ogre and the fairy’ by French painter Jean Veber (1864–1928). Photo credit: Le Salon de la Mappemonde (CC BY ND 2.0).



		Figure 7.14 Examples of humanoids (theoretical human-like creatures or creations). (a) ‘Dinosauroid,’ a model in The Dinosaur Museum, Dorchester, Dorset, England, postulated to be a potential product of evolution (see text). Photo by Jim Linwood (CC BY 2.0). (b) An insectoid resembling a praying mantis. Credit: FolsomNatural (CC BY 2.0). (c) An insectoid resembling a fly. Source: A late-19th century public domain cartoon. Credit: Schenking van de heer F. G. Waller, Amsterdam. (d) An android robot. Source (public domain): Pixabay.com.



		Figure 7.15 Examples of mythological hybrids between humans and other species. (a) Mermaid (fish-human hybrid) Figure entitled ‘The Little Mermaid’ from: Stories from Hans Anderson illustrated by E.S. Hardy. Boston, DeWolfe, Fiske & Co. (1890). (b) A centaur (horse-human hybrid), from a 1920 lithograph advertising Centaure tonic wine. Source: Wellcome collection (CC BY 4.0). (c) Faun (goat-human hybrid), a creature of Roman mythology. Painting (public domain) by Swiss artist Arnold Boecklin (1827–1901). Photo credit: Hajotthu. (d) Painting showing harpies (bird-human hybrids) by Austrian artist Johann Jakob Zeiller (1708–1783). Photo by Wolfgang Sauber (CC BY SA 4.0). (e) A mandrake (human-plant hybrid), tracing to stories of the ancient Greeks, Romans, and Jews. Medieval Europeans came to believe it had a highly medicinal root but was very dangerous to approach. Source: Meydenbach, J. 1491. Hortus sanitatis. Image (public domain) from the U.S. National Library of Medicine. (f) Damballah, the Haitian Voodoo serpent god. Painting (public domain) by Haitian artist Hector Hyppolite.



		Figure 7.16 Animals in anthropomorphic poses. (a) Cats in a restaurant. Source: Wellcome Images (CC BY 4.0). (b) Elephants. Image (public domain) from 1988 book The Circus Procession. A Lyrical Parade of Colorful Circus Characters published by McLoughlin Bros, New York. Credit: U.S. Library of Congress. (c) Chromolithograph entitled The Dog in the Manger from an 1880 book for children published by McLoughlin Brothers, New York. (d) Goats. Source (public domain image): Pixabay.com. (e) Pelican fishing (public domain). Source: 1880 Pearl Series book published by McLoughlin Bros.



		Figure 7.17 Examples of excessive/obsessive anthropomorphization of pets. These costumed animals are, nevertheless, cute. Photos: (a–c) Dogs and (d–f) cats are by Petful (CC BY 2.0). Photos: (g and h) Pigs are by Sheilapic76 (CC BY 2.0). Photo: (i) Orangutan is by Joel Ormsby (CC BY 2.0).



		Figure 7.18 Advertising (all public domain figures) emphasizing the ugly, dangerous aspects of certain species. (a) Spraying herbicide against giant caterpillars. Original from: Washington State Apple Commission. 1917. Better Fruit. Better Fruit Pub. Co., Hood River, OR. Modified and colorized by B. Brookes. (b) A late 19th-century advertising postcard by the insecticide company Zacherl (Vienna, Austria). The scene shows a bee-like insect spraying and killing off bad roaches to the delight of the other bees. (c) A mosquito, from a U.S. government anti-malaria poster. (d) A rabid fox. Image courtesy of the National Library of Medicine Digital Collection, from ‘The Fox Can Transmit Rabies,’ published in 1951 by the Health Publications Institute in cooperation with the U.S. Public Health Service. (e) A rat made to look vicious, from a Chicago anti-rat poster.



		Figure 7.19 Commercial animal logos (all images are public domain). (a) ‘Elsie the cow,’ advertising character developed in 1936 as a mascot for the Borden Dairy Company (demised). (b) A ram hood ornament on a 1990 Dodge Ram truck. Photo by Christopher Ziemnowicz. (c) Early 20th century pack of Camel cigarettes.



		Figure 7.20 Live animal mascots, representing universities, athletics, and the U.S. military. Note that each of these animals is noted for strength and/or athleticism. (a) Mike VI, tiger mascot of Louisiana State University. Public domain photo by Nowhereman86. (b) Zan the goat, Shepherd University (West Virginia) mascot. Photo by Ron Cogswell (CC BY 2.0). (c) Paladin at West Point Academy, one of the mules that has served as the U.S. Army’s mascot. U.S. Army photo (public domain) by John Pellino. (d) Chesty XIV, English bulldog, mascot of the U.S. Marine Corps. Photo by Adrian R. Rowan (public domain). (e) Apollo the falcon (a gyr-peregrine hybrid), one of several U.S. Air Force Academy mascots. Photo (public domain) by Mike Kaplan. (f) Thunder III, mascot of the Denver Broncos football team. Photo by Jeffrey Beall (CC BY 4.0).



		Figure 7.21 Examples of symbolic messages associated with plants and animals (see text). (a) ‘Violettes du 20 mars 1815’ by Jean-Dominique-Étienne Canu. In this widely circulated 19th-century drawing, the profiles of Napoleon (2, under the green leaf on the right, which resembles Napoleon’s bicorne hat), his second wife Marie Louise (1, facing Napoleon, on the far left, under the second violet), and their son, Napoléon François Joseph Charles Bonaparte (3, on the right of the central stems, next to the lower violet) are hidden (it requires some study before their faces become apparent). (b) A pair of turtle doves, expressing long-lasting love. Source: Shutterstock, contributor: Dneprstock. (c) Gangsters preparing a victim to ‘sleep with the fishes’ by embedding his legs in cement. Source: Shutterstock, contributor: Viki1984.



		Figure 7.22 Flowers and perceptions of masculinity. Source of photos: Shutterstock. (a) A gentleman wearing a boutonnière on his tuxedo, an obsolescent practice reflective of the reluctance of most males to associate with flowers. Contributor: Mary981. (b) A flowerbed planted in the sequence of rainbow colors (red, yellow, green, blue, violet) at an annual LGBTQ+ event in Hamburg, Germany. Contributor: Uellue.



		Figure 7.23 Flower-class naval military vessels (‘corvettes’). Although these ships belong to the flower class, they were built in Canada, which declined the British practice of assigning floral names. (a) HMCS Regina. Photo (circa 1942–1943; public domain) by Canada National Defence. (b) ‘Pom-pom’ naval guns (40 mm British cannons used against aircraft), from the flower-class corvette HMCS Kamloops. Additional guns were employed to launch depth charges against submarines. Photo (of a display in the Canadian War Museum) by JustSomePics (CC BY SA 3.0).



		Figure 8.1 Examples (public domain) of harvesting wild species resources. (a) Fishing: ‘Catching a Brook Trout,’ 1854 painting by Arthur Fitzwilliam Tait, published by Nathan Currier. (b) Hunting: Fox hunting, painting by English artist George Wright (1860–1944). Courtesy of the Walker Gallery Liverpool via ArtUK. (c) Harvesting wild berries, painting by German artist Wilhelm Schütze (1840–1898). (d) Harvesting wild honey. The majority of crops depend on insects (mostly wild bees and managed honey bees) for pollination. ‘Bee-Farmer’ by English artist Francis D. Bedford (1864–1934). (e) Ranching: Roundup scene. Grazing lands, mostly public, are the basis of much of the world’s livestock industries. Source: Siringo, C. 1886. A Texas Cowboy; or Fifteen Years on the Hurricane Deck of a Spanish Pony. (f) Logging: Advertisement for 1948 Autocar Trucks. Photo by Alden Jewell (CC BY 2.0).



		Figure 8.2 Trophic (feeding)–ecological–energy pyramid, illustrating indispensable relationship of plants to other forms of biodiversity. Prepared by B. Brookes.



		Figure 8.3 Food plants. (a) A variety of food plants. Photo (public domain) by Agricultural Research Service, United States department of Agriculture. (b) Painting (public domain) by Italian artist Giuseppe Arcimboldo (1527–1593), who was famous for showing human heads as vegetables, flowers, and fruits. This work depicts Rudolf II, Holy Roman Emperor, as Vertumnus, the Roman God of the seasons. The original of this 1591 painting is in Skokloster Castle, Stockholm. This allegoric interpretation reflects the saying ‘You are what you eat,’ which traces to several authors in recent centuries.



		Figure 8.4 Harvesting timber. Forests represent a key natural biodiversity resource requiring sustainable management. (a) Photo of logging in a tropical rainforest (Sabah, Borneo) by T. R. Shankar Raman (CC BY SA 4.0). (b) A 1907 postcard (public domain) showing an elephant in Ceylon transporting a log. Credit: New York Public Library. (c) An area of illegal deforestation of native vegetation of the Brazilian Amazon forest. Source: Shutterstock, contributor: Tarcisio Schnaider.



		Figure 8.5 Ornamental gardens. (a) Floral art at the Garden of Versailles (Paris), illustrating the use of plants as ornamentals. Photo by Daniel Stockman (CC BY SA 2.0). (b) Royal Pavilion, Chiang Mai, Thailand. Source: Shutterstock, contributor: Think4photop. (c) Tulips at the Beijing Botanical Garden. Source: Shutterstock, contributor: Haines. (d) The Sunken Garden, Kensington, London. Source: Shutterstock, contributor: Geert Van Keymolen.



		Figure 8.6 Examples of wild species that are harvested commercially in very large quantities. (a) Atlantic bluefin tuna (Thunnus thynnus), the basis of much commercial fishing, is critically endangered in parts of its range. Painting (public domain) by T. Knepp, U.S. Fish and Wildlife Service. (b) Teak tree (Tectona grandis), a large deciduous tree harvested for lumber. One of the world’s most valuable timber trees, it is grown in plantations in many countries, but illegal logging persists in the large forests of Myanmar. Photo by PJeganathan (CC BY SA 4.0). (c) Base of a huge teak tree. Photo by Prashanth Dotcompals (CC BY 2.0). (d) Sockeye salmon (Oncorhynchus nerka), the most important commercial species of North Pacific salmon. Painting (public domain) from: Evermann, B. W., E. L. Goldsborough, and E. Lee. 1907. The Fishes of Alaska. Washington, DC, Department of Commerce and Labor Bureau of Fisheries. (e) Brazil nut (Bertholletia excelsa), a giant evergreen South American tree, the source of Brazil nuts. This is the only internationally traded nut collected almost entirely from the wild. Photo by Mauroguanandi (CC BY 2.0). (f) Bowl of Brazil nuts. Photo by Nick Fullerton (CC BY 2.0).



		Figure 8.7 ‘Greenwashing’: the practice by corporations of pretending to be environmentally friendly to hide their polluting, contaminating activities. Prepared by B. Brookes.



		Figure 8.8 Key ecological cycles. Source of illustrations: Shutterstock. (a) Water (hydrological) cycle. Contributor: Stockshoppe. (b) Nitrogen cycle. Contributor: Milena Moiola. (c) Carbon cycle. Contributor: VectorMine. (d) Oxygen cycle. Contributor: Brgfx/.



		Figure 8.9 Examples of key decomposers, responsible for recycling the energy in waste. Source of figures: Shutterstock. (a) A mushroom. The thread-like underground mycelium absorbs organic compounds from dead materials and, when sufficient nutrients have been accumulated, sends up mushrooms to disperse spores. Contributor: Amadeu Blasco. (b) Earthworms eat and therefore recycle dead organic materials but also will digest living microorganisms that are taken in. Contributor: Leka Leck.



		Figure 8.10 Examples of ecosystem services (all benefits are provided by species). Prepared by B. Brookes. Compare Figure 1.13.



		Figure 8.11 The Aral Sea ecosystem catastrophe. This scene shows the former floor of the Aral Sea in Uzbekistan, Central Asia. The Aral Sea was once the world’s fourth largest inland body of water but has shrunk by over 70%. It is in a desert area and only exists because it is fed by rivers. The abandoned ships rest in a toxically polluted wasteland, caused by draining rivers feeding the sea in order to irrigate cotton and overusing pesticides and fertilizers. This is one of the world’s most tragic examples of the destructive effects of unsustainable agricultural practices and is one of the greatest environmental catastrophes ever recorded. Photo taken in 2011 by Sebastian Kluger (CC BY 3.0).



		Figure 8.12 The Dust Bowl: America’s worst ecosystem collapse. The photo (public domain) shows a dust storm approaching Stratford, Texas in 1935. Semi-arid portions of the western prairies of the U.S. and adjacent Canada used to be covered by native grasses with extensive root systems penetrating as deep as 2 m to reach water during drought periods. Early in the 20th century, the U.S. Congress encouraged expanded farming in areas that had been lightly used, including parts of Colorado, New Mexico, Kansas, and the panhandles of Oklahoma and Texas. The prairie grasses were replaced with wheat, the roots of which are too shallow to stabilize soil efficiently. During the 1930s, severe drought resulted in crop failures. Much of the area is subject to very strong winds, and this resulted in phenomenal wind erosion of the poorly anchored topsoil, which turned to dust blowing away in huge clouds. More than three-quarters of the topsoil was blown away in some regions. Tens of thousands of farms were abandoned, hundreds of thousands became homeless and indigent, and extensive financial ruin resulted. Photo credit: NOAA George E. Marsh, U.S. National Oceanic and Atmospheric Administration.



		Figure 8.13 Burning and deforestation of the Amazon Rainforest to make grazing lands. The Amazon Rainforest extends over nine nations of South America, about 60% in Brazil, and is also home to numerous Indigenous people. It has the largest concentration of animals and plants of any comparable region. It includes 10% of the world’s species, and doubtless some of these are potential sources of new medicinal and industrial compounds. The Amazon Rainforest has been called ‘The Lungs of the Planet’ because it produces more than 20% of the world’s oxygen, and it is considered to be a critical world resource for keeping the climate of the world healthy (Strand et al. 2017; Peng et al. 2020). Since the 1960s, deforestation in the name of economic development has been devastating the rainforest. During the last half century, more than 15% of the forest has been eliminated, particularly for cattle ranching. Modeling studies suggest that should deforestation exceed 40% of the forest area, a tipping point will be passed that does not allow significant remediation of this invaluable ecosystem (Nombre et al. 2016). Photos by Amazônia Real (CC BY 2.0).



		Figure 8.14 The importance of wild pollinators. Wild pollinators, especially bees, are indispensable for the reproduction of sexually reproducing wild plants and cultivated crops. (a) A U.S. Government poster illustrating important bee pollinators and both wild plants and crops that require their services. Artist: Steve Buchanan; for additional acknowledgments, see https://www.fs.usda.gov/wildflowers/features/posters/BountyOfBees.pdf (b). A demonstration to save wild bee pollinators. Photo by Bogusz Bilewski/ Greenpeace PL (CC BY ND 2.0).



		Figure 8.15 A contrast of the principal non-renewable and renewable types of energy. Source: Shutterstock, contributor: Double Brain.



		Figure 8.16 Biofuel production from microalgae. (a) Diagram showing how microalgal cells reproduce by employing sunlight and carbon dioxide, and the resulting biomass can be converted to biofuel. Source: Shutterstock, contributor: Thurakit T. (b) A worker in India caring for a commercial vat of the microalga Spirulina intended for production of biofuel. Photo by PWRDF (CC BY 2.0). (c) Spirulina being filtered out on a commercial microalga production plant. Source: Shutterstock, contributor: Mintra Chumpoosueb. (d) Photo (public domain) of dried micro-algal-based biofuel produced by the Honeywell Corporation.



		Figure 8.17 Biomass employed as transportation biofuels (a, bioethanol; b, biodiesel), fuel stock for production of electrical power (c), and biogas (d). (a) Source: Shutterstock, contributor: Vectorfair. (b) A car fueled by biodiesel produced from hemp oilseed, prepared by B. Brookes. (c) Electrical power produced from biomass. Source: Shutterstock, contributor: Double Brain. (d) Production of biogas from cow manure. Source: Shutterstock, contributor: Poul Carlsen.



		Figure 9.1 Geological timeline showing history of mass extinctions. Source: Shutterstock, contributor: VectorMine.



		Figure 9.2 An artist’s conception of the Cretaceous/Paleocene mass extinction that occurred 65 million years ago, when an asteroid is hypothesized to have collided with Earth, killing off about three-quarters of all living species, including dinosaurs. Source (public domain) Pixabay.com.



		Figure 9.3 Giant extinct reptiles of the Mesozoic era (252–66 million years ago), known as the ‘Age of Reptiles’ and ‘the Age of Dinosaurs.’ (a) Diagram showing the Age of Dinosaurs with respect to the geological time scale. Source: Shutterstock, contributor: Captainz. (b) Visitors to a museum featuring reconstructed dinosaurs. Source: Shutterstock, contributor: Denis Cristo. (c) Dinosaurs of the Cretaceous period (145–66 million years ago) of the Mesozoic era. Source: Shutterstock, contributor: Liliya Butenko. (d) Pterosaurs are extinct flying reptiles dating from the Mesozoic to the end of the Cretaceous (228–66 million years ago). They are often referred to as ‘flying dinosaurs’ but are a separate lineage. Shown here is an artist impression of the giant pterosaur Quetzalcoatlus northropi foraging on a prairie. A juvenile titanosaur has been caught by one pterosaur. The height of the animal may have ranged up to 10 m when standing, with a wing span exceeding 11 m. The weight is uncertain, some estimates ranging up to 250 kg. Source: Witton, M. P. and D. Naish. 2008. “A Reappraisal of Azhdarchid Pterosaur Functional Morphology and Paleoecology.” PLoS One 3(5): e2271. doi:10.1371/journal.pone.0002271. (e) Dinosaurs of the Jurassic period (200 to 145 million years ago) of the Mesozoic era. Source: Shutterstock, contributor: Liliya Butenko.



		Figure 9.4 Large extinct mammals. (a) The extinct genus Megatherium includes species called ground sloths endemic to South America that lived from the Early Pliocene through the end of the Pleistocene (about 35 million to 11,000 years ago). Megatherium americanum, the giant ground sloth, was native to the Pampas through southern Bolivia. It was as large as an elephant, weighing up to 4 t and standing over 4 m in height. Source: Shutterstock, contributor: Esteban De Armas. (b) Public domain painting of Smilodon populator by artist Charles R. Knight, 1903, from the American Museum of Natural History. Specimens ranged in weight to over 400 kg and in height to over 1.2 m at the shoulder. The largest and best known of the saber-toothed cats, it was not closely related to modern cats. Smilodon species lived in the Americas during the Pleistocene epoch (2.5 million years to 10,000 years ago). (c) The Entelodon or hell pig, an extinct omnivorous mammal that lived during the Late Eocene to Middle Oligocene (37–27 million years ago) on the plains of Eurasia. It was about 3 m long, 2 m tall, and weighed about 500 kg. It is not closely related to modern pigs and is thought to be related to hippopotamuses. Painting (public domain) by German landscape artist Heinrich Harder (1858–1935).



		Figure 9.5 Giant extinct birds. (a) The largest extinct bird in the world, the flightless elephant bird (Vorombe titan), endemic to Madagascar, where it became extinct about 1,000 years ago. It was about 3 m tall and could weigh over 700 kg. Its closest living relatives are the much smaller kiwis. Source: Shutterstock, Contributor: YuRi Photolife. (b) The giant moa (Dinornis novaezealandiae) of New Zealand. Moas were ostrich-like flightless birds standing as tall as 3 m and weighing as much as 250 kg. Source (public domain): Rothschild, L. W. 1937. Extinct birds. Drawn by F. W. Frohawk in 1907. (c) The terror bird (Titanis walleri). This flightless carnivorous North American bird was up to 2 m tall, weighed about 150 kg, and is thought to have become extinct several million years ago. Note the formidable dinosaur-like head. Painted by Russian artist Dmitry Bogdanov (CC BY SA 3.0).



		Figure 9.6 Species of animals that went extinct in recent times because of hunting by humans. (a) Paleo-Indians (the earliest known settlers of the Americas) hunting a glyptodont (an early South American relative of armadillos). These armored herbivores were hunted to extinction at the end of the last ice age, 2 millennia after humans arrived in South America. Painting by Heinrich Harder (1858–1935). (b) Dodo (Raphus cucullatus), a flightless bird which was endemic to the island of Mauritius, east of Madagascar in the Indian Ocean. It became extinct during the mid-to-late 17th century because of habitat destruction, hunting, and predation by introduced mammals. This model is in the Museum National d’Histoire Naturelle in Paris. Photo (public domain) by Jebulon. (c) Woolly rhinoceros (Coelodonta antiquitatis) being hunted. It lived on the northern steppes of Eurasia, surviving the last ice age. Exhibit, Horniman Museum, London. Photo by Jim Linwood (CC BY 2.0). (d) Scene showing the hunting of a woolly mammoth (Mammuthus primigenius). The size of an African elephant, it was found in northern Eurasia and northern North America. The species went extinct about 5,000 years ago. (e) Passenger pigeon (Ectopistes migratorius), driven to extinction in the early 20th century. Source (public domain): Whitman, C. O. 1920. Orthogenetic Evolution in the Pigeons. 3 vols. Credit: K. Kayashi. (f) Tasmanian tiger (Thylacinus cynocephalus, also known as the Tasmanian wolf and the thylacine). Although it looked like a striped dog, like other marsupials the females gave birth to immature young that they raised in their pouch. The animal weighed 15–30 kg and was the largest marsupial predator. The Tasmanian tiger became extinct on the Australian mainland about 3,000 years ago but made a last stand in Tasmania. English colonists offered a bounty because the tigers allegedly killed many sheep. Thousands were slaughtered from 1830 to 1909, and the last living individual died in a zoo in 1936. Source (public domain): Gould, J., and H. C. Richter. 1841. Mammals of Australia, vol. I, plate 54. London, J. Gould & H. C. Richter.



		Figure 9.7 The American bison (‘buffalo,’ Bison bison), which almost went extinct. Unregulated hunting and diseases from domestic cattle reduced the population from over 60 million in the late 18th century to less than 600 by 1889. Conservation efforts have resulted in the production of over 30,000 individuals today, mostly in national parks and reserves. (a) The species once ranged from Alaska to Mexico. The original distribution of plains bison (Bison bison bison) is shown by the upper area in orange. The original distribution of the wood bison (Bison bison athabascae) is shown by the lower area in brown. Prepared by Cephas (CC BY SA 3.0). (b) Photo (public domain), ca. 1892, of a pile of American bison skulls waiting to be ground for fertilizer. Source: Burton Historical Collection, Detroit Public Library. (c) ‘The Great Royal Buffalo Hunt’ (public domain), ca. 1895, by German-American lithographer Louis Maurer (1832–1932). The illustration is based on an event staged in 1872 for Grand Duke Alexei Alexandrovich of Russia. Shown are the famous Buffalo Bill Cody (who claimed to have killed thousands of buffalo) and warriors of different Sioux tribes, hired for the hunt.



		Figure 9.8 Vintage commercial flower catalogs (public domain) showing popular ornamental plants. The attractiveness of these species protects them from the threat of extinction. Photo credit: U.S. Department of Agriculture, National Agricultural Library. (a) Dingee & Conard 1898 “Our new guide to rose culture” catalog. (b) Childs’ spring catalog of seeds, bulbs and plants for 1910, featuring sweet pea. (c) Miss C.H. Lippincott 1897 catalog, featuring hollyhocks. (d) Farquhar’s 1902 seed catalog, featuring hollyhocks. (e) Childs’ combination catalog for 1910, featuring pansies. (f) Peony (Paeonia moutan), in 1900 catalog of The Yokohama Nursery Co., Ltd. Japan.



		Figure 9.9 Examples of valuable medicinal plants that are threatened or extinct in the wild and have fortunately been conserved in cultivation. (a) Ginkgo (Ginkgo biloba), a large tree originating from China, where it is probably extinct in the wild. Ginkgo trees, which are significant in Buddhism, Confucianism, and Taoism, owe their survival to having been preserved beside religious shrines. In recent decades, Ginkgo extracts have been explored for various medicinal uses, notably for dementia and other memory decline problems, and there is continuing exploration of other promising applications. Photo by J.-P. Grandmont (CC BY SA 3.0). (b) Madagascar periwinkle (Catharanthus roseus), an endemic herb of Madagascar, where it is endangered because of extensive habitat destruction. It furnishes the alkaloids vincristine and vinblastine which are important in the treatment of leukemia and lymphoma. Photo by Jane Wong S.K. (CC BY SA 3.0). (c) Pacific yew (Taxus brevifolia) a small coniferous tree confined to the Pacific Northwest of North America, which for years was cavalierly destroyed so more lucrative trees would grow. In the late 20th century, it became the chief source of the chemotherapy drug paclitaxel (the commercial preparation Taxol), widely used to treat breast, ovarian, and lung cancer, although now other Taxus species are also being used as sources. Photo (public domain) by Glacier NPS.



		Figure 9.10 Extinction risk. (a) International Union for Conservation of Nature (IUCN) Red List of Threatened Species categories. Prepared by B. Brookes. (b) Alice and the dodo, symbolizing the possibility that humans could become extinct like the dodo unless the environmental threats to the planet are reduced. Source (public domain): Tenniel, J., 1890. The Nursery Alice (based on Alice’s Adventures in Wonderland). Modified by B. Brookes.



		Figure 9.11 Examples of human damage to the planet. (a) ‘Battle of Courcelette’ (1918), public domain painting by Canadian war artist Louis Whirter (1873–1932), illustrating destruction from warfare. (b–d) Illustrations of pollution and ecosystem damage. Public domain images from Pixabay.com.



