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Preface

———————

We humans have always been fascinated by the honey bee—Apis mellifera, the “honey-carrying bee.” For hundreds of thousands of years, our earliest ancestors in Africa, Europe, and Asia surely marveled at this bee’s astonishing industry in storing honey and making beeswax, two substances of great value. More recently, during the last 10,000 years, we invented the intricate craft of beekeeping and we began our scientific studies of honey bees. It was, for example, the ancient philosopher Aristotle who first described this bee’s practice of “flower constancy”: a worker bee generally sticks to one type of flower throughout a foraging trip to boost the efficiency of her food collection. And within the past few hundred years, we have written tens of thousands of scientific articles about the honey bee, many on the practical stuff of apiculture but also countless others on the fundamental biology of this endlessly enchanting bee. We have also authored thousands of books on bees and beekeeping. In the United States alone, nearly 4,000 titles on beekeeping, honey bee science, children’s tales about bees, and the like have been published between the 1700s and 2010.

Given humanity’s enduring fascination with the honey bee, it is a curious thing that until recently we have known rather little about the true natural history of Apis mellifera—that is, about how colonies of this species live in the wild. What explains our long delay in making a broad reconnaissance of the natural lives of honey bees? I think the answer is simple: the most ardent students of this industrious and intriguing insect—beekeepers and biologists—have almost always worked with managed colonies inhabiting man-made hives crowded in apiaries, not wild colonies occupying hollow trees and rock crevices dispersed across the landscape. Managed colonies are the ones that produce our honey and pollinate our crops, so it is not surprising that beekeepers have focused their attention on the colonies living in their hives. Managed colonies are also the ones best suited for scientific investigations, which require controlled experiments, so it is also not surprising that biologists too have worked primarily with colonies living in artificial homes. The Nobel laureate Karl von Frisch, for example, would never have discovered the meaning of the honey bee’s waggle dance if he had not worked with a colony living in a glass-walled observation hive, labeled some of its foragers with paint marks for individual identification, and then watched how these bees behaved inside his hive when they returned from an artificial food source, a little dish of sugar syrup that he had set up in the courtyard just outside his laboratory.

Humankind’s long-standing focus of interest on honey bees housed in hives—whether clay cylinders, woven baskets, wooden boxes, or (most recently) polystyrene containers—continues to this day. Over the last few decades, however, beekeepers and biologists have begun to investigate how these engaging insects live when they do so without our supervision, and this “return to nature” has opened our eyes to many new mysteries in the lives of honey bees. This book is my attempt to review what has been learned about how colonies of honey bees live in their natural world. We will see that the free-living colonies residing in tree cavities and rock crevices lead lives that differ substantially from the lives of beekeepers’ colonies inhabiting the white boxes that we see parked in apple orchards and blueberry fields, jam-packed in apiaries, and nestled in backyards. Perhaps most remarkably, we will see that the wild colonies are surviving and are maintaining their numbers, while at the same time some 40 percent of the colonies managed by beekeepers are dying each year.

The story of the wild honey bees is an important one, because it can expand how we view ourselves in relation to Apis mellifera and how we conduct the craft of beekeeping. We might, for example, start to think of the honey bee not only as a compliant, hardworking insect that we can manipulate to produce honey crops and fulfill pollination contracts but also as a wondrous insect that we can admire, respect, and treat in truly bee-friendly ways. In the coming chapters, I will show how numerous strands of work on honey bee colonies living in the wild—their nest architecture, nest spacing, foraging range, mating system, disease resistance, colony genetics, and more—have come together to reveal how these colonies living all on their own are thriving. In the final chapter, “Darwinian Bee-keeping,” I will discuss how we can use this growing body of knowledge to address a critically important issue: how to be better partners with Apis mellifera, a species that has sweetened the lives of humans for many thousands of years, and on which humanity’s food supply depends more and more every year.

My fascination with honey bees living in the wild began in the spring of 1963, when I was not quite 11 years old. I lived then, as I still do today, in a little valley called Ellis Hollow, which lies a few miles east of Ithaca, New York. It is a stream valley barely 1.6 kilometers (1 mile) wide and 3.2 kilometers (2 miles) long, and it lies between two steep-sided hills, Mount Pleasant and Snyder Hill. These are parallel units of an ancient escarpment of sandstone that runs through the Finger Lakes region of central New York State and adds rugged beauty to the area. Ellis Hollow was a good place to grow up, because the wooded hillsides and the valley bottom—with its sloping fields bordered by dark groves of hemlock trees, sunny swamps patrolled by dragonflies, and the gently flowing Cascadilla Creek meandering through it all—seemed endless. It is where I first observed a magnificent pileated woodpecker chiseling into a tree for carpenter ants, first watched a steely-eyed snapping turtle laying eggs deep in moist soil, and first showed my pet raccoon how to hunt for crayfish under rocks in little streams. Fortunately, there were no “No Trespassing” signs to limit my explorations of this ever-fascinating place. Even today, when I drive home along the Ellis Hollow Creek Road, I take note of spots that I still need to investigate.

One day, back in early June 1963, I was walking along Ellis Hollow Road, when I heard a loud buzzing sound and saw a bread-truck-size cloud of honey bees circling the ancient black walnut tree that stands beside the road about 100 meters (330 feet) east of my family’s house. I was frightened, so I crossed to the shady woods on the other side of the road and watched from what felt like a safe distance. From there, I saw that the bees were landing on a thick limb about 4 meters (12 feet) off the ground, blanketing it with their thousands of leathery-brown bodies, and streaming into a knothole the size of a golf ball. The bees were moving in! Suddenly this huge tree, which already I had prized as a good climbing tree and a rich source of black walnuts, was super special. It was now a bee tree! I visited it often that summer and gradually overcame my fear of the bees, eventually learning that I could watch them close up (while perched atop a stepladder) without being stung. It was a time of wonder.

My mother noted my curiosity about the bees, and for Christmas 1963 my parents gave me a beautifully illustrated children’s book on honey bees, The Makers of Honey (1956), written by Mary Geisler Phillips. I read it closely and liked how it introduced me to the biology of honey bees. It sits on my writing desk as I type these words. I feel an especially deep connection to this little book because its author was also a Cornell University professor, in the College of Home Economics (now the College of Human Ecology), where she served as editor of the college’s radio scripts and outreach publications. Moreover, the first professor of apiculture at Cornell, Everett F. Phillips, was her husband.

Given these lovely introductions to honey bees as a boy, especially the firsthand observations of a bee colony living wild in a tree, it is not surprising that, when I started graduate school in 1974 to earn a PhD in biology, and I had to choose a topic for my thesis research, I decided to investigate what honey bees seek when they (not a beekeeper) choose their living quarters. In doing so, I figured that I could apply to honey bees the “know-thy-animal-in-its-world” rule that I was learning from my thesis adviser at Harvard, the German ethologist Bert Hölldobler. I also hoped that I could foster a new approach to studying honey bees, one in which we view them as amazing wild creatures that live in hollow trees in forests, not just as the “angels of agriculture” that live in white boxes in apiaries. Furthermore, I hoped that through this thesis research I would solve the mystery I had sensed back in 1963 as I cautiously watched a swarm moving into its new home: What was it about the dark cavity in the black walnut tree near my parent’s house that attracted the bees to make it their dwelling place? Watching that swarm take up residence in that tree on that day is the spark that ignited my long-standing passion to understand how honey bees live in the wild.

