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Cover image: A worker bee passes nectar to her hivemate.





For my three-year-old son, Kit. May you find a passion on par with the one I have for bees. Of course, I’ll love you no matter what, but ideally, your passion will also be bees. I need help carrying supers.
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A worker bee fills the cells of some newly constructed honeycomb.





Introduction


In stories, hidden worlds are found in wardrobes and down rabbit holes, but I found mine in a beehive. It’s a wonderland I can enter with the zip of my bee suit. A golden realm, vibrating and fragrant, full of treasures, surprises, and mysteries. Its society is enchanting and complex, completely different from our own, but when I visit, I feel at home.


In my quest to know honey bees, I’ve discovered that magic is real. It’s all around us, in the details of nature. I once believed that science and magic were opposites, that an understanding of life’s mysteries somehow lessened the wonder, but now I know that wonder expands with knowledge. Every discovery leads to more questions and takes us deeper into enchantment.

If I look closely into any subject, I can find a reason to marvel. After all, the prismatic beauty of honey bee wings can also be admired in the wings of flies. Even so, there are few creatures as fascinating and vital as the honey bee. She is astoundingly complex, an individual, but also part of a larger animal—her colony. Independently, she can understand numbers, predict the weather, and engage in abstract thought. She flies miles from her hive each day and still finds her way home. Together, she and some 50 thousand sisters are even more impressive. Organized by a complex job system, they spend their lives working for the good of the colony and achieve a kind of immortality. Yet the benefit of their efforts extends far beyond the hive. They are the world’s most popular pollinators, contributing not only to agriculture but also to entire ecosystems. It’s no wonder those who work closely with honey bees revere them.

Our connection to honey bees is ancient and deep, a resounding hum that has continued for at least nine thousand years and a kinship that has influenced agriculture, medicine, architecture, religions, and more. Yet few people know the details of a honey bee’s life. As a beekeeper, I am compelled to teach others about the importance of honey bees, but I want to do more. I want to take people tumbling down the rabbit hole.


Why Honey Bees?

Everyone, not just the beekeeper, should know honey bees. They are pivotal to life as we know it and shape the landscapes we share. Because they are so deeply connected to the ecosystem, an understanding of them can only expand our awareness of all living things and remind us of our responsibilities to this world. Thanks to their adaptability and their partnership with humans, honey bees now thrive on every continent except Antarctica. Thousands of them emerge from their hives every day, flying out into their surroundings to forage on the nectar and pollen they need to survive. In doing so they become harbingers of life, dusting the flowers they visit with pollen so that each one may make seeds. If we were to trace the path of every departing honey bee, we would see an enormous, crisscrossing mass that extends miles in each direction. This network of flying foragers is responsible for pollinating an astounding number of plants. Honey bees may be the single most prolific pollinators on Earth.

Often recognized for their contributions to agriculture, honey bees are responsible for pollinating more than 130 varieties of fruits, nuts, and vegetables in the US alone. Yet they are also the most frequent floral visitors in natural habitats worldwide. A recent survey of wild plant pollination found that honey bees were the exclusive pollinators of 5 percent of the observed plants—a huge amount for just one species. But they cannot do it alone. An estimated 87 percent of flowering plants on Earth rely on animals for pollination. Although honey bees are clearly the heavyweights of the pollinator category, they did not visit every plant type. In fact, they ignored 49 percent of the observed plants! This highlights the critical role native pollinators play in their ecosystems.




Bee Diversity


Most bees are not like honey bees. They don’t live in colonies or make honey—they may not even have stripes! Some are covered in snowy, gray fuzz, while others shine like emeralds. The largest bee, Megachile pluto, is close to the size of a walnut, while the smallest bee, Perdita minima, is roughly the size of a chia seed. 


Solitary Bees

The typical bees’ nest is not a busy tree hollow packed with bee-covered honeycomb but a modest hole in the ground. Approximately 75 percent of bees are solitary, and the majority nest in soil. Some live in hollow plant stems, while others have adapted to their human-dominated environments by nesting in patio furniture or even wind chimes! The mother bee simply needs a protected tunnel to raise her young. Inside she lays each egg on a pillow of pollen large enough to feed it through the larval stage. In most species, the mother bee never meets her offspring. Her life is as brief as the flowers she pollinates, but her young will emerge the following year, like waiting seeds, and begin the cycle again.


Social Bees

Few bees belong to this exclusive social club. Only honey bees, bumble bees, and stingless bees live in colonies with workers and a queen(or queens), but they have fascinating differences.


A bumble bee colony is founded by a solitary queen and lives only for a year. After hibernation, the queen builds a soft nest and lays her first batch of eggs. The eggs become worker bees that help her to raise more eggs and build comb. In comparison to honey bee comb, it looks bubbly and disorganized, like someone glued a bunch of Kix cereal puffs together. In late summer the colony raises new queens in hopes that they will overwinter and establish new nests the following spring.