		Figure 9.12 Scenes summarizing human overpopulation. (a) World human population since 10,000 B.C.E. Source: OurWorldinData.org (CC BY 4.0). (b) Estimates of human population density (numbers of persons per square kilometer) as of 2020. Credit: Trustees Columbia University (New York; CC BY 4.0). (c) An overcrowded drawing room (1818) by British caricaturist George Cruikshank (1792–1878), illustrating the human tendency to overpopulate a limited space. (d) Vintage postcard (public domain) showing an overcrowded fishing boat – a frequent metaphor for how people are overpopulating the planet.



		Figure 9.13 A contrast of a resource (a) being employed sustainably and (b) being overexploited. Prepared by B. Brookes.



		Figure 9.14 Illegally imported species seized by customs. (a) Illicit leopard heads seized by U.S. Customs. Photo Credit: Ryan Moehring, U.S. Fish and Wildlife Service. (b) Crocodile and alligator hide products confiscated by British Revenue & Customs. Photo by The Wub (CC BY SA 4.0). (c) Illegal plant items revealed by a detection dog. Photo (public domain) by U.S. Customs and Border Protection. (d) Bear heads seized by U.S. Customs. Photo Credit: Ryan Moehring/U.S. Fish and Wildlife Service. (e) Ivory seized by U.S. Customs. Photo credit (public domain): Gavin Shire, U.S. Fish and Wildlife Service.



		Figure 9.15 Examples of unjustified harvesting of species. (a) White-fronted brown lemur (Eulemur albifrons) killed in northeast Madagascar for bushmeat. Photo by ‘Does not wish to be named for safety reasons’ (CC BY SA 3.0). (b) Illegal logging in the Amazon basin of Brazil. Photo by Brazilian Environmental and Renewable Natural Resources Institute (CC BY 2.0). (c) Overfishing: an estimated 360 t of Chilean jack mackerel (Trachurus murphyi) in a Chilean purse seiner near Peru. Photo (public domain) by C. Ortiz Rojas, U.S. National Oceanic and Atmospheric Administration.



		Figure 9.16 Demonstrations protesting extinction risk by Extinction Rebellion. This global environmental organization, named for the Anthropocene Extinction, was founded in 2018, and addresses risks to climate, biodiversity, and ecology. (a) Placard warning of potential human extinction. Photo (public domain) by Sebastian Dooris. (b) Parade in Melbourne, Australia. Photo by John Englart (CC BY SA 2.0). (c) Demonstration titled ‘Dance to Extinction’ protesting lumber harvest in old-growth forests of Victoria, Australia. Photo by Matt Hrkac (CC BY 2.0).



		Figure 9.17 Woolly mammoth (Mammuthus primigenius), the species most frequently considered for de-extinction. (a) A mural showing a herd of woolly mammoths. Illustration (public domain) painted in 1916 by wildlife artist Charles R. Knight (1874–1953). (b) A baby wooly mammoth preserved for 35,000 years in a frozen lake in Russia and maintained as shown in this photo in a cold exhibition chamber. Well-preserved tissues in such specimens provide DNA that might be used to produce a modern wooly mammoth clone. Photo by Cyclonaut (CC BY SA 4.0). (c) Diagram showing how to resurrect a wooly mammoth. Illustration by France-Presse (CC BY SA 4.0).



		Figure 9.18 Biodiversity extinction denial. Prepared by B. Brookes.



		Figure 9.19 Portrayals of climate change and global warming. (a) A collage of typical climate and weather-related concerns (left to right): drought, hurricane, wildfire, glacial ice melting. Credit: U.S. National Oceanic and Atmospheric Administration (public domain). (b–d) Shutterstock images; contributors: (b) SquishyDoom, (c) Tote, (d) YummyBuum.



		Figure 10.1 Relative percentages of the major taxonomic groups that make up the world’s biomass. Based on data in Bar-On and Phillips 2018.



		Figure 10.2 ‘Biodiversity hotspots,’ areas with very high concentrations of species, are the only natural homes of numerous plant and animal species and are heavily threatened by habitat loss and degradation. The perimeters of the hotspot areas are shown as red lines. (The areas often include small islands that don’t show up on the map but are the residences of rare species.) Source: Conservation International (conservation.org; CC BY SA 4.0).



		Figure 10.3 Examples of how particular species are especially important for the conservation of many other species. (a) A flagship species important for fund raising. Because pandas are so attractive, they are widely employed to generate contributions for conservation. (b) Tourism attraction. Whale watching is the most popular form of biodiversity tourism and generates sympathy for conservation of marine environments and their many species. (c) Community protection by a species with flagship and keystone functions. Like other large predators, tigers require extensive hunting areas to survive, and accordingly tiger preserves protect the many other co-habiting creatures (even if some are eaten by the tigers). (d) Food and habitat provision. Oak trees, like the central tree here, provide food (especially acorns) for thousands of other species as well as habitat (for nesting) for many others.



		Figure 10.4 Posters for iconic species that generate sympathy for conservation. (a–e) Source: Shutterstock. Contributors: (a) Tatyana Komtsyan, (b) Vecter Art, (c) Kudryashka, (d) Charactoon design, (e) Vector Tradition. (f): BOSFoundation (CC BY SA 4.0). Modified by B. Brookes.



		Figure 10.5 Tiger reserves in India. (a) Idealistic painting of the Pilibhit Tiger Reserve in India. Photo credit: Voiceofpilibhit (CC BY SA 4.0). (b) Tigress and three cubs in Tadoba Andhari Tiger Reserve. Photo by Ajinkya Vishwekar (CC BY SA 4.0). (c) Tiger in Kanha Tiger Reserve. Photo by Davidvraju (CC BY SA 4.0).



		Figure 10.6 Monarch butterfly (Danaus plexippus). (a) Top and bottom views of a male. Photo by Didier Descouens (CC BY SA 4.0). (b) Larva (caterpillar). The head end, with longer tentacles, is at the top. Photo by Ryan Hodnett (CC BY SA 2.0). (c) A swarm in Michigan. Photo (public domain) by G. Niemenen, U.S. Fish and Wildlife Service. (d) A tree in Mexico completely covered by monarch butterflies. Photo by Carlos Adampol Galindo (CC BY SA 2.0).



		Figure 10.7 Komodo dragon (Varanus komodoensis). (a) Photo by T. Vickers, released into the public domain. (b) Tourist group, photo by Dion Hinchcliffe (CC BY SA 2.0). (c) Photo by Wikilianto (CC BY SA 4.0).



		Figure 10.8 Saguaro National Park. (a) Photo by John Fowler (CC BY 2.0). (b) Picturesque sunset. Photo by Jeanmimi 2000 (CC BY SA 2.0). (c) Vintage photo (public domain). Photo credit: Oregon State University special collections.



		Figure 10.9 Wild corn (teosinte), the basis of a biodiversity conservation area, the Sierra de Manantlán reserve, Jalisco, Mexico. (a) Comparison of a teosinte (wild ancestral form of corn) and modern corn. Modern corn is much less branched with much fewer ears (clusters of kernels), which are much larger and lack a hard case around the kernel. Public domain image. Credit: Nicolle Rager Fuller, National Science Foundation. (b) Part of the Sierra de Manantlán reserve, Jalisco, Mexico. Photo by Sheys Peich (CC BY SA 4.0). (c) Comparison of a ‘cob’ of teosinte and modern corn. Photo by John Doebley (CC BY 2.0). (d) Diorama showing ancient cultivation of corn by Iroquois. Photo (public domain) by New York State Museum.



		Figure 10.10 Coco de mer (Lodoicea maldivica). (a) Painting (public domain) by English artist Marianne North (1830–1890) of coco de mer palm trees growing in a gorge in the island of Praslin, Seychelles. (b) A tree bearing many coco de mer fruits. Photo by Z Thomas (CC BY SA 4.0). (c) Coat of Arms of the Republic of Seychelles showing the exceptional respect to the native biota of the country. Center: A coco de mer tree above a giant tortoise (Testudo gigantea). Top: A white tailed tropic bird (Phaeton lepturus lepturus). Sides: sail fish (Istiophorus gladius).



		Figure 10.11 ‘Triage Restaurant.’ Conservation triage is the different assignment of effort to conserve species on the basis of one or more criteria. In this case, the pandas are receiving first class service, the frogs are being tolerated, and the skunks are being ignored. Prepared by B. Brookes.



		Figure 10.12 Some critically endangered animal species. As of 2021, of the more than 120,000 species tracked by the International Union for Conservation of Nature, over 8,000 were ranked as critically endangered. (a) Himalayan brown bear (Ursus arctos isabellinus), a critically endangered subspecies of the brown bear, found in northern Afghanistan, northern Pakistan, northern India, west China, and Nepal. This animal is thought by some to be the source of the legend of the Yeti (Abominable Snowman). Photo by Shahzaib Damn Cruze (CC BY SA 4.0). (b) The Scottish wildcat (Felis silvestris silvestris), a European wildcat subspecies in Scotland, once widely distributed in Great Britain. Source (public domain): Thorburn, A. 1920. British Mammals. London, Longmans, Green & Co. (c) The golden-bellied capuchin (Sapajus xanthosternos), also known as the yellow-breasted or buff-headed capuchin, is a species of New World monkey, currently restricted to the Atlantic forest of Southeastern Bahia, Brazil. Photo by Miguelrangeljr (CC BY SA 3.0). (d) Siamese crocodile (Crocodylus siamensis), a medium-sized freshwater crocodile native to Southeast Asia. Photo by Rlevse (released into the public domain). (e) Black-and-white ruffed lemur (Varecia variegata), endemic to the eastern rainforest of Madagascar. Source (public domain): Buffon, G. L. L. 1782. De algemeene en byzondere natuurlyke historie, vol. XIII, plate XXVIII. Amsterdam, S. H. Schneider. (f) Geometric tortoise (Psammobates geometricus) native to a very small section in the South-Western Cape of South Africa. Source (public domain): Sotheran, H. 1872. Tortoises, Terrapins, and Turtles. London, J. Baer & Co. (g) European sea sturgeon (Acipenser sturio), also known as the Atlantic sturgeon and common sturgeon. It was once abundant in coastal habitats all over Europe. Source (public domain): Bloch, M. E., 1795–1797. Illustrations de ichtyologie ou histoire naturelle générale et particulière des poisons. Moritz. (h) Cotton top tamarin (Saguinus oedipus), native to Northwest Colombia. Photo by Cuatrok77 (CC BY 2.0). (i) Addax or white antelope (Addax nasomaculatus), found in the Sahara Desert. Photo by MathKnight and Dr. Zachi Evenor (CC BY SA 4.0). (j) Male and female Javan blue-banded kingfishers (Alcedo euryzona), endemic to Java, Indonesia. Source (public domain): Keulemans, J. G. 1868–1871. A Monograph of the Alcedinidae: or, Family of Kingfishers. London, published by the Author.



		Figure 10.13 Conservation breeding of the giant panda (Ailuropoda melanoleuca), threatened with extermination by destruction of its natural habitat. More effort has been made to prevent its extinction than for any other species. The panda reproduces extremely slowly (because its bamboo diet is nutrient-poor), so extraordinary care is required. It has been saved because its overwhelming cuddly cuteness is greatly valued by people. (a) Mother and child. Photo by Angela (CCC BY 2.0). (b) A 1-week-old cub at Chengdu’s Giant Panda Breeding Research Base. At birth, the panda is only 90–180 g in weight, but at maturity it may weigh over 100 kg. Photo by Colegota (CC BY SA 2.5). (c) Young pandas gathered for a bamboo meal. Source: Shutterstock, contributor: Hung Chung Chih. (d) A 3-month old baby panda. Source: Shutterstock, contributor: Flysnowfly.



		Figure 10.14 Biased funding by granting agencies for conservation. Glamorous, charismatic animals receive the bulk of support. Prepared by B. Brookes.



		Figure 10.15 Public biodiversity education presentations. (a) Hall of Biodiversity, American Museum of Natural History (New York). Photo by Anagoria (CC BY 3.0). (b) Natural History Museum in Leiden, Netherlands. Photo by Henk Caspers/Naturalis Museum (CC BY SA 3.0). (c) Public lecture on biodiversity. Photo by Åge Hojem / NTNU University Museum (CC BT SA 2.0).



		Figure 10.16 Cartoon depiction of children being educated about the merits of animals usually considered to be ugly, disgusting, and/or dangerous. Prepared by B. Brookes.



		Figure 10.17 Avoiding stepping on ants – a moral and conservation lesson. Prepared by B. Brookes.



		Figure 10.18 Ugly (left) and attractive (right) cartoon animals, reflecting how they are illustrated contributes to undesirable or desirable stereotypes. Based on public domain figures from Pixabay.com.



		Figure 10.19 Legislation to protect species from harm is essential for both their conservation and sustainable harvesting. Prepared by B. Brookes.



		Figure 10.20 Paintings (public domain) of Noah’s Ark, the featured ship of a biblical narrative in Genesis in which God spares Noah and examples of all the world’s animals from a world-scale flood. The story is recognized in all Abrahamic religions, but is particularly highlighted in Christianity. The account is widely recognized today as the basis for mandatory religious respect of all biodiversity. (a) Painting by Italian artist Aurelio Luini (1530–1593). Photo by Pierre 5098 (CC BY SA 4.0). (b) Painting by Greek artist Theodore Poulakis (1622–1692). Credit: Digitized Archive of the Hellenic Institute of Venice. (c) ‘Noah’s Ark and the Deluge,’ 19th century painting. Source: U.S. Library of Congress. Photo credit: Frank Zimmerman.



		Figure 10.21 Corporations, although potential funding sources for conservation, can be harmful to species. Prepared by B. Brookes.



		Figure 10.22 Cartoons (public domain) depicting Theodore Roosevelt’s love of nature. (a) Roosevelt refusing to kill a baby black bear during a hunting trip because he considered it dishonorable. This cartoon (public domain) by Clifford Berryman appeared in The Washington Post in 1902 and is considered to represent the story that led to stuffed ‘Teddy bears’ becoming the favorite toy of children. Colorized by B. Brookes. (b) Roosevelt initiating nature preserves. As president, he set aside 51 million ha of forest in the U.S. and also instituted hundreds of protected areas (National Forests, National Monuments, National Parks, bird reserves, and game preserves). Published April 4, 1903, in Des Moines Register and Leader. Colorized by B. Brookes. (c) ‘A Thanksgiving Truce’ lithograph by J. S. Pughe (1870–1909) showing Roosevelt sharing a feast with many wild animals sitting around a large banquet table in the wilderness. Courtesy of U.S. Library of Congress Prints and Photographs Division.



		Figure 10.23 Species-sympathetic art in high-traffic public places. (a) Huge wall mural on the ‘Blind Walls Gallery’ in Breda, Netherlands, which presents dozens of outdoor murals. Painted by Mantra (=Youri Casell), titled ‘The most beautiful butterflies of the city,’ showing (from top to bottom): a peacock butterfly, (Aglais io), painted lady (Vanessa cardui), and a large blue (Phengaris arion). Photo by ReneeWrites (CC BY SA 4.0). (b) Mural on the wall of a parking structure in Downtown Juneau, commissioned by Public Art Works Juneau. Photo (public domain) by Bernard Spragg. (c) Barren ground caribou mural by Joyce Wieland, on the wall of a Toronto subway station. Photo (public domain) by Gniw. (d) Provocative street art in Benicarló, Spain, showing trees as sentient creatures. Photo by Gordito1869 (CC BY SA 4.0). (e) Photograph (public domain) of Maman the spider sculpted by Louise Bourgeois, exhibited at Bürkliplatz, Zürich, Switzerland.



		Figure 11.1 Venomous animals. (a–c) Examples of animals that inject venom. (a) Mexican scorpion (Centruroides vittatus), one of the world’s most poisonous scorpions. Of the 2,000 scorpion species, only about 25 are capable of killing a human, and this is a rare occurrence. Photo by Tomascastelazo (CC BY SA 3.0). (b) King cobra (Ophiophagus hannah), the world’s longest venomous snake (up to 5.6 m), and one of Asia’s most feared reptiles, although how many humans are killed is uncertain. Snakes kill about 100,000 people annually and permanently disable about 400,000 more. Painting (public domain) by T. Knepp, U.S. Fish and Wildlife Service. (c) Mexican redknee tarantula (Brachypelma smithi). Tarantulas are a group of more than 1,000 species of spiders which are often large and can deliver painful (but almost never deadly) bites. Photo byFir0002 (CC BY SA 3.0). (d–f) Examples of animals with skin-secreting toxins. (d) Hooded pitohui (Pitohui dichrous), of New Guinea, one of very few birds that is poisonous. It produces batrachotoxin compounds in its skin and feathers, the same kind of toxins in many poisonous dart frogs. Photo by Benjamin Freeman (CC BY 4.0). (e) Common lion fish (Pterois miles), native to the Indian Ocean and introduced elsewhere, its highly venomous fin spines when contacted can cause extreme pain, even death. Photo by Michael Gäbler (CC BY 3.0). (f) Cane toad (Rhinella marina). This large, invasive South American toad with very poisonous skin is killing native animals (especially in Australia) and pets that mistakenly assume it is edible.



		Figure 11.2 Examples of dangerous predators with terrifying teeth, capable of killing humans. (a) Great white shark (Carcharodon carcharias), the largest and most feared of all sharks. Less than 100 shark attacks (all species collectively) are normally reported worldwide annually, with usually less than 10 fatalities. Photo by Olga Ernst (CC BY SA 4.0). (b) Nile crocodile (Crocodylus niloticus). The species kills hundreds of people annually. Photo by Jean-Pol Grandmont (CC BY 4.0). (c) Jaguar (Panthera onca). Records of jaguars killing humans are rare. Photo by MarcusObal (CC BY SA 3.0).



		Figure 11.3 Illustrations of harsh treatment in the past of people suffering from pathology. (a) Two lepers are denied entry into the city, one with a rattle to announce his coming. Drawing (14th century, public domain) by Vinzenz von Beauvais (in France). (b) An old Barnum & Bailey circus poster (public domain) illustrating a ‘freak show’ exhibition of abnormally and pathologically developed people, a practice that has been banned.



		Figure 11.4 Examples of parasites, a lifestyle that people find repugnant. It has been estimated that about half of all species are parasitic. (a) Coronavirus. Many biologists do not consider viruses to be living organisms, in which case they are not considered to be parasites in the conventional sense, although the distinction is semantic. Source: Wikimedia (public domain). (b) Beef tapeworm (Taenia saginata), one of thousands of species of intestinal tapeworms. Specimens of this species over 22 m in length have been recorded. Humans become infected by eating undercooked infected meat, and the worm can survive for years in the small intestine. Photo (public domain) by U.S. Centers for Disease Control. (c) Diagram of a lamprey attached to a fish. Prepared by LadyofHats (public domain). (d) Mouth of a sea lamprey (Petromyzon marinus). The mouth functions like a suction cup, and the attachment is reinforced by the gripping teeth. This native of the Atlantic Ocean has become a serious invader of the Great Lakes of North America. Photo (public domain) by Joanna Gilkeson, U.S. Fish and Wildlife Service. (e) Bedbug (Cimex lectularius) ingesting a blood meal from a human. Photo (public domain) by U.S. Centers for Disease Control and Prevention. (f) Common vampire bat (Desmodus rotundus), thought to be responsible for the death of about 100,000 domestic cattle annually in South and Central America, by transmitting rabies. Photo by Uwe Schmidt (CC BY SA 4.0).



		Figure 11.5 Anti-household-pest posters. (a) ‘Pest Control Around the House,’ by Insightpest (CC BY SA 2.0). (b) Attack by a giant bedbug. Extract from ‘Halloween Magic Lantern Show’ (public domain), photo by Terry Borton (CC BY 2.0). (c) ‘Rats in a Kitchen Threaten Human Health.’ Credit: https://www.vecteezy.com/free-vector/vector. Vectors by Vecteezy. (d) ‘Flies infecting food’ by A. Games. Credit: Wellcome Collection (CC BY 4.0).



		Figure 11.6 Species whose appearance evokes disgust. (a) Dog vomit slime mold (Fuligo septica) Photo by Henk Monster (CC BY 3.0). (b) Beetle grub. Photo by Toby Hudson (CC BY SA 3.0). (c) Black hagfishes (also known as slime eels; Eptatretus deani). This species has been termed ‘the most disgusting of all sea creatures.’ Public domain photo by U.S. National Oceanic and Atmospheric Administration. (d) Cat flea (Ctenocephalides felis). Photo by Andrei Savitsky (CC BY 4.0). (e) Devil’s tooth fungus (Hydnellum peckii). Photo by B. Baldassari (CC BY SA 3.0). (f) Fruit of Buddha’s hand (also called the fingered citron; Citrus medica var. sarcodactylis). The diseased appearance of this piquant citrus is normal. Photo (public domain) by Kaldari.



		Figure 11.7 Managing polar bears as a tourist enterprise in Churchill, northern Manitoba, Canada. (a) A ‘tundra buggy’ employed to safely observe polar bears in Churchill, Manitoba. Photo by Studiogirl54 (CC BY SA 4.0). (b) A polar bear visiting a tundra buggy in Wapusk National Park, south of Churchill. Photo by Ansgar Walk (CC BY SA 3.0). (c) A tranquilized polar bear in Churchill being transported out of town. Photo by Emma (CC BY 2.0).



		Figure 11.8 Exaggerated presentations of wolf attacks on humans by European artists. (a) Painting (public domain) by Flemish artist Pieter Breughel the Younger (1564–1638) entitled ‘The Good Shepherd’ housed at Musées royaux des Beaux-Arts de Belgique, Brussels. Photo by Rama (CC BY SA 2.0). (b) Painting (public domain) by Polish artist Józef Chełmoński (1849–1914) entitled ‘Wolves attack,’ Source: Polish Army Museum. (c) Illustration (public domain) from the French illustrated Weekly, Le Petit Journal (25 January 1914), depicting a wolf snatching a child. Source: Bibliothèque Nationale de France.



		Figure 11.9 Illustrations of the predator control problem for livestock. (a) Great Pyrenees sheep dog guarding a flock. Photo by Don DeBold (CC BY 2.0). (b) Llama guarding sheep in Wisconsin. Photo by Jereme Rauckman (CC BY 2.0). (c) A goat boma in Kenya. A ‘boma’ is an (often crude) woody enclosure used in many parts of Africa to protect livestock and often also families against dangerous predators. Photo by Regina Hart (CC BY 2.0). (d) A coyote attacking a lamb. Photo (public domain) by U.S. Department of Agriculture. (e) Killed dingoes strung in a tree in Australia. Public domain photo from Pixabay.com. (f) Wolf hunters in Russia displaying their catch. Photo attribution: www.volganet.ru (CC BY SA 3.0).



		Figure 11.10 Street demonstration on behalf of parasite conservation. Prepared by B. Brookes.



		Figure 11.11 Most of the world’s species are insects, and while most are harmless, there are so many that are harmful and difficult to eradicate that they are especially hated. Three of the most despised are illustrated here: (a) the cockroach (contributor: Mono_Abe), (b) the mosquito (contributor: Chompoo), and (c) the bed bug (contributor Larry-Rains). Source: Shutterstock.



		Figure 11.12 Leading vertebrate pests. (a) Snakes are the most dangerous vertebrates, killing about 100,000 people annually, and provoking more fear than any other animal. Source: Shutterstock, contributor: Sogno Lucido. (b) Rats and mice cause enormous economic damage. Source: Shutterstock, contributor: BlueRingMedia.



		Figure 11.13 ‘Progress’ in weed control technology. Weeds of agriculture are the most harmful of plant pests. In the past, weeding was done manually, which was labor intensive but safe for people and the environment. Today, chemical control is much more efficient but is associated with health risk and environmental pollution. (a) Removing weeds by hand from a flax field, painting (public domain) by Belgian artist Emile Claus (1849–1924), housed in the Royal Museum of Fine Arts Antwerp. Photo credit: Ophelia2. (b) Tractor spraying herbicide on a field. Photo by Aqua Mechanical (CC BY 2.0).



		Figure 11.14 Peaceful coexistence with harmful species. Prepared by B. Brookes.



		Figure 11.15 Example of frustration with laws protecting endangered species at the cost of obstructing people. Prepared by B. Brookes.



		Figure 11.16 Examples of initiatives to preserve endangered species and their habitats that resulted in severe backlash from economic interests determined to exploit the land occupied. The photos are public domain from the U.S. Fish and Wildlife Service. (a) Furbish’s louse-wort (Pedicularis furbishiae). (b) Northern spotted owl (Strix occidentalis caurina). Photo credit: J. and K. Hollingsworth (c) Golden cheeked warbler (Setophaga chrysoparia).



		Figure 11.17 Control of dingoes in Australia. (a) Dingoes. Source (public domain): Gould, J. 1863: The Mammals of Australia, Vol. 3. London, J. Gould. (b) Dingoes on the hunt. Source (public domain): Fuertes, L. A., and E. H. Baynes. 1919. The Book of Dogs; An Intimate Study of Mankind’s Best Friend. Washington, DC, National Geographic Society. (c) Map showing location of dingo fence in Australia. The Dingo Fence (also called Dog Fence) is a barrier that extends over 5,600 km to exclude predatory dingoes from south-eastern Australia where sheep are widely raised. Based on a map by Roke~commonswiki (CC BY SA 3.0).