Thomas D. Seeley

Ithaca, New York
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INTRODUCTION

We have never known what we were doing
because we have never known what we were undoing.
We cannot know what we are doing until we know
what nature would be doing if we were doing nothing.


—Wendell Berry, “Preserving Wildness,” 1987

This book is about how colonies of the honey bee (Apis mellifera) live in the wild. Its purpose is to provide a synthesis of what is known about how honey bee colonies function when they are not being managed by bee-keepers for human purposes and instead are living on their own and in ways that favor their survival, their reproduction, and thus their success in contributing to the next generation of colonies. Our goal is to understand the natural lives of honey bees—how they build and warm their nests, rear their young, collect their food, thwart their enemies, achieve their reproduction, and stay in tune with the seasons. Besides looking at how honey bee colonies live in nature, we will examine why they live as they do when they manage their affairs themselves. In other words, we will also explore how natural selection has shaped the biology of this important species during its long journey through the labyrinth of evolution. Doing so will reveal how Apis mellifera achieved a native range that includes Europe, western Asia, and most of Africa, and so became a world-class species even before beekeepers introduced it to the Americas, Australia, and eastern Asia.


Knowing how the honey bee lives in its natural world is important for a broad range of scientific studies. This is because Apis mellifera has become one of the model systems for investigating basic questions in biology, especially those related to behavior. Whether one is studying these bees to solve some mystery in animal cognition, behavioral genetics, or social behavior, it is critically important to become familiar with their natural biology before designing one’s experimental investigations. For example, when sleep researchers used honey bees to explore the functions of sleep, they benefited greatly from knowing that it is only the elderly bees within a colony, the foragers, that get most of their sleep at night and in comparatively long bouts. If these researchers had not known which bees are a colony’s soundest sleepers come nightfall, then they might have failed to design truly meaningful sleep-deprivation experiments. A good experiment with honey bees, as with all organisms, taps into their natural way of life.

Knowing how honey bee colonies function when they live in the wild is also important for improving the craft of beekeeping. Once we understand the natural lives of honey bees, we can see more clearly how we create stressful living conditions for these bees when we manage them intensively for honey production and crop pollination. We can then start to devise beekeeping practices that are better—for both the bees and ourselves. The importance of using nature as a guide for developing sustainable methods of agriculture was expressed beautifully by the author, environmentalist, and farmer Wendell Berry, when he wrote: “We cannot know what we are doing until we know what nature would be doing if we were doing nothing.”

The current state of beekeeping shows us all too clearly how problems in the lives of animals under our management can arise when we fail to consider how they would be living if we were not forcing them to live in artificial ways that serve mainly our own interests. Many beekeepers—especially those in North America who practice industrial-scale beekeeping with tens of thousands of colonies of Apis mellifera, the species that is the focus of this book—are experiencing colony mortality rates of 40 percent or more each year. To be sure, this is not due entirely to the colony management practices of beekeepers. Changes in the crop production practices of farmers, especially the use of systemic insecticides that are absorbed by plants and contaminate their nectar and pollen, and the switch in many places to growing corn and soybeans instead of clover and alfalfa, also play roles in this sad story. But the heavy-handed manipulations of the lives of the honey bee colonies housed in beekeepers’ hives certainly do contribute to the sky-high rates of colony mortality. We will see that when beekeepers force colonies to live crowded together in apiaries—where the bees’ homes are less than 1 meter (ca. 3 feet) apart, rather than the hundreds of meters (at least 1,000 feet) apart in nature—beekeepers boost the efficiency of their work but they also foster the spread of the bees’ diseases. Likewise, when beekeepers supersize their colonies by housing them in huge hives that are nearly as tall as themselves, rather than in smaller hives the size of the bees’ natural nesting cavities, they boost the honey production of their colonies, but they also turn them into stupendous hosts for the pathogens and parasites of Apis mellifera, such as the deadly ectoparasitic mite Varroa destructor.

Given the harmful effects on the bees that arise from the standard practices of beekeeping, it is not surprising that many beekeepers are now exploring alternative approaches to this craft. These folks are keen to use nature as a model, and this requires a solid understanding of how honey bees live on their own in nature. To help readers who want to adjust their beekeeping practices to make them more bee-friendly, I have included a final chapter on what I like to call “Darwinian beekeeping,” which is an approach to beekeeping that aims to give bees the opportunity to live the way they do in the wild.

FOCUS ON WILD COLONIES IN THE NORTHEASTERN UNITED STATES

This book does not attempt to provide a comprehensive account of how Apis mellifera lives in nature across its vast geographic range, which now includes Europe, some of Asia, all of Africa except the great desert regions, most of North and South America, and parts of Australia and New Zealand. Instead, it focuses on how colonies of our most important pollinator are living in the wild in the deciduous forests of the northeastern United States, a place where they have thrived as an introduced species for nearly 400 years. This is also the place where, for more than 40 years, my collaborators and I have studied the behavior, social life, and ecology of honey bees living in the wild (Fig. 1.1). Although our studies are based on honey bees living outside their native range, I believe that what we have learned about how honey bees live in the woods in the northeastern corner of the United States can help us understand how these bees originally lived in nature in Europe, especially in its northern and western regions.



[image: image]

FIG. 1.1. Left: Bee-tree home of a wild colony of honey bees living in the Arnot Forest, of Cornell University, in the United States. Red arrow indicates the small knothole entrance of this colony’s nest. Right: Nest entrance of a wild colony of honey bees living in Munich, Germany.



Until the mid-1800s, all the honey bees living in the northeastern United States were descendants of the colonies of honey bees that were brought to North America from northern Europe starting in the early 1600s. Insect taxonomists recognize some 30 subspecies (geographic variants) of Apis mellifera, and they refer to the honey bees native to northern Europe as members of the subspecies Apis mellifera mellifera Linnaeus. This subspecies of Apis mellifera—also called the dark European honey bee—has the distinction of being the first kind of honey bee to be described taxonomically. This was done 360 years ago, in 1758, when Carl Linnaeus, a professor of botany and zoology at Uppsala University in Sweden, published his work Systema Naturae, in which he presented the system of taxonomic classification that biologists have used ever since.

