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“[T]he most thoughtfully balanced presentation of insects and our battles against these remarkable creatures available to the general reader. Waldbauer brilliantly presents insect pests as sources of both genuine inspiration and human ingenuity.”


Jeffrey A. Lockwood, author of Locust: The Devastating Rise and Mysterious Disappearance of the Insect that Shaped the American Frontier


“[F]ascinating…. Gil Waldbauer is a natural storyteller who has pulled together facts from a multitude of sources…. Both informative and enjoyable for the naturalist, layperson, student of evolution, and nonprofessional and professional entomologist.”


Robert J. Marquis, Professor, Department of Biology, University of Missouri-St. Louis


“Dr. Waldbauer's book is both interesting and well written. It gives the reader the opportunity to learn positive facts about so-called pest bugs. I highly recommend it.”


Richard “Bugman” Fagerlund, syndicated columnist and author


“Insights indeed! In this good-humored and instructive little book university scientist Gilbert Waldbauer's primary focus is on what he terms ‘bad bugs’ and the usual suspects….”


Gerry Rising, State University of New York Distinguished Teaching Professor Emeritus, Buffalo News “Nature Watch” Columnist


“[P]acked with information, yet written in an easy style that keeps the reader turning the pages. Each example…provides the reader with an interesting insight into how the natural world operates…. This is one of few biology books written so accessibly that readers find they have learned a lot without realizing it.”


Dr. Whitney Cranshaw, Extension Specialist of Entomology, Department of Bioagricultural Sciences and Pest Management, Colorado State University


“An informative book on how a few pest insects have taught us much about insect behavior and natural selection.”


William H. Luckmann, Professor Emeritus, Illinois Natural History Survey, University of Illinois


“An entomological ‘Most Wanted List’ that contains fascinating lessons from the insect world.”


James K. Wangberg, PhD, author of Do Bees Sneeze? and Other Questions Kids Ask about Insects and Six-Legged Sex: The Erotic Lives of Bugs
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At dusk a large, narrow-winged hawk moth hovers like a hummingbird in front of petunias in your garden, pollinating them as she uncoils her long tongue and probes for nectar. She and others like her, fueled by the sugar in the nectar, will spend the night laying eggs one at a time on plants favored by her species: plants of the nightshade family, among them wild plants such as purple nightshade itself and cultivated plants such as tobacco and tomato. Several of these moths lay eggs on tomato plants in your garden. At first, the caterpillars that hatch from the eggs, known as tobacco hornworms, are so small that their feeding goes unnoticed, but during the last week of their three- to four-week caterpillar stage, they will strip whole leaves from the plants, consuming nearly 90 percent of their total food intake and growing to be almost four inches long. In this situation the tobacco hornworm is indisputably a pest: it will destroy your tomatoes. Furthermore, all the subjects of the following insect stories—which I think of as verbal portraits of the insects and their way of life—are pests.




But why did I choose pest insects as the subjects of these portraits, as exemplars in these explorations of the amazing lives and ways of insects? One reason, of course, is that, because they directly affect our lives, most people are more or less familiar with one or more of them and may even want to know more about them. But the main reason is that, generally speaking, science has learned much more about these few irksome species than about the overwhelming majority of innocuous insects. Entomologists have taken to heart the familiar aphorism “know your enemy” as it pertains to pest insects. Because they are economically important there has always been much more money available to support research on pest insects than insects that are not pests. Consequently, not only the applied research but also even much of the basic research done by entomologists has focused on insects that annoy us or cause economic losses. Furthermore, because pest insects are readily available and relatively well known scientifically, they often serve as “laboratory animals” for basic research on genetics, behavior, and physiology.


What is it that makes an insect a pest? In his 1989 textbook Entomology and Pest Management, Larry Pedigo offers a concise definition: “Pest species are those that interfere with human activities.”1 (But keep in mind that less than 2 percent of the 900,000 known insects can reasonably be considered to be pests.) In 1915 Stephen Alfred Forbes, a great pioneer entomologist and founder of the University of Illinois's Department of Entomology, wrote a more philosophical statement:


The struggle between man and insects began long before the dawn of civilization, has continued without cessation to the present time, and will continue, no doubt, as long as the human race endures. It is due to the fact that both men and certain insect species constantly want the same things at the same time. Its intensity is owing to the vital importance to both of the things they struggle for. We commonly think of ourselves as lords and conquerors of nature, but insects had thoroughly mastered the world and taken full possession of it long before man began the attempt…. They



have disputed every step of our invasion of their original domain so persistently and so successfully that we can even yet scarcely flatter ourselves that we have gained any very important advantage over them.2


An old saw known to gardeners has it that a weed is a plant growing where we do not want it. And so it is with pest insects. Whether or not an insect is being a pest depends upon the place, the season, and the circumstances; an insect is not always bad. For example, a tiny caterpillar that feeds only on plants of the thistle family does farmers a service when it attacks harmful weeds such as the alien bull thistle. But this insect, the aptly named artichoke plume moth, is a pest when it infests cultivated artichokes, which are just huge, unopened thistle buds. Termites are important members of the forest environment, feeding on dead wood, recycling it by returning its elements to the soil. But a colony of them is certainly not welcome if, doing what comes naturally, they set up housekeeping in a wooden building, particularly if it is your home.


The pest insects included here are but a small sample of the great diversity of the many insects with which we share our planet, but they are revealing examples of the many different ways in which all insects cope with the problems of surviving, wresting a living from their environment, and bearing offspring to perpetuate their genes. Nevertheless, every one of them is unique and interesting in its own right, as are all organisms. But, each of them is also an especially apt, perspicuous, and interesting example of the lifestyle of an insect; of a fundamental aspect of biology such as evolution, genetics, ecology, or food procurement; or of the many ways in which people are threatened by insects and what can be done to contend with them.