		Figure 11.18 Gated communities. (a) Damascus Gate, Jerusalem, illustrating a classical city with strong walls for security. Photo by twiga_swala (CC BY SA 2.0). (b) Entrance to a modern gated community in Tempe, Arizona. Photo by Nick Bastian (CC BY ND 2.0). (c) London’s One Hyde Park, the most expensive gated community in the world. Some of the 86 units in this apartment complex have sold for over $200 million. Photo by Ell Brown (CC BY SA 2.0). (d) A modern gated community provides opportunities to exclude pests, much as it also restricts entry of undesired humans. Prepared by B. Brookes.



		Figure 11.19 Plants grown on the International Space Station. (a) Dwarf wheat growing in the Advanced Plant Habitat (APH), an experimental facility on the Earth-orbiting International Space Station (ISS). Photo (public domain) by U.S. National Aeronautics and Space Administration (NASA) in 2018. (b) Mizuna (Japanese mustard greens; Brassica rapa var. niposinica) in the APH on the ISS. Photo credit: NASA.



		Figure 11.20 Conceptions (public domain) of giant space colonies prepared in the 1970s by artists commissioned in the 1970s by the U.S. National Aeronautics and Space Administration. Note that ecosystems of Earth have been essentially reproduced in space. (a) Giant doughnut-like ring 1.8 km in diameter, which rotates once per minute to provide artificial gravity on the inside of the ring via centrifugal force. The population would be similar to a dense suburb, with part of the ring dedicated to agriculture and part to housing. Artist: Don Davis. (b) View inside the ring. Artist: Don Davis. (c) A double cylinder colony. Each of the giant cylinders was designed to hold up to a million people, essentially reproducing the ecosystem of Earth. Art work: Rick Guidice. (d) View inside one of the cylinders. Artist: Don Davis.



		Figure 11.21 Figure 11.21 Artist conceptions of controlled environment space farms. (a) Greenhouses on Mars. Photo (public domain) released by NASA in 2004. (b) ‘Lunar farm.’ Photo credit: Space Studies Institute (CC BY 3.0).



		Figure 11.22 Pandemic potential of viruses. (a) Scene showing Pontiac, an Ottawa Indian chief, meeting Colonel Henry Bouquet (1719–1765), a leader of British forces, at Muskingum, Ohio. Bouquet is alleged to have authorized his troops to spread smallpox among Native Americans by deliberately infecting blankets after peace talks. Painting (public domain), in 1766, by Benjamin West (1738–1820), American-British artist. Source: U.S. Library of Congress. (b) Wuhan Institute of Virology, China. Photo by Ureem2805 (CC BY SA 4.0). (c) International symbol (public domain) for a biohazard (toxin of biological origin or a microorganism).



		Figure 11.23 Dangerous wild pets. Source of illustrations: Shutterstock. (a) Anaconda. Contributor: Holger Kirk. (b) Lion. Contributor: Kit Korzun. (c) Tarantula. Contributor: Lipatova Maryna. (d) Alligator snapping turtle. Contributor: Sista Vongjintanaruks. (e) Crocodile. Contributor: Holger Kirk. (f) Orangutan. Contributor: Yatra4289.



		Figure 11.24 Bad dogs. Source of illustrations: Shutterstock. (a) Contributor: Khabarushka. (b) Contributor: Guingm.



		Figure 12.1 Scenes of former hunter-gatherer societies. (a) Crow Indians hunting bison. Diorama in the Milwaukee Public Museum. Photo by Evan Howard (CC BY SA 2.0). (b) Stone-age gatherers, a diorama in Hong Kong Museum of History. Photo by Musetress (CC BY 3.0). (c) Diorama of Indians fishing. Credit: Royal Alberta Museum. Photo by Jason Woodhead (CC BY 2.0). (d) Indian hunters and wild rice gatherers. Painting (public domain) by Margaret Martin in 1939, housed in the Smithsonian American Art Museum. (e) Hunter-gatherer nomadic encampment of Crow Indians. Public domain painting by American artist Charles M. Russell (1864–1926). Photo by mark6mauno (CC BY 2.0). (f) Paleolithic era hunting scene (public domain). Credit: MothsART.



		Figure 12.2 Several of the world’s most important domesticated livestock and crop species. (a) A cattle herd. Photo (public domain) by U.S. Department of Agriculture, NRCS Texas. (b) Chickens. Photo (public domain) by Bruce Dupree, Alabama Extension. (c) Pigs. Photo by CSIRO, Australia (CC BY 3.0). (d) Rice (upland) harvest in Texas. Photo (public domain) by Lance Cheung, U.S. Department of Agriculture. (e) Potato harvest. Photo by GRIMME Group (CC BY 2.0). (f) Wheat. Photo (public domain) from Pixabay.com.



		Figure 12.3 European honeybee (also called Western honeybee; Apis mellifera). It is, by a considerable margin, the most important domesticated insect species and is a critical contributor to agriculture. The honeybee is responsible for pollinating crops that generate about a third of the food that people eat. It is currently under attack by the parasitic varroa mite, and since wild pollinators are declining, the future of food production is under threat. (a) Honeybee collecting pollen on a flower. Photo by Andreas Trepte, www.avi-fauna.info (CC BY SA 2.5). (b) Honey bee hives in a field of rapeseed (Brassica napus subsp. napus). The resulting pollination increases crop yield, and the bees additionally produce honey. Photo (public domain) credit: Zachtleven, Pixabay.com. (c) Painting (public domain) of a little girl asking a bee for some honey. Prepared by A.L.O.E. (1821–1893), published in the 1871 book Favorite Picture Book for The Nursery.



		Figure 12.4 A contrast of a huge cereal monoculture and a small vegetable farm. (a) A gigantic rice monoculture in China. Photo (public domain) by Sasin Tipchai, Pixabay.com. (b) A small vegetable farm in China. Photo (public domain) by Anna Frodesiak.



		Figure 12.5 Contrast of small-scale and factory livestock farming. (a) A smallholder farm in Kenya. Photo by Enochkp (CC BY SA 4.0). (b) A factory chicken farm in India. Photo by Matthew T. Rader (CC BY SA 4.0).



		Figure 12.6 Outstanding examples of small-scale food production. (a) The vegetable garden at the Château de Villandry, France. Photo by Marcok (CC BY SA 4.0). (b) A U.S. Government Printing Office poster (public domain), printed 1895–1972, entitled ‘Uncle Sam Says, Garden to Cut Food Costs.’



		Figure 12.7 Examples of small farms. (a) ‘Evening on the Farm’ by O. C. Fisher (1885–1974). (b) ‘Rural Free Delivery’ by Criss Glasell (1898–1971). Both murals are public domain paintings by American artists, prepared for the Iowa Post Office, and are the property of the Smithsonian American Art Museum.



		Figure 12.8 Empathetic treatment of farm animals. (CC BY 2.0). (a) A Quechua girl and her llama in Peru. Photo by Thomas Quine (CC BY 2.0). (b) Cambodian farmer and his Asian buffalo. Public domain photo from Pixabay.com. (c) A girl with a chicken in Afghanistan. Public domain photo, credit: M. Lueders/USAID.



		Figure 12.9 Forms of urban agriculture. (a) Rooftop garden in Rotterdam Netherlands. Photo by Wim de Jong (CC BY 2.0). (b) Community vegetable gardens in the middle of a city (Shanlong) in Taiwan. Photo by Chen Huang (CC BY 3.0). (c) ‘Vertical farm’ (indoor facility with several levels illuminated by artificial light) in Finland. Photo by ifarm.fi (CC BY 2.0). (d) A tiny streetside vegetable garden on public property in Newport England. Photo by Jaggery (CC BY SA 2.0).



		Figure 12.10 Consumption of red meat vs. vegetables: A critical issue for the welfare of the world. (a) A display of vegetables. Photo (public domain) by www.Pixel.la Free Stock Photos. (b) An attractive salad. Photo (public domain) by Tandocjared, Pixabay.com. (c) A display of meat. Photo by Phototram (CC BY 2.0). (d) An attractive hamburger. Photo (public domain) by Shutterbug75, Pixabay.com.



		Figure 12.11 Entomophagy (consumption of insects). (a) Roasted crickets in a market near Mexico City. Photo by Meutia Chaerani/Indradi Soemardjan (CC BY 2.5). (b) A food stall in Bangkok, Thailand, selling deep-fried insects. Counter-clockwise, from the back-left to the front: locusts, bamboo-worms, moth chrysalis, crickets, scorpions, diving beetles, and giant water beetles. Photo by Takoradee (CC BY SA 3.0). (c) Centipedes on a stick in Beijing, China. Photo by Denise Chan (CC BY SA 2.0).



		Figure 12.12 Food waste. (a) Discarded surplus food in a dumpster. Photo by OpenIDUser2 (GNU FDL). (b) Composting food waste. Photo (public domain) by Trish Walker. (c) Backyard heritage chickens (Rhode Island reds) eating kitchen food waste. Photo by Rbreidbrown (CC BY SA 4.0).



		Figure 12.13 Pests maintained in urban areas by food waste in garbage. Source of illustrations: Shutterstock; (a) by YummyBuum, (b) by GraphicsRF.com.



		Figure 12.14 The Svalbard Global Seed Vault, a secure seed collection in an abandoned coal mine on the Norwegian island of Spitsbergen in the remote Arctic, a site providing a continuously frozen environment. Seeds of crops are stored at −18°C, and if the electrical supply fails, the permafrost keeps temperatures at no higher than −3.5°C. Almost 900,000 seed samples of more than 5,000 different species have been deposited. The facility is expected to grow to become the world’s largest collection of seeds of crops, with a capacity to store about 5 million samples. Known as ‘the doomsday vault,’ the purpose is to back up important crop germplasm in other seedbanks which could be destroyed by disaster. Unlike conventional seed banks which exchange seeds with numerous individuals and other institutions, only the depositor seedbanks have access to their materials. (a) Containers of seeds stored on shelves. Public domain photo by NordGen/Dag Terje Filip Endresen. (b) Entrance. Photo by Bjoertvedt (CC BY 3.0).



		Figure 12.15 The Millennium seed bank building in Wakehurst Place Garden, West Sussex, England. The associated Millennium Seed Bank project is an international effort which has collected 2.4 billion seeds of over 39,000 plant species, representing over 13% of the world’s plants. A particular effort is made to collect seeds of species in danger of extinction. Seeds are sometimes available by negotiation. Photo by Patche99z (CC BY 3.0).



		Figure 12.16 Plant tissue cultures being grown for germplasm preservation by the U.S. Department of Agriculture. Photo by Lance Cheung (public domain photo).



		Figure 12.17 Rare breeds that are candidates for conservation of germplasm. (a) Livestock germplasm being frozen in liquid nitrogen for long-term ultra-cold cryostorage. Photo (public domain) by United States Department of Agriculture Gene Bank. (b) The Baudet du Poitou or Poitou donkey, a French breed. In 1977 only 44 specimens were found worldwide, but conservation efforts have now produced hundreds. Photo by Sudorculus (CC BY SA 3.0). (c) African Nubian goats. Their long ears are a cooling adaptation for hot dry environments. Photo (public domain) by Lance Cheung, United States Department of Agriculture. (d) Meishan pigs. In 2018 the breed was declared to be critically endangered worldwide. Photo (public domain) by Keith Weller, United States Department of Agriculture. (e) A brown leghorn rooster. Photo by Fernando de Sousa (CC BY SA 2.0).



		Figure 12.18 Woodlots bordering farms. (a) A farm in Finland. Photo by Janne Järvinen (CC BY SA 3.0). (b) A farm in Vermont. Photo by Putneypics (CC BY 2.0).



		Figure 12.19 Wild (feral) horses and burros in the Western U.S. (a) Wild horses in Idaho. Photo by Peter Robbins (CC BY 2.0). (b) Wild stallions fighting in Shackleford Banks, North Carolina. Photo (public domain) by C. Wasley, U.S. National Park Service. (c) Captured wild horses awaiting adoption at the Bureau of Land Management corral in Hines, Oregon, in 2018. Photo by Tara Thissell, BLM (CC BY 2.0). (d) A wild burro in Nevada. Photo by Tomás Del Coro (CC BY SA 2.0). (e) Wild burros in the Spring Mountains, Nevada. Photo by Andrew (CC BY ND 2.0). (f) Captured wild burros awaiting adoption at the Bureau of Land Management corral in Nevada. Photo (public domain) by Beth Freniere, BLM.



		Figure 13.1 Ecosystem destruction and endangerment of wild species resulting from urban expansion. Prepared by Jessica Hsiung.



		Figure 13.2 Two of the top ten most beautiful cities of the world, illustrating the importance of the ‘urban forest.’ (a) Paris: Eiffel Tower region. Photo by David McSpadden (CC BY 2.0). (b) Vancouver: Main mall of the University of British Columbia. Photo by University of BC (CC BY SA 4.0).



		Figure 13.3 Green belts. (a) Location of green belts in England. The belt around London is in red. Prepared by Hellerick (CC BY SA 3.0). (b) The Barton Creek Greenbelt of Austin, the state capital of Texas. This reserve contains over 20 km of trails. Source: Shutterstock, contributor: Trong Nguyen. (c) Aerial panorama of Oxford, England, which is at the center of the Oxford Green Belt. Photo by Chensiyuan (CC BY SA 4.0).



		Figure 13.4 Common urban pests. (a) Raccoon (Procyon lotor) and skunk (Mephitis mephitis) feasting on cat food. Photo by Piepie & GeeAlice (CC BY SA 2.5). (b) Norway rat (Rattus norvegicus). Photo by Reg Mckenna (CC BY 2.0). (c) Pigeons (Columba livia). Photo by Myloismylife (CC BY SA 3.0).



		Figure 13.5 Feeding urban pests. (a) Feeding feral pigeons. Photo by Laura Hadden (CC BY 2.0). (b) Feral cats at lunch. Photo by Scott Granneman (CC BY SA 2.0). (c) Treats for feral rhesus macaques (Macaca mulatta) in Myanmar. Photo by Jakub Hałun (CC BYSA 4.0). (d) Feeding Canada geese. Photo by Liz West (CC BY 2.0).



		Figure 13.6 Paintings (public domain) bearing on the harm to birds by cats. (a) ‘An Angora Cat,’ painting by French artist Jean-Jacques Bachelier (1724–1806). (b) Lyall’s wren or the Stephens Island wren (Traversia lyalli), a small flightless New Zealand bird, driven to extinction by feral cats in 1925. This painting was prepared in 1895 by Dutch ornithologist John Gerrard Keulemans (1842–1912). (c) ‘The Cat,’ a 19th-century anonymous painting in the National Gallery of Art, Washington, DC.



		Figure 13.7 Use of greenery in cities to provide urban habitats for animals. (a) A tall building in the city of Milan, Italy, the balconies generously decorated with ornamental plants including trees. Photo by Greta Cadei (CC BY 3.0). (b) Urban wildlife (a mule deer) in Baker City, Oregon. Photo by Baker County Tourism (CC BY ND 2.0). (c) National Botanic Gardens in Glasnevin, Ireland. Photo by William Murphy (CC BY SA 2.0).



		Figure 13.8 Scenes at the Chernobyl, Ukraine, nuclear disaster radioactive exclusion area (30 km around the power plant blast in 1986; the exclusion area extends north into Belarus). (a) New confinement sarcophagus (the building with the curved roof) constructed in 1986 over the power plant that exploded. ‘Sarcophagus’ usually means a stone coffin, and by extension, it is also employed for the giant concrete covering shown here intended to reduce radiation. Note how vegetation is taking over the site. Source: Shutterstock (contributor: Leshiy985). (b) A tawny brown owl chick (Strix aluco) behind a window in an abandoned house. Source: Shutterstock (contributor: Romm). (c) Wolves running among abandoned houses. By the mid-1990s, wolves were so common they were considered to be a nuisance to farmers. Source: Shutterstock (contributor: Film Studio Aves). (d) Przewalski’s horse, an endangered wild Asian horse (photo in 2006). The rare horse was deliberately introduced into the exclusion zone after the accident. Photo by Xopc (CC BY SA 2.5).



		Figure 13.9 Abandoned and neglected areas of a city, although detested by the public, provide abundant habitats for biodiversity. (a) An abandoned house in Russia. Photo (public domain) by Dmitriy Protsenko. (b) An abandoned house in Detroit. Photo (public domain) by Notorious4life. (c) An automobile junkyard in Great Britain. Photo by Ian S (CC BY SA 2.0).



		Figure 13.10 Animals feeding on garbage. (a) A herd of several dozen wild elephants that have become dependent on a garbage dump in east Sri Lanka. Several of the animals died from consumption of toxic materials. Photo taken in 2020 by Tharmapalan Tilaxan (CC BY SA 4.0). (b) Birds congregating at a garbage dump in Yucatan, Mexico. Photo by Katja Schulz (CC BY 2.0). (c) Polar bears consuming garbage at Churchill, Manitoba. Source: Shutterstock, contributor: Keith Levit. (d) A herd of Przewalski’s horse, an endangered wild Asian horse, consuming garbage. Source: Shutterstock, contributor: Stockphoto mania.



		Figure 13.11 Contrast of urban biodiversity in affluent and poverty-stricken neighborhoods. Prepared by Jessica Hsiung.



		Figure 14.1 Conceptions of thinking human-like all-machine robots with frightening potential to dominate humans. (a) Credit: Mikemacmarketing via www.vpnsrus.com (CC BY 2.0). (b) Prepared by Chitra Sancheti (CC BY SA 4.0). (c) Prepared by Lothar Dieterich, Pixabay (public domain).



		Figure 14.2 Conceptions of cyborgs (part human – part machine). (a) Graffiti on a wall in Graz, Austria, depicting Wolfgang Amadeus Mozart as a cyborg. Photo by Clemens Stockner (CC BY SA 4.0). (b) Conception of entrepreneur Elon Musk’s head as part of a cyborg – a tribute to his expressed concern that Artificial Intelligence could make humans obsolete. Drawing (public domain) by tamingtheaibeast.org. (c) Robotic arm grafted to a human. Created by David Revoy (CC BY 3.0).



		Figure 14.3 Some theoretical chimeras (organisms made of a combination of species). (a) Pet animal. Prepared by Gwydion M. Williams (CC BY 2.0). (b) Multi-fruit tree. Prepared by B. Brookes. (c) Another weird combination of species. Source (public domain): Pandanna Imagen, Pixabay.com.



		Figure 14.4 Potential medical benefits of transplanting tissues and organs from pigs to humans. Source: U.S. Food and Drug Administration (public domain).



		Figure 14.5 The possible creation of intelligent mice by transfer of human brain cells to their brains. Prepared by B. Brookes.



		Figure 14.6 Possible unintended consequences from biological control (using one species to kill another) as illustrated by the classic fable ‘The Old Lady Who Swallowed a Fly.’ Prepared by B. Brookes.



		Figure 14.7 Theoretical illustration of a genetic drive technique to eliminate mosquitoes. Male mosquitoes are shown here, engineered to spread harmful genes (represented by dynamite sticks) to the females. Prepared by B. Brookes.



		Figure 14.8 Example of a nearly exterminated wild species that might benefit from genetic engineering. The American chestnut (Castanea dentata), a dominant tree of the eastern U.S. and southern Ontario until the early 20th century, after which it was virtually exterminated by chestnut blight, an Asian fungus that first appeared in the U.S. about 1904. (a) Collecting nuts in the later 19th century. This wood engraving (public domain) was prepared by American artist Winslow Homer (1836–1910) in 1870. Credit: Brooklyn Museum. (b) An 1864 lithograph (public domain) entitled ‘The Village Blacksmith’ published by the poster company Currier and Ives. ‘The Village Blacksmith’ is a poem by American poet Henry Wadsworth Longfellow, first published in 1840. It begins ‘Under a spreading chestnut-tree, The village smithy stands.’ Longfellow once stated that the tree that inspired his poem was a horse chestnut (Aesculus hippocastanum) a native of Europe widely planted as an ornamental, not the American chestnut. However, the artist of this painting would not have known this when he drew the generic tree shown here, probably meant to be an American chestnut. (c) Photo (public domain) of gigantic American chestnut trees in the early 20th century. Source: U.S. Department of the Interior, Office of Surface Mining Reclamation and Enforcement.



		Figure 14.9 Examples of wild species (maple sugar trees and pearl-producing molluscs) that might be genetically engineered to be more productive in their natural habitats. (a) Lithographic print (public domain) of the painting ‘Maple Sugaring’ published by Currier & Ives in 1872. (b) A pearl diver in Japan. Photo (public domain) by Fg2. (c) A black pearl and its shell. Photo by Brocken Inaglory (CC BY SA 3.0).



		Figure 14.10 The issue of unintended gene release. Genetically engineered genes, once released, may have unpredictable consequences. Prepared by B. Brookes.



		Figure 14.11 Genetically modified salmon. (a) Figure illustrating origin of GMO salmon. The GMO salmon in the background is the same age as the Atlantic salmon in the foreground. Prepared by J Levin W (CC BY SA 4.0). (b) Illustration of escaped GMO salmon altering the balance of nature. Prepared by B. Brookes.



		Figure 14.12 Anti-GMO food images. ‘Frankenfood’ – a highly pejorative term applied to food produced from genetically modified organisms – has generated undue fear in the public that such edible products are toxic. There are, however, legitimate concerns about some ecological and social issues associated with GMOs, and as noted in the text, they have enormous potential to modify biodiversity. Prepared by B. Brookes.



		Figure 14.13 Extreme conceptions of genetically engineered species. (a) Helpful octopus. Prepared by B. Brookes. (b) Hamburger tree. Prepared by B. Brookes. (c) Colorful unicorn. Public domain image by Gordon Johnson, Pixabay.com. (d) Giant cock. Photo prepared by Lucyfrench123 (CC BY 2.0).



		Figure 14.14 Animals that glow in the dark. (a) Firefly (Photinus pyralis), a beetle with a bioluminescent flashing light organ on the ventral side of its abdomen that serves to attract males to the females. Photo by Art Farmer (CC BY SA 2.0). (b) A jellyfish glowing by bioluminescence. Photo by Morrisayoder (CC BY SA 3.0). (c) GloFish®: A genetically engineered biofluorescent tetra fish that glows under black light. Photo by Matt (CC BY 2.0).



		Figure 14.15 Genetically modified humans. (a) A designer baby gene store. (b) A genetically modified basketball specialist. Figures prepared by B. Brookes.



		Figure 14.16 Cartoon illustrating the eugenic nature of commercial sperm banks. Prepared by B. Brookes.



		Figure 14.17 An orchestra of cloned musicians. Prepared by B. Brookes.



		Figure 14.18 Potential use of virtual reality to ignore the world’s problems, including the biodiversity crisis. Prepared by B. Brookes.



		Figure 14.19 ‘Nature Deficit Disorder’: Estrangement from the real world and its wonderful life forms. Prepared by Jessica Hsiung.



		Figure 14.20 Tampering with nature. Source of photos: Shutterstock. (a) Creating a giant tomato. Contributor: Nuvolanevicata. (b) Creating a tiny dinosaur. Contributor: ProStockStudio.



		Figure 15.1 Beautiful butterflies, the only invertebrates that receive universal approval. Source: publicdomainpictures.net.



		Figure 15.2 Educational illustration contrasting vertebrate and invertebrate animals. Although the two groups are given equal prominence in this plate, in fact invertebrates constitute more than 95% of all animal species and are much more diverse than indicated here. Source: Siyavula Education (CC BY 2.0).



		Figure 15.3 Humorous illustrations of the coronavirus pandemic reveal intense public fear and dislike of the resulting disease but limited recognition of the causal agent as a hateful species because it is invisible. (a) Love in the COVID era, by Hilda Chaulot (CC BY SA 4.0). (b) Infected anti-vaxxer, by Welleman (CC BY SA 4.0). (c) Cartoon (public domain) by Ray Shrewsberry/Pixabay.com.



		Figure 15.4 Bedbug (Cimex lectularius). (a) Adult female. Photo (public domain) by Piotr Naskrecki, U.S. Centers for Disease Control and Prevention. (b). Digitally colorized scanning electron micrograph of the lower (ventral) surface. The mouthparts employed to pierce skin and suck up blood are shown in purple. Photo (public domain) by Janice Harney Carr, U.S. Center for Disease Control.



		Figure 15.5 A British cartoon (public domain) published in 1872 showing an old couple catching bedbugs. Source: U.S. Library of Congress.



		Figure 15.6 Early 20th-century American advertisement (public domain) for bedbug insecticide. Druggists commonly prepared and advertised their own concoctions, the safety of which was undetermined.



		Figure 15.7 Bedbug cartoon (public domain) from Clipart Panda.



		Figure 15.8 Contrast of attractive ‘butterflies’ and drab ‘moths’ (public domain plates). For better or worse, much of human judgment is based on appearance, and flying insects lacking impressive coloration are disadvantaged. (a) Butterflies. Source: Hewitson (1856–1876). Credit: biodiversitylibrary.org/page/12839744. (b) Moths. Source: South (1907).



		Figure 15.9 Common clothes moth (Tineola bisselliella). (a) Adults. Photo by Frdel (CC BY SA 4.0). (b) Close-up of upper parts. Photo by Dack9 (CC BY SA 4.0).



		Figure 15.10 Casemaking clothes moth (Tinea pellionella). (a) Adult. Photo by Janet Graham (CC BY 2.0). (b) Lateral view of larva. Photo by Caroline Harding, MAF Plant Health & Environment Laboratory (CC BY 3.0).



		Figure 15.11 A woman examining moth damage to her stored garments. From a public domain illustration published in The Ladies’ Home Journal, March, 1926.



		Figure 15.12 Major cockroach pests. (a) German cockroach (Blattella germanica). Photo by Lmbuga (CC BY SA 3.0). (b) American cockroach (Periplaneta americana). Photo by Gary Alpert (CC BY 2.5).