The dark European honey bee is so named because its body color ranges from dark brown to jet black and historically it lived throughout northern Europe, from the British Isles in the west to the Ural Mountains in the east, and from the Pyrenees and Alps in the south to the coasts of the Baltic Sea in the north (Fig. 1.2). We know from archaeological studies, which have found traces of beeswax in fragments of pottery vessels dating from 7,200 to 7,500 years before present, that this bee was living in Germany and Austria some 8,000 years ago. We also know from genetic studies of the bees themselves that as the climate of northern Europe underwent postglacial warming, starting about 10,000 years ago, this bee expanded its range north and east from Ice Age refugia—pockets of woodlands in the mountains of southern France and Spain—as it tracked the expansion of forests populated with thermophilic trees such as willow, hazel, oak, and beech. Evidently, Apis mellifera mellifera flourished as it spread and eventually extended its range farther north within Europe than any other subspecies, drawing on the adaptations for winter survival that it had evolved during the glacial period. It is estimated that within the eastern, heavily forested two-thirds of its range (from eastern Germany to the Urals) there once lived millions of colonies of the dark European honey bee. And there is no doubt that tree beekeeping—cutting cavities in trees to create nest sites and then harvesting honey without killing the colonies living in the artificial hollows—provided most of the beeswax and honey traded in Europe in the Middle Ages. A vestige of this centuries-old tradition of tree beekeeping is found in the South Ural region of the republic of Bashkortostan, part of the Russian Federation. Colonies of pure A. m. mellifera still inhabit the forests of this region, and Bashkir tree-hive beekeepers still harvest basswood (Tilia cordata) honey from colonies residing in man-made nest cavities high in the trees.
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FIG. 1.2. Distribution map of the dark European honey bee, Apis mellifera mellifera. Green line: original distribution limits to the west, north, and east. Vertically hatched line: transition zone to the honey bee races of southern and eastern Europe (A. m. ligustica, carnica, macedonica, and caucasica). Red dashed line: northern limit of beekeeping.



The dark European honey bee is superbly adapted to living in forested regions with relatively cool summers and long, cold winters. It is not surprising, therefore, that when bees of this subspecies were brought to Massachusetts, Delaware, and Virginia in North America by English and Swedish immigrants starting in the early 1600s, they escaped (swarmed) from the beekeepers’ hives and soon became an important part of the local fauna. Already in 1720, a Mr. Paul Dudley published, in Philosophical Transactions, a journal of the Royal Society of London, a letter titled “An account of a method lately found out in New-England for discovering where the bees hive in the woods, in order to get their honey.” Analysis of letters, diaries, and accounts of travels in North America written in the 1600s and 1700s has revealed that these honey bees spread speedily across the heavily forested eastern half of North America below the Great Lakes (Fig. 1.3). Also, the journals of the Lewis and Clark Expedition document the dark European honey bee’s rapid colonization of North America east of the Mississippi River. For example, on Sunday, 25 March 1804, shortly after the expedition party had left St. Louis and was camped along the Kansas River, William Clark wrote in his journal: “River rose 14 Inch last night, the men find numbers of Bee Trees, & take great quantities of honey.”

These days, the honey bees living wild in the forests of the northeastern United States are no longer a genetically pure population of Apis mellifera mellifera. This is because, in 1859, following the advent of steamship service between Europe and the United States, American beekeepers began importing queen bees of several other subspecies of Apis mellifera, ones that are native to southern Europe or northern Africa. These imports continued for more than 60 years, during which time many thousands of mated queen bees were shipped to North America, but they abruptly ceased in 1922. This was the year the U.S. Congress passed the Honey Bee Act, which prohibited further imports to protect honey bees in the United States from the Isle of Wight disease, an unspecific but supposedly highly infectious and lethal disease named for the location of its first reputed outbreak, in southern England. As we shall see, the genetic composition of the wild honey bees living in the northeastern United States is now a blend of the genes of A. m. mellifera and several other subspecies of Apis mellifera. Of those introduced in the late 1800s and early 1900s, the three most important all came from south-central Europe: A. m. ligustica (from Italy), A. m. carnica (from Slovenia), and A. m. caucasica (from the Caucasus Mountains). Several other subspecies were introduced from the Middle East and Africa—A. m. lamarckii (from Egypt), A. m. cypria (from Cyprus), A. m. syriaca (from Syria and the eastern Mediterranean region), and A. m. intermissa (from northern Africa)—but they did not prove popular, and it seems that they are not well represented genetically anywhere in the United States.
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FIG. 1.3. The dispersal of the dark European honey bee across eastern North America following introductions (indicated by solid arrows) in Virginia, Massachusetts, Connecticut, and Maryland in the 1600s, and in Alabama in 1773. Dashed arrows indicate the bee’s subsequent spread.



More recently, in 1987, a subspecies of Apis mellifera that is native to eastern and southern Africa, A. m. scutellata, entered the southern United States by way of Florida, perhaps when a beekeeper, seeking bees that would thrive in subtropical Florida, smuggled in some queens of this tropically adapted subspecies. Since then, colonies of A. m. scutellata have indeed thrived in Florida and have greatly influenced the genetics of the honey bees living in the southeastern United States but not of the honey bees living in the northeastern United States, probably because colonies of A. m. scutellata cannot survive northern winters. Bees of the African subspecies A. m. scutellata entered the United States a second time and in a second place in 1990, when swarms flew across the U.S.–Mexico border into Texas. Here again they mixed with the European honey bees already in residence. Since then, populations of colonies that are hybrids of African and European honey bees (so-called Africanized honey bees) have developed in the humid, subtropical parts of southern Texas and in the southernmost parts of New Mexico, Arizona, and California. As of 2013, the gene pool of the Africanized bees in southern Texas still had a small genetic contribution (ca. 10%, for both mitochondrial and nuclear genes) from European honey bees.

The complex history of countless introductions to North America of honey bees from various regions of Europe, the Middle East, and Africa raises an important question: What is the mix of subspecies of Apis mellifera in the wild colonies living in the northeastern United States, the main subjects of this book? Fortunately, we now have a clear answer to this question for the colonies living in the vast woodlands of southern New York State. In 1977 and then again in 2011, I collected worker bees from 32 wild colonies living in this heavily forested region. The 32 sets of bees from 1977 were stored as pinned (voucher) specimens in the Cornell University Insect Collection, and the 32 sets of bees from 2011 were stored in vials filled with ethanol, which preserves DNA quite nicely. In 2012, specimens from both groups of bees were shipped to one of my former students, Professor Alexander S. Mikheyev, who heads the Ecology and Evolution Unit at the Okinawa Institute of Science and Technology in Japan. There the DNA was extracted from one bee from each of the 64 colonies that I had sampled and an analysis based on whole-genome sequencing was performed to determine the subspecies composition of both the 1977 (“old”) and the 2011 (“modern”) populations of bees (Fig. 1.4).