As you read on you will find out what the house fly tells us about natural selection and evolution, and what we can learn about ecology from the chinch bug, Hessian fly, and codling moth. You will read the story of how the humble little fruit fly, Drosophila, became the “laboratory



animal” of choice for genetic research that yielded and still yields findings that apply to all organisms, including humans. The portrait of the black swallowtail butterfly, the parent of the parsley caterpillar, tells us how it, although perfectly edible, tricks insect-eating birds into sparing it.


These insect portraits provide the surprising answers to some equally surprising questions. Why do so many insects starve to death rather than feed on a plant not on their menu? How did Henry Ford help to control house flies? Why do some flies have a uterus and a mammary gland? Why do insects with little or no protection not freeze solid when the temperature drops far below the freezing point? How did an American entomologist save the vineyards of France from inevitable destruction? This book will answer many other questions, and, I sincerely hope, give you a better and more appreciative understanding of insects. They are, after all, members of the same creation that produced us. It also behooves us to know that, without them, most of Earth's ecosystems would collapse, and life as we know it could not continue.
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In 1960 William Downes, a fellow entomologist, and I were collecting insects in Texas. One afternoon we camped on a deserted Gulf beach on the Bolivar Peninsula, only a few miles northeast of Galveston. We made a fire of driftwood, heated our meal of canned food, and watched the sun go down over the marsh on the landward side of the peninsula. As it began to darken, we saw what looked like a large cloud of smoke rising from the marsh. We soon realized that it was an immense swarm of countless millions of salt marsh mosquitoes departing their larval habitat in search of blood meals. The offshore breeze was blowing them toward us. They soon arrived and proceeded to plague us almost beyond bearing. Hundreds hovered in front of our eyes, and a few bit us despite the repellent we had smeared on ourselves. When we took off our boots before taking refuge in our screened tent, squadrons of them instantly landed on our repellent-free ankles and bit us mercilessly.


Mosquitoes are a nuisance. Worse, mosquitoes can be a threat to



life. Certain mosquitoes—by no means all of them—have a greater pernicious impact on people than does any other insect or group of insects. Keep in mind that most of the 3,000 known species, over 150 in North America, do not affect people. Some of the others are indeed the most dangerous of our insect enemies. We all know how annoying mosquitoes can be. Along the coast of New Jersey, for example, the biting salt marsh mosquito—“the New Jersey state bird”—can make life miserable. Inland, a variety of other mosquitoes often take the joy out of a backyard barbecue, especially after heavy rains have flooded their breeding places, which are the bottom lands of rivers and ephemeral woodland pools. The scientific names conferred on some species reflect the torment they can cause: Psorophora horrida, Culex perfidiosus, Mansonia perturbans, Aedes vexans, and Aedes tormentor.


The annoyance caused by mosquitoes, although sometimes severe, is nothing compared to the widespread suffering and millions of deaths caused by the diseases transmitted by a few of them. There are many mosquito-borne diseases of humans, but considering just a few of the more troublesome will make the point: malaria, caused by an amoeba-like protozoan, although now rare in North America, is arguably the most devastating of the infectious diseases worldwide; West Nile fever, caused by a virus, has been spreading rapidly throughout the United States since its first appearance in the Western Hemisphere in New York in 1999; yellow fever, another viral disease, still present in the tropics, was in the nineteenth century the scourge of port cities from New Orleans to Philadelphia, and for decades put on hold the digging of the Panama Canal.


Knowing them and their ways is, as with all pest insects, a prerequisite for rationally coping with mosquitoes. Understanding them in order to better control them has been the primary goal of many entomologists, epidemiologists, and physicians. In Mosquito: A Natural History of Our Most Persistent and Deadly Foe, Andrew Spielman and Michael D'Antonio refer to mosquitoes as the “magnificent enemy.”1 They are



indeed magnificent creatures and would be worthy of our interest even if they were not among our deadliest foes. They are true flies that have been finely honed by the evolutionary process to thrive or at least survive almost anywhere on Earth, not only in temperate climates and tropical jungles but even in deserts, the frozen tundra of the Arctic, at the edge of the sea, and as high as 14,000 feet in the mountains.


A fundamental reason for the success of mosquitoes is that like most other insects, among them beetles, wasps, bees, butterflies, and moths, mosquitoes undergo a complete metamorphosis that includes four stages: egg; larva (the growing stage); pupa (the transition stage), in which wingless larvae metamorphose and become adults (the final winged, reproductive stage). This transition has made it possible for larvae and adults to follow different evolutionary paths. The larvae are specialized for feeding and growing, the adults for mating and distributing their eggs. Larval and adult mosquitoes and larval and adult butterflies are as different as snakes and birds. Larval butterflies—caterpillars—have been referred to as a digestive system on a caterpillar tread and adults as flying machines devoted to sex.


About 15 percent of the known insects, among them grasshoppers, cockroaches, dragonflies, and cicadas, undergo a gradual metamorphosis with only three life stages: egg; the growing stage (called the nymph to differentiate it from a larva); and the adult or reproductive stage. Nymphs and adults, with the exception of some aquatic insects, look very much alike except for their size and the state of development of their wings. They are also generally similar in behavior. Nymphal and adult grasshoppers, for example, live in the same habitat, are both active jumpers, and eat the leaves of plants. Except for the fully developed wings and genitalia of the adult, neither life stage has become explicitly specialized for either growth or reproduction.