		Figure 15.13 Most people find cockroaches loathsome and extremely unsanitary, as this illustration indicates. Drawing by Brenda Brookes.



		Figure 15.14 Madagascar hissing cockroach (Gromphadorhina portentosa). Photo by Husond (CC BY SA 3.0).



		Figure 15.15 Roasted cockroaches on sale in a Chinese market in Burma. Photo (public domain) from Pixabay.



		Figure 15.16 The endangered red-cockaded woodpecker (Leuconotopicus borealis), which feeds extensively on cockroaches. Photo by Sam D. Hamilton, U.S. Fish and Wildlife Service (CC BY 2.0).



		Figure 15.17 Examples of flea species. (a) Oriental rat flea (Xenopsylla cheopis). Photo by Olha Schedrina, The Natural History Museum (CC BY 4.0). (b) Dog flea (Ctenocephalides canis). Source: Shaw (1813). Photo enhanced by rawpixel.com (CC BY 4.0).



		Figure 15.18 A hierarchy of flea parasitism, conceived by Anglo-Irish satirist Jonathan Swift (1667–1745). Illustration by B. Brookes.



		Figure 15.19 Humorous painting entitled ‘A monkey physician examining a cat patient for fleas.’ Source: Wellcome Collection (CC BY 4.0).



		Figure 15.20 Advertising poster (public domain) for ‘Roloff’s Floh-Circus’ (German for Roloff’s flea circus). Originally published by Adolf Friedlaender, Hamburg, Germany, in 1906.



		Figure 15.21 Housefly (Musca domestica). (a) Adult. Public domain photo by U.S. Department of Agriculture. (b) Close-up of head. Photo by Sanjay Acharya (CC BY SA 4.0).



		Figure 15.22 Adult of a female housefly (Musca domestica) and a larva. Drawn by Amedeo John Engel, colored by A. J. E. Terzi. Credit: Wellcome Collection gallery (CC BY 4.0).



		Figure 15.23 Health posters (public domain) concerning danger from houseflies. (a) Anti-fly poster prepared in 1944 by the U.S. War Department. Source: U.S. National Library of Medicine. (b) Poster highlighting the disease transmission of houseflies. Source: Archives, New Zealand Department of Health.



		Figure 15.24 Medicinal leech (Hirudo medicinalis) sucking blood from a human subject. The anterior (head) sucker is at right, and the posterior (tail) sucker is barely visible at left. Photo by GlebK (CC BY SA 3.0).



		Figure 15.25 Attack on rubber fishing pants by medicinal leeches (Hirudo medicinalis), while wading across a small pond in Germany. Photo by Christian Fischer (CC BY SA 3.0).



		Figure 15.26 ‘Social leech’ (always a guest, never a host), prepared by B. Brookes.



		Figure 15.27 The use of leeches in bloodletting. (a) Vase for medicinal leeches. Photo by Paulo O (CC BY 2.0). (b) Humorous painting with three physicians in the form of leeches recommending bloodletting to treat a grasshopper patient. Photo of 19th-century painting from Wellcome Collection (CC BY 4.0).



		Figure 15.28 Old painting, ‘Three women wading in a stream gathering leeches.’ Leech collectors were usually poor country women who used their bare legs as bait. Colored aquatint by R. Havell, 1814, original by G. Walker. Credit: Wellcome Collection (CC BY 4.0).



		Figure 15.29 Lice found on humans. (a) Human head louse (male, Pediculus humanus capitis). Photo by Gilles San Martin (CC BY SA 2.0). (b) Human body louse (male, Pediculus humanus humanus). Public domain image by U.S. Centers for Disease Control and Prevention. (c) Pubic louse (Pthirus pubis). Photo by Josef Reischig (CC BY SA 3.0).



		Figure 15.30 An 1812 colored etching showing a Spanish family picking lice from each other’s heads. Source: Wellcome Trust (CC BY 4.0).



		Figure 15.31 Nit (egg of human head louse). Photo by Gilles San Martin (CC BY SA 2.0).



		Figure 15.32 Lice removal with a lice comb. (a) A double-sided lice comb from 19th-century India, housed in the London Science Museum. Source: Wellcome Trust (CC BY 4.0). (b) A woman combing lice out of her daughter’s hair. From a public domain, old French postcard.



		Figure 15.33 Some locust species. (a) Garden locust (Acanthacris ruficornis) in Ghana. Photo by Charles J. Sharop. (CC BY SA 4.0). (b) Migratory locust (Locusta migratoria) in Germany. Photo by H. Crisp (CC BY 3.0).



		Figure 15.34 Locust swarms. (a) Painting of a locust swarm, by the German artist Wilhelm Friedrich Kuhnert (1865–1926). Prints (public domain) first published in 1904. (b) Plague locusts in Australia. Photo by CSIRO (The Commonwealth Scientific and Industrial Research Organisation) (CC BY 3.0).



		Figure 15.35 A depiction (public domain) of the lazy grasshopper and the industrious ants, in a 1919 version of Aesop’s fairy tale illustrated by Milo Winter.



		Figure 15.36 Locust being consumed by a cotton-top tamarin (Saguinus oedipus), a critically endangered South American monkey. Photo by Mickey Samuni-Blank (CC BY SA 3.0).



		Figure 15.37 Fried locusts on sale by a street vendor in Chad. Photo by Keithk (CC BY SA 4.0).



		Figure 15.38 Mosquito larvae (genus Culex) hanging upside down at the surface of water. Photo (public domain) by James Gathany, U.S. Centers for Disease Control and Prevention.



		Figure 15.39 Progress of a mosquito-sucking blood. (a) Mosquito identified as ‘probably Ochlerotatus vittiger’ of NSW Australia, just beginning to extract blood. (b) Same mosquito at left, after several minutes of feeding. Photos by John Tann (CC BY 2.0).



		Figure 15.40 ‘The American Mosquito,’ painting (public domain image) by José Guadalupe Posada (Mexican, 1851–1913), housed in The Metropolitan Museum of Art.



		Figure 15.41 Second World War poster (public domain), advocating the use of pesticide (predominantly DDT) to eliminate malarial mosquitoes. Source: U.S. National Archives and Records Administration.



		Figure 15.42 Male mosquito (Culex salinarius) feeding on a bramble (Rubus) flower. Some mosquito species are essential pollinators for certain plant species. Some species and all male adults are strictly vegetarians. Photo by Beatriz Moisset (CC BY SA 4.0).



		Figure 15.43 The Australian elephant mosquito (Toxorhynchites speciosus), reputedly the world’s largest mosquito. Photo by Summerdrought (CC BY SA 4.0).



		Figure 15.44 Examples of extremely toxic spiders. (a) The Sydney funnel web spider (Atrax robustus) is a native of eastern Australia. Males (above) wander more than females (below) and so tend to be involved more in biting humans. Deaths of humans have not been reported for decades, thanks to the use of anti-venom since 1981. Photo of a display at the Australian Museum, Sydney by Sputniktilt (CC BY SA 3.0). (b) The Brazilian wandering spider (Phoneutria nigriventer) is native to South America. Several other species of Phoneutria are also called Brazilian wandering spider, and the name ‘banana spider’ is also used because they are often found in shipments of bananas. These large, aggressive spiders are responsible for serious poisonings in South America but also in other countries when found in exported bunches of bananas. Photo by João P. Burini (CC BY SA 3.0). (c) The western black widow (Latrodectus hesperus) of western North America. Photo by Marshal Hedin (CC BY 2.0). Spiders of the genus Latrodectus occur on several continents and are known as black widow spiders and brown widow spiders (‘widow’ in the name is based on the female’s habit of often eating the males following sex). Female widow spiders have relatively large venom glands, and unlike the males, their bite can be harmful to humans although death or serious complications are rare. The three North American black widow species are considered to be the most poisonous spiders on the continent.



		Figure 15.45 Miss Muffet public domain illustration by Hope Dunlap, from a 1908 children’s book, illustrating the familiar nursery rhyme (of obscure origin, but at least two centuries old). The fear exhibited by the girl reflects the widespread but invalid conviction that spiders are a significant danger. Photo by Pearlmatic (CC BY 2.0).



		Figure 15.46 Examples of colorful spiders (all are males; a–c are ‘jumping spiders’). (a) Habronattus coecatus. Photo by Ryan Kaldari (public domain). (b) Pelegrina pervaga. Photo by Pete Carmichael (CC BY 2.0). (c) Maevia inclemens. Photo by Opoterser (CC BY 3.0). (d) Epeus flavobilineatus. Photo by Guido Bohne (CC BY SA 2.0).



		Figure 15.47 Spiders as food. (a) The edible spider (Haplopelma albostriatum) of Southeast Asia. Photo source: https://commons.wikimedia.org/wiki/File:HAPLOPELMA_ALBOSTRIATUM_HEMBRA_ADULTA.jpg (CC BY SA 2.5). This palm-sized tarantula is quite venomous, but the toxin is believed to be neutralized by frying. The spider occupies burrows in the ground, from which it is collected, but it is also often reared in holes in the soil for later harvest and marketing. (b) Fried spiders for sale at a market in Skuon, Cambodia. Photo by Mat Connolley (Matnkat) (CC BY SA 3.0).



		Figure 15.48 ‘Friendly spider,’ a late 19th-century advertising image (public domain) for the Merrick Thread Company, which suggested their thread was as strong as spider silk.



		Figure 15.49 Formosan subterranean termites (Coptotermes formosanus). (a) Most of the termites are workers; the soldiers present have larger (orange) heads with large jaws. (b) Winged (alate) stage. Public domain photos by Scott Bauer, Agricultural Research Service, U.S. Department of Agriculture.



		Figure 15.50 African elephants next to a termite mound (constructed by Macrotermes sp.) in Tanzania. Photo by Whitney Cranshaw, Colorado State University/Bugwood.org (CC BY 3.0).



		Figure 15.51 Termite damage (from Reticulitermes sp.) to a house in Mississippi that was less than 5 years old. Photo by Wood Products Insect Lab, USDA Forest Service, Bugwood.org (CC BY 3.0).



		Figure 15.52 Old painting of giant anteaters (Myrmecophaga tridactyla) of South America, feeding on termites. Source: Wellcome Trust (CC BY 4.0).



		Figure 15.53 Paintings (public domain) of ticks, by Wilhelm Donitz in Schultze and Dönitz (1910). Original identifications: 1, Hyalomma hippopotamense (female); 2, Hyalomma hippopotamense (male); 3, Amblyomma marmoreum (male); 4, Amblyomma variegatum (male); 5, Amblyomma variegatum (female); 6, Amblyomma hebraeum (male); 7, Amblyomma hebraeum (female); 8, Dermacentor rhinocerinus.



		Figure 15.54 Lone star tick, Amblyomma americanum, the most common tick of the Southeastern U.S. (a) Dorsal (top) view of male. (b) Dorsal (top) view of female. Females, but not males, have a white or yellow spot on their back. (c) Ventral (bottom) view of an engorged female. Females average 4–6 mm in length when unfed and up to 16 mm or larger when fully fed. Males averages 2–5 mm regardless of feeding state. Public domain photos; credit: James Gathany, U.S. Centers for Disease Control and Prevention.



		Figure 15.55 A 1992 poster (public domain) warning of risk of Lyme disease caused by ticks. Credit: U.S. Army Environmental Hygiene Agency.



		Figure 15.56 Red-billed oxpeckers (Buphagus erythrorhynchus) feeding on ticks infesting Cape buffalo (Syncerus caffer) at Kruger National Park, South Africa. Photo by Derek Keats (CC BY 2.0).



		Figure 15.57 Bee visiting a rose. Pollinators, particularly insects, are essential for many crops and for reproduction of numerous wild plants. Photo by Debivort (CC BY SA 3.0).



		Figure 15.58 A woman wearing a silk dress, the product of the silkworm moth. Public domain photo from Pixabay.



		Figure 15.59 Questionable ethical treatment of invertebrates. (a) Beetles (Zophobas morio at top, Mecynorrhina torquata in hand) fitted with electronic backpacks and batteries for experimental usage as flying cyborgs. Photo by Beetleman26 at Biological Machine Laboratory, NTU, Singapore, in 2017 (CC BY SA 4.0). (b) Bejeweled Zopheridae (a family of beetles), the living insects worn as a fashion accessory. Photo (CC BY SA 2.5) by Shawn Hanrahan at the Texas A&M University Insect Collection in College Station, Texas. (c) ‘Girl eating oysters,’ public domain painting by Dutch artist Jan Steen (1625/1626–1679). Oysters are commonly eaten alive. Photo credit: The Yorck Project (2002). (d) Lobster boiling a chef. Pain experienced by lobsters being boiled alive has long been debated. Source: Shutterstock (contributor: Kittasgraphics). (e) Worm on a fishing hook, also debated regarding the pain inflicted. Source: Shutterstock (contributor: Memo Angeles). (f) A Jain monk carrying a broom to move insects without harming them and wearing a mask to avoid accidentally inhaling flying insects. Painting by a 19th-century Indian monk. Source: Wellcome collection (CC BY 4.0).



		Figure 15.60 Advertisement for Buchan’s Carbolic Disinfecting Soap, featuring two children giving a large dog a bath using the soap. Product information claimed that the medicine ‘kills all parasitic life on man or beast.’ Public domain photo from the U.S. National Library of Medicine.



		Figure 15.61 Parasitoid wasp (Aleiodes indiscretus) ovipositing in its host, a gypsy moth caterpillar. United States Department of Agriculture photo (public domain) by Scott Bauer.



		Figure 15.62 Vintage pesticide poster. Photo by Kevin Krejci (CC BY 2.0).



		Figure 15.63 Advertising cartoons designed to scare homeowners into hiring pest removal firms. Source: Shutterstock. (a) Scary microbiological ‘bugs’ in a dirty toilet (contributor Akkachai thothubthai). (b) A couple discovering bed bugs (contributor: Ivector). (c) A woman in a panic over bugs in the room (contributor: Vector Micro Master). (d) A shocked couple finding a giant cockroach in their house (contributor: Aleutie).



		Figure 15.64 Fear of bugs. (a) Fear of a cockroach. Source: Shutterstock (contributor: Ayelet-keshet). (b) Fear of spiders. Source: Shutterstock (contributor: Sylverarts Vectors).



		Figure 15.65 Art from children’s stories, sympathetically illustrating insects. (a) The hookah-smoking caterpillar from Lewis Carroll’s ‘Alice’s Adventures in Wonderland,’ drawn by John Tenniel, published in 1865. Colored by MrWalletPants (CC BY 2.0). (b) Cover of ‘The Butterfly Ball and the Grasshopper’s Feast,’ a vintage children’s book published in 1800 in Great Britain. Illustrator unknown. Photo by Paul K (CC BY 2.0). (c) Beetle carrying a grasshopper, dragonflies and a gnat flying above, from ‘The Butterfly Ball and the Grasshopper’s Feast.’



		Figure 15.66 Insectariums. (a) Butterfly house in Vienna, Austria. Source: Shutterstock, contributor: Lals Stock. (b) Exhibition of preserved insects at the Newfoundland Insectarium. Photo by Ricksearle (CC BY ND 2.0). (c) Preserved insects on display in the insectarium portion of the Museum of the Sea, Uruguay. Photo by Museo del Mar (CC BY SA 3.0). (d) Butterflies feeding on fruit in a butterfly house in Mindo, Ecuador. Source: Shutterstock, contributor: Matyas Rehak. (e) Butterflies feeding on fruit in the butterfly house, Mannheim, Germany. Photo by Dierk Schaefer (CC BY 2.0). (f) Butterflies feeding at a zoo in Emmen, Netherlands. Photo by Sandra Vos (CC BY 2.0).



		Figure 15.67 Illustrations (public domain) from the 1940s showing misplaced enthusiasm to employ DDT for exterminating the world’s pests. (a) Second World War poster, U.S. Department of Agriculture, U.S. National Archives. (b) Detail from an advertisement for Pennsalt DDT products that appeared in Time Magazine, June 30, 1947. Credit: Science History Institute. Philadelphia.



		Figure 16.1 Popular art, reflecting how people prefer large mammals and beautiful birds. Source: Shutterstock. (a) Noah’s Ark (contributor: Brgfx). (b) ‘Welcome to the Zoo’ (contributor: GraphicsRF.com).



		Figure 16.2 Cute cuddly charismatic megafauna mammals whose conservation is enthusiastically supported by the public and biodiversity organizations. (a) Giant panda cub. Photo by Playlight55 (CC BY 2.0). (b) Bengal tiger cub. Public domain photo from Anthony (U.K.), Pixabay.



		Figure 16.3 Street art (graffiti) showing imaginary, hostile-appearing monsters, reflecting how features foreign to human shape, as exhibited by many lower vertebrates, tend to appear unattractive, albeit entertaining. (a) Painting by Ces53, Photo by Janisorlando (public domain). (b) Photo by Kotzian (CC BY 3.0). (c) Photo by Tim Bartel (CC BY SA 2.0).



		Figure 16.4 The most vilified ‘lower’ vertebrate pests (sharks, frogs and toads, snakes, and vultures). Painting by Jessica Hsiung.



		Figure 16.5 Old perception of the comparative sequence of rank among the groups of vertebrates. Prepared by B. Brookes.



		Figure 16.6 A 1912 postcard (public domain) showing a harvested whale shark (Rhincodon typus) in Miami, Florida, claimed to weigh 13.5 metric tons and to be 14 m long.



		Figure 16.7 Artist impression of a megalodon pursuing two extinct Eobalaenoptera baleen whales. Prepared by Karen Carr (public domain).



		Figure 16.8 Comparative sizes of the extinct megalodon, the whale shark, and the great white shark. Prepared by Scarlet 23 (CC BY SA 3.0).



		Figure 16.9 Leading shark attackers of humans (at relative scale). (a) Bull shark (Carcharhinus leucas). Photo (public domain) by Brenda Bowling. (b) Tiger shark (Galeocerdo cuvier). Photo by Albert Kok (CC BY SA 3.0). (c) Great white shark (Carcharodon carcharias), considered to be the most dangerous of sharks. Photo by Elias Levy (CC BY 2.0).



		Figure 16.10 Harvested shortfin mako sharks (Isurus oxyrinchus) on sale in the port of Vigo, Spain. The flesh taste is reminiscent of tuna. Photo by José Antonio Gil Martínez (CC BY 2.0).



		Figure 16.11 Shark fins for food. (a) Harvested shark fins drying on a rack in Japan. Photo by Takonomakura (CC BY SA 3.0). (b) Shark fin soup. Photo by Cedric Seow (CC BY SA 2.0).



		Figure 16.12 Sharks for ecotourism: People inside shark-proof cage, with sharks swimming outside in Hawaii. Photo by Kalanz (CC BY SA 2.0).



		Figure 16.13 Rachel Louise Carson (1907–1964), renowned American science writer and conservationist. She was a professional marine biologist who raised concerns about the ecology of the oceans, with such popular books as The Sea Around Us (1951). Her award-winning bestseller Silent Spring (1962) alerted the public about the dangers of synthetic pesticides for wildlife and human health. (a) 1944 photo (credit: U.S. Fish and Wildlife Service). (b) 1961 photo (credit: Smithsonian Institution). (c) Rachel Carson National Wildlife Refuge, established in 1966 in the state of Maine, where she resided from 1953 until her death. The sanctuary protects more than 2,000 ha of salt marshes and estuaries for migratory birds along the Maine coastline. Photo by Harry Cutts (CC BY SA 4.0).



		Figure 16.14 Whale shark (Rhincodon typus) in the Georgia (U.S.) Aquarium. Photo by Zac Wolf (CC BY SA 2.5).



		Figure 16.15 A typical historical depiction of sharks as extremely dangerous. ‘Watson and the Shark,’ an oil painting (public domain image) by the American painter John Singleton Copley (1738–1815), showing a shark attack.



		Figure 16.16 Cartoon showing widespread conception that sharks are dangerous bloodthirsty predators of humans. Prepared by B. Brookes.



		Figure 16.17 An unusual, sympathetic, humorous, anthropomorphic depiction of a shark befriending a sailor. Source: Holder and Jordan 1909. Photo credit: Freshwater and Marine Image Bank, University of Washington Libraries.



		Figure 16.18 A display in favor of shark conservation. Photo by Socheid (CC BY SA 4.0).



		Figure 16.19 Plate from a public domain 19th-century encyclopedia (Kirby and Schubert 1889) showing frogs and toads in their natural habitat. a: Common toad (Bufo bufo); b: Natterjack toad (Epidalea calamita); c: Surinam toad (Pipa pipa); d: Edible frog (Pelophylax esculentus); e: Green tree-frog (Hyla arborea).



		Figure 16.20 The world’s largest and smallest frogs. (a) The extinct ‘devil frog’ (Beelzebufo ampinga) of Madagascar, thought to be the largest frog that ever lived. Prepared by Nobu Tamura (CC BY 3.0). (b) Paedophryne amauensis from Papua New Guinea, considered the world’s smallest vertebrate. Source: Shutterstock, contributor: Alex_Gor.



		Figure 16.21 Plate from a public domain 19th-century encyclopedia (Brockhaus 1892) showing frogs and toads. (a) Litoria peronei (Australia). (b) Bombina bombina (Europe). (c) Ranitomeya fantastica (Peru). (d) Leptopelis flavomaculatus (Africa). (e) Allobates femoralis (South America). (f) Bufo japonicus (Japan). (g) Phyllomedusa hypochondrialis (South America). (h) Bufo balearicus (Italy). (i) Pelophylax lessonae (Europe).



		Figure 16.22 Amazonian Indians with blowguns employed to shoot darts coated with poison frog secretions. (a) Yagua in Peru. Photo by Chany Crystal (CC BY ND 2.0). (b) Native Columbians. Photo by Yves Picq (CC BY SA 3.0).



		Figure 16.23 Poison dart frogs. (a) Strawberry poison frog (Oophaga pumilio). Photo by Marshal Hedin (CC BY 2.0). (b) Amazonian poison dart frog (Ranitomeya amazonica). Photo by V2 (CC BY SA 3.0). (c) Blue poison dart frog (Dendrobates azureus). Photo by Michael Gäbler (CC BY 3.0). (d) Doris’ poison frog (Ranitomeya dorisswansonae). Photo by Mauricio Rivera Correa (CC BY SA 2.5). (e) Green and black poison dart frog (Dendrobates auratus). Photo by Adrian Pingstone (released into the public domain). (f) Yellow-banded poison dart frog (Dendrobates leucomelas). Photo by H. Krisp (CC BY 3.0).



		Figure 16.24 Cane toad (Rhinella marina). (a) Photo by Dropthepuck88 (CC BY SA 3.0). (b) Photo by Sam Fraser-Smith (CC BY SA 2.0).



		Figure 16.25 Stubfoot toads (Atelopus of Central and South America). These are highly diminished by habitat loss, pollution, introduced species, and disease. Source (public domain): Franz et al. (1918).



		Figure 16.26 A dish of frog’s legs. Photo by Anagoria (CC BY 3.0).



		Figure 16.27 Depictions of the second of the ten biblical (Exodus 8:1–4) plagues of ancient Egypt, a plague of frogs. (a) A serious illustration: An 18th-century etching. Source: Wellcome Foundation (CC BY 4.0. (b) A humorous illustration: Source: Shutterstock, contributor: Askib.



		Figure 16.28 ‘The Frog Prince,’ public domain painting by Paul Meyerheim (1842–1915).



		Figure 16.29 Anthropomorphic depictions of frogs and toads – shown in human-like activities. (a) ‘Toads Tea-Party’ by English author, illustrator, mycologist, and conservationist Helen Beatrix Potter (1866–1943; her published works entered the public domain in 2014). (b) A toad in morning dress, holding an umbrella and a bunch of flowers. Drawing by G. Hope Tait, ca. 1900. Credit: Wellcome Collection (CC BY 4.0). (c) ‘Chorus of frogs,’ a vintage postcard (public domain) from the early 20th century. (d) Frog fishing, from Beatrix Potter’s ‘The Tale of Mr. Jeremy Fisher.’



		Figure 16.30 United States border inspector checking dried frog shipment for adherence to regulations. Photo (public domain) credit: Bill Butcher, United States Fish and Wildlife Service.



		Figure 16.31 Titanoboa cerrejonensis, an extinct snake of northeastern Colombia. The largest snake that ever existed, it may have exceeded 14 m in length and weighed over 1 t. It lived during the Middle to Late Paleocene epoch (about 60 to 58 million years ago) following the extinction of the dinosaurs. (a) Exhibit of the snake swallowing a crocodile in the Florida Museum of Natural History, Gainesville. Photo by Kelly Verdeck (CC BY ND 2.0). (b) Prepared by Nobu Tamura (CC BY 3.0), model human added by B. Brookes.



		Figure 16.32 Beautiful snakes. (a) Blue striped garter snake (Thamnophis sirtalis similis), slightly venomous, a Florida subspecies of the common garter snake. Photo by Glenn Bartolotti (CC BY SA 4.0). (b) Texas coral snake (Micrurus tener), venomous, endemic to the southern United States and northeastern and central Mexico. Photo by L. A. Dawson (CC BY SA 2.5). (c) Rainbow snake (Farancia erytrogramma), nonvenomous, endemic to coastal plains of the southeastern United States. Photo by Charles Baker (CC BY SA 4.0). (d) Texas long-nosed snake (Rhinocheilus lecontei tessellatus), nonvenomous, endemic to the western United States and northern Mexico Photo by L. A. Dawson (CC BY SA 2.5). (e) Coast garter snake (Thamnophis elegans terrestris), slightly venomous, one of numerous subspecies of this species of North American garter snakes. Photo by Steve Jurvetson (CC BY 2.0). (f) Mud snake (Farancia abacura), nonvenomous, endemic to the southeastern United States. Photo by U.S. Fish and Wildlife Service (public domain). (g) Southern ringneck snake (Diadophis punctatus), slightly venomous, southern phase of a species found in much of the U.S., central Mexico, and southeastern Canada. Photo by Glenn Bartolotti (CC BY SA 3.0).