This genetic detective work found that the bees in both the old and modern samples are primarily descendants of two of the subspecies of Apis mellifera that were imported from southern Europe, specifically from Italy and from Slovenia: A. m. ligustica and A. m. carnica, respectively. This finding was not surprising, because these are the two subspecies that have proven the most popular among beekeepers in North America since the 1800s. Colonies of these two subspecies tend to be good-natured (not prone to stinging) and good producers of honey. What was surprising, however, was the discovery that the bees in both the old and modern samples also possessed many genes from the dark honey bees imported from north of the Alps (A. m. mellifera) starting in the 1600s and from the gray mountain honey bees (A. m. caucasica) imported from the Caucasus Mountains starting in the late 1800s (see Fig. 1.4). This genetic sleuthing also revealed that the bees in the modern (2011) sample, but not those in the old (1977) sample, have a small percentage (less than 1%) of genes from two African subspecies: A. m. scutellata, native to Africa south of the Sahara, and A. m. yemenetica, native to the hot arid zones of Arabia (e.g., Saudi Arabia, Yemen, and Oman) and eastern Africa (e.g., Sudan, Somalia, and Chad). This slight introgression of African genes into the modern population of wild colonies living in the forests near Ithaca, New York, is probably a result of Africanized honey bees—hybrids of African and European races of Apis mellifera—becoming established in parts of the southern United States in the late 1980s and early 1990s. These southern regions—which include the states of Florida, Georgia, Alabama, and Texas—have warm climates favorable to Africanized honey bees, and they are where much of the commercial queen production in the United States takes place. Evidently, for the last 25 or so years, queen producers in the southern states have been shipping queens carrying some genes of African descent to beekeepers in the northern states. Migratory beekeepers who keep their colonies in Florida over winter and then truck them north in spring to pollinate apples, cranberries, and other crops, have probably also contributed to the northward trickle of genes of the Africanized honey bees.
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FIG. 1.4. Ancestries of the honey bees (Apis mellifera) living in the forests south of Ithaca, New York. Both the old (1970s) and the modern (2010s) populations are largely descendants of bees from southern and southeastern Europe: the subspecies A. m. ligustica, carnica, and caucasica, which have been popular with beekeepers in North America since the 1880s. Both old and modern populations also have clear ancestry from the dark European honey bees (A. m. mellifera) of northern Europe that were introduced to North America starting in the 1600s. The modern population also shows a small ancestry of bees from Africa (A. m. scutellata) and the Arabian peninsula (A. m. yemenitica).



This new, high-tech look at the genes of the honey bees living in the woodlands south of Ithaca has revealed two important things. First, it has shown us that the arrivals of African honey bees in Florida and Texas in the 1980s and 1990s have affected only very slightly the genetic composition of the wild colonies living in the forests near Ithaca. In other words, the genetic makeup of these wild colonies still reflects mainly the nearly 400-year history of imports of honey bees from Europe. Second, it shows that the genes in this population of wild colonies have come predominantly from honey bees native to southern Europe, even though the introductions of honey bees from northern Europe started some 200 years earlier. Presumably, this reflects the greater popularity among beekeepers of bees from Italy and Slovenia (A. m. ligustica and A. m. carnica), in southern Europe, relative to the dark European honey bees (A. m. mellifera) from various places in northern Europe. Most beekeepers prefer bees that are calm and produce much honey, and the lighter-colored bees of southern Europe, compared to the darker-colored bees of northern Europe, tend to be less likely to run around when a hive is opened and more likely to build up large populations of worker bees and amass large stores of honey.

Given that most of the genes in the wild colonies living near Ithaca are from honey bees adapted to the relatively mild climates of southern Europe, and given that Ithaca winters are long, snowy (Fig. 1.5), and often bitterly cold (lowest temperatures about −23°C/−10°F), we need to ask: Are the wild honey bees living near the Ithaca area well adapted for life in this northern region of North America? We will see in the coming chapters that the answer to this question is a solid yes; multiple studies have found that the wild colonies of honey bees living in this region are impressively skilled at living here. These studies have looked at how the colonies’ nest-site preferences, seasonal patterns of brood rearing and swarming, foraging skills, overwintering abilities, and defenses against pathogens and parasites are all highly adaptive for life in this northeastern corner of the United States. Perhaps the most compelling indication that these wild colonies are well adapted to their current environment is that they possess a powerful set of behavioral defenses against the aptly named ectoparasitic mite Varroa destructor. In chapter 10, we will see how the population of wild colonies living near Ithaca was decimated when this mite—whose original host is an Asian honey bee species, Apis cerana—reached the Ithaca area in the mid-1990s but then recovered through strong selection for multiple defensive behaviors in worker bees that kill these mites. Indeed, we now know that the density of wild colonies of honey bees in the 2010s (ca. 20 years post-Varroa arrival) matches what it was in the 1970s (ca. 20 years pre-Varroa arrival).



[image: image]

FIG. 1.5. Winter look of an apiary located in Ellis Hollow, near Ithaca, New York.


We should not be surprised that the wild colonies of honey bees living in the forests around Ithaca are well adapted to survive and reproduce in these northern woodlands, where the winters are far longer and colder than the winters in many of the bees’ ancestral homelands in Europe. After all, these colonies have been exposed to strong natural selection to adapt to the climate throughout their nearly 400-year history of living in the northeastern United States, and there are countless studies by biologists that demonstrate that evolution by natural selection can produce a population of plants or animals with a robust solution to a new problem in just a few years. Besides the rapid evolution of Varroa resistance in the wild colonies of honey bees living in the forests around Ithaca, there is the example of the Africanized honey bees (Apis mellifera scutellata) in Puerto Rico evolving docility in only 10 or so years. Evidently, this rapid evolutionary change, which occurred between 1994 and 2006, was driven by natural selection favoring genes for reduced aggression in honey bees living where there are no major predators. Another striking example of an insect’s rapid behavioral adaptation to a changed circumstance is the adaptive disappearance between the late 1990s and 2003 of the calling song of male field crickets (Teleogryllus oceanicus) on the Hawaiian island of Kauai. This behavioral change followed the accidental introduction of parasitic flies that locate host crickets by orienting to the crickets’ chirps. Male crickets with mutations for wing structures that silenced their singing were strongly favored by natural selection. Quick evolution led to quiet crickets!

ROAD MAP TO WHAT FOLLOWS

This book aims to provide you with a clear view of the natural lives of honey bee colonies, especially those living in cold climate regions of the world. To enjoy this view, you will need to work your way through some new scientific terrain, make dozens of stops along the way, and look carefully in a different direction at each stopping place. You will soon see that this book is partly a synthesis of the work of many research biologists and partly a travelogue of my personal quest to better understand this special piece of nature. Here is a road map to what follows.


Chapter 2 describes when, where, and how I became intrigued with the puzzle of how colonies of the “domestic” honey bee, Apis mellifera, live in the wild. This chapter introduces you to the landscape and forests south of the small city of Ithaca, in central New York State, which is where many of the investigations described in this book were conducted. It also describes how, in the late 1970s, I began studying the population of wild colonies living in one of these forests, the Arnot Forest. It further describes how, in the early 2000s, I was amazed to find wild colonies still living in this forest even though the deadly ectoparasitic mite Varroa destructor had spread to the Ithaca area sometime in the early 1990s. This chapter goes on to review what we know about the abundance (and persistence) of wild colonies of Apis mellifera in other places. By the end of chapter 2, you will see clearly the two main puzzles that are solved, step-by-step, in the rest of the book: 1) How are the wild colonies of honey bees living in the woods around Ithaca able to survive without being treated with miticides? And, more broadly, 2) How do the lives of wild and managed colonies of honey bees differ, and what can we learn from these differences to be better stewards of our most important pollinator?

Chapters 3 and 4 take a step back from the present-day biology of Apis mellifera to explore why, until recently, we have known so little about the natural lives of honey bees. We will see that honey bee colonies probably began living in man-made structures (hives) as soon as humans made the shift from being mobile hunters and gatherers to living as sedentary herders and farmers, some 10,000 years ago. It is likely that as soon as we humans stopped being destructive honey hunters, we began to become manipulative beekeepers. We will also see how, over thousands of years, we gradually refined our artificial housing of managed honey bee colonies to make it easier and easier for us to reach into their homes and steal their golden honey. Thus, step-by-step, we grew increasingly disconnected from how honey bees live in the wild. Meanwhile, the bees never yielded their nature to us and instead continued to follow a way of life set millions of years ago. It was not until about 70 years ago that we perfected the means—artificial insemination of queen bees—to control this insect’s mating and breed it for our purposes. Fortunately, even today, precious few queens are artificially inseminated. Most still mate with whatever drones they encounter.