Stingless bees are only found in tropical regions. These tiny bees can establish large nests with populations up to 40 thousand. Like those of honey bees, stingless bee colonies are perennial and have queens, workers, and drones. They are sometimes kept by humans, and although they produce much less honey, they are cherished as pets.




It is my hope that this book will not only unveil the hidden world of honey bees but also awaken you to the possibility of the thousands of other amazing species deserving of our attention. Perhaps diving into the world of honey bees will ignite a curiosity about other bee species and pollinators, but I hope it also challenges you to look at all creatures in a different light. Let the honey bee be your gateway bug. I believe that every wasp, rat, and pigeon is worthy of study, respect, and celebration.
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Melipona beecheii stingless bees were once kept and revered by the ancient Maya. The tradition continues today in the Yucatán peninsula of Mexico.







Chapter 1 Life as a Superorganism How the cooperative nature of the beehive makes honey bees unique




There are more species of bees on Earth than there are mammals and birds put together. Yet even among more than 20 thousand species of bees, honey bees are unique. With many living as one, the beehive is a golden monument to social cooperation. Their intricate way of life is steeped in mystery and feels almost beyond comprehension. This is where the magic lies.
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When left to their own devices, wild honey bee colonies often build their honeycomb in beautiful, maze-like patterns.





The Infinite Animal

The honey bee is more than herself. She is part of a wondrous other—the superorganism. Unlike most creatures, she is not driven by an individual need to survive and reproduce. In fact, she can’t live on her own. She is part of a body of fellow worker bees who, with a queen and a cohort of brothers, dedicate themselves to the survival of the colony. She will live only a few weeks, but her colony can endure indefinitely. She is an infinite animal that constantly adapts and changes with every new generation of bees. Even so, she maintains a oneness, a kind of central life force.

Beekeepers will tell you that each colony acts almost like an individual. Each has unique traits and temperaments that persist long after the founding members are gone. Still, we struggle to understand the oneness of honey bee colonies. We often think of a stinging honey bee as altruistic. She sacrifices her life to defend the colony, but perhaps she sees no difference between herself and the whole.

On the other hand, individual bees may still have distinct personality traits. Researchers discovered that some bees are more adventurous than others. These brave bees prefer to work as scouts and will seek out new food sources and nesting sites for their colonies. Bees with this penchant for new experiences have distinct brain patterns that are also found in humans with thrill-seeking personalities. It seems that the honey bee is a transcendent being. She is somehow simultaneously her unique self and part of a collective, enduring soul. Her way of life is so alien to us, it’s no wonder Hollywood borrows the superorganism for so many of their sci-fi flicks.


Comb: The Body

Comb is a curious combination of architecture and biology. It’s a structural nest used to raise young and store food, but it’s also the body of the superorganism. If the honey bee colony is one animal, then its comb serves as its skeleton, internal organs, and immune system. The bees cannot function without it.


The first combs built in each hive are used primarily to raise new bees. These nursery combs are at the center of the hive and must be kept warm for the new bees to develop properly. A dense crowd of adult bees climbs up and down the nursery combs like ladders as they tend to the young and maintain the temperature. This part of the hive is more than a nursery: It is the womb of the superorganism. Each cell is a cradle for an infant larva, but its thin walls also work like an amniotic sac. Sealed inside the cell, the larva is protected from harmful microbes as she grows. Once she’s fully developed, she births herself by breaking through the cell cap—and emerges into her hive.

The combs that surround the brood make up the pantry of the beehive. The bees use the same methods as human homesteaders to preserve their harvests. Each cell is like a mason jar full of precious food, either pollen or honey. Pollen is fermented in the cells using bacteria and yeast to keep it from spoiling, while flower nectar is preserved through dehydration, a process that turns it into honey.

In addition to functioning like farmhouse kitchens, these combs also act like body fat. Not only do they store and release energy (i.e., food) for the superorganism, they also insulate the colony. Like blubber, large swaths of honeycomb make up the outer layers of the hive and help to keep the inner brood combs warm by preventing heat loss.


The Workers: The Blood

Worker bees are the lifeblood of the colony. This all-female workforce represents 75 to 100 percent of the bees in the hive, depending on the time of year. Most live only six weeks, but together they perform the various tasks that keep the superorganism up and running. They are organized by a flexible job system that constantly adapts to the colony’s changing needs.


In some ways worker bees are like the actual blood of the superorganism. They circulate continuously through the combs, bringing in fresh oxygen and fanning out carbon dioxide. They disperse nutrients, remove waste, and fight infections. The colony also requires a certain volume of workers to function. New workers are continuously raised to replace older ones, but if the worker population becomes too low, the colony goes into a kind of organ failure and will not survive. Individual worker bees may be expendable, but as a group they are vital.