		Figure 16.33 Some of the world’s most dangerous and feared venomous snakes. (a) Fer-de-lance (Bothrops asper), the most dangerous snake of Central and South America. Photo by Robert Wedderburn (CC BY SA 3.0). (b) Eastern diamondback (Crotalus adamanteus) of the Southeastern U.S., considered the most dangerous snake of North America. Photo by Bladerunner8u (CC BY SA 3.0). (c) King cobra (Ophiophagus hannah) of India and Southeast Asia, the most feared snake of Asia, and the world’s longest venomous snake, sometimes almost 6 m in length. Photo by Anand Titus and G. N. Pereira (CC BY SA 2.0). (d) Puff adder (Bitis arietans), which kills more people in Africa than any other snake. Photo by Bernard Dupont (CC BY SA 2.0). (e) Inland taipan (fierce snake; Oxyuranus microlepidotus) of Australia, the venom of which has been claimed to represent the most toxic land snake on Earth. Photo by XLerate (CC BY SA 3.0). (f) Black mamba (Dendroaspis polylepis), considered to be the most dangerous and deadly snake in the world. Very aggressive and alleged to be the fastest of venomous snakes, this is Africa’s longest venomous snake, reaching to over 4 m. Photo by Bill Love (CC BY SA 3.0).



		Figure 16.34 Sea snakes: dangerously venomous but rarely attack humans. (a) Red-headed krait (Bungarus flaviceps). Photo by Touchthestove (CC BY 4.0). (b) Banded sea krait (yellow-lipped sea krait; Laticauda colubrina). Photo by Jens Petersen (CC BY SA 3.0). (c) Blue-lipped sea krait (Laticauda laticaudata). Photo by Bramadi Arya (CC BY SA 4.0). (d) Banded krait (Bungarus fasciatus). Photo by AshLin (CC BY SA 2.5).



		Figure 16.35 Burmese Python (Python bivittatus) locked in a struggle with an American alligator (Alligator mississippiensis) in Everglades National Park, Florida (2009 photo). Credit: Lori Oberhofer, U.S. National Park Service (public domain).



		Figure 16.36 Boots made with snakeskin leather. Photo by Greg O’Beirne (CC BY SA 3.0).



		Figure 16.37 Milking a snake for the production of antivenom. Photo by Barry Rogge (CC BY 2.0).



		Figure 16.38 Snakes as human food. Source of photos: Shutterstock. (a) Snake farm in Vietnam. Contributor: Renatok. (b) Grilled snakes on sale in a food market in China. Contributor: WeStudio.



		Figure 16.39 Vintage print (public domain) showing circus act featuring snakes.



		Figure 16.40 Snake charming, a chromolithograph by Alfred Brehm, ca 1883. Public domain image.



		Figure 16.41 Conflict between snakes and humans, exemplified by painting (public domain) by Emile Doepler (1855–1922) entitled ‘Thor and the Midgard Serpent’ illustrating Norse mythology.



		Figure 16.42 Adam, Eve, and a snake in the Garden of Eden. (a) Painting (public domain) showing Eve receiving a forbidden apple from the snake and giving one to Adam. Unlike the evil snake, all the other animals are innocent. Prepared (ca. 1615) by Jan Brueghel de Oude and Peter Paul Rubens, housed in the Mauritshuis Museum, Netherlands. (b) A charming, if much simpler, illustration of the story. Source: Shutterstock, contributor: Ottoflick.



		Figure 16.43 Respectful views of snakes in Hindu tradition. (a) Vishnu flanked by two wives resting on Shesa, the serpent on the waters. In Hindu belief, the god Vishnu is watched over by Shesha. Chromolithograph by Ravi Varma (1848–1906). (b) Painting showing Manasā, Indian goddess (Hindu deity) of snakes and protection against snakebite. Source: Wellcome Trust (CC BY 4.0).



		Figure 16.44 The suicide by snake of Queen Cleopatra of Egypt (69–30 B.C.) (a) ‘The Death of Cleopatra,’ public domain painting by British artist Reginald Arthur (1871–1934). Photo credit: Roy Miles Gallery, London. (b) Cleopatra and a snake, public domain painting by Dutch artist Jan Berends (born about 1679, died after 1742). Source: https://www.sothebys.com/en/buy/auction/2021/master-paintings-part-ii/cleopatra-and-the-asp-in-an-elegant-interior. (c) The extremely poisonous Egyptian cobra (Naja haje), the so-called ‘asp’ that reputedly killed Cleopatra. Photo by Ghorayr (CC BY SA 4.0).



		Figure 16.45 Sir David Attenborough (1926–), renowned English broadcaster, biologist, natural historian, and author, accompanied by two of the many species named in his honor. (a) Life restoration of Attenborosaurus conybeari by Nobu Tamura (CC BY SA 4.0). Attenborosaurus is an extinct genus of marine reptiles from the Early Jurassic Period of England. (b) Photo of David Attenborough at the Great Barrier Reef, circa 2015. Attribution: Department of Foreign Affairs and Trade website – www.dfat.gov.au. (c) Attenborough’s fan-throated lizard, Sitana attenboroughii, of India. Photo by Kalesh sadasivan (CC BY SA 4.0).



		Figure 16.46 Some Old World vultures. All illustrations are from Wellcome Trust (CC BY 4.0). (a) Palm-nut vulture (Angolan vulture; Gyphierax angolensis). Color lithograph, ca. 1875. (b) Bearded vulture (Lammergeier; Gypaetus barbatus). Chromolithograph by W. Greve after A. Thorburn, ca. 1885. (c) Cinereous vulture (Vultur monachus). Chromolithograph by W. Greve, after A. Thorburn, ca. 1885.



		Figure 16.47 The two most common New World vultures, painted by J. J. Audubon (1785–1851) for his 1832 four-volume work The Birds of North America. (Audubon 1827–1838). (a) Black vultures (Coragyps atratus; plate 106) feeding on a mule deer. (b) Turkey vulture (Cathartes aura; plate 151).



		Figure 16.48 Black vultures (Coragyps atratus) damaging a car in Everglades National Park, Homestead, Florida. The birds rip off windshield wipers and weather-stripping. Photo by Judy Gallagher (CC BY 2.0).



		Figure 16.49 Painting (public domain) by Thomas Baines (1820–1875) showing a dead buffalo being approached by vultures. Baines, an English artist, produced many paintings showing landscapes of southern Africa.



		Figure 16.50 The two species of New World condors. (a) An old male California condor (Gymnogyps californianus), painted by J. J. Audubon (1785–1851). Source (public domain): Audubon, J. J. 1838. Vol. 4, The Birds of America, vol. 4, plate 426. (b) Andean Condor (Vultur gryphus), shown attacking a lamb on a rock. Males like this can easily be identified by the large comb (caruncle) on the head and the wattle on the neck that is formed by folds of skin. Colored etching prepared by W. Panormo (1796–1867) after a drawing by H. Smith (active 1858). Source: Wellcome Trust (CC BY 4.0).



		Figure 16.51 Giant teratorn (Argentavis magnificens), an extinct (as of 6 million years ago) predatory bird of Argentina, believed to be a relative of the condors. Among the largest flying birds ever to exist, it is speculated to have had a wing span reaching 7 m and a weight that exceeded 70 kg. Credit: Stanton F. Fink (CC BY SA 3.0). Outline of woman added for scale.



		Figure 16.52 King vulture (Sarcoramphus papa) of Central and South America. (a) Photo by Renato Augusto Martins (CC BY SA 4.0). (b) Photo by Eric Kilby (CC BY SA 2.0). (c) Photo by Weltvogelpark Walsrode (CC BY SA 3.0).



		Figure 16.53 Painting (public domain) titled ‘Four Vultures of Different Species’ by Flemish artist Philipp Ferdinand de Hamilton (ca. 1664–1750), housed in Belvedere Museum, Vienna.



		Figure 16.54 Contrasting illustrations of life styles of vultures. Source: Shutterstock. (a) A vulture family shown as disgusting scavengers. Contributor: Oriol San Julian. (b) A vulture family shown as loving companions. Contributor: Cernecka Natalja.



		Figure 16.55 Feral pigeon (Columba livia). (a) Typical appearance. Photo by Elke Wetzig (Elya) (CC BY SA 3.0). (b) Pigeon in flight. Photo by Hari K Patibanda (CC BY 2.0). (c) A white pigeon. Photo by Optimistic pushpendra2 (CC BY SA 4.0). (d) Nine-day old nestlings (‘squabs’), normally born as a pair. Photo by Ciell (CC BY SA 2.5).



		Figure 16.56 Feral pigeons in urban centers. (a) On the Empire State Building, New York City. Photo by ZeroOne (CC BY SA 2.0). (b) In Trafalgar Square, London. Photo by ProhibitOnions (CC BY SA 3.0). (c) At St. Mark’s Basilica, Venice. Source (public domain): Kirk Fisher/Pixabay.com. (d) Pigeons covering temples and pagodas in Durbar Square, Kathmandu. Source: Shutterstock, contributor: Doctor J.



		Figure 16.57 Respect for pigeons (in the form of white doves) in religion. (a) Stained glass window in a church in Boynton Beach, Florida, showing the Dove of Peace overlapping a cross. Created by Tony Villante, photo by Deisenbe (CC BY SA 4.0). (b) Feeding sacred pigeons in Bangladesh. Photo by David Stanley (CC BY 2.0). (c) Stained glass window of Irish missionary Saint Columbanus (543–615) in the Abbey of Bobbio in Italy. Columbanus (the Latinized form of Columbán, meaning the white dove), and usually pictured with a dove, is venerated by the Eastern Orthodox Church and the Roman Catholic Church. Photo by Trebbia (CC BY SA 3.0). (d) A child feeding pigeons at a Jain temple in Calcutta. Photo by Sushovanbasak (CC BY SA 3.0).



		Figure 16.58 The problem of pigeon droppings in urban areas. Source of photos: Shutterstock. (a) A statue of Diana the Huntress by Louis Auguste Leveque with a pigeon on top, at Tuileries Garden in Paris, France. Contributor: Devis M. (b) A park bench stained with pigeon droppings. Contributor: Denklim. (c) A bronze statue with a pigeon on its head. Contributor: Paolo Paradiso.



		Figure 16.59 Examples of fancy pigeons. (a) A fantail pigeon. Source (public domain): Keulemans, J. G. 1869. Onze vogels in huis en tuin, vol. 1. Leyden, P.W.M. Trap. (b) Suabians. (c) Blue owls. Source of (b and c): Tegetmeier, W. B. and H. Weir. 1868. Pigeons: Their Structure, Varieties, Habits, and Management. London, G. Routledge and Sons. (d) Vogtland Whitehead Trumpeter. (e) Maltese. (f) Pouters. Source of (d–f): Schachtzabel, E. 1906. Illustriertes Prachtwerk sämtlicher Taubenrassen. Würzburg, Königl. Universitätsdruckerei H. Stürtz a.g.



		Figure 16.60 Shelters for pigeons. (a) A special-built, overlapping-hearts cage housing a pair of doves symbolizing love (pigeons mate for life) at a marriage ceremony. Source: Shutterstock, contributor: Kovalchynskyy Mykola. (b) A simple garden shelter (‘dovecote’). Source: Shutterstock, contributor: Widyasto. (c) Pigeon ranch, Los Angeles, California (between 1907 and 1914) – a gigantic commercial shelter for pigeons. The main product was young birds (squabs) for meat. Source (public domain): Loyola Marymount University Digital Collections. (d) An old-fashioned special-built stone dovecote. Source: Shutterstock, contributor: Mark Paterson.



		Figure 16.61 Navigation abilities of common pigeons. (a) A 12th-century mosaic (public domain) in Basilica di San Marco, Venice, depicting Noah sending a dove from his ark to determine whether land is nearby. (b) Homing pigeons in flight. Photo by Spanishguitar101 (CC BY SA 4.0). (c) An example of the communication usage of pigeons: ‘The messenger of love’ by Leonard Straszyński (?–1879).



		Figure 16.62 Heroic military pigeons. (a) A monument to military pigeons in Brussels, Belgium. Photo by EmDee (CC BY SA 3.0). (b) Cher Ami. In 1918, a carrier pigeon named Cher Ami (assumed to be a male, although this has been disputed), shot through the breast and leg by enemy fire, managed to return to his loft with a message capsule dangling from his wounded leg. The message saved the lives of about 200 allied soldiers in France. Cher Ami was awarded the French Croix de Guerre and was inducted into the Racing Pigeon Hall of Fame in recognition of his extraordinary service during World War I. Cher Ami died in 1919 from his wounds. His preserved body is on display at the Smithsonian National Museum of American History in Washington, DC. Photo (public domain), credit Line: War Department. U.S. Signal Corps. https://www.si.edu/object/cher-ami%3Anmah_425415. (c) Monument in the Argonne Forest, France, to Cher Ami. Photo (public domain) by Wilson44691.



		Figure 16.63 Meat pigeons. (a and b) Photos by Uikitireza (CC BY SA 4.0). (c) Roasted squab (young pigeons) for sale in Hong Kong. Photo by HomJeovasaA (CC BY SA 3.0).



		Figure 16.64 The principal predators of pigeons. (a) A raptor attacking a pigeon. Source: Shutterstock, contributor: Mustafa Kocabas. (b) A 1905 post card (public domain) lampooning the bravery of hunters.



		Figure 17.1 Examples of charismatic megafauna mammals that strongly attract conservation support (all photos are public domain). Credits: (a) Elephant: Hưng Lê from Pixabay. (b) Orca: Clker-Free-Vector-Images from Pixabay. (c) Giant panda: Dušan Smetana from Pixabay. (d) Giraffe: PublicDomainPictures from Pixabay. (e) Tiger: George Desipris, https://www.pexels.com/photo/close-up-photography-of-tiger-792381/.



		Figure 17.2 Examples of cute and cuddly mammals that strongly attract conservation support. Credits: (a) Meerkat: Public domain photo by Skeeze from Pixabay. (b) Koala: Public domain photo by Skeeze from Pixabay. (c) Harp seal (baby whitecoat phase): Photo by Lysogeny (CC BY SA 4.0). (d) Ring-tailed lemurs: Photo by Alexandra (CC BY SA 3.0). (e) Long-tailed chinchilla: Photo by Matteo De Stefano/MUSE (CC BY SA 3.0). (f) Red panda: Public domain photo by Mathias Appel.



		Figure 17.3 The most vilified mammals (bats, hyenas, mice, rats, and skunks). Painting by Jessica Hsiung.



		Figure 17.4 Painting of bats (public domain) from Craig (1897, plate 4). Identifications provided: 1: Common bat; 2: Vampire Bat (Old World ‘vampire bats’ are misnamed); 3: Horseshoe bat; 4: Dog-headed bat; 5: Fruit-eating bat.



		Figure 17.5 Fruit bats. Source (public domain): Lydekker (1895).



		Figure 17.6 Honduran white bat (Ectophylla alba), a unique species of ‘leaf-nosed bat,’ found in Honduras, Nicaragua, Costa Rica, and western Panama. The nose leaves of at least some bats are thought to serve roles in modifying and directing echolocation calls (the sonar calls are directed through their nostrils, rather than through the mouth as in many bats with small noses). This tiny species (3.7–4.7 cm long) has snow white fur (one of the very few white bats), a yellow nose, and yellow ears. The bats construct delicate roosting tents from the leaves of Heliconia plants by nibbling at the side veins. They mostly eat figs (Ficus colubrinae). (a) Bat captured in Costa Rica. Photo by Geoff Gallice (CC BY 2.0). (b) Costa Rican stamp (public domain image) depicting a group of bats.



		Figure 17.7 Postage stamp issued in 1997, featuring the fictional vampire Dracula (from the Bram Stoker 1897 novel of the same name), who could transform into a bat. © Canada Post.



		Figure 17.8 The common vampire bat (Desmodus rotundus) in flight. (a) Photo by Uwe Schmidt (CC BY SA 4.0). (b) Painting (public domain) from Finn (1909).



		Figure 17.9 Mexican (or Brazilian) free-tailed bats (Tadarida brasiliensis), native from the southern half of the U.S. to South America. This bat has been claimed to fly horizontally (as opposed to diving) faster than any other animal, reaching speeds over 160 km/h. The species tends to congregate in the millions at just a few locations, making it vulnerable to habitat destruction. Photo (public domain) by Ann Froschauer, U.S. Fish and Wildlife Service.



		Figure 17.10 Creepy Halloween vintage (public domain) postcards featuring witches associating with bats. (a) Circulated in 1917. (b) Circulated in 1910.



		Figure 17.11 Gray-headed flying fox (Pteropus poliocephalus) pups, 2–3 weeks old, in a crib in the Bat Hospital of Wildlife Australia. Photo by Wcawikinfo (CC BY SA 3.0).



		Figure 17.12 Large bat houses. (a) A bat house east of Comfort, Texas, built in 1918 and designated a Texas Historic Landmark. The 9 m tall structure was originally intended to attract bats to consume mosquitoes. Photo by Larry D. Moore (CC BY SA 3.0). (b) A bat house at the Norikura Nature Conservation Center in Nagano Prefecture, Norikura Heights, Azumi, Matsumoto City, Nagano Prefecture. This was built in 1996, and is used as a conservation and research facility. Photo by Mountainlife (CC BY SA 3.0).



		Figure 17.13 House mouse (Mus musculus). (a) Source: Shutterstock, contributor: Szasz-Fabian Jozsef. (b) Photo by George Shuklin (CC BY 2.0).



		Figure 17.14 Comparison of house mouse (Mus musculus, bottom right) and brown rat (Rattus norvegicus, top). Source: Nelson, E. W. 1918. Wild Animals of North America. Washington, DC, The National Geographical Society.



		Figure 17.15 Mice damaging food. Photo (public domain) from pxhere.



		Figure 17.16 Early 20th-century lithograph showing a farmer killing mice by piping poison gas into an underground passage. Credit: Wellcome Collection (CC BY 4.0).



		Figure 17.17 An albino laboratory mouse strain (BALB/c) widely used in animal experimentation. Photo by Aaron Logan (CC BY 1.0).



		Figure 17.18 ‘Fancy mice’ (domesticated strains bred as pets). Public domain illustration from Haacke (1893).



		Figure 17.19 The St Kilda house mouse (Mus musculus muralis), an extinct subspecies of the house mouse that was found only on the islands of the St Kilda archipelago of northwest Scotland, and vanished before World War II. These mice were as much as twice as heavy as house mice on the mainland of Scotland. Painting (public domain) from Barrett-Hamilton (1899).



		Figure 17.20 Musophobia (fear of mice), shown in a children’s book illustration (1898, public domain) titled ‘Three Blind Mice.’ Credit: New York Public Library Digital Collections.



		Figure 17.21 Lord Ganesha, elephant-headed Hindu deity, mounted on his giant mouse (also often said to be a rat). Subduing the mouse by riding it symbolizes control over the rodent’s destructive tendencies. Bazaar art (public domain) from India, 1910.



		Figure 17.22 Anthropomorphic illustrations (public domain) in a children’s book. Source: Coloma et al. (1914).



		Figure 17.23 Examples of Beatrix Potter’s illustrations (public domain) for children’s books.



		Figure 17.24 Early 20th-century postcard (public domain) showing cat dining with mice. The French artist, Maurice Boulanger, was known for cute and funny anthropomorphic cats.



		Figure 17.25 Street art featuring mice. (a) In Albania. Photo by Quinn Dombrowski (CC BY 2.0). (b) A mouse-eared Frankenstein in Montreal. Photo by Photographymontreal (public domain). (c) In New Orleans (attributed to Banksy). Photo by Mark Gstohl (2.0).



		Figure 17.26 Cinderella: a tale about human preferences and prejudices. (a) Cinderella’s mouse-powered pumpkin-wagon. Source (public domain): Ames, E. 1901. The Bedtime Book. London, Grant Richards. Credit: Special Collections Toronto Public Library. (b) Cinderella’s fairy godmother transforming the pumpkin into a magnificent enchanted carriage and changing the humble mice into a much more attractive team of beautiful horses. Source: Shutterstock, contributor: Arbit.



		Figure 17.27 Tributes to mice. (a) Statue in Oakdale, Wisconsin of a huge mouse on cheese, for which the state is famous. Photo by Amy Meredith (CC BY ND 2.0). (b) Monument to the laboratory mouse, in Novosibirsk, Siberia, Russia. The sculpture is located at the Institute of Cytology and Genetics of the Russian Academy of Sciences. The mouse is knitting a double helix of DNA. Photo by Irina Gelbukh (CC BY SA 3.0). (c) Statue of Walt Disney and Mickey Mouse at Disneyland, Anaheim, California. Photo by Wood26 (CC BY SA 3.0).



		Figure 17.28 The dominant large predators of Africa. Artwork by M. Antón in Turner and Antón 2006 (CC BY 4.0).



		Figure 17.29 Spotted hyena (Crocuta crocuta). (a) Photo by Charles J. Sharp (CC BY SA 4.0). (b) Female and cubs. Photo by Bernard Dupont (CC BY SA 2.0).



		Figure 17.30 Spotted hyenas consuming their prey. Source: Shutterstock, contributor: EreborMountain.



		Figure 17.31 Striped hyena (Hyaena hyaena). Photo by Rigelus (CC BY SA 4.0).



		Figure 17.32 Brown hyena (Parahyaena brunnea). Photo by Bernard Dupont (CC BY SA 2.0).



		Figure 17.33 Aardwolf (Proteles cristata). Photo by Greg Hume (CC BY SA 3.0).



		Figure 17.34 Drawing of restoration of the extinct giant short-faced hyena (Pachycrocuta brevirostris) by Mariomassone (CC BY SA 4.0), in comparison to a human (added by B. Brookes).



		Figure 17.35 Striped hyena (Hyaena hyaena, at left) and spotted hyena (Crocuta crocuta, at right), the two species that are least threatened at present. Lithograph (public domain image) designed by Friedrich Specht (1839–1909) in 1878 and printed by Leipziger Schulbilderverlag von F. E. Wachsmuth, Leipzig.



		Figure 17.36 Eighteenth-century print (public domain) depicting the Beast of Gévaudan, allegedly the savage killer of several hundred people in 18th-century France. It is often interpreted as a hyena.



		Figure 17.37 Striped hyena that has dug up human remains in a graveyard. Source (public domain): Buffon, G. L. L. 1855. Oeuvres complètes. Paris, Garnier.



		Figure 17.38 Old French trade card (public domain) showing a striped hyena being hunted in North Africa.



		Figure 17.39 Competition of hyenas and African big cats. (a) Brown hyena stealing a springbok from cheetahs, in South Africa. Photo by Derek Keats (CC BY 2.0). (b) Museum diorama showing spotted hyenas attempting to rob lions of their killed zebra. Credit (public domain photo): Bruce Emmerling, Pixabay.com.



		Figure 17.40 Lithograph showing the four species of hyena. (a) Brown hyena (Parahyaena brunnea). (b) Aardwolf (Proteles cristata). (c) Striped hyena (Hyaena hyaena). (d) Spotted hyena (Crocuta crocuta).



		Figure 17.41 Common rats illustrated by the Audubon family (John Woodhouse Audubon, 1812–1862, and his father John James Audubon, 1785–1851). (a) Black rat (Rattus rattus) by J. W. Audubon. (b) Brown rat (R. norvegicus), by J. J. Audubon. Source: Audubon et al. (1851–1854). Digitally enhanced by Rawpixel (CC BY 4.0).



		Figure 17.42 Brown rat (Rattus norvegicus), side and face views. Photos by Ian Kirk (CC BY 2.0).



		Figure 17.43 Black rat (Rattus rattus). Photos (public domain) from Pikrepo.



		Figure 17.44 Anti-rat poster (public domain) circulated in 1948 by the Province of Alberta, which has managed to remain rat-free by diligently preventing entry of rats.



		Figure 17.45 Agricultural damage by rat nibbling on grain on a farm. Colored wood engraving published in 1843 by J. W. Whimper. (Identified as a brown rat [and by the old synonym ‘Mus decumanus’], but appears to be a black rat.) Credit: Wellcome Collection (CC BY 4.0).



		Figure 17.46 Pet (fancy) rats. (a) A pet rat posed beside a bottle of liqueur. Photo by Alexey Krasavin (CC BY SA 2.0). (b) Young rats. Photo (public domain) by Karsten Paulick.



		Figure 17.47 A strain of laboratory rat (Rowett nude rat). Photo by Armin Kübelbec (CC BY SA 3.0).



		Figure 17.48 The extinct bulldog rat (Rattus nativitatis), once endemic to Christmas Island (Australia) in the Indian Ocean. It has been speculated that a chief cause of extinction was disease introduced by the black rat. Public domain painting from Andrews (1900).



		Figure 17.49 Illustrations (public domain) of the tale ‘The Pied Piper of Hamelin.’ (a) The piper enticing rats to leave town: a very early 20th-century postcard. (b) The piper enticing children to leave town: painting by James Elder Christie (1847–1914) housed in the Scottish National Gallery of Modern Art.