Chapters 5 through 10 review what has been learned, mostly over the last 40 years, about the natural history of honey bees living in temperate regions of the world. Here we will examine the interwoven topics of nest architecture, annual cycle, colony reproduction, food collection, temperature control, and colony defense. Throughout these chapters, we will see how the marvelous inner workings of a honey bee colony have been shaped by natural selection for life in the wild, not in domestic settings, so honey bees are still perfectly able to survive and reproduce without a beekeeper’s supervision. More specifically, we will see how the bees build and use their beeswax combs, time their swarming and drone rearing, operate a factory-like organization of food and water collection, maintain thermal homeostasis in their nests, and sustain an arsenal of colony defenses. These are all parts of a honey bee colony’s complex suite of adaptations for passing on its genes to the next generation of colonies.

Finally, chapter 11 presents the take-home lessons from what we have learned about how Apis mellifera lives in its natural world. The chapter first summarizes the findings reported in the previous chapters in the form of a 21-point comparison between the lives of colonies living in the wild and those of colonies managed for apicultural purposes. It then offers 14 practical suggestions of ways beekeepers can help their bees live closer to their natural lifestyle and so enjoy less stress and better health.




2

———————

BEES IN THE FOREST, STILL

Reports of my death have been greatly exaggerated.

—Mark Twain, New York Journal, 1897

Many of the studies that I will describe in this book are ones that my colleagues and I have conducted over the past 40 years with the wild colonies of honey bees that live in the forests near the small city of Ithaca, the home of Cornell University, in central New York State. Ithaca lies at the southern end of Cayuga Lake, an elongate, glacially deepened lake that runs north for nearly 65 kilometers (40 miles). It is one of the 11 Finger Lakes, which extend south to north across the middle of New York like the fingers on a pair of outstretched hands (Fig. 2.1). The landscape between these lakes is one of rolling hills with deep, rich soils lying atop a bedrock of limestone. This is a fertile and productive region with intensive agriculture, including vineyards, orchards, and dairy farms. But south of these lakes, and thus south of Ithaca, we find a hilly, wooded landscape whose topography and soils differ markedly from those to the north. Here we encounter narrow valleys that snake between rugged hills, some with nearly vertical slopes, and acidic soils thinly covering bedrocks of shales and sandstones. The region south of Ithaca is part of the Appalachian Highlands and has elevations exceeding 610 meters (2,000 feet). Most of it is ill-suited for farming, but it supports beautiful hardwood forests that provide prime habitat for wild animals, including black bears, beavers, bobcats, fishers, mink, porcupines, foxes, and ravens. Also, wild colonies of honey bees.
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FIG. 2.1. Aerial photo of the Finger Lakes region in New York State. Yellow dot: the city of Ithaca. Yellow square: the Arnot Forest. Scale bar: 32 kilometers (20 miles).


The climate of the Finger Lakes region resembles that of northern Europe. Summers are short, hot, and humid, with temperatures rarely exceeding 32°C (90°F). Winters are long, cold, and snowy. The temperature often drops to −18°C (0°F) or lower, and the annual snowfall total averages more than 150 centimeters (5 feet). If a colony of honey bees is to thrive in this part of the world, it must be able to cope with dramatic changes in the weather across the seasons.

ECOLOGICAL HISTORY OF THE FORESTS AROUND ITHACA

The earliest inhabitants of the lands around the Finger Lakes were Paleo-Indian hunters. Carbon dating the charred remains of their campfires has shown that these seminomadic hunters arrived soon after the last glaciers disappeared, some 13,000 years ago, and were present here until about 4,000 years ago. These hunter-gatherers were followed by agricultural Native Americans who lived in villages of bark-covered longhouses and tended fields in the rich soils of the land between the lakes. They grew maize, squash, and beans—the famous “three sisters” of Native American agriculture—along with the native tobacco species Nicotiana rustica. They also hunted game (including deer, turkey, and passenger pigeons), fished for eels and salmon, gathered acorns and berries, and produced ceramic cooking pots. Their lifestyle lasted intact from approximately 1000 bce to the early 1600s, when Europeans from France, England, and the Netherlands started intruding upon it. By then the Native Americans living in the Finger Lakes region were called the Iroquois (or Haudenosaunee, “people of the longhouse”).

After the American Revolutionary War (1775–1783), the state of New York gained title to all the Iroquois land, except several small reservations, and in the late 1790s settlers from the states perched along the Atlantic coast—mainly New York, Pennsylvania, New Jersey, Massachusetts, and Connecticut—began moving in. The wealthier settlers built their farms on the gently sloping, verdant lands between the Finger Lakes, where the Iroquois people had previously cleared large fields, but the poorer folks settled in the wooded, hilly lands south of Ithaca, where the land was sold for bargain prices or was rented to tenant farmers. The hill farmers cleared the virgin forest, grew potatoes, various grains (wheat, oats, and barley), and fruits (especially apples), and raised sheep for wool. In the 1840s and 1850s, many of the people living on the poorest lands were Irish immigrants who had escaped the Great Famine, caused by the potato blight, and their presence is recorded in the place names found in these hills. For example, in the Arnot Forest—the rugged, 1,700-hectare (4,200-acre) forest preserve where I have conducted many of my studies of wild honey bees—the most prominent hill is called Irish Hill, and the rocky dirt road that winds up from the village of Cayuta in Pony Hollow to the abandoned hill farms atop Irish Hill is the McClary Road. The 1860s census records show that many of the settlers of Irish Hill—including William Hetherington, Abram and Azara Sealy, and Mary Pearson—were born in Ireland. By the 1870s, however, farmers working the low-grade soils in the hills south of Ithaca were deserting their farms in rapidly growing numbers, and most were gone by the 1920s. Consequently, the vast deforestation of these hills that occurred in 1800–1860 was followed by reversion to post-agricultural, second-growth forests starting in the 1870s.

Today, most of the abandoned fields and pastures in the hills south of Ithaca have grown back to closed-canopy woods that are dotted with the stone foundations of long-gone houses and barns, stone-lined wells, and wagon-size stone piles marking the boundaries of what were once plowed fields. These forestlands also shade many abandoned cemeteries, such as the small one along Irish Hill Road in the Arnot Forest. Of the 20 or so graves here, most are detectable only as coffin-shaped depressions in the soil; a few others are marked with unlettered rocks standing on edge, and just six have a costly granite gravestone bearing names and dates. The years of death chiseled into them are 1860, 1862, 1864, 1871, 1881, and 1884. It seems that the population boom on Irish Hill was over by the 1880s, whereupon the forests began their return.