All mosquitoes are aquatic in the larval and pupal stages and aerial in the adult stage. The legless larvae, commonly known as wrigglers, live in still or sometimes slowly flowing water, usually where there is



abundant aquatic vegetation in which they can hide from fish and other enemies. Some live in tree holes—water-filled rot cavities in the trunks or branches of trees—or even in small containers such as vases in a cemetery or in clogged rain gutters of houses; others find a home in the water cupped by the leaves of air plants that cling to the trunk or branches of tropical trees; and a few live in the water in the pitfall traps of insect-eating pitcher plants. Because they have no gills for extracting dissolved oxygen from the water, most mosquito larvae must come to the surface to get oxygen directly from the air. The majority of them have at their tail end a long air tube—a snorkel—which penetrates the surface film of the water as they hang head down from it. Instead of an air tube, larvae of the genus Anopheles, the



malaria mosquitoes, have just a flat plate bearing a pair of spiracles (porelike openings to the respiratory system) on the undersurface of the tip of the abdomen. Stretched out horizontally, the Anopheles larvae hug the surface film as they press their spiracles up against it. Species of the genus Mansonia obtain oxygen in a unique way. The air tube has become a sharp piercing organ, which is stabbed into the air chambers in the underwater portion of a marsh plant such as the cattail.
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A mosquito larva taking a breath through its snorkel in a woodland pool. A pupa is to its left.


The larvae of most mosquitoes feed on plankton—microscopic organisms such as minute, one-celled green algae and copepods, tiny relatives of the crabs—that they filter from a current of water created by and directed to their mouth opening by the rhythmical fanning of a pair of hairy brushes, one on either side of the mouth. Some larvae feed as they hang from or lie under the surface film, and others feed near the bottom or even take their microscopic prey from the surface of the bottom muck. A few larvae have biting mouthparts and are predators that eat mosquito larvae, usually of other species, but they will also turn on their own kind.


About seven days after they hatch from the egg, mosquito larvae, which have grown to full size after molting their skins three times, undergo the molt to the pupal stage. Unlike the pupae of almost all other insects, mosquito pupae, commonly known as tumblers, are mobile and very active. Although they have no legs or mouthparts for feeding, they are energetic swimmers that can, at the threat of danger, speedily race from the water surface to the bottom and then back up again. They are comma-shaped and very different in appearance from either larvae or adults. The head and thorax are united, forming a large bulbous mass, the head of the comma. The upper surface of the thorax bears a pair of short, trumpet-shaped breathing tubes that can penetrate the surface film of the water. The abdomen, the tail of the comma, is slender and flexible, and has at its tip a pair of finlike appendages that act as paddles when the abdomen is repeatedly and rapidly flexed to scull the pupa through the water with a tumbling



motion. Like the larvae, mosquito pupae are sensitive to disturbances in the water and have eyes that perceive shadows overhead. Make a shadow by waving your hand above a group of larvae and pupae and they, always on the alert, will instantly dash down to the safety of the bottom. This fright response might well save them from the piercing beak of predaceous water bugs or the gnashing mandibles (chewing organs) of predaceous water beetles that swoop down from the air to dive into the water. Generally speaking, the pupal stage lasts for only two to three days. At the end of that time, the pupa comes to the top and lies just under the surface film. Its skin splits and the adult within steps out onto the surface, rests for a half hour as its skin hardens, and then flies away.


Adults of most of the 3,000 or more known species of mosquitoes do not feed on blood, but rather subsist only on nectar or other plant juices. The several species of one small genus, Harpagomyia, obtain food in a very unusual way; they trick ants into regurgitating and then sip up the regurgitant, which is likely to contain nectar or honeydew (the sugary excrement of aphids). In a letter to the Entomological Society of London, C. O. Farquharson of Ibidan, Nigeria, describes how both females and males waylay ants:


You know how worker ants stop each other and exchange a little regurgitated food, a momentary transaction almost, both passing quickly on their way. The mosquitoes do exactly the same. They will drop downwards just over an ant that is hastening along in the usual way. The ant may stop and give alms to the beggar, passing on a moment or two later as if it had just met a friend, and the mosquito flies up and down again till another obliging ant is met. At times the selected ant simply ignores the mendicant, but shows no resentment, nor does the mosquito press his or her attentions.2


Females of the relatively few bloodsucking mosquitoes attack humans and other mammals, birds, reptiles, frogs, or even insects. The males make do with nectar and other plant exudates. The females consume



these substances too, mainly as a source of energy, but some require the protein in blood to produce eggs. Mosquitoes that do not feed on blood carry over sufficient protein from the larval stage.


Females “bite”—take blood meals—mainly at dawn, dusk, during the night, and sometimes on cloudy days. A few species feed in broad daylight. When a female takes a blood meal, a troughlike protective scabbard, a greatly modified and lengthened lower lip, bends back out of the way so that the other mouthparts, exquisitely adapted for piercing and sucking, can penetrate the skin of the victim. The piercing “needle” is actually a long tube composed of six long, separate, stiletto-like stylets wet with saliva that adhere to each other, although two of them can slide forward and backward on the others. The bite usually causes little or no pain because the “needle” is more like a hypodermic needle than a sewing needle or a pin. Rather than being painfully jabbed into the skin like a pin, which is actually relatively blunt and tears the flesh, the mosquito's mouthparts, sharper than the razorlike tip of a hypodermic needle, gently and painlessly cut through the skin as the sawlike and exceedingly sharp tips of the two sliding stylets gently slice into the skin sliding in and out. The mosquito's piercing tube is traversed by two channels, a wide one though which the blood is sucked into the digestive system and a narrow one through which saliva containing an anticoagulant can be injected into the vertebrate host.