		Figure 17.50 Vintage early 20th-century postcards (public domain) showing rats, by Luciano Achille Mauzan (1883–1952), who prepared over 1000 cards. (a) The proverbial visit of a country rat to a city rat. (b) A rat enjoying his retirement.



		Figure 17.51 Rat religious iconography. Source of illustrations: Shutterstock. (a) A golden sculpture at a Buddhist temple in Thailand. Contributor: Anant Kasetsinsombut. (b) Statue in a temple in India. Contributor: Tommywang. (c) Painting on a temple wall in Thailand. Contributor: Prapann. (d) A gilded statue of a praying rat at a Hindu monastery in India. Contributor: Milkovasa.



		Figure 17.52 The Rat Temple in Rajasthan India. (a) Facade of the temple. Photo by Jean-Pierre Dalbéra (CC BY 2.0). (b) Feeding rats inside the temple. Photo by Amanderson2 (CC BY 2.0).



		Figure 17.53 Year-of-the-Rat celebrations of the 2020 Chinese New Year. (a) Display in Singapore. Photo by GT#2 (public domain). (b) Costumed performance in Manchester, UK. Photo by Author Medowduk (CC BY SA 4.0).



		Figure 17.54 Painting (public domain), entitled ‘The White Rats’ by French artist Jean de Francqueville (1840–1939). The young girls are clearly comfortable playing with rats.



		Figure 17.55 Sunda stink badger (Malayan stink badger; Mydaus javanensis). Pre-20th century print (public domain). Source: Iconographia Zoologica (University of Amsterdam).



		Figure 17.56 Claws of a young skunk in California. Photo (public domain) by Andy Greenawalt, United States Geological Survey.



		Figure 17.57 Skunks of the genus Mephitis. (a) Striped skunk (M. mephitis), from Audubon and Bachman (1851), plate XLII. (b) Hooded skunk (M. macroura, from Audubon and Bachman (1854), plate CII. These paintings are in the public domain.



		Figure 17.58 Some spotted skunks (Spilogale species). (a) Eastern spotted skunk (S. putorius). This species occurs from southern Manitoba and Ontario in Canada through the eastern U.S. to northeastern Mexico. Public domain painting from Nelson (1918). (b) Island spotted skunk (S. gracilis amphiala), endemic to the two largest California Channel Islands, Santa Cruz and Santa Rosa. Photo by Brian Kentosh (released into the public domain).



		Figure 17.59 Some hog-nosed skunks (Conepatus species). (a) The American hog-nosed skunk (C. leuconotus) from Central and North America. This large skunk grows to 85 cm in length. Painting (public domain) from Nelson (1918). (b) Molina’s hog-nosed skunk (C. chinga) from western South America. This specimen is brown with white stripes, but most animals are black with white stripes. Painting (public domain) from Jardine (1843), plate 13.



		Figure 17.60 The common striped skunk (Mephitis mephitis) viewed in early times as a serious poultry killer. (a) Source (public domain): John Doughty (1832). (b) Source (public domain): Bryson (1911).



		Figure 17.61 Peaceful co-existence between dogs and skunks: A skunk at a dogs’ dinner party. Based on The Dogs Dinner Party by Harrison Weir (1824–1906), modified by Brenda Brookes.



		Figure 17.62 A skunk fur coat. Source (public domain): Larisch and Schmid (1902).



		Figure 17.63 Pet skunk rescuer Deborah Cipriani with domesticated breeds from people who no longer wanted to care for them. Photo (in 2002) by Paul M. Walsh (CC BY 2.0).



		Figure 17.64 ‘Reddy Fox’ is repelled by the prospect of being sprayed by ‘Jimmy the Skunk’ in a children’s story, The Adventures of Jimmy the Skunk. Public domain illustration by Harrison Cady, from Burgess (1918). T. W. Burgess (1874–1965), an American naturalist and conservationist, wrote over 100 children’s stories.



		Figure 17.65 Early 20th-century postcards (public domain) showing unwelcome visits from skunks. The beach scene is printed on linen, an early practice in some countries.



		Figure 17.66 Plains spotted skunk (Spilogale putorius interrupta). Spilogale species are the only skunk that climbs trees. Photo courtesy of the Missouri Department of Conservation.



		Figure 17.67 A skunk from heaven. Prepared by B. Brookes.



		Figure 18.1 Anti-drug art (public domain). (a) Credit: Pxfuel. (b) Credit: U.S. Centre for Drug Control. (c) Scene showing drug addiction being treated. Published in Puck 72(854) in 1912. Prepared by artist S. D. Ehrhart (ca. 1862–1937). Source: Library of Congress.



		Figure 18.2 Excessive consumption of sugar and sweet confections is a major health hazard, contributing to the worldwide obesity epidemic and associated diseases. Prepared by Jessica Hsiung.



		Figure 18.3 Ways that plants harm humans. Top left: Livestock have been poisoned by consuming larkspur (Delphinium), and a woman in a bathing suit is suffering dermatitis from contact with another plant species. Top right: people who consumed toxic fruit are experiencing nausea. Center: Victims of hayfever. Bottom left: A girl is pricked by a rose thorn. Prepared by Jessica Hsiung.



		Figure 18.4 Allergic reactions to plants. (a) A woman experiencing a hayfever (allergic rhinitis) reaction to pollen in a field of canola (oilseed type Brassica napus). Photo (public domain) from Pixabay. (b) A contact allergic reaction. Prepared by B. Brookes.



		Figure 18.5 Spiny fruits of puncture vine (Tribulus terrestris). Photo credit: Canadian Food Inspection Agency.



		Figure 18.6 Painting (public domain) of opium poppy (Papaver somniferum), from Thomé (1885, Plate 25.9). (a) Cross-section of a fruit capsule, showing fruit sectors filled with seeds. (b) Fruit capsule. (c) Seed. (d) Red flower. (e) White-flowered plant.



		Figure 18.7 Traditional opium production. (a) White latex exuding from a freshly cut opium poppy seed pod that has been slit to cause release of the milky substance. Photo by KGM007 (released into the public domain). (b) An opium poppy field in Afghanistan. Notice that the seed capsules have been slit longitudinally, and the exuded latex has turned brown. Photo by Davric, released into the public domain.



		Figure 18.8 Artists’ conceptions (public domain) of Chinese opium dens. (a) In San Francisco. Source: Detroit Publishing Company Postcard series number 7339, 1903–1904. (b) In France. Source: cover of Le Petit Journal, July 5, 1903.



		Figure 18.9 Scenes of the First Anglo-Chinese War (1839–1842) popularly known as the First Opium War or simply the Opium War. (a) Painting (public domain) by British military artist Richard Simkin (1840–1926), entitled ‘The 98th Regiment of Foot at the attack on Chin-Kiang-Foo.’ (b) The British ship Nemesis (a steam-driven vessel made entirely out of iron) easily destroying Chinese war junks in Anson’s Bay in 1841. Painting (public domain) by English artist Edward Duncan (1803–1882).



		Figure 18.10 Nineteenth-century advertisements (public domain) for opium-containing patent medicines. (a – top and bottom figures) Mrs. Winslow’s Soothing Syrup, which contained one grain (65 mg) of morphine sulfate per American fluid ounce (29.6 mL). This preparation was marketed as an indispensable mother’s aid for relief of babies’ discomfort while teething. The administration of opium to infants dates to ancient times: An Egyptian text dated at about 1300 B.C.E. described the custom of giving poppy extracts to children to stop them from crying. While effective at quieting restless infants and small children, such medications became known as ‘baby killers.’ (b) Advertisement for Wistar’s Balsam of Wild Cherry, which contained cherry bark, alcohol, and opiates. This 1986 (public domain) trading card features a young girl giving medicine to a doll. Credit: U.S. National Library of Medicine.



		Figure 18.11 A field of opium poppies cultivated for pharmaceuticals in North Dorset, England. Photo by Marilyn Peddle (CC BY 2.0).



		Figure 18.12 The good and evil sides of opium poppy. As a source of pharmaceuticals, the opium poppy has relieved more human pain than any other plant. As a source of drugs of abuse, it may have caused more human pain than any other plant. Prepared by B. Brookes.



		Figure 18.13 Seeds of opium poppy (Papaver somniferum). (a) Long section of young capsule. Photo credit: William Copeland McCalla family fonds, Provincial Archives of Alberta. (b) Mature capsule broken open. Photo (public domain) by Andy Faeth from Pixabay. (c) Top of dried capsule showing pores that allow seeds to be knocked out and blown away by wind currents. Photo (public domain) by Ian Lindsay from Pixabay. (d) Mature capsules spilling seeds. Photo by Keith Ellwood (CC BY 2.0). (e) Close-up of seeds (which are 1.0–1.5 mm long). Photo by Thomas Bresson (CC BY 3.0). (f) A spoonful of seeds. Source: Shutterstock, contributor: Madeleine Steinbach.



		Figure 18.14 Examples of bakery uses of opium poppy seeds. (a) Poppyseed bagel. Photo by Stas Ovsky (released into the public domain). (b) The ‘kolache’ is a traditional Czech sweet bun, made with an egg and yeast dough and filled with preserves and poppy seeds. Photo by Petr Brož (CC BY SA 3.0).



		Figure 18.15 Ornamental variety of opium poppy with doubled flowers. Photo by Yewchan (CC BY SA 2.0).



		Figure 18.16 A U.S. marine in a poppy field in Afghanistan. Source: U.S. Government public domain photo.



		Figure 18.17 Common tobacco (Nicotiana tabacum). (a) Colored lithograph, ca. 1840. Source: Wellcome Collection (CC BY 4.0). (b) Flowering top. Source (public domain) Thomé (1885).



		Figure 18.18 A tobacco field in Cuba. The flowers are removed in order to promote improved growth of the top leaves. Photo by Henryk Kotowski (CC BY SA 3.0).



		Figure 18.19 ‘Wild tobacco’ (Nicotiana rustica). (a) Flowering top. Source (public domain): Köhler (1883–1914). (b) Field in Vietnam. Photo by Hungda (CC BY SA 3.0).



		Figure 18.20 Artwork entitled ‘Peace Pipe,’ representing traditional ceremonial use of tobacco. Painting by contemporary Russian artist Marianna Ochyra. Photo by Maxx9035 (CC BY SA 4.0).



		Figure 18.21 Humorous cartoons (public domain) of ‘smoking clubs’ illustrating early European misgivings about tobacco. (a) Prepared by James Gilray in 1793. (b) Source: Fairholt (1859).



		Figure 18.22 Luxurious tobacco containers owned by European nobles. (a) Tobacco jar made in Britain in 1879, housed in the Science Museum, London. Photo from the Wellcome collection (CC BY 4.0). (b) Snuffbox decorated with gold and diamonds, manufactured about 1765 for Frederick II of Prussia, now in the collection of the Victoria and Albert Museum. Photo by Vassil (public domain). (c) Jeweled snuffbox from 18th-century Russia. Photo by Shakko (CC BY 3.0).



		Figure 18.23 Cigar box label (1905, public domain) illustrating the high quality of art that often decorated tobacco containers.



		Figure 18.24 Examples of smoking in cartoons. (a) Victorian clip art showing a puppy smoking. Photo by Egg Studio (CC BY SA 2.0). (b) Gentleman smoking a cigarette (public domain). (c) Late 19th-century American print (public domain) depicting a frog smoking a pipe.



		Figure 18.25 Pipes and pipe smoking. (a) and (b). Carved meerschaum pipes. Source: Wellcome collection (CC BY 4.0). (c) Portrait (public domain) of Santa Claus smoking a pipe, by Thomas Nast, Published in Harper’s Weekly, 1881. (d) Seventeenth-century portrait of a Dutch man smoking a pipe. Credit: Jefferson R. Burdick Collection, Metropolitan Museum of Art.



		Figure 18.26 ‘Smokeless tobacco.’ (a) An assortment of nasal snuff. Photo by Hellahulla (CC BY SA 3.0). (b) Plug chewing tobacco. Photo by Fredderik (CC BY SA 3.0).



		Figure 18.27 Early 20th-century nicotine pesticides (public domain figures). (a) Nicotine dust. (b) Nicotine spray.



		Figure 18.28 Some of the deceitful tactics employed by ‘Big Tobacco’ to promote smoking. (a) A painting of a young woman with a cigarette, making smoking seem glamorous, healthy, and sexy. Public domain image from PublicDomainPictures.net. (b) Candy cigarettes, employed to condition children that smoking is acceptable. Photo by Phillip Stewart (CC BY SA 2.0).



		Figure 18.29 Sigmund Freud (1856–1939), founder of psychoanalysis, whose doctor assisted his suicide because of oral cancer caused by smoking. Photo (colorized; public domain) by Max Halberstadt of Christie’s, in 1921.



		Figure 18.30 Various types of electronic cigarettes. Public domain photo, U.S. Centers for Disease Control and Prevention.



		Figure 18.31 Ornamental species of Nicotiana (often termed ‘flowering tobacco’). (a) Nicotiana sylvestris. Photo by Magnus Manske (CC BY SA 3.0). (b) Nicotiana alata. Photo by Carl Lewis (CC BY 2.0).



		Figure 18.32 Public domain paintings of sugar cane (Saccharum officinarum). (a) Lithograph, ca. 1849. Courtesy of Wellcome Collection (CC BY 4.0). (b) ‘Allegory of sugar cane,’ oil on canvas painting by John Genin (1830–1895).



		Figure 18.33 Paintings of slaves processing sugar cane. A tragic side of the history of sugar cane is the fact that slavery was once a major component of the industry. Harvesting the crop by hand, which is still the predominant practice, is labor-intensive and back-breaking work. Source (public domain): Clark, W. 1823. Ten Views in the Island of Antigua. London, Thomas Clay. (a) Harvesting the sugar cane. (b) Extracting the sweet juice by grinding the stems in a windmill.



		Figure 18.34 Sugar cane (Saccharum officinarum) in flower. Depending on cultivar and season, flowering may increase or decrease yield of sugar (Ekstein 2014). (a) Photo by Ton Rulkens (CC BY SA 2.0). (b) Photo by Sektordua (CC BY 2.0).



		Figure 18.35 Sugar cane (Saccharum officinarum) stems. (a) The stems of different cultivars, showing that they can be quite ornamental, colored in different shades and patterns of green, purple, and yellow. Photo by Forest and Kim Starr (CC BY 2.0). (b) A stalk of sugar cane broken open to reveal the sugar-rich pithy interior, from which sugar, shown below, is extracted and refined. Photo by Carl Davies, CSIRO (CC BY 3.0).



		Figure 18.36 Pre-20th-century luxurious European porcelain sugar bowls, at the Metropolitan Museum of Art. Public domain photos.



		Figure 18.37 Illustrations of sugar addiction. Source Shutterstock. (a) Contributor: Tijana Moraca. (b) Contributor: Sabelskaya. (c) Contributor: Irina Ashpina. (d) Contributor: Jacky Brown. (e) Contributor: Igor Zakowski. (f) Contributor: NoraVector.



		Figure 18.38 Anti-sugar signs (public domain).



		Figure 18.39 Children are especially attracted to sugary foods (public domain images from needpix.com).



		Figure 18.40 Sugar and sugary foods (public domain figures from needpix.com).



		Figure 18.41 Sugar cane production is a major industry, employing millions and generating billions of dollars of commerce. (a) Sugar cane truck in Philippines. Photo by Brian Evans (CC BY ND 2.0). (b) Sugar and ethanol plant in São Paulo, Brazil. Photo by Marco Aurelio Esparz (CC BY SA 3.0).



		Figure 18.42 A contrast of unsustainable and sustainable practices for harvesting sugar cane. (a) A field being burned in Australia prior to harvest to remove the dried foliage. Photo by Willem van Aken, CSIRO (CC BY 3.0). (b) A mechanized harvest operation (without burning) in Brazil. Photo by Mariordo Mario Roberto Duran Ortiz (CC BY 3.0).



		Figure 18.43 Western poison ivy (Toxicodendron rydbergii). (a) In fall coloration. Photo by Mamdy G, Botanic Garden, Brussels (CC BY SA 4.0). (b) In summer coloration. Photo by Dave Powell, USDA Forest Service; credit: Bugwood.org (CC BY 3.0).



		Figure 18.44 Western poison oak (Toxicodendron diversilobum). (a) and (b) Shrub growing in California. Credit: labradorite_luster (public domain). (c) Vine in fall coloration, growing in Oregon. Photo credit: Gary Halvorson, Oregon State Archives.



		Figure 18.45 Eastern poison oak (Toxicodendron toxicarium or T. pubescens). Source (public domain): De Chazelles (1796).



		Figure 18.46 Poison sumac (Toxicodendron vernix). (a) Leaf and reproductive parts. Source (public domain): Ypey (1813). (b) Young tree. Photo credit: James H. Miller & Ted Bodner, Southern Weed Science Society, and Bugwood.org (CC BY 3.0). (c) An old trunk. Photo credit: Keith Kanoti, Maine Forest Service, and Bugwood.org (CC BY 3.0).



		Figure 18.47 Poison ivy (Toxicodendron radicans). (a) Flowering branch. Source (public domain) Thomé (1885). (b) Fruiting branch. Photo by Sam Fraser-Smith (CC BY 2.0). (c) An old vine on a tree trunk. Photo by X099008 (public domain). (d) Shrub form. Photo by Jaknouse (CC BY SA 3.0).



		Figure 18.48 Adventitious/aerial roots of poison ivy (Toxicodendron radicans). Photo by Mark Apgar (CC BY 4.0).



		Figure 18.49 Eastern poison ivy (Toxicodendron radicans), showing leaves with three leaflets. Photo by Hardyplants (public domain).



		Figure 18.50 Spraying herbicide on poison ivy (Rhus radicans) in Maine. Photo (public domain) by Beth Goettel, United States Fish and Wildlife Service.



		Figure 18.51 Florida poisontree (Metopium toxiferum), one of the world’s most dangerous rash-producing plants. The bird is the Greater Antillean bullfinch, Coccothraustes purpurea (originally identified as ‘violet grossbeak,’ Loxigilla violacea). Public domain watercolor from Catesby, M. The Natural History of Carolina, Florida, and Bahama Islands (early 1700s).



		Figure 18.52 Asian Toxicodendron trees employed as sources of lacquer and wax. (a) Wax tree (T. succedaneum) growing in Australia. Photo by Tatters (CC BY 2.0). (b) Lacquer tree (T. vernicifluum) growing in Japan. Photo by Takami Torao (public domain).



		Figure 18.53 Chinese lacquer (from the lacquer tree, Toxicodendron vernicifluum). (a) Commode constructed in 1763, covered with Chinese lacquer. Photo by Wmpearl (public domain). (b) Lacquer set. Photo by Mk2010 (CC BY SA 3.0).



		Figure 18.54 Poison ivy is harmless to most animals, but dogs allowed to contact the plant acquire the irritating oils on their fur and often transfer it to people. Prepared by B. Brookes.



		Figure 18.55 Wildlife consuming Toxicodendron species. (a) Japanese tits (Parus minor minor), eating fruits of wax tree (T. succedaneum) in Japan. Photo by Alpsdake (CC BY SA 3.0). (b) Halictid bees harvesting pollen and nectar from flowers of poison ivy (T. radicans) in southern Florida. Photo by Bob Peterson (CC BY 2.0).



		Figure 18.56 Beautiful fall coloration of Toxicodendron. (a) Poison ivy (T. radicans) in Illinois. Photo by Amos Oliver Doyle (CC BY SA 3.0). (b) Poison sumac (T. vernix) in Massachusetts. Photo by Doug_McGrady (CC BY 2.0).



		Figure 18.57 Questionable homeopathic remedy known as ‘Rhus Toxicodendron,’ derived from poison ivy. Photo by Wikidudeman (public domain).



		Figure 18.58 Humorous drawing (public domain) of a ‘poison ivy fairy’ from Gordon and Ross (1910).



		Figure 18.59 Cutting out poison ivy (Toxicodendron radicans) in eastern U.S. national parks. Photos by U.S. National Park Service (public domain).



		Figure 18.60 Common ragweed (Ambrosia artemisiifolia). (a) Photo by James H. Miller & Ted Bodner, Southern Weed Science Society, Bugwood.org (CC BY 3.0). (b) Photo by Steve Dewey, Utah State University, Bugwood.org (CC BY 3.0).



		Figure 18.61 Giant ragweed (Ambrosia trifida). (a) Tall plant in Texas. Photo by Forrest M. Mims III (CC BY SA 3.0). (b) Painting (public domain) from Lindman (1901–1926). 1, Male head with several flowers. 2, Female head with one flower. 3, Fruit (‘seed’). (c) A large plant in Russia. Photo by Le.Loup.Gris (CC BY SA 3.0).



		Figure 18.62 Disposition of flowers and fruits in common ragweed (Ambrosia artemisiifolia). (a) Drawing of a plant showing flowers on branches. Source (public domain): Millspaugh (1892). (b) Numerous cream to pale-green male flower heads occur in branches above the much fewer female heads (with just one flower each). Photo by Harry Rose (CC BY 2.0). (c) Close-up of heads (clusters) of male flowers. Photo by Frank Mayfield (CC BY SA 2.0).



		Figure 18.63 Ragweed pollen and its harmful effects. (a) A pollen grain of common ragweed (Ambrosia artemisiifolia). The round, prickly grains are 20–25 µm (µ = micron; 1 µ = 0.001 mm) in diameter. (The average cross-section of a human hair is 50 µm in width. The human eye cannot distinguish anything smaller than 40 µm.) Photo by Marie Majaura (CC BY SA 3.0). (b) Depiction (public domain) of a person suffering from allergic rhinitis.



		Figure 18.64 Immune system allergic response to pollen. Source: Shutterstock, contributor: EreborMountain.



		Figure 18.65 Nineteenth-century trade cards (public domain) advertising pollen allergy treatments by showing healthy young people.



		Figure 18.66 A field in France, covered with invasive common ragweed (Ambrosia artemisiifolia). Photo by Amage9 (CC BY SA 4.0).



		Figure 18.67 Illustration of the perils of allergic rhinitis (‘hayfever’). Cover (public domain) of a 1905 book, Little Sammy Sneeze, by American cartoonist Winsor McCay.



		Figure 18.68 Canadian goldenrod (Solidago canadensis). Photo by Harry Rose (CC BY 2.0).



		Figure 19.1 Excessive use of herbicides. Prepared by Jessica Hsiung.



		Figure 19.2 Hoeing away weeds in crops. Although herbicides are employed predominantly in Western agriculture to remove weeds, in much of the world hoeing by hand is widely practiced. Although extremely labor-intensive, it is much friendlier to the environment. Source of photos: Shutterstock. (a) Indonesian farmers hoeing potatoes. Contributor: Dany Kurniawan. (b) Farmer with hoe in a sugarcane farm in Thailand. Contributor: Au_Uhoo. (c) Farmer hoeing soybeans in Vietnam. Contributor: John Bill. (d) Farmer hoeing rice field in Thailand. Contributor: Ukrit Yasuwan.



		Figure 19.3 Biblical condemnation of overenthusiastic elimination of agricultural weeds, as reflected by ‘The Parable of the Weeds’ in Matthew 13:24–43. Jesus advised servants eagerly pulling up weeds that they would root out their wheat as well, and so it was better to let both grow together until the harvest. (a) Religious icon from a church based on the parable. Having allowed both the wheat and the weeds to grow until harvest, the wheat (top) is being harvested, while the weeds (bottom) are being removed. Photo by Ted (CC BY SA 2.0). (b) ‘Parable of the Weeds among the Wheat,’ painting (public domain) by Dutch artist Isaac Claesz van Swanenburg (1537–1614) in the Artsrijksmuseum. Note how the wheat harvest has some weeds. (c) Painting (public domain) of the devil sowing weeds, by artist Heinrich Füllmaurer (1526–1546), in Kunsthistorisches Museum (Vienna). The medallion at top states ‘Math. 13.’ in reference to Matthew 13, the Parable of the Weeds. (d) Artist impression of a farmer in biblical times cautioning his workers that some tolerance of weeds is best. Source: Shutterstock (contributor Askib).



		Figure 19.4 Barberry as a source of fungus infection of wheat. (a) European barberry (Berberis vulgaris), a native to the Old World but widely invasive in North America. The species is a source of fungus spores that infect nearby wheat. Photo by Arnstein Rønning (CC BY SA 3.0). (b) Fungus infection of a leaf of European barberry by wheat stem rust. Photo by Haruta Ovidiu, University of Oradea, Bugwood.org (CC BY 3.0). (c) Wheat stems affected by stem rust acquired from barberry. Photo (public domain) by Scot Nelson.



		Figure 19.5 Anatomy of a grass. (a) Prepared by Wackymacs (CC BY SA 3.0). (b) Prepared by Kelvinsong (CC BY 3.0).



		Figure 19.6 Divergent growth forms of barnyard grass (Echinochloa crus-galli). (a) Erect form. Photo by AnRo0002 (CC0 1.0). (b) Prostrate form. Photo by Howard F. Schwartz, Colorado State University, Bugwood.org (CC BY 3.0).



		Figure 19.7 Base of barnyard grass (Echinochloa crus-galli). Note reddish areas. (a) Overhead view of prostrate plant. Photo by Michael Becker (CC BY SA 3.0). (b) Excavated plant showing fibrous roots. Photo by Steve Dewey, Utah State University, Bugwood.org (CC BY 3.0).



		Figure 19.8 Development of fruits (‘seeds’) of barnyard grass (Echinochloa crus-galli). (a) Young fruiting branches. This form has prominent ‘awns’ (stiff pointed extensions) on one of the bracts covering the seeds. Photo by Matt Lavin (CC BY SA 3.0). (b) Seed head with young fruits. Photo by Steve Dewey, Utah State University, Bugwood.org (CC BY 3.0). (c) Seeds covered by awned bracts. Photo by Stefan.lefnaer (CC BY SA 4.0).