The growth rings of the trees covering the hills south of Ithaca also provide us with a clear record of the rewilding of this region over the last 130 or so years. When I moved back to Ithaca in 1986, my wife, Robin, and I began buying up 40 hectares (100 acres) of forested land on a hillside southeast of Ithaca, in a corner of Ellis Hollow, along Hurd Road. It is only a few miles from where I grew up. Much of what is now our forest was once the farm of the Hurd family. They lived on it for two generations, starting in the early 1800s, when Asa Hurd came with Peleg Ellis to settle the hollow, and ending in 1883, when Asa Hurd’s son, Wesley Hurd, sold the land shortly before he died at age 82. For the next several decades, a series of owners cut hay and raised stock on the farm’s fields, but none lived on the farm, and bit by bit the house, the barn, and the fields were abandoned. By the 1930s, all the land was growing back to a species-rich, mostly hardwood forest with some widely spaced eastern white pines (Pinus strobus) towering over all. There are also dark stands of eastern hemlock trees (Tsuga canadensis) shading the steep, north-facing slopes, for here the soil stays cool and damp.

Like most of the hilly woodlands south of Ithaca, ours contains diverse native hardwood tree species. These include red, white, and chestnut oak (Quercus spp.); sugar, red, striped, and boxelder maple (Acer spp.); white and green ash (Fraxinus spp.); shagbark, bitternut, and pignut hickory (Carya spp.); yellow, black, and white birch (Betula spp.); black and pin cherry (Prunus spp.); butternut and black walnut (Juglans spp.); American beech (Fagus grandifolia); American basswood (Tilia americana); tulip tree (Liriodendron tulipifera); sassafras (Sassafras albidum); cucumber magnolia (Magnolia acuminata); American hornbeam (Carpinus caroliniana); eastern hophornbeam (Ostrya virginiana); and even a few American chestnut (Castanea dentata) trees. Not surprisingly, there are also old apple (Malus pumila) and pear (Pyrus communis) trees around the site of the Hurd family’s house, which remains clearly marked by its stone-walled cellar hole.

When I cleared the site for our house on this land in the winter of 1988, I felled several white oaks (Quercus alba) some 80 centimeters (32 inches) in diameter at breast height and studied their growth rings. I learned that these oaks were 100 to 110 years old. I also learned that for the first 50 years of their lives these trees had grown rapidly, quickly reaching diameters of about 56 centimeters (22 inches), but that for the rest of their lives they had grown more slowly, so that over the last 50 to 60 years their diameters had enlarged by only another 25 centimeters (10 inches). I inferred from the growth rings of these oaks, and from the stubs of rusty barbed wire poking out of large eastern hemlock and sugar maple (Acer saccharum) trees marking a nearby property boundary, that these white oaks had sprung up in an abandoned pasture in the 1880s and, with little competition for light, had continued growing rapidly until the 1930s, and then had grown more slowly as the forest canopy closed in. Today our forest, which is typical for the area, is dominated by large trees ranging in age up to 140 or so years. These trees are large enough to provide homes for the various animals that need good-size nesting cavities, including raccoons, pileated woodpeckers, barred owls, and honey bees. Indeed, in August 2016, my wife, Robin Hadlock Seeley, heard the roar of a swarm of bees flying over the treetops and succeeded in following it to a red maple (Acer rubrum) tree, where she found the bees flying in and out a dark knothole, the entrance to their new home (Fig. 2.2).
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FIG. 2.2. Robin’s bee tree. The entrance to the nest cavity in this red maple (Acer rubrum) tree is the dark knothole near top of photo. The entrance is 5.9 meters (19.4 feet) up from the base of the tree.



What plants provide the forage for the honey bees living in these woodlands? Among the trees growing in the forests, the maple, cherry, bass-wood, tulip, cucumber magnolia, and chestnut trees are all rich sources of nectar or pollen or both. Likewise, various shrubs and herbaceous plants, found in the forest understory or in sunny places along streams and marshy areas, provide the bees with excellent food. The shrubs include common alder (Alnus incana), pussy willow (Salix discolor), staghorn sumac (Rhus typhina), spicebush (Lindera benzoin), serviceberry (Amelanchier spp.), hawthorns (Crataegus spp.), and northern shrub honeysuckle (Lonicera canadensis). Among the herbaceous plants growing in sunny spots in these woods, the most important as food sources for bees are the brambles (Rubus spp.), goldenrods (Solidago spp.), and asters (Aster spp.). And because honey bee foragers can fly to food sources 10 kilometers (6 miles) or more from their homes (discussed further in chapter 8), the colonies living up in the forested hills can also exploit the food-rich flowers growing in the farms, gardens, roadways, and waste areas down in the valleys. These sites include apple orchards, stands of black locust trees (Robinia pseudoacacia), fields of buckwheat (Fagopyrum esculentum), hayfields seeded with white and sweet clovers (Trifolium repens and Melilotus alba) and alfalfa (Medicago sativa), and boggy places that contain many excellent sources of pollen and nectar, including cattails (Typha latifolia), jewelweed (Impatiens capensis), and purple loosestrife (Lythrum salicaria). In the flower gardens and roadsides, the bees find many native and introduced plants that provide rich forage. Those found most commonly are crocuses (Crocus vernus), dandelions (Taraxacum officinale), chicory (Cichorium intybus), milkweeds (e.g., Asclepias syriaca), Japanese knotweed (Fallopia japonica), and various herbs, including catnip (Nepeta cataria), borage (Borago officinalis), and mints (Mentha spp.).

HOW ABUNDANT ARE WILD HONEY BEE COLONIES IN THE FORESTS AROUND ITHACA AND BEYOND?

It has long been known that honey bees were introduced to North America in the mid-1600s, and that wild colonies of honey bees were thriving throughout the forests east of the Mississippi River by the late 1700s. It was not until the 1970s, however, that we began to get reliable information about the abundance of honey bee colonies living in the wild anywhere across this whole continent. Since then, the question of the density (and thus the spacing) of honey bee colonies living in natural areas has been investigated in multiple sites in North America, Europe, and Australia. These explorations have been undertaken to enable us to better understand this important element of the natural history of Apis mellifera.

I began wondering about the abundance of wild colonies back in the 1970s, when I started searching for whatever information was available about how honey bees live when they inhabit natural cavities rather than beekeepers’ hives. My richest find was a little book with the intriguing title Survey of a Thousand Years of Beekeeping in Russia (1971), written by Dorothy Galton, a scholar in the School of Slavonic and East European Studies of the University College London. In it, Galton describes the activities of tree beekeepers (bortniki) in Russian forests in the 1100s to the 1600s. This was when Russian princes owned vast bee forests in which the largest trees were protected by law to provide homes for honey bees. The people living in these forests served their lords (to whom they belonged) by gouging out nesting cavities for the bees high in the biggest trees, fitting them with sturdy doors, and periodically inspecting them to see which ones were occupied. In late summer, they would return to the trees with bees, climb each one while carrying wooden pails, open the access door to expose the bees’ nest, and remove some of the honeycombs, leaving enough to sustain the colony over winter (Fig. 2.3). The honey and wax were separated by crushing the honeycombs in water. The honey water was turned into mead, and the wax bits floating in the honey water were skimmed off and purified to supply the churches and monasteries in Russia and the Byzantine Empire with beeswax candles.