The males of many species of mosquitoes gather together in large mating swarms, usually at dusk. In 1906 Frederick Knab vividly described mosquitoes swarming in Urbana, Illinois,3 and for the first time reported that swarming brings the sexes together. A swarm of thousands of mosquitoes formed over his head when he walked into a recently cut field of corn adjacent to a polluted stream squirming with wrigglers. Another swarm hovered over a nearby corn-stook (a teepeelike shock of cut cornstalks), and “a round of the field showed that each corn-stook had its swarm of mosquitoes, and furthermore, single stalks



that remained standing had small swarms dancing over them….” Knab also notes that “always the mosquitoes gathered over some prominent object such as a tree or a projecting branch, a bush, a corn-stook, or a person. In this last case the swarm would move with the person and the only way to get rid of it was by passing under some taller object where the swarm would then remain.” In every case the swarms consisted almost exclusively of males, which all faced into the breeze as they hovered and danced over their chosen landmark. When he swept his net through a swarm, he caught 897 males but only 4 females. Females are attracted to the swarm, enter it, and are immediately pounced on by a male. Each pair leaves the swarm to copulate nearby and after that the female flies off and the male returns to the swarm. Males recognize females by the distinctive tone of their rapidly beating wings. Indeed, caged males are attracted to a vibrating tuning fork if the pitch is right. In a clever experiment, caged males clustered on a cloth that hid a vibrating tuning fork and tried to copulate with each other and even with the cloth.


After being inseminated, the females lay eggs. The way in which they are deposited differs with the species of mosquito. Females of the genus Culex and some other genera form rafts of hundreds of eggs; the rafts are about the size of a caraway seed and float on the surface of the water. Others, among them the many species of Anopheles, lay their eggs singly on the water surface. The eggs are kept afloat by bubblelike air cells on the shell. Aedes females and those of some other genera lay their eggs in dry places that may eventually become covered with water. For example, Aedes aegypti, the yellow-fever mosquito, lays its eggs just above the water surface in rot holes in trees or in artificial containers, and Aedes vexans, one of the most abundant of the pest mosquitoes in North America, lays them in the moist soil of river bottoms, ephemeral pools, or other places that are periodically flooded.


The eggs of Aedes vexans and other “flood water” mosquitoes can survive in the soil for two years or more, and will hatch after they are



covered with water. According to William Horsfall,4 the eggs hatch only after the following sequence of events: completion of the development of the embryo, a period of drying before flooding, being covered by water at a favorable temperature, and finally a sharp drop in the amount of dissolved oxygen in the water. The latter requirement is particularly interesting because it prevents the larvae from emerging from the egg before there is sufficient food in the water to sustain them. Because the planktonic organisms that the larvae eat use up dissolved oxygen, a sharp decrease in its concentration signals the presence of abundant food for the larvae. In the laboratory, vexans’ eggs will not hatch in distilled water, which, of course, contains no plankton. However, if the water is seeded with plankton, the eggs hatch after the planktonic organisms have multiplied. They will also hatch in uncontaminated distilled water if the concentration of dissolved oxygen is artificially lowered by bubbling nitrogen gas through the water.


How do such delicate creatures as mosquitoes survive the winter? Many of them, notably the floodwater species, spend the winter as diapausing eggs. (Diapause, a winter “sleep,” is the insects’ version of hibernation.) Others, among them the species of the genera Anopheles and Culex, overwinter as fertilized females hiding in such protected sites as hollow trees, caves, or in the case of Culex pipiens—the house mosquito—in human habitations, especially cellars, or in dry places in storm drains. A few, including the pitcher plant mosquito and some that breed in flooded cavities in trees, survive the winter as larvae frozen in the water in their breeding sites.


Today we know that mosquitoes and other bloodsucking insects are transmitters—vectors—of disease-causing viruses, bacteria, protozoans, and nematode worms. But not much more than a hundred years ago this crucially important fact was not known. Malaria (it means “bad air” in Italian) was thought to be caused by miasmas emanating from swamps and marshes. Physicians believed that yellow fever was caused



by filth or caught from handling contaminated bedding and clothing. Some few speculated that bloodsucking insects transmit disease, but there was no proof of this until 1878 when Patrick Manson, an English parasitologist, reported that the nematode worms which cause a disease of humans called filariasis are transmitted by a mosquito.5 Similar discoveries followed, and by 1900 it was well established that insects can transmit diseases, including malaria and yellow fever.


In the eighteenth and nineteenth centuries, epidemics of yellow fever periodically struck port cities along the Atlantic and Gulf coasts from Philadelphia to New Orleans. A city might be free of this disease for years, and then one summer yellow fever would suddenly appear. In those days, yellow fever was a terrifying mystery. Almost nothing was known about it—only that it caused the skin to turn yellow, that its symptoms (high fever, jaundice, vomiting, and hemorrhages) were agonizing, and that it was often fatal. But since then much has been learned. For one, we know that when there are no human cases, the yellow fever virus persists in troops of monkeys that live high above the ground in the leafy canopy of tall trees in the Amazonian forest. Mosquitoes of the genus Haemogogus, which breed in water-filled tree holes, hollows in the trunk or branches in the canopy, transmit the virus from monkey to monkey but not to other animals. As epidemiologists put it, this is the “reservoir” of the yellow fever virus, the place where it smolders when it is not blazing in the human population.