		Figure 19.9 Barnyard grass (Echinochloa crus-galli) thriving in a wet habitat. Photo by Ewen Cameron, Auckland Museum (CC BY 4.0).



		Figure 19.10 A field that has been taken over by barnyard grass. Photo by Harry Rose (CC BY 2.0).



		Figure 19.11 Japanese barnyard millet (Echinochloa esculenta). (a) Illustration from Seikei Zusetsu Agricultural Encyclopedia: Japanese Agriculture in the Early 19th Century. Photo credit: University of Leiden Digital Collections (CC BY 4.0). (b) Seed head. Photo by Jschnable (CC BY SA 4.0). (c) Grain. Photo (public domain) by Kochfutter2.



		Figure 19.12 Indian barnyard millet (Echinochloa frumantacea). (a) Young seed head. Photo by James Schnable (CC BY SA 4.0). (b) Harvested seeds (covered by bracts). Photo by Omar hoftun (CC BY SA 4.0). (c) Grain on sale in a market in India. Photo by Thamizhpparithi Maari (CC BY SA 3.0). (d) Cookies made from Indian barnyard millet. Photo by Kalaiselvi Murugesan (CC BY SA 4.0).



		Figure 19.13 Bermuda grass (Cynodon dactylon). (a) Illustration from Kops, J. 1849. Flora Batava of Afbeelding en Beschrijving van Nederlandsche Gewassen, X Deel. (Illustrated by Christiaan Sepp.) (b) View showing stolons (above-ground horizontal stems) which creep along the ground and root wherever a node touches the ground. Photo by Steve Dewey, Utah State University, Bugwood.org (CC BY 3.0).



		Figure 19.14 Bermuda grass (Cynodon dactylon) growing as an invasive weed. (a) In Australia. Photo by Harry Rose (CC BY 2.0). (b) In Hawaii. Photo by Forest and Kim Starr, Starr Environmental, Bugwood.org (CC BY 3.0). (c) Extensive network of spreading rhizomes (underground stems). Photo by Shawn Wright, University of Kentucky, Bugwood.org (CC BY 3.0).



		Figure 19.15 Bermuda grass (Cynodon dactylon) as a source of nutrition for animals. (a) A miniature horse in a Bermuda grass pasture in Hawaii. Photo by Forest and Kim Starr (CC BY 2.0). (b) A cat in a Bermuda grass pasture in Hawaii, benefitting from the large supply of rodents which consume the numerous seeds. Photo by Forest & Kim Starr (CC BY 3.0). (c) A herd of crossbred beef cattle in a bermudagrass pasture. Source: Shutterstock, contributor: JNix.



		Figure 19.16 Bermuda grass (Cynodon dactylon) as a lawn. (a) Bermudagrass sod for preparing a new lawn. Source: Shutterstock, contributor: MarinaDphotography. (b) Expansive planted Bermuda grass lawn at Vicksburg, Mississippi (the site of a key Civil War battle). Photo by U.S. National Parks Conservation (CC BY ND 2.0).



		Figure 19.17 Audi Soccer Stadium in Washington DC, in 2018, with a Bermuda grass field surface. Photo by Rainclaw7 (CC BY SA 4.0).



		Figure 19.18 A garland made of Bermuda grass to be worn by the bride and groom in their Hindu marriage ceremony. Source: Shutterstock, contributor: Nabaraj Regmi.



		Figure 19.19 Illustrations (public domain) of lambsquarters (Chenopodium album). (a) Source: Clark, G. H. and N. Criddle. 1906. Farm Weeds of Canada. Ottawa, Canada Dept. of Agriculture. (b and c) Source: Curtis, W. 1777. Flora Londinensis, vol. 2.



		Figure 19.20 Reproductive parts of lambsquarters (Chenopodium album). (a) Inflorescence. Photo by NY State IPM Program at Cornell University (CC BY 2.0). (b) Seeds. Photo by Stefan Lefnaer (CC BY SA 4.0).



		Figure 19.21 Young plants of lambsquarters (Chenopodium album), the most suitable stage for consumption of the foliage. (a) Photo by Babij (CC BY SA 2.0). (b) Close-up of young leaves (note whitish powder on the surfaces). Photo by Wendell Smith (CC BY 2.0).



		Figure 19.22 Infestations of lambsquarters (Chenopodium album). (a) Roadside stand. Photo by Joost J. Bakker Ijmuiden (CC BY 2.0). (b) Growth as a weed on a farm. Photo by Harry Rose (CC BY 2.0).



		Figure 19.23 Culinary preparations employing lambsquarters (Chenopodium album) foliage. (a) A curry preparation of rice, onions, potatoes, and lambsquarters. Photo by Xufanc (CC BY SA 3.0). (b) ‘Bathua Raita,’ an Indian dish made with lambsquarters, yogurt or curd, spice powders, other herbs, and vegetables. Source: Shutterstock, contributor: Pravruti.



		Figure 19.24 Diagrammatic view of triangular stem of yellow nutsedge (Cyperus esculentus) with leaf bases arising alternately from corners of the triangle. Drawn by B. Brookes, after Alex and Switzer (1977).



		Figure 19.25 Purple nutsedge (Cyperus rotundus). Note variation of height of flowering/fruiting stems. (a) Tall plants. Photo by Rickjpelleg (CC BY SA 3.0). (b) Short plants. Photo by Javier Martin (released into the public domain).



		Figure 19.26 Yellow nutsedge (Cyperus esculentus). (a) Plant in fruit. Photo credit: New York State IPM Program at Cornell University (CC BY 2.0). (b) Painting (public domain) of plant in flower, with underground tubers. Source: Host, N.T. 1805. Icones et Descriptions Graminum Austriacorum, Vindobonae, Austria. Vol. 3, plate 75.



		Figure 19.27 Diagram of a nutsedge plant producing rhizomes and tubers. Prepared by B. Brookes.



		Figure 19.28 Tubers of the nutsedges. (a) Yellow nutsedge (Cyperus esculentus). Photo by Steve Dewey, Utah State University, Bugwood.org (CC BY 3.0). (b) Purple nutsedge (Cyperus rotundus), showing sectioned tubers. Photo by Iftahm (CC BY SA 4.0).



		Figure 19.29 Chufa form of yellow nutsedge (Cyperus esculentus). (a) A chufa farm in Spain. Photo by Joanbanjo (CC BY SA 4.0). (b) A clump of plants. Source (public domain): Vilmorin-Andrieux. M. M. 1885. The Vegetable Garden. London, John Murray (colored by B. Brookes).



		Figure 19.30 Commercial chufa products. (a) Tuber (notice stripes, the basis of the name ‘tigernut’). Source: same as Figure 19.29b. (b) Plate of chufa tubers. Photo by Tamorlan (CC BY 3.0). (c) Horchata, the traditional chufa beverage of Spain. Photo by Heather Cowper (CC BY 2.0).



		Figure 19.31 Weedy rice. (a) Along a ditch. (b) Along the edge of a rice field. Photos by Nilda Burgos, Arkansas Agricultural Experiment Station (CC BY 2.0).



		Figure 19.32 Asian rice. (a) Farmers transplanting rice plantlets into a paddy in Thailand. Photo by Torikai Yukihiro (CC BY SA 2.5). (b) Toddler in a rice field in Viet Nam. Photo by Thái Văn Trà/Pixabay. (c) Rice field in China. Photo by JACKSON FK/Pixabay. (d) Harvesting upland rice in Laos. Photo by Basile Morin (CC BY SA 4.0).



		Figure 19.33 A farmer in Thailand removing weedy grass plants from a rice field. Weedy grasses, including weedy rice, seriously compromise production. Source: Shutterstock, contributor: 1EYEman.



		Figure 19.34 Experimental study near Stuttgart, Arkansas, comparing regular cultivated rice and weedy rice. Weedy rice (the taller plants) proved to be more competitive. Photo (public domain) by David Gely, U.S. Department of Agriculture (https://www.ars.usda.gov/oc/images/photos/nov14/d3344-1/).



		Figure 20.1 Giant salvinia (Salvinia molesta), an invasive aquatic fern native to southeastern Brazil, that floats on water and produces mats sometimes over 50 cm thick. It spreads laterally by rhizomes and reproduces by budded off portions. (a) A small portion of growth. Photo by Mokkie (CC BY SA 3.0). (b) A young growth, showing leaf-like (fronds) above, root-like extensions below, and branch-like extensions below with (infertile) spore sacs. (c) Female and grown-up ducklings of rosy-billed pochard (Netta peposaca) in a pond overgrown with giant salvinia in a park in Buenos Aires Argentina. Source: Shutterstock, contributor: Nick Pecker. (d) Infestation of a river in Australia. Photo by Harry Rosen (CC BY 2.0). (e) Infestation of a farm pond in Florida. Photo by Ted D. Center, USDA Agricultural Research Service, Bugwood.org (CC BY 3.0).



		Figure 20.2 Representative dryland landscapes (Mojave Desert). Note the very low biodiversity typical of the more extreme drylands. (a) Joshua tree (Yucca brevifolia). Photo by Marshal Hedin (CC BY 2.0). (b) Creosote (Larrea tridentata). Photo (public domain) by Wilson44691.



		Figure 20.3 Invasive Sahara mustard (Brassica tournefortii) in Joshua Tree National Park, southern California (public domain photos). (a) Photo (public domain) by Robb Hannawacker. (b) Volunteers removing the plant. Photo by Lian Law, National Park Service.



		Figure 20.4 Trumpet vine (Campsis radicans) at the Chicago Botanical Garden. This extremely attractive vine, much used as an ornamental, is significantly invasive in some regions. Photos by Cultivar413 (CC BY 2.0).



		Figure 20.5 Garden lupins (Lupinus polyphyllus) in cultivation and escaped to the wild. (a) A display of garden lupin varieties at a flower show. Source: Shutterstock, contributor: Devonpaul. (b) Weedy garden lupin growing rampant in New Zealand, where the highly invasive plant has caused extensive ecological damage. Photo (public domain) by SONY DSC.



		Figure 20.6 The wrybill (Anarhynchus frontalis) of New Zealand, a narrowly distributed bird being threatened by invasive garden lupins. Source (public domain): Buller, W. L. 1888. A History of the Birds of New Zealand. 2nd edition. London, UK, W.L. Buller.



		Figure 20.7 Endangered butterflies dependent for survival on particular wild lupin species that are being eliminated by introduced garden lupins. (a) Male mission blue butterfly, photo by P. Kobernus. (b) Female Karner blue butterfly, photo by J. & G. Hollingsworth. (c) View of upper side of female Fender’s blue butterfly, photo by J. Dillon. (d) View of underwing of female Fender’s blue butterfly, photo by G. Gentry. These photos are public domain, from the U.S. Fish and Wildlife Service.



		Figure 20.8 A collection of cacti suitable for home cultivation. Photo by Phuket@photographer.net (CC BY 2.0).



		Figure 20.9 Large specimens of cactus pear (Opuntia ficus-indica). (a) Plants growing in South Africa. Photo by JMK (CC BY SA 3.0). (b) Plants in the southern U.S. Photo (public domain) from U.S. Department of Agriculture.



		Figure 20.10 Flowers of cactus pear (Opuntia ficus-indica). (a) Photo (public domain) by G. M. Stolz, U.S. Fish and Wildlife Service. (b) Photo by Forest and Kim Starr (CC BY 3.0).



		Figure 20.11 Fruits of cactus pear (Opuntia ficus-indica). (a) Shrub in fruit. Photo by Valérie Heuzé, AFZ (CC BY 3.0). (b) Close-up of fruits. Photo by Ken Bosma (CC BY 2.0). (c) Painting of a cladode bearing fruits. Source (public domain): Bessler, B. 1640. Hortus Eystettensis, Quintus ordo collectarum plantarum aestivalium (d) Cladodes topped by fruits. Photo by Pietro (CC BY SA 2.0).



		Figure 20.12 Large spines and glochids (hair-like spines) arising on an areole (raised area on the surface) of a cactus fruit. (a) Close-up of Opuntia howeyi. Photo by RoRo (CC BY 3.0). (b) Diagram by Morbid Mumbles (CC BY 4.0).



		Figure 20.13 Fruits of commercial varieties of cactus pear (Opuntia ficus-indica). (a) Peeled fruit showing flesh color of different varieties. Photo by Tomás Castelazo (CC BY SA 2.5). (b) An intact and a sectioned fruit. Photo by Willamette Biology (CC BY SA 2.0).



		Figure 20.14 Invasive Opuntia ficus-indica in southern Portugal. Photo by Peter Broster (CC BY 2.0).



		Figure 20.15 Cactus pears (Opuntia ficus-indica) on sale in various countries. (a) In Sicily, Italy. Source: Shutterstock, contributor: Nyker. (b) In Morocco. Photo by Claude Renault (CC BY 2.0).



		Figure 20.16 Cladodes (nopales) in Mexico. (a) & (c): On sale in markets. Photo (a) by Pro bug_catcher (released into the public domain). Photo (c) by Gary Stevens (CC BY 2.0). (b) & (d): Culinary preparations. Photo (b), a traditional Mexican meat- and nopal dish, by Gzzz (CC BY SA 4.0). Photo (d), a salad of prickly pear, cheese, and oil, by goodiesfirst (CC BY 2.0).



		Figure 20.17 Cactus pear orchards. (a) In Sicily. Photo by Jos Dielis (CC BY 2.0). (b) In Mexico. Photo by AlejandroLinaresGarcia (CC BY SA 4.0).



		Figure 20.18 An impenetrable hedge of cactus pear in Spain. Photo by Grez (CC BY SA 3.0).



		Figure 20.19 Cows grazing in a field of cactus pear in a nature reserve near Palermo Sicily, Italy. Source: Shutterstock, contributor: Poludziber.



		Figure 20.20 Production of the traditional dye cochineal (carminic acid) by culturing cochineal insects (Dactylopius coccus) on cactus pear (Opuntia ficus-indica). (a) Close-up of the insects. Photo by IT-management, German Wikipedia (CC BY SA 3.0). (b) ‘Indian Collecting Cochineal with a Deer Tail,’ a 1777 illustration from Memoria sobre la naturaleza, cultivo, y beneficio de la grana by José Antonio de Alzate y Ramírez. (c) A cladode infested by the insect. (The white appearance is due to a wax secreted by the insect as protection against drying out. Crushing the insect by hand stains the skin red.) Photo by James Denny Ward, USDA Forest Service, Bugwood.org (CC BY 3.0). (d) A small cultivated patch of cactus pear cultivated in Mexico for the production of cochineal. Photo by Whitney Cranshaw, Colorado State University, Bugwood.org (CC BY 3.0).



		Figure 20.21 Traditional cochineal-red uniforms. (a) Postcard (public domain) of red-jacketed Royal Canadian Mounted Police officer (circa 1920). (b) ‘1775 Battle of Bunker Hill’ showing red-coated British troops. Painted (1909) by E. Percy Moran (1862–1935), from the Library of Congress Prints and Photographs (public domain).



		Figure 20.22 The cactus moth (Cactoblastis cactorum), the chief biocontrol agent for invasive Opuntia, which ironically has become an invasive pest of cultivated cactus pear. (a) Caterpillars (larvae). Photo (public domain) by Peggy Greb, United States Department of Agriculture. (b) Adult (moth). Photo by Susan Ellis, USDA APHIS PPQ, Bugwood.org (CC BY 3.0).



		Figure 20.23 Wild animals eating invasive cactus pear. (a) Elephant in Africa eating plant. Source: Shutterstock, contributor: Four Oaks. (b) Olive baboon (Papio anubis) eating fruit in Kenya. Photo by Amanda Lea (CC BY SA 3.0). (c) Gopher tortoise (Gopherus polyphemus) snacking on cladode in Florida. Photo by Andrea Westmoreland (CC BY SA 2.0). (d) African blue tit (Cyanistes teneriffae) eating fruit in Las Palmas de Gran Canaria, Spain. Photo by Juan Emilio (CC BY SA 2.0). (e) Canary Islands chiffchaff (Phylloscopus canariensis), an endemic of the Canary Islands, eating a cactus pear flower. Source: Shutterstock, contributor: Pacotoscano.



		Figure 20.24 Animals consuming cactus pear plants in the southwestern U.S., where the plant is probably native. (a) Deer mouse (Peromyscus maniculatus) eating fruit in New Mexico. Photo (public domain) by Sally King, U.S. National Park Service. (b) Round-tailed ground squirrel (Xerospermophilus tereticaudus), eating ripe fruit. (c) Cottontail rabbit eating a fruit. (d) Cottontail rabbit (Sylvilagus audubonii) eating a cladode. (b–d) From Shutterstock, photos taken in the Sonoran Desert, near Tucson, Arizona, contributor: Charles T. Peden.



		Figure 20.25 Tall specimens of common reed (Phragmites australis). (a) Photo by James H. Miller, USDA Forest Service, Bugwood.org (CC BY 3.0). (b) Photo by Elizabeth Banda/U.S. National Aeronautics and Space Administration (CC BY 2.0).



		Figure 20.26 Common reed (Phragmites australis) at the reproductive stage. (a) Head of flowers. Photo by Harry Rose (CC BY 2.0). (b) Plants with fruiting heads. Photo by R. A. Nonenmacher (CC BY SA 4.0).



		Figure 20.27 A large bed of common reed (Phragmites australis) found at Bolata Cove on the Black Sea coast of Bulgaria. Photo by MrPanyGoff (CCBY SA 3.0).



		Figure 20.28 Rhizomes and stolons (laterally spreading stems that produce new shoots) of common reed. (a) Rhizome. Photo by Kenraiz (CC BY SA 4.0). (b) Portion of a stolon (above-ground stem, capable of spreading very long distances) Photo credit: Dan Engel, Five Rivers Services (public domain).



		Figure 20.29 Use of common reed for thatching. (a) Bundles of harvested stems collected for roof thatching. Photo by Rasbak (CC BY SA 3.0). (b) Ornamental garden building with a thatched common reed roof. Source (public domain): Papworth, J. B. 1823. Hints on Ornamental Gardening. London, R. Ackermann. (c) Workers using the stems to thatch a large building in the Netherlands. Photo by E. Dronkert (CC BY 2.0). (d) Thatched-roofed house from the 17th century in Freesenort, Germany. Photo by Global Fish (CC BY SA 4.0).



		Figure 20.30 Handcrafted (mid-20th century) traditional Norwegian children’s shoes, top with braided reeds, bottom made from canvas (cotton). Photo by Anne-Lise Reinsfelt, Norwegian Museum of Cultural History (CC BY SA 3.0).



		Figure 20.31 Livestock feeding on common reed. (a) Highland cattle in the Isle of Mull, Scotland. Photo by Alex Dixon (CC BY SA 2.0). (b) Horses in the Camargue, southern France. Photo by Hedwig Storch (released into the public domain).



		Figure 20.32 Birds taking advantage of cover from common reed. Indigenous races of common reed provide important habitat for many birds, although invasive races often reduce needed habitat and harm some birds. (a) ‘Swans in the reed with first morning-red’ by German landscape painter Caspar David Friedrich (1774–1840; public domain image of the original, housed in Goethe house, Frankfurt am Main, Germany). (b) Reed warblers at their nest, from A. G. Butler, 1907, Birds of Great Britain and Ireland, vol. I, plate 13. (c) Savi’s Warbler, published in same source as (b).



		Figure 20.33 Wild mammals grazing reeds in South Africa. Source: Shutterstock. (a) Young hippopotamus. Contributor: Madelein Wolfaardt. (b) African elephant. Contributor: Gaston Piccinetti.



		Figure 20.34 A huge salt marsh bed of common reed in the Parker River National Wildlife Refuge, in eastern Massachusetts, seriously invaded by the invasive form of the species. Photo (public domain) by Matt Poole, U.S. Fish and Wildlife Service.



		Figure 20.35 Some control methods for eliminating introduced common reed. (a) A specially built tractor designed to remove common reed from the vicinity of houses in Staten Island, New York, where the late-season dead plants provide tinder for fires. Photo (public domain) by U.S. National Park Service. (b) A controlled burn. Photo (public domain) by Jeremy Smith, U.S. Department of Agriculture.



		Figure 20.36 English Ivy. (a) Vines climbing on a tree. Public domain photo from Pixabay. (b) An old vine growing against the ruins (bombed during the Second World War) of the Tempelherrenhaus (House of the Templers) in Weimar, Germany. Notice the impressive thickness of the woody stem at its base. Photo by ArtMechanic (CC BY SA 3.0). (c) Adventitious rootlets covering stems. These special small roots serve to anchor the vines to objects. Photo by Bialowieza 2005 (CC BY SA 3.0). d) Variation in leaf shape. The variegated (white/green) leaves are cultivated forms. Photo by Magpie Ilya and Kenraiz (CC BY SA 3.0). (e) Flowering branches. Photo by Jan Samanek, Bugwood.org (CC BY 3.0). (f) Fruits. Photo by NatureServe (CC BY 2.0).



		Figure 20.37 Paintings (public domain) of ornamental variegated leaf varieties of English ivy. Source (public domain): Hibberd, S. 1871. The Floral World and Garden Guide, vol. 14. Figures digitally enhanced by Rawpixel.com.



		Figure 20.38 Harmful ecological effects of ivy (Hedera species) vines smothering trees. (a) In Jungfernheide, a former forest and heathland located in Berlin, Germany. Photo by Rolf Dietrich Brecher (CC BY SA 2.0). (b) On a leafless tree in Connecticut. Photo by Leslie J. Behrhoff (CC BY 3.0). (c) Removing invasive ivy by hand labor (identified as ‘probably Hedera hibernica’) near Seattle, Washington. Photo by Everyguy (released into the public domain).



		Figure 20.39 Impressive ornamental use of ivies. Note that the species have not been identified, and may include vines other than Hedera. Hedera ivies usually cannot be reliably identified just from photographs of buildings. Boston ivy (Parthenocissus tricuspidata) is frequently grown, and its foliage is reminiscent of English ivy leaves. (a) University library, Lund, Sweden. Source: Shutterstock, contributor: Canbedone. (b) Wrigley (baseball) Field, Chicago, showing center field wall with 400-foot home-run marker. Boston ivy is the predominant plant. Photo by Jimcchou (CC BY 2.0). (c) The Empress Hotel in Victoria, British Columbia. Photo by TMAB2003 (CC BY ND 2.0). (d) Beautifully ivy-covered building in Buenos Aires. Photo by Sergejf (CC BY 2.0).



		Figure 20.40 Weedy ivy (Hedera species) growing on deteriorating structures. As discussed in the text, ivy has been described as both good and bad for preservation of buildings and monuments. (a) Ivy-clad ruin of ancient church at Freneystown, United Kingdom. Photo by Kevin Higgins (CC BY SA 2.0). (b) Ivy running rampant in a neglected graveyard. Public domain photo from Pixabay.



		Figure 20.41 Outdoor ornamental uses of English Ivy (Hedera helix). (a) As a ground cover in Germany. Photo by Presse03 (CC BY SA 3.0). (b) As a building cover, of a house in Weener, Germany. Photo by Frank Vincentz (CC BY SA 3.0).



		Figure 20.42 Indoor ornamental uses of English Ivy (Hedera helix). (a) Cultivated in a pot as a houseplant. Public domain photo from Pixabay. (b) Bonsai. Photo by Jerry Norbury (CC BY ND 2.0). (c) Hanging pot. Source: Shutterstock, contributor: Amnuay Kaewkatmanee.



		Figure 20.43 Topiary employing English ivy. (a) Fireplace made entirely of living plants, including English ivy, at the Centennial Park Christmas Show in Toronto in 2010. Photo (public domain) by Torontofiredancer. (b) Ivy dinosaurs in Park Terra Nostra in Azores. Source: Shutterstock, contributor: Will eye.



		Figure 20.44 English ivy (Hedera helix) as food for wildlife. (a) Red admiral butterfly (Vanessa atalanta) feeding on ivy flowers in Great Britain. Photo by Andrew Curtis (CC BY SA 2.0). (b) The ivy bee (Colletes hederae) feeding on ivy flowers in Germany. This European solitary bee forages mainly on nectar and pollen from ivy flowers. Photo by Pjt56 (CC BY SA 4.0). (c) Woodpigeon (Columba palumbus) feeding on ivy berries. Photo by MPF (CC BY SA 3.0). (d) A blackbird (Turdus merula) nest in ivy vines. Photo (public domain) by Max Pixel.



		Figure 20.45 Clump of purple loosestrife. Source: Shutterstock, contributor: Antero Topp.



		Figure 20.46 Flowers of purple loosestrife. (a) Illustration of flowering loosestrife, showing the three kinds of flower. Source (public domain): Thomé, O. W. 1885. Flora von Deutschland, Österreich und der Schweiz, Gera, Germany, Kohler. (b) Close-up of flowering stem. Photo by Christian Fischer (CC BY SA 3.0). (c) Close-up of flowers. Photo by H. Zell (CC BY SA 3.0).



		Figure 20.47 Seeds of purple loosestrife. (a) Stem bearing seed pods. Photo by Krzysztof Ziarnek, Kenraiz (CC BY SA 4.0). (b) Pod broken open spilling some of the numerous seeds. Photo by Gary L. Piper, Washington State University, Bugwood.org.



		Figure 20.48 Purple loosestrife in shallow water bordering ponds and streams in Massachusetts, USA. Photos by Liz West (CC BY 2.0).