Galton explains that the several hundred tons of beeswax exports each year were hugely important to the economy of medieval Russia, so Russian tree beekeeping was a well-organized activity. She also provides information on the abundance of colonies in the Russian bee forests by citing records from the late 1600s for the Morozov estate near the city of Nizhny Novgorod, which is east of Moscow. This grand estate possessed four bee forests that ranged in size from 10 to 88 square kilometers (4 to 28 square miles) and that contained from 3 to 50 trees with nesting cavities occupied by honey bees. The average density of known colonies in these four forests was 0.5 colonies per square kilometer (1.3 colonies per square mile). I wondered, however: Might the total density of colonies residing in these forests have been higher than these records indicate? Might there have been many cryptic colonies living in natural dens high in the trees that the bortniki had failed to find?
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FIG. 2.3. Bashkir tree beekeeper extracting honey from a colony nesting in a manmade tree hollow. Photo taken in the South Ural region of the republic of Bashkortostan, Russian Federation.


Galton’s estimate of the density of honey bee colonies in the medieval Russian forests—at least one per square mile—made sense to me, because over the summers of 1975, 1976, and 1977, I had studied the nest-site preferences of honey bees and from this work had acquired evidence that the density of wild colonies in the woods near Ithaca was at least one per square mile. My study of the bees’ housing preferences involved setting up pairs of experimental nest boxes that differed in just one property, such as cavity size or entrance size, and then seeing which box in a pair was occupied first by a wild swarm of bees (see the section on nest-site selection in chapter 5). I nailed the boxes in each pair onto trees standing at least 10 meters (33 feet) apart along roads that ran through heavily forested areas south of Ithaca in the towns of Dryden and Caroline. Because I spaced the pairs of nest boxes about a mile apart, the density of my nest-box pairs was approximately one pair per square mile. On average, I caught 0.5 swarms per pair of boxes each summer, which told me that there were enough wild colonies living in the area to generate 0.5 swarms per square mile (0.2 swarms per square kilometer). (To the best of my knowledge, there were few managed colonies in the areas where I conducted this study.) It seemed likely, however, that more than 0.5 swarms had been produced per square mile, because it was unlikely that my nest boxes had attracted all the swarms in the places where I had put them. So, I wondered, might there actually be several wild colonies per square mile in the woods around Ithaca? To answer this question, I knew that I must find a large forest and then try to locate all the wild honey bee colonies living within it.

    Fortunately, Cornell University owns a sprawling research forest, the 17-square-kilometer (6.6-square-mile) Arnot Forest, which lies only about 25 kilometers (15 miles) southwest of Ithaca (see Fig. 2.1). This forest extends over parts of the towns of Newfield (in Tompkins County) and Cayuta (in Schuyler County) (Fig. 2.4). Moreover, the woodland habitat found in the Arnot Forest doesn’t end at its boundary lines. Instead, it continues beyond the Arnot Forest’s northern, western, and southern borders into the steeply sloped Cliffside and Newfield State Forests and beyond its eastern border into several private forests. Furthermore, on the far side of the narrow valley with good farmland (Pony Hollow) that skirts the northwestern corner of the Arnot Forest lies the rugged, 47-square-kilometer (18-square-mile) Connecticut Hill Wildlife Management Area, a state-owned preserve that is also mostly woodland. Agriculture was abandoned in all these places more than 100 years ago, and today they comprise mostly hardwood forests but also some wetlands and old field habitat. The whole area provides a superb setting for the study of wildlife, including wild honey bees.
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FIG. 2.4. Top: Aerial photo of the Arnot Forest with forest boundaries indicated by yellow lines. Red bars: upper, 1 kilometer (upper); lower, 1 mile. North is up. The complex of buildings in the valley to the west is a sawmill that processes hardwood logs harvested from the vast woodlands in southern New York and northern Pennsylvania. Bottom: View of the Arnot Forest, looking southeast from Irish Hill Road. Photo taken in late September, as trees began to show their autumn colors.



In July 1978, a friend and fellow student of the bees, Kirk Visscher, and I began to explore for wild colonies of honey bees living in the Arnot Forest. We did so using the tools and methods of bee hunting (also called “bee lining”), an outdoor pursuit that has been practiced for centuries in Europe and North America. Most bee hunters search for wild colonies to get some honey and have some fun. Our aim was purely scientific—to discover how many wild colonies of honey bees were living in the Arnot Forest—but we had some fun, too.

When Kirk and I began our bee hunting, we were rank novices and had nobody to teach us the craft, but we had come across a first-rate guidebook on the subject that was published in 1949, The Bee Hunter. It was written by George H. Edgell, a bee hunter (and professor of architectural history at Harvard University) with decades of experience finding wild colonies of honey bees living in the mountains around his summer home in Newport, New Hampshire. Edgell explains how you start a hunt for a wild colony by going to a good-size clearing (the bigger the better) that is well stocked with flowers attractive to honey bees. Here, you use a small, two-chambered apparatus called a bee box to capture some bees that are foraging on the flowers. Once you have imprisoned a half dozen or so bees in your bee box, you tuck inside it a small square of beeswax comb filled with sugar syrup. The bees in the box will find the syrup-filled comb, tank up on its delicious contents, and make ready to fly home. After giving the bees about five minutes to stumble upon the bait in your bee box, you let them out and watch closely to see in which direction they fly. At this point you wait, anxiously, for some of them to return to your little feeding station. Usually some do, and if the plants in bloom at the time are providing only meager forage, then your first customers will be excited by your syrup-filled comb and will recruit hive mates to help them exploit its treasure. After an hour or so, the bees will be familiar with the flight route between your feeder and their home, and many will fly a direct course—a beeline—back to their nest. At this point, you determine the direction to their home by measuring their vanishing bearings with a magnetic compass, and you estimate the distance to their home by measuring the round-trip times of a half dozen bees that you have labeled with paint marks. If your bees need only two to three minutes to fly home, unload, and fly back to you, then you know that their nest is only about 100 meters (330 feet) away, but if they are gone for six or seven minutes, then it is probably about 1 kilometer (0.6 miles) away. Now you will want to move your whole operation down the beeline. To do so, you trap in your bee box as many of the bees as possible, then you move your gear 100–200 meters (ca. 300–600 feet) down the beeline to another clearing, and here you release your bees. Now you again note the bees’ vanishing bearings, to check that you are moving in the right direction, and you again record their round-trip times, to update your estimate of the distance. By patiently making a series of moves down the beeline, you will find your way to the stand of trees in which the bees reside, then to the one tree that is their dwelling place, and ultimately to the knothole or fissure that is the entryway to their home. Discovering it is always a huge thrill!