How did the virus get from the Amazon jungle to faraway New Orleans or some other American port city? William Horsfall, one of my mentors in graduate school, regaled his classes in medical entomology with a hypothetical but plausible scenario: it all began when a woodcutter felled a tall tree in the jungle, bringing its lofty canopy with many of its residents, including Haemogogus mosquitoes, down to ground level. As he lopped branches from the fallen tree, he was bitten by a canopy-dwelling mosquito that inoculated him with the yellow fever virus. Not long after, he guided a raft of logs down the Amazon



River to the port of Belem, where he intended to sell them. By the time he arrived in Belem, the six-day incubation period of the disease had passed and he fell sick. As he lay suffering, he was bitten by another kind of mosquito, Aedes aegypti, that sucked up the virus with his blood and spread it to residents of Belem. (In most areas where it occurs, aegypti, known as the yellow-fever mosquito, is associated with people, breeding in water-filled artificial containers and taking its blood meals from people.) Soon there was a yellow fever epidemic in Belem. Then an American sailor who came ashore was inoculated with the virus when he was bitten by a female aegypti. He showed no symptoms until six days after his ship had sailed. If he had died or become immune to the virus after recovering, that would have ended the story—except for an important circumstance. There was a flourishing colony of yellow-fever mosquitoes aboard the ship, breeding in water barrels kept on deck to slake the crew's thirst. The sailors did not mind a few wrigglers in the water. (I have heard that they welcomed them as a sign that the water was pure.) The mosquitoes on board spread the virus from the ailing sailor to his shipmates. By the time the ship reached New Orleans, the members of the crew were either dead or sick with yellow fever. New Orleans had its own population of the yellow-fever mosquito, which is generally common in warm, humid areas throughout the world—especially in seaports. It was not long before yellow fever spread from the sailors to the people of the city and the epidemic was underway.


West Nile fever, caused by a mosquito-borne virus related to the yellow fever virus, made its first appearance in the Western Hemisphere in the borough of Queens in New York City in 1999. First isolated and identified in Uganda in 1937, the West Nile virus was subsequently found to occur in much of Asia and Africa, with occasional incursions into Europe. But how did it get to New York? Spielman and D'Antonio noted that it could have been introduced in only three ways: in a sick person, an infected mosquito, or an infected bird.6 A



human source is improbable because human blood generally contains too little virus to contaminate a mosquito. It may have come to New York in mosquitoes that stowed away on an airplane. But the most likely scenario is that it arrived in illegally imported birds that had not been quarantined before entering the country. There is even a small chance that it was brought in by a bird that strayed on its own to our shores from Europe. I know from my own birding experiences that a few strays from Europe show up in North America virtually every year.


In 1999, in New York City and some nearby areas, hundreds of birds, mainly crows, starlings, and house sparrows but also others such as blue jays, hawks, and owls, were killed by the West Nile virus, as were some exotic birds in the Bronx Zoo and several horses on Long Island. There were 62 human cases and seven deaths. Uriel Kitron, a pathologist in the University of Illinois College of Veterinary Medicine, told me that only three years later, the virus had spread from Nova Scotia to California and that human cases were most numerous in Illinois and Louisiana. As told to me by Robert Novak, a medical entomologist at the Illinois Natural History Survey, in North America, the West Nile virus is now known to infect 157 species of birds and 36 species of mosquitoes. It has also been found in some mammals other than humans, among them horses, dogs, wolves, bats, squirrels, chipmunks, and others. The virus is a serious threat to wild birds. Many people, including experienced birders, have noted that birds, particularly crows, have recently been much less numerous than they usually are. Their observations are supported by the 100,000 or more infected dead birds, from tiny chickadees to large crows and great horned owls, that have already been found.7 Rare birds—species with small populations, such as whooping cranes, peregrine falcons, and piping plovers—could even be threatened with extinction. We can only hope that North American birds will soon develop some immunity, as seems to be the case with European birds. According to Novak,8 in 2002 Illinois led the nation in the number of human cases



and had the record number of 64 fatalities. About 1,000 horses were found to be infected, and about half of them died.


The West Nile virus is apparently spread by migratory birds that cross and recross the country as they move north in spring, south in autumn, and then back again. A bird that gets infected with the virus just before leaving an area may still be alive and infectious when it later stops to rest and feed in an area that the West Nile virus has not yet reached. Over 200 species of birds migrate between their breeding ranges in Canada and the United States and their winter ranges in the Caribbean and Central and South America. Many herons stray northward in autumn and then fly back south. In autumn Bohemian waxwings, lovely fawn-colored birds, searching for trees with berries move from far western North America to as far east as New York and then return. A few other birds on their way south from their usual breeding range in eastern North America make a wrong turn and end up as far west as California, where they delight the local birders but might also be carrying the West Nile virus.


Which mosquitoes transmit the virus from birds to humans, and where does the virus lurk in winter when neither birds nor humans become sick? It is generally agreed that the virus is spread to people mainly by the common house mosquito, Culex pipiens, in the north and by Culex quinquefasciatus in the south. These two species suck blood from both birds and people, although the former prefers birds and the latter prefers humans. The virus has been found in other mosquitoes, including the floodwater species Aedes vexans, by far the most numerous of the pest mosquitoes in many parts of North America. No one knows if it transmits the virus from birds to people. The virus survives the winter in mosquitoes. As Spielman and D'Antonio said, in 1999 the big question was whether or not the West Nile virus would survive the winter in New York.9 The answer was found when it was discovered in the bodies of several adult female Culex pipiens (house mosquitoes) overwintering in the shelter of an underground tunnel.