		Figure 20.49 Purple loosestrife in flood plains. (a) In Oregon. Photos by Eric Coombs, Oregon Department of Agriculture, Bugwood.org. (b) In Massachusetts. Photos by Liz West (CC BY 2.0).



		Figure 20.50 Cultivated purple loosestrife. Source: Shutterstock. (a) Purple loosestrife in an ornamental artificial pond. Contributor: Nadezda Verbenko. (b) A garden cultivar. Contributor: Dan Gabriel Atanasie.



		Figure 20.51 Insects visiting purple loosestrife flowers. (a) Syrphid fly, in Germany. Photo by Dirk Paehr-Heine (CC BY ND 2.0). (b) Cabbage white (Pieris rapae), an invasive butterfly, in New York State. Photo by Manjith Kainickara (CC BY SA 2.0). (c) Shrill carder bee (Bombus sylvarum), in Northwestern Estonia. Photo by Ivar Leidus (CC BY SA 4.0).



		Figure 20.52 Paintings of water hyacinth (Eichhornia crassipes). (a) Image from Martius, C. P. F. von. 1823. Nova Genera et Species Plantarum Brasiliensium, 1: 9, plate 4, Munich, Lindaueri. (b) Painting by Ozhe (CC BY SA 3.0).



		Figure 20.53 Buoyant swollen inflations at base of leaf stalks of water hyacinth. (a) Rosette of leaves. Photo by Amada44 (CC BY 3.0). (b) Views of an unsectioned and two sectioned inflations (CC BY 3.0).



		Figure 20.54 Researcher with several separated shoots of water hyacinth connected by stolons (laterally spreading stems; these produces shoots, which can eventually develop into independent plants). Photo by Leslie J. Mehrhoff, University of Connecticut, and Bugwood.org (CC BY 3.0).



		Figure 20.55 Nineteenth-century garden catalogue illustrations (public domain) of water hyacinth cultivated in containers of water. (a) Painting from John Lewis Childs, Inc. catalogue (1892). (b) A widely reproduced drawing of water hyacinth in garden catalogues of the 19th century, a time when the plant was viewed as a harmless ornamental for aquaria and ponds.



		Figure 20.56 A water hyacinth invasion in Africa, harming wildlife and people. Prepared by Jessica Hsiung.



		Figure 20.57 Water bodies clogged with water hyacinth. (a) A ferry wading through water hyacinth in a canal in Alppuzha, India. Photo by P. K. Niyogi (released into the public domain). (b) Hartbeespoort Dam, South Africa, covered by floating water hyacinth. Photo by Olga Ernst (CC BY SA 4.0).



		Figure 20.58 Extensive infestations of water hyacinth on waterways was reported to prevent these schoolchildren from going to school by canoe in Benin, Africa. Photo by Degan Gabin (CC BY SA 4.0).



		Figure 20.59 Hippo (Hippopotamus amphibious) emerging from a pool covered by water hyacinth in Mikumi National Park, Tanzania. Photo by Muhammad Mahdi Karim (GFDL).



		Figure 20.60 Use of the fibrous stems of water hyacinth to prepare handicrafts. (a) Baskets woven from water hyacinth. Source (public domain): Pixabay. (b) Harvesting water hyacinth in Vietnam for handicrafts. Notice the bundle of harvested plants at right. Photo from www.all-free-photos.com (CC BY SA 2.5).



		Figure 20.61 Very young farm workers in a boat with their harvest of vegetables beside one of the ‘floating gardens’ constructed with water hyacinth on Inle Lake, Myanmar. The big bamboo poles anchor the floating mats to the bottom mud, while allowing the mats to bob up and down as the water level changes. Photo credit: Piktour UK (CC BY 2.0).



		Figure 20.62 Extensive monocultural growth of water hyacinth (notice that all other plant species are excluded). (a) A colony on a riverbank in Lumbini, Nepal. Photo by Alexey Komarov (CC BY SA 4.0). (b) A floating mat in Japan. Photo by Gyoda_Suijo_Park (GFDL).



		Figure 20.63 The two known Neochetina species, N. eichhorniae (left) and N. bruchi (right), feeding on water hyacinth foliage. These two weevils (which are beetles) are among the leading biological control agents that have significantly reduced water hyacinth populations. Photo by Willey Durden, USDA Agricultural Research Service, Bugwood.org (CC BY 3.0).



		Figure 20.64 Removal of water hyacinth by hand labor in Sacramento, California. Source: California Department of Fish and Wildlife (CC BY 2.0).



		Figure 21.1 Urban war waged by plants to occupy urban areas. Source of Photos: Shutterstock. (a) Weeds growing over an abandoned bicycle. Contributor: Jeanette Dietl. (b) Weeds growing over an abandoned car. Contributor: Sorapong Chaipanya. (c) Strangler fig growing over ruin of Prasat Pram in Koh Ker, the lost capital city of Cambodia, built in the 10th century. Contributor: Haklao. (d) Ruined overgrown apartment house, the consequence of war in the Republic of Abkhazia (Georgia). Contributor: Vladimir Mulder. (e) Houses overgrown with bushes and trees in an abandoned village in the Chernobyl exclusion zone in Belarus (the result of the nuclear disaster in 1986). Contributor: Intreegue Photography.



		Figure 21.2 Spectacular expansive lawns. (a) The White House in Washington, D.C. Photo by Daniel Schwen (CC BY SA 3.0). (b) The Palace of Versailles, about 19 km west of Paris. Source: Shutterstock, contributor: Elena Elisseeva. (c) State capitol, Saint Paul, Minnesota. Source: Shutterstock, contributor: Randy Runtsch.



		Figure 21.3 Maintaining lawns sustainably with ‘organic lawnmowers.’ (a) Horses on the estate of Balmoral Castle, Scotland, owned by the monarch of the UK. Source: Shutterstock, contributor: Byunau Konstantin. (b) A goat ‘mowing’ the grass of a football stadium. Source: Shutterstock, contributor: Volodymyr Nikitenko. (c) Sheep grazing a lawn in Paris, France. Photo by Guilhem Vellut (CC BY 2.0). (d) Sheep grazing a golf course. Photo by MrMark (CC BY 2.0).



		Figure 21.4 Tree of heaven (Ailanthus altissima). Public domain photos. (a) A weedy clump of young trees, growing characteristically in a neglected urban environment. Photo by AnRo0002. (b) A huge cultivated ornamental tree on display at Praterstern, one of Vienna’s main railway stations. Photo by Peter Gugerell.



		Figure 21.5 Early 20th-century postcards (public domain) indicating the dangerous nature of thistles.



		Figure 21.6 Crabgrass (Digitaria sanguinalis) growing aggressively as a streetside weed. (a) A Yorkshire terrier visiting a weedy crabgrass mat at the base of a hydro pole in Alaska. Photo by Qwen Wan (CC BY 2.0). (b) Crabgrass growing between paving blocks and a house in Germany. Photo by Andreas Rockstein (CC BY SA 2.0). (c) Crabgrass growing between paving blocks in Australia. Photo by Harry Rose (CC BY 2.0).



		Figure 21.7 Large crabgrass (Digitaria sanguinalis). (a) Growing erect. Photo by Andreas Rockstein (CC BY SA 2.0). (b) Growing prostrately. Photo (public domain) by AnRo0002 (CC BY 2.0).



		Figure 21.8 Smooth crabgrass (Digitaria ischaemum). (a) Erect plant. Watercolor over pencil (public domain), by an unknown artist. Source: Naturalis Biodiversity Center, Leiden, Netherlands. (b) Prostrate plant. Photo (public domain) by AnRo0002 (CC BY 2.0).



		Figure 21.9 (a) Large crabgrass (Digitaria sanguinalis) showing a portion of a laterally spreading rhizome that has rooted to produce new shoots. Source (public domain): Hitchcock and Chase (1951). (b) Excavated crabgrass rhizome. Source: Shutterstock, contributor: Marekuliasz.



		Figure 21.10 Traditional materials employed to eradicate crabgrass. (a) Crabgrass rake. ‘This rake is formed so that the teeth pull flat on the sod; thus they get under the branches of the crab grass, shear off the entire head of the plants and keep them from further seeding.’ Source (public domain): Vaughan’s Seed Company and Gilbert Nursery (1942). (b) A wheeled contraption for digging up crabgrass. Image (public domain) from The American Florist, 1885. (c) An early crabgrass herbicide. Source (public domain): Vaughan’s Seed Company and Gilbert Nursery (1942).



		Figure 21.11 A crabgrass lawn. Public domain photo from Peakpx.



		Figure 21.12 Queensland blue couch (Digitaria didactyla), an invasive species from Madagascar, cultivated in Australia on sports fields (photographed growing at the Royal Botanic Gardens Sydney, Australia, in January). Photo by Raffi Kojian, Gardenology.org (CC BY SA 3.0).



		Figure 21.13 Black angus cow in a mixed crabgrass (Digitaria ciliaris) pasture in Ardmore, Oklahoma. Photo by Rob Mattson, Noble Research Institute, reproduced with permission.



		Figure 21.14 Fonio (Digitaria exilis), an important African cereal sold in some Western country stores. (a) A bowl of grain. Photo by Gabbri (CC BY SA 4.0). (b) A village chief in Senegal hold up sheaves of fonio. Photo (public domain) by Richard Nyberg, United States Agency for International Development.



		Figure 21.15 The stereotypical view of crabgrass: A dangerous enemy requiring extermination. Prepared by B. Brookes.



		Figure 21.16 Dandelion (Taraxacum officinale). Public domain illustration from Köhler (1883–1914).



		Figure 21.17 Dandelion rosette (foliage in a whorl of leaves at ground level). Photo (public domain) by Hans, Pixabay.com.



		Figure 21.18 Taproots of dandelion (Taraxacum officinale). (a) Bottom view of the laterally cut root of a mature plant. Photo by MHM55 (CC BY SA 4.0). (b) A clump of roots extending to a depth of 40 cm. Drawing (public domain) from Henkel (1904). (c) Large roots harvested for medicinal use. Source: Shutterstock, contributor: Zhengchengbao.



		Figure 21.19 Reproductive parts of dandelion (Taraxacum officinale). (a) Flower head in full bloom. Photo by Daniel Villafruela (CC BY SA 4.0). (b) Dandelion head with mature ‘seeds’ (achenes, a type of dry fruit). Photo by Michael Gäbler (CC BY 3.0). (c) Seeds being blown off a dandelion flower head by wind (photoshopped for appearance). Photo by Louise Docker (CC BY 2.0). (d) Seeds. Photo (public domain) by Steve Hurst, United States Department of Agriculture, Agricultural Research Service Systematic Botany and Mycology Laboratory.



		Figure 21.20 Fields contaminated with dandelions. (a) Dandelions in flower. Photo by Vadim Indeikin (CC BY SA 30). (b) Dandelions gone to seed. Photo by Mike Mozart (CC BY 2.0).



		Figure 21.21 Cartoon illustrating the misperception that dandelions are a major problem justifying the excessive use of pesticides.Prepared by B. Brookes.



		Figure 21.22 ‘Please don’t eat the dandelions,’ prepared by B. Brookes.



		Figure 21.23 Nineteenth-century domesticated salad varieties of dandelion (Taraxacum officinale) with succulent leaves. Source (public domain): Vilmorin-Andrieux et Cie (1883).



		Figure 21.24 Food uses of dandelion leaves. (a) Dandelion greens for sale. Photo by Darya Pino (CC BY 2.0). (b) Blanched dandelion greens (grown in darkness to promote succulence). Note that the leaf blades remain stunted. Photo by Usien (CC BY SA 4.0). (c) Tossed salad with dandelion leaves and flowers. Photo by Burkhard Mücke (CC BY SA 3.0).



		Figure 21.25 Dandelion root coffee. Photo by Gavin Bloemen (CC BY SA 3.0).



		Figure 21.26 Dandelions being consumed by livestock. Source of photos: Shutterstock. (a) Cattle. Contributor: Ben Schonewille. (b) Vietnamese pig. Contributor: Kuttelvaserova Stuchelova. (c) Horse. Contributor: Ben Schonewille. (d) Girl feeding a horse. Contributor: Boitano. (e) Pygmy goats. Contributor: Slowmotiongli.



		Figure 21.27 Honey bee on a dandelion flower head. Photo by Juan Carlos Fonseca Mata (CC BY 4.0).



		Figure 21.28 Nineteenth-century American advertising posters (public domain) for ‘dandelion bitters,’ which were popularly used to treat disorders of the liver, kidneys, and blood.



		Figure 21.29 Members of the Southeast Alaska Guidance Association, removing invasive dandelions. Photo (public domain) by U.S. National Park Service.



		Figure 21.30 Wild animals consuming dandelions. (a) Black bear (cinnamon-coated) in Waterton Lakes National Park, Alberta, Canada. Photo by Traveler100 (CC BY SA 3.0). (b) European rabbit eating dandelions in the UK. Photo by Gidzy (CC BY 2.0). (c) Swan eating dandelion in Germany. Photo by FHgitarre (CC BY 2.0).



		Figure 21.31 Japanese knotweed (Reynoutria japonica). (a) Photo by Gerald@volp.com (CC BY SA 3.0). The photographer’s daughter in the foreground is 90 cm tall. (b) A portion of a flowering plant. Photo by W. Carter (CCO 1.0).



		Figure 21.32 Giant knotweed (Reynoutria sachalinensis). (a) Pre-flowering plant. Photo by Leslie J. Mehrhoff, University of Connecticut, Bugwood.org (CC BY 3.0). (b) Plant in fruit. Photo by Barbara Tokarska-Guzik, University of Silesia, Bugwood.org (CC BY 3.0).



		Figure 21.33 Bohemian knotweed (Reynoutria  ×  bohemica), the hybrid of Japanese and giant knotweeds. Photo by AfroBrazilian (CC BY SA 3.0).



		Figure 21.34 Structure of stem of Japanese knotweed (Reynoutria japonica). (a) Prominent nodes (location on stem where leaf stalks are attached). Photo by Frank Vincentz (CC BY SA 3.0). (b) Stem split open longitudinally showing hollow internodes between the solid nodes (which appear as partitions). Photo by Lamiot (CC BY SA 3.0).



		Figure 21.35 Young shoots of Japanese knotweed in the spring. Photo by Rob Routledge, Sault College, Bugwood.org (CC BY 3.0).



		Figure 21.36 Winged fruits (‘seeds’) of Japanese knotweed (Reynoutria japonica). (a) A fruiting branch, (b) Close-up of fruits. Photos by Udo Schmidt (CC BY SA 2.0). (c) Branches with very heavy production of fruits. Photo by Leslie J. Mehrhoff, University of Connecticut, Bugwood.org (CC BY 3.0).



		Figure 21.37 The cultivar ‘Spectabile’ of Japanese knotweed (Reynoutria japonica). The young leaves are whitish (a), and turn green splotched with white during the summer (b). Photos by Cultivar 413 (CC BY 2.0).



		Figure 21.38 Unsightly persisting overwintering dead stems of Japanese knotweed (Reynoutria japonica). (a) Plants in a neglected field. Photo by Leslie J. Mehrhoff, University of Connecticut, Bugwood.org (CC BY 3.0). (b) Plants in the front yard of a house. Photo by Steve Brewer (CC BY SA 2.0).



		Figure 21.39 A spreading rhizome of Japanese knotweed (Reynoutria japonica) being pulled out. The rhizomes are capable of growing laterally 20 m from the point of origin. Photo by Klarerwiki (CC BY SA 2.0).



		Figure 21.40 Japanese knotweed damaging pavements, concrete, and brickwork. (a) Shoots growing through an asphalt driveway. Photo by Lamiot (CC BY SA 3.0). (b) Shoots penetrating between pavement slabs. Photo by Gordon Joly (CC BY SA 2.0). (c) Plant establishing in a crack between a brick wall and a concrete sidewalk. Photo by Gordon Joly (CC BY SA 2.0).



		Figure 21.41 A residence under attack by Japanese knotweed. Painting by Jessica Hsiung.



		Figure 21.42 Bee on Japanese knotweed flowers. Photo by Stanze (CC BY SA 2.0).



		Figure 21.43 Young, edible shoots of Japanese knotweed, reminiscent of asparagus spears. (a) Photo by Lamiot (CC BY SA 3.0). (b) Sprouts on sale in a market. Photo by Foodista (www.foodista.com; CC BY 2.0).



		Figure 21.44 Infestation of Japanese knotweed (Reynoutria japonica) on a riverbank, a frequent habitat colonized by the species. Photo by Leslie J. Mehrhoff, University of Connecticut, Bugwood.org (CC BY 3.0).



		Figure 21.45 Eradicating Japanese knotweed. (a) U.S. Forest Service staff eliminating an infestation of giant knotweed in Michigan (public domain photo). (b) Killing Japanese knotweed by covering it with a sheet of opaque plastic to prevent sunlight from reaching the young shoots in the spring. Photo by Kiu77 (CC BY SA 3.0). (c) Piglets eliminating Japanese knotweed. Photo by Ryan (CC BY ND 2.0). (d) Car from a company specializing in Japanese knotweed removal in Great Britain. Photo by Sludge G (CC BY SA 2.0).



		Figure 21.46 Foliage of kudzu. Photo by James H. Miller and Ted Bodner, Southern Weed Science Society, Bugwood.org (CC BY 3.0).



		Figure 21.47 Flowering stems of kudzu. (a) Photo by Matt Lavin (CC BY SA 2.0). (b) Photo by Leslie J. Mehrhoff, University of Connecticut, Bugwood.org (CC BY 3.0). (c) Painting (public domain image) from the Yokohama Nursery Company, 1909–1910. Descriptive catalogue of the Yokohama Nursery Co., Bulbs, Plants, Seeds. Yokohama Nursery Co., Yokohama, Japan. Biodiversitylibrary.org (CC BY 2.0).



		Figure 21.48 Mature fruits (pods) of kudzu. Photo by James H. Miller & Ted Bodner, Southern Weed Science Society, Bugwood.org (CC BY 3.0).



		Figure 21.49 Kudzu spreading in Hawaii. Photo by Forest and Kim Starr, Starr Environmental, Bugwood.org (CC BY 3.0).



		Figure 21.50 Kudzu smothering trees in Southeastern U.S. (a) At a golf course. Photo by Bill Sutton (CC BY 2.0). (b) Beside a field. Photo by James H. Miller, USDA Forest Service, Bugwood.org (CC BY 3.0).



		Figure 21.51 Use of kudzu as an ornamental vine to cover buildings. (a) A postcard (public domain) showing a kudzu-covered Catholic church in Camden, South Carolina in the 1930s, published by Asheville Post Card Company. (b) An out-of-control vine that has become rampant. Photo by Florida Division of Plant Industry, Florida Department of Agriculture and Consumer Services, Bugwood.org (CC BY 3.0).



		Figure 21.52 A residence under attack by kudzu. Painting by Jessica Hsiung.



		Figure 21.53 Harvesting and processing of kudzu in 19th-century Japan. Source (public domain): Dai Nippon Bussan Zue [Products of Greater Japan]. 1877. Ōkura Magobei, Tokyo. Drawings by Utagawa Hiroshige III (1842–1894). (a) Use of young shoots to prepare a textile fiber. (b) Use of roots to prepare an edible starch-based powder called ‘Japanese arrowroot.’



		Figure 21.54 Kudzu roots in a market, in London, England. Photo by Emőke Dénes (CC BY SA 4.0).



		Figure 21.55 Medicinal use of Pueraria. (a) Japanese medicinal preparation of P. lobata. Photo by Matsuoka Akari (CC BY 3.0). (b) An exceptionally large root of Pueraria candollei var. mirifica, a Thai medicinal plant used traditionally as a rejuvenating herb. It is a rich source of phytoestrogens and is advertised as a breast enlarger. Source: Shutterstock, contributor: Pisitpong2017.



		Figure 21.56 Basket made out of kudzu stems by basket-maker Matt Tommey. Photo by Mijtommey (CC BY SA 3.0).



		Figure 21.57 A steep slope in Tennessee, stabilized from erosion by kudzu. Photo (public domain) by Norm Stephens.



		Figure 21.58 Hair sheep grazing on kudzu. (‘Hair sheep’ are breeds with sparse fur, which does not require shearing. They are better suited for brush control and meat than wool sheep.) Photo by James H. Miller, USDA Forest Service, Bugwood.org (CC BY 3.0).



		Figure 21.59 Eliminating kudzu by using herbicides. (a) Spraying by hand. Photo by James H. Miller, USDA Forest Service, Bugwood.org (CC BY 3.0) (b) Aerial application. Photo by John D. Byrd, Mississippi State University, Bugwood.org (CC BY 3.0).



		Figure 21.60 Kudzu bug (Megacopta cribraria), an Asian insect first discovered on kudzu in Georgia in 2009, it has spread throughout the Southeastern U.S. Adults are 3.5–6 mm long and have a small plate in the middle of the back, above the elytra (wing coverings). This species would make a good biocontrol agent but harms crops, particularly soybean. (a) Photo by Robert Webster/xpda.com (CC BY SA 4.0). (b) Line drawing showing wings extended. Prepared by Russ Ottens, University of Georgia, Bugwood.org (CC BY 3.0).



		Figure 21.61 Examples of thistles in heraldry. (a) Greater coat of arms of the city of Nancy, France. Photo by Oie blanche (CC BY SA 4.0). (b) Thistle of Scotland in the Royal Badge of the Kingdom of Scotland. Photo by Sodacan (CC BY SA 3.0). (c) Arms of Nova Scotia. Photo by Fenn-O-maniC (CC BY SA 4.0).



		Figure 21.62 Humorous depictions (public domain) of thistles in reference to France and Scotland, where the plants have in fact been respected for centuries. (a) Source: Grandville (1867). (b and c) Source: Early 20th century postcards.



		Figure 21.63 Illustrations of Canada thistle (Cirsium arvense) in old plant guides. (a) Source: Thomé (1885). (b) Source: Schmeil and Fischen (1913). (c) Source: Clark et al. (1906).



		Figure 21.64 Canada thistle (Cirsium arvense) plants showing branching pattern. Photo by Steve Dewey, Utah State University, Bugwood.org (CC bY 3.0).



		Figure 21.65 Foliage of young plants of Canada thistle (Cirsium arvense), showing spiny leaf margins. (a) Seedling. Photo by Judith (CC BY SA 4.0). (b) Young rosette. Photo by Phil Westra, Colorado State University, Bugwood.org (CC BY 3.0).



		Figure 21.66 Extensive root system of Canada thistle (Cirsium arvense) producing a colony of plants. Illustration redrawn and colorized by B. Brookes based on a figure in Hill (1915).



		Figure 21.67 Flower heads of Canada thistle (Cirsium arvense). (a) Intact flower head. Photo by Photogramma (CC BY SA 2.0). (b) Flower head split open to show the tiny florets. Photo by Andrey Zharkikh (CC BY 2.0).



		Figure 21.68 Fruit (seed) production by Canada thistle (Cirsium arvense). (a) Plants at the fruiting stage, with evident floss (‘thistledown’). Photo by Pierre Henri Giraud (CC BY SA 2.5). (b) A single head of fruiting florets. Photo by Matt Lavin (CC BY 2.0). (c) A single fruit (seed) with attached pappus (floss). Photo by Rasbak (CC BY SA 3.0).



		Figure 21.69 Fields heavily infested by Canada thistle (Cirsium arvense). (a) Plants in flower. Photo by Steve Dewey, Utah State University, Bugwood.org (CC BY 3.0). (b) Plant in fruit. Photo by Huhu Uet (CC BY 3.0).



		Figure 21.70 Livestock consuming Canada thistle (Cirsium arvense). (a) A goat eating thistles. Photo by Floodllama (CC BY 2.0). (b) Cows in a pasture infested with Canada thistle. Photo by Odd Wellies (CC BY 2.0). (c) A horse eating thistle. Source: Shutterstock, contributor: Nigel Baker photography. (d) A sheep eating thistle. Source: Shutterstock, contributor: Howard Marsh.



		Figure 21.71 A honey bee (Apis mellifera) collecting nectar from Canada thistle (Cirsium arvense). Photo by Ivar Leidus (CC BY SA 4.0).



		Figure 21.72 Butterflies on flowers of Canada thistle (Cirsium arvense). (a) Small tortoiseshell (Aglais urticae). Photo by Rea (CC BY ND 2.0). (b) European peacock (Inachis io). Photo by Jörg Hempel (CC BY SA 2.0). (c) Painted lady (Vanessa cardui). Photo by hedera.baltica (CC BY SA 2.0).



		Figure 21.73 Goldfinches feeding on seeds of thistles (Cirsium species). (a) American goldfinch (also known as the eastern goldfinch and wild canary; Carduelis tristis) on Canada thistle (C. arvense). Photo by Will Sweet (CC BY 2.0). (b) European goldfinch (Carduelis carduelis) on spear thistle (Cirsium vulgare). Photo by Andreas Trepte (CC BY SA 2.5).



		Figure 1 Creatures (some hypothetical) that seem so dangerous under some circumstances that their elimination is essential for human welfare. All figures are from Shutterstock. (a) Carnivorous plant (contributor: User friendly). (b) Snake (contributor: Satori.artwork). (c) Mouse chewing through electrical cable (contributor: Teguh Mujiono). (d) Coronavirus (contributor: Vector bucket). (e) Giant leech (contributor: Crystal Eye Studio). (f) Tick on dog (contributor: Decter). (g) Bedbug biting a human’s foot (contributor: Refluo). (h) Girl being bitten by mosquitos (contributor: BlueRingMedia). (i) Rats consuming garbage (contributor: GraphicsRF.com).



		Figure 2 Peaceful co-existence among people and disliked species. Prepared by Jessica Hsiu.
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