Kirk and I began our survey of the wild colonies in the Arnot Forest by driving to a small clearing near its center and searching there for flowers being visited by honey bees. We had difficulty finding even one honey bee in this spot, but eventually Kirk spied a bee on a multiflora rose (Rosa multiflora) in full bloom, and he managed to capture her in his bee box. He then slid into the bee box, without releasing the bee, a small square of beeswax comb filled with anise-scented sugar syrup. The bee loaded up on this bait and upon release flew off to the east, which revealed to us the general direction to her home. Nine minutes and 20 seconds later, she arrived back at our feeding station and landed on the comb for a refill. As she calmly drank in more of our syrup, Kirk applied a dot of green paint to her abdomen, so we could identify her. Green-abdomen became a steady visitor, and after an hour or so she had recruited several dozen nest mates to help exploit the amazing food source we were offering (Fig. 2.5). Meanwhile, Kirk and I had labeled about 10 of the recruits and had measured the bearings of their beelines home: nearly due east (see the red line in Fig. 2.6). We then began moving our feeding station, together with the bees, in a series of steps down their flight path home. Each move took more than an hour and brought us only about 100–200 meters (330–660 feet) closer to the bees’ residence, but we were determined to find their bee-tree home, so we persisted. By carefully noting at each stopping place the vanishing bearings of the departing bees, and moving ahead in this direction, we managed to zero in on the entryway of their residence: a knothole about 6 meters (20 feet) up in an eastern hemlock tree some 800 meters (0.5 miles) east of our starting point.
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FIG. 2.5. Crowd of forager bees recruited to help exploit a square of comb filled with sugar syrup, at the start of a hunt for a wild colony’s home.



Because we had difficulty finding honey bees on flowers in the Arnot Forest in early July, Kirk and I postponed further bee hunting until late August. We knew that by then the endless stands of goldenrod plants lining the roadsides and filling the clearings in the forest would be in bloom, attracting droves of foraging bees. This should make it easy to find the honey bee foragers needed to establish beelines leading to the other colonies living in this forest.

When I returned to the Arnot Forest on 26 August 1978, to begin several weeks of intense bee hunting, I did indeed find seas of goldenrod plants (mostly Solidago canadensis) in bloom, and they were alive with honey bees bobbing on their brilliant yellow inflorescences. Beautiful! Figuring that I could not survey the whole Arnot Forest in the three weeks I had available, I decided to focus my search on the forest’s southern and western sectors. I chose these places because there is a narrow, flat-bottomed valley below the forest’s southern and western boundaries (see Fig. 2.6), and within it there were abandoned pastures and a derelict railroad track brimming with patches of goldenrod. It was delightfully easy to find foraging honey bees here. Working in this valley, I also found it remarkably easy to get readings of the bees’ vanishing bearings, because after they lifted off from my feeding station, laden with heavy payloads of thick syrup, they would fly slowly as they struggled up the steep hillsides en route to their homes high in the woods. Figure 2.6 shows that these homeward flights by the bees guided me to nine more wild colonies, eight within the Arnot Forest and one just outside its western boundary. And one more thing delighted me about this bee hunting: it hadn’t led to any beekeepers’ colonies! It was becoming clear that there were only wild colonies living in and around the Arnot Forest.
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FIG. 2.6. Map of the Arnot Forest showing the locations of the 10 bee trees found there in 1978. The site of each bee tree is marked by the base of a bee-tree symbol. Red line denotes the path of the author’s first bee hunt.



I knew, of course, that the nine bee-tree colonies that Kirk and I found in this forest were not all the wild colonies living in it. After all, no bee-lines had been followed from flower patches in the northern and eastern regions of the forest, so about half of the Arnot Forest was terra incognita. Moreover, I could not even be confident that I had located all the colonies in the southern and western parts of the forest. I concluded, therefore, that the nine colonies that had been found were at most about one half of all the colonies residing in this forest; hence there were 18 or more colonies living in this 17-square-kilometer (6.6-square-mile) forest. So, I figured that the density of wild colonies living in the Arnot Forest in September 1978 was at least one colony per square kilometer, hence 2.5 or more per square mile.

HOW ABUNDANT ARE WILD COLONIES OF HONEY BEES ELSEWHERE?

Building on the 1978 study of the density of honey bee colonies living within the Arnot Forest, other biologists have investigated this matter at various sites in North America, Europe, and Australia. The first of these additional studies was led by Roger A. Morse, the entomology professor at Cornell University who generously let me start working in his honey bee laboratory when I was still a high school student back in 1969. He and a team of seven graduate students conducted their study in the spring of 1990, in the small port city of Oswego, on Lake Ontario in northern New York State. Their investigation was triggered by the discovery of a colony of Africanized honey bees—a hybrid between European subspecies and the African subspecies A. m. scutellata (discussed below)—nesting in a shipment of pipes from Brazil. The presence of these exotic honey bees raised concerns that Africanized bees, and the fearsome ectoparasitic mite (Varroa destructor) that these bees could carry, might have been introduced to North America, so attempts were made to locate all the honey bee colonies living near the port so they could be checked for Africanized bees and Varroa mites. Newspaper and radio advertisements were run offering a $35 reward for information on honey bee colonies living in the semicircular area within 1.6 kilometers (1 mile) of the port. Eleven wild colonies living in trees and buildings, and one managed colony residing in a backyard beehive, were found. This work revealed that in this small city, the density of the wild colonies was 2.7 colonies per square kilometer (7 colonies per square mile), much higher than what Kirk and I had found in the woods of the Arnot Forest. Fortunately, no Africanized honey bees or Varroa destructor mites were found.

A still higher density of wild colonies was found in a remarkable study conducted by a team of biologists led by M. Alice Pinto at Texas A&M University in 1991–2001. This group worked in the Welder Wildlife Refuge, a 31.2-square-kilometer (12.2-square-mile) nature preserve in southern Texas. Their aim was to track the “Africanization” of a population of wild honey bees living in the southern United States, and they did so by sampling the colonies living in this wildlife refuge before, during, and after the arrival of Africanized honey bees from Mexico. Africanized honey bees are derived from a founder population of an African subspecies, A. m. scutellata, that was introduced to Brazil from South Africa in 1956. The purpose of this introduction was to crossbreed a tropical-evolved African subspecies with several temperate-evolved European subspecies already in Brazil to create a honey bee well suited to tropical conditions. However, several colonies of A. m. scutellata escaped from the quarantine apiary, thrived in the Brazilian climate, and spawned strong populations of wild colonies of this subspecies throughout the American tropics.

The vegetation in the Welder Wildlife Refuge is a mix of open grassland, chaparral brushland, scattered mesquite trees (Prosopis spp.), and groves of live oaks (Quercus virginiana) (Fig. 2.7). Several times a year, for 11 years straight, a team of biologists from Texas A&M University searched a 6.25-square-kilometer (2.4-square-mile) study area within the refuge for wild colonies of honey bees, and they collected samples of worker bees from each colony they found. Nesting cavities were abundant in the woodland areas; nearly all (85%) of the colonies were found in cavities in oak trees. When the mitochondrial DNA of these bees was analyzed to determine their maternal ancestry, it became clear that for the first three years of the study (1991–1993) the queen bees living in the study area had been mainly descendants of several European subspecies: 68 percent A. m. ligustica and A. m. carnica (both from southern Europe), 26 percent A. m. mellifera (from northern Europe), and 6 percent A. m. lamarckii (from northern Africa). Over the next several years, however, the queen bees living here became primarily descendants of the southern African subspecies, A. m. scutellata. And what did the surveys of the colonies living in the study area reveal about the colony density during the first four years, when the population was dominated by European honey bee colonies? They showed that the density of the wild colonies in this mixture of grassland, brushland, and woodland habitats was remarkably high: 9–10 colonies per square kilometer (ca. 24 colonies per square mile)!
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FIG. 2.7. Researcher in a grove of live oaks (Quercus virginiana) within the Welder Wildlife Refuge.
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