[image: images]


Malaria, debilitating and often fatal, is arguably the worst of the infectious diseases of humans. Four types of human malaria are caused by four protozoans of the genus Plasmodium, single-celled relatives of the amoeba, that can survive only in humans or the Anopheles mosquitoes that transmit them from person to person. Humans are not the only animals that suffer from malaria. At least a hundred other species of Plasmodium, also transmitted by mosquitoes, often not Anopheles, cause malaria in monkeys, rodents, birds, and reptiles. Malaria often kills these animals. For example, bird malaria drove to extinction or near extinction many dozens of native Hawaiian birds, birds that evolved on the isolated Hawaiian Islands and are found nowhere else in the world. Birds that migrate from North America to spend the winter in Hawaii had always been infected with bird malaria, but it did not spread to the native Hawaiian birds because there were no mosquitoes in Hawaii—not until 1826, when the crew of a whaling ship emptied their water barrels, alive with mosquito larvae, into a stream on the island of Maui.


The various species of Plasmodium have complex life histories that can be completed only if they parasitize both a mosquito and a vertebrate host. The human/Anopheles life cycle is well understood and will serve as an example. A life stage of the Plasmodium known as the sporozoite is injected into a person by a mosquito, enters a liver cell, and reproduces asexually by division. Its numerous offspring, merozoites, enter red blood cells and produce more merozoites, which are released when the red blood cells burst. They go on to produce several generations of this life stage. (The simultaneous release of hordes of merozoites into the blood causes the chills and fever that are characteristic symptoms of human malaria.) Some merozoites produce male and female forms that remain in red blood cells, which may be ingested by



a mosquito. In the mosquito's stomach, these male and female forms unite, the Plasmodium's version of sex, and after several transformations produce numerous sporozoites that wander in the blood, concentrate in the salivary glands, and begin another cycle if the mosquito, in taking a blood meal, injects them into a human with its saliva.


Today human malaria occurs in tropical areas of Central and South America, Africa, Asia, and the East Indies, but until the mid-twentieth century it was far more widespread, established in virtually all subtropical and tropical areas and some temperate areas. In Europe it occurred throughout Italy, the Balkans, and along the Mediterranean, Atlantic, and Baltic coasts from Italy and sometimes to St. Petersburg in Russia. There were also temporary outbreaks as far north as 64° north latitude in Sweden, only about 160 miles south of the Arctic Circle. In the United States there was no human malaria in precolonial times. A 1947 publication of the Tennessee Valley Authority stated:


Malaria was introduced into the United States in colonial days by emigrants from…the Old World. The importation of Negro slaves for a period of 200 years constantly replenished the supply of malaria carriers. [White slave traders probably also carried malaria.] Water was used for transportation and for power to a greater extent than prevails today, and settlements, as a matter of course, developed along streams. Colonial housing offered little or no impediment to the entrance of mosquitoes, and contemporary documents indicate that the inhabitants were constantly plagued by mosquito bites. The result was that malaria moved westward with the settlement of the country.10


By the end of the nineteenth century, malaria was present in isolated areas of the far west and most of the eastern two-thirds of the country from the Canadian border south to the Gulf of Mexico. Then the disease began to recede southward and by 1934 occurred mainly in the southeastern states from eastern Texas to Virginia, but was most severe along the Gulf and Atlantic coasts. Apparently malaria receded because breeding sites for the mosquitoes were drained for agricultural



and industrial purposes, and because, with increasing prosperity, people lived in better housing less open to mosquitoes. By the middle of the twentieth century, malaria was all but obliterated from most of the developed world, but was still a common and deadly presence in third world countries.


Malaria has taken a great toll in human lives and caused a great deal of misery. In 1955 there were 200 million cases and 2 million deaths worldwide. When Illinois was first being settled in the mid-nineteenth century, before the marshy prairies had been drained, malaria was rife and the state was known as the graveyard of the nation. Between 1870 and 1874, according to Horsfall's medical entomology text,11 a US Army unit of 171 men stationed in Louisiana reported 1,229 cases of malaria—more cases than men because the men were infected and reinfected repeatedly. The effects of malaria on local economies, wrote Spielman and D'Antonio, were severe.12 In North Carolina, for example, the efficiency of workers in textile mills was cut in half during the four months of the malaria season.


In 1955 the World Health Organization (WHO) began a worldwide campaign to eradicate malaria by greatly minimizing contact between humans and the Anopheles mosquitoes that transmit it. People are most likely to be bitten by anophelines as they sleep during the night in homes that are not protected by screens, which is often the case in developing countries. As part of the WHO project, the mosquitoes, which rest on walls and ceilings during the day, were killed by spraying these surfaces with DDT, which left a toxic residue that persisted for as long as six months and that was absorbed through the mosquitoes’ feet.


For a time, the eradication campaign was a great success.13 Malaria was eliminated from 36 countries, and its rate of occurrence was reduced in many others. The eradication campaign failed and was eventually ended in 1969, but WHO still supports some efforts to reduce mosquito populations. Malaria had been all but eliminated from Sri



Lanka before the 1970s. Today over a million cases are reported from this island nation each year. There have been massive resurgences of malaria in India, Pakistan, Africa, and elsewhere. In 1995 WHO reported that worldwide there are now 300 to 500 million cases per year and from 1.5 to 2.7 million deaths per year, the great majority of them in Africa. According to one estimate, in Africa about 250 children die of malaria every hour. Malaria is again at least as prevalent as it was before 1955. It kills twice as many people as AIDS.


Why did the eradication campaign fail? The basic reason, as Robert Metcalf explains, is that Anopheles mosquitoes became resistant to DDT and the other inexpensive insecticides that were first used to control them.14 Different insecticides were substituted, but the mosquitoes soon became resistant to them and to many others as one failed insecticide after another had to be replaced. The campaign became more and more costly because each substitute insecticide was usually more expensive than the one it replaced. Substituting malathion for DDT increased costs by about fivefold, and then switching to the carbamate insecticide propoxur increased costs by about twentyfold. As Metcalf points out, this combination of resistance and economics was responsible for the return of epidemic malaria.15 To make matters even worse, the malaria-causing plasmodia have, in some areas, become resistant to the synthetic compound chloroquine and other antimalarial drugs.


Malaria is steadily increasing among tourists and other travelers who visit malarial areas of the tropics. Anyone who plans to visit such areas should consult a physician about taking preventive doses of antimalarial drugs and should also prepare to protect himself or herself against mosquitoes. Some returning tourists and visitors or immigrants from malarial areas bring with them to the United States plasmodia in their blood. Since Anopheles mosquitoes that are competent vectors of plasmodia are almost everywhere in the United States, there has been, for the first time in decades, the local transmission of malaria in this country.




People repeatedly infected with malaria develop a partial immunity to the disease. They can become infected and have plasmodia in their blood but develop only mild symptoms or no symptoms at all. A wry twist of nature causes natural selection to favor and tend to perpetuate a deadly hereditary disease of humans, sickle-cell anemia, because it confers a degree of immunity to the deadly falciparum form of malaria. Sickle-cell anemia is expressed in humans who inherit the sickle-cell gene from both parents. These individuals are sick most of their lives, generally die before the age of twenty, and seldom bear children. Consequently, you would think that natural selection would soon eliminate the sickle-cell trait, but this has not been so because individuals who inherit the sickle-cell gene from only one parent usually do not suffer the symptoms of this disease, are much less likely to die from malaria than people who do not have the sickle-cell trait, and, therefore, can pass the sickle-cell trait to their offspring.


A watercolor painting of a mosquito—much enlarged—hangs in my office. I look at it off and on as I write. The mosquito stands gracefully on long, slender legs, and her thorax is ornamented with stripes of iridescent, sapphire-blue scales, giving credence to her name, Uranotaenia sapphirina. She is among the most beautiful of the mosquitoes, but all mosquitoes are, if not beautiful, at least delicate and graceful, belying the inescapable fact that the few, not including Uranotaenia, that transmit diseases are humanity's deadliest insect foes.


These few transmit not only yellow fever, West Nile fever, and malaria, but a great many other diseases of humans and other vertebrates. Among the many is the eastern encephalitis virus, which causes a rare but often fatal disease in humans, and more often kills horses and certain birds. Encephalitis is an inflammation of the brain that can kill or cause mental impairment. It is transmitted from birds to people by mosquitoes of the genus Culiseta. A disease mainly of infants and young children, it often results in mental retardation. Myxomatosis, a



deadly viral disease of rabbits often transmitted by mosquitoes, was introduced into Australia to control an almost nationwide catastrophic plague of rabbits, descendants of European rabbits imported to improve hunting. So virulent is this disease that within three years it had spread throughout the infested areas of the continent and had virtually wiped out the rabbits. Caused by tiny filiarial Nematode worms (roundworms), human filariasis is transmitted from person to person by mosquitoes of the genus Culex. The worms cause lymph ducts to become blocked and swell, causing a symptom known as elephantiasis, a gross enlargement of arms, legs, female breasts and genitalia, and scrotums. I have seen a picture of a man whose scrotum is so hugely enlarged that he can move about only by resting it in a wheelbarrow.


Some uninformed people fear that the AIDS virus can be transmitted by mosquitoes. That could happen only if a mosquito, instead of sucking a victim's blood, injected the victim with blood from a person infected with AIDS—an unlikely and probably impossible occurrence.


What I have just said about mosquitoes raises some momentous questions that get at the very heart of our understanding of life on Earth. Why are there 3,000 different species of mosquitoes? For that matter, why are there 1,200,000 known species of animals and as many as 300,000 species of plants? How did mosquito larvae become such well-adapted aquatic creatures? How did some female mosquitoes become so adept at taking blood meals from animals, usually without getting slapped or whisked away? Then there is the question of how the complex three-way relationship between humans, mosquitoes, and Plasmodia came to be. The answer to all of these questions is that evolution, driven by natural selection, is constantly molding plants and animals to cope with the demands of their environment. In this way, new species are constantly arising, while others fall by the wayside and become extinct. Our exploration of the house fly, which comes next,



shows us that this insect is not only an interesting animal in itself, but also provides us with an easily understood example of natural selection. In plain view and in less than two years, natural selection shaped house flies to survive a new and deadly threat that appeared in their environment.
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In the opening decade of the twentieth century, one of the first forest rangers in Montana ordered dessert in a local eatery near the Deer Lodge National Forest, pointing to the counter and saying, “I'll have a piece of that blueberry pie.” The waitress fanned her hand over the pie to chase off a multitude of house flies and said, “That ain't blueberry; that's apple.” The ranger was Aretas Saunders, who more than 30 years later taught me biology at Central High School in Bridgeport, Connecticut. I do not doubt his story. Books and articles from the early twentieth century report that house flies were a veritable plague, entering homes and businesses by the thousands, their numbers only slightly diminished by flyswatters and long strips of sticky “flypaper” that hung from the ceiling and soon became black with the bodies of trapped flies.


The house fly (Musca domestica) is one of those animals that, like several species of cockroaches, the bed bug, three species of clothes moths, the house mouse, and the Norway rat, is a pest associated with



people all over the world and is at least partially dependent upon them. (Entomologists write the name of a real fly [order Diptera] as two words; as one word, for example, butterfly, if it's not a real fly.) This fly, wrote the British medical entomologist George Graham-Smith, “is probably the most widely distributed insect to be found; the animal most commonly associated with man, whom it appears to have followed over the entire earth. It extends from the subpolar regions to the tropics, where it occurs in enormous numbers.”1


This fly is usually no more than a nuisance but may also transmit disease-causing viruses and bacteria, especially in underdeveloped countries where sanitation is poor. House flies may carry bacteria both externally and internally. When a fly walks on rotting garbage or feces, its feet and the rest of the outer surface of its body become contaminated with bacteria, as many as several million of them. Consequently, the fly will taint any food it walks on. Sucking moisture from garbage or feces, including those of people, contaminates the fly's digestive system with bacteria. If it next feeds on solid but soluble food, perhaps sugar in a bowl, it will dissolve it with saliva and contaminated regurgitant and then suck it up, but leave bacteria in the bowl.


Typhoid fever is probably the worst of the diseases that can be transmitted by house flies. In 1898, during the Spanish-American War, about a fifth of the American soldiers living in encampments came down with typhoid, and, as reported in Luther West's comprehensive book on the house fly,2 this disease was responsible for 80 percent of all deaths among the troops. Many of the house flies that swarmed in mess tents and freely crawled on food bore traces of the white, powdered, quicklime that was frequently sprinkled on the excrement in pit latrines. The flies could have picked up the quicklime only by contacting human feces in latrines, feces likely to be contaminated with the bacterium that causes typhoid fever, which causes not only fever, but also intestinal inflammation, and severe diarrhea.


When horses were the usual mode of transportation, house flies



were far more abundant than they are now—distressingly so—and it was estimated that about 90 percent of them developed in horse manure. It has been said, and not wrongly so, that Henry Ford did more to reduce house fly populations than has any other person. Ford's ingenious methods of mass production made it possible to manufacture automobiles so inexpensively that most people could afford to buy one. By the beginning of the 1930s, the Model T and the Model A Fords had replaced most horses, and no longer was there a pile of horse manure in almost everyone's backyard. When I was a small child in the 1930s in Bridgeport, Connecticut, I never saw anyone riding in a horse and carriage, but a few horse-drawn wagons were still used in the city by the iceman, the milkman, peddlers of vegetables, and the junk man who collected rags and wastepaper.


Despite Henry Ford, flyswatters, flypaper, and efforts to clean up dung piles and other breeding sites, house flies, although greatly diminished in numbers, were and still are abundant enough to cause problems, especially on dairy farms where manure accumulates and milk might be contaminated by the flies. Then DDT came on the scene. As Thomas Dunlap wrote in his comprehensive book on DDT, this white powder was thought to be “the atomic bomb of insecticides, the killer of killers, the harbinger of a new age of insect control.”3 A chlorinated hydrocarbon compound, the first of the synthetic organic insecticides, it had been synthesized by the German chemist Othmar Zeidler in 1874, but its insecticidal properties were first discovered in the 1930s by Paul Müller of the Swiss J. R. Geigy and Company. By 1942, during World War II, the US armed forces were using DDT to kill the scourge of malaria-transmitting mosquitoes on the South Pacific islands.4 It became generally available for civilian use in 1945, and weak dilutions of it in water were sprayed to control many different pest insects, including the house fly. It was, for example, sprayed on the inner walls of dairy barns, where it persisted for as long as six months. Flies that landed on the walls, as most eventually did,



absorbed tiny doses of DDT through their feet and soon died. It seemed like a miracle. After a few days it looked as though all the house flies were gone.


The miracle was short-lived. By 1946, only a year after DDT was first used in agriculture in the United States, house flies and other insects had become resistant to it and continued to become more resistant to it from year to year. Anthony Brown and R. Pal, insect toxicologists, cite data that show how resistant wild house flies collected on Illinois farms had become.5 In 1945 a dose of as little as 0.18 microgram of DDT per gram of body weight—a really minuscule amount—was sufficient to kill the most susceptible half of a group of flies, but by 1951 as much as 125 micrograms per gram of body weight was required to achieve the same result. The dosage that would kill house flies had increased by a factor of almost 700 times in only six years! James Sternburg told me that the resistance of house flies to DDT can increase even more than that. One of the house fly colonies in his laboratory was kept in a cage whose walls, ceiling, and floor were always covered with a residue of DDT. These flies could walk on pure, undiluted DDT and survive; they were 1,000 or more times as resistant as flies from a susceptible colony that was scrupulously guarded against any contact with DDT. House flies are not unique in their development of resistance. Worldwide by 1990, about 500 different pest insects had become resistant to DDT and/or one or more of the many other synthetic insecticides that later became available.


James Sternburg, Clyde Kearns, and Herbert Moorfield, of the Department of Entomology of the University of Illinois, discovered that resistant flies, but not susceptible ones, contain an enzyme that is presumably there for some other purpose but which by happenstance is capable of detoxifying DDT by degrading it to DDE, which, though harmless to insects, is still toxic to birds and other vertebrates.6


How did house flies—and other insects, too—become resistant to DDT so quickly? The answer is that, although it seemed as though



DDT had killed all the flies in dairy barns and other places that had been sprayed in 1945, there were actually just a few surviving flies—so few that they went unnoticed. They survived because they were resistant to DDT. This mere handful of survivors became the parents of the next generation, and passed on to their offspring the genetically determined ability to detoxify DDT. In his book Nature Wars, Mark Winston writes that the development of resistance to an insecticide “is the same phenomenon as evolution by natural selection” except that insecticides, produced by humans, can be viewed as an artificial selective force.7 DDT and other insecticides are especially rigorous selective agents, because they kill most of the target insects, sparing only the few resistant individuals. As Winston points out, the survivors multiply rapidly, and soon replace the susceptible individuals, because they have the great advantage of “growing and reproducing in an environment in which competition for food and other resources has been vastly diminished by the thinning power of pesticides.”
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