Donating Blood

When a colony is failing in the apiary, I often advise new beekeepers to increase the number of adult bees. Beekeepers with more than one colony can achieve this by taking capped brood from a strong colony and donating it to the weak one. The brood at this stage no longer needs to be fed, so it is not very taxing on the already strugg ling colony. The nurse bees need only to keep the brood warm long enough for the near-ready bees to emerge. Since they emerge inside the hive, the new bees are accepted and quickly utilized even though they are not genetically related to the rest of the bees. In a typical Langstroth hive, a frame of capped brood contains about six thousand developing bees, and this burst of new workers can act like a lifesaving blood transfusion to the colony.




The Queen: Life Force

The queen bee is the main reproductive force in the colony and the only female who can mate. She can lay her own body weight in eggs every day, 1,500 or more! In this way, she is the ovaries of the superorganism, yet her role is more vital than that. Since there is typically only one queen in a colony, she alone shoulders the responsibility of keeping the colony’s total population up. She also acts as the marrow of the superorganism, a central life force that generates new bees and motivates them to perform their duties. Without her, the colony is doomed to fail.

The queen’s lifespan is much longer than that of the other bees in the hive. She typically lives two to three years, but some queens have lived to be eight years old. As she ages, her fertility and pheromones wane, prompting the worker bees to raise a replacement queen. They do so by constructing a special chamber, a queen cell, which they fill with a nutrient-rich food called royal jelly. This milklike substance is generated by the worker bees. A larva that is fed royal jelly exclusively will develop into a new queen bee. (More here.)


The Drones: The Sperm

If the queen is the ovaries of the superorganism, then the drones are the sperm. Indeed, they have many traits in common with actual sperm. Their singular goal is to pass on their colony’s genes, and they must leave the body of the colony to do so. During mating season, a colony expels thousands of drones from the hive in hopes they will succeed in mating with another colony’s queen. Yet a colony only produces drone comb when it reaches a population of four thousand or more worker bees. In this way, we can think of the colony as an organism that must wait to reach sexual maturity before it attempts to mate with other colonies via drones.


Honey: Sustenance

Made from the nectar of millions of flowers, honey, some say, is the culmination of sunshine itself. Yet every drop begins in the body of a bee and is passed from bee to bee before it can be called honey. The flowers provide the ingredients, but it is the bees who make the honey. Honey is an important part of the colony’s diet. It is the bees’ main source of carbohydrates, and it provides them with the energy they need to fly, make beeswax, and perform daily maintenance activities for the hive. Honey making is a truly collaborative process. It’s estimated that each individual bee makes about seven drops of honey in her lifetime. This amount would fill only two and a half cells, but the colony as a whole can make hundreds of pounds of honey per year.
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A newly laid honey bee egg stands on end in its cell.




As soon as a bee extends her tongue into a flower and takes up the sweet nectar, the nectar is changed. She fills a special organ inside her body called the honey stomach. This expandable organ functions like an internal grocery bag that she uses to carry liquids back to the beehive. While the nectar is inside her, it is mixed with enzymes that transform it. A key enzyme called invertase converts sucrose—a complex sugar found in both nectar and table sugar—to simple sugars: glucose and fructose. These simple sugars are easier for humans to digest and make the honey taste sweeter than table sugar.

When a bee returns to the hive filled with nectar, she passes it to another bee. She regurgitates the nectar and holds the tiny droplet with her mandibles. The receiving bee extends her tongue and begins filling her own honey stomach. In this way, the nectar travels from bee to bee. Each time it is passed, the nectar is exposed to air and loses some of its water content. It also gains additional enzymes and may be a way for bees to share healthy gut microbes with each other.

Each nectar load may pass through hundreds of bees before it reaches a honeycomb cell, becoming more and more concentrated as it does. The bees then need to reduce it from its original state of about 80 percent water to just 18 percent. So they spread the nectar on the cell walls to increase its surface area and then fan their wings to speed the process. On summer evenings, beekeepers can watch fanning bees at their hive’s entrance as they pull out the humid air to dry the nectar inside. The intoxicating honey aroma is so strong, it can be smelled from several feet away.


Once the honey is at the correct moisture level, the bees move it from the drafty combs near the entrance to storage combs above the brood nest. There, the honey is sealed into the cells with a thin layer of beeswax. The honey cannot spoil, and the bees can eat it as needed through the winter.



Perfectly Preserved

Despite the astounding longevity of Twinkies, honey is the only food on Earth that doesn’t spoil. Its low water content, high sugar content, and acidic pH make it impossible for bacteria and other harmful microbes to survive in it. It also contains other antimicrobial components, such as hydrogen peroxide. Honey is a potent antimicrobial substance—it’s even effective against multidrug-resistant bacteria.


Honey has been used for thousands of years in medicine and, to this day, is used to treat burns, wounds, and inflammation. Its low pH enhances tissue repair and reduces scarring. Yet no single element is responsible for its miraculous healing effects. Studies have shown that, like the bees themselves, the different components in the honey work synergistically.




Bee Bread: Nutrition

Pollen is gathered with style. An accomplished pollen forager may carry so much colorful pollen on her back legs that she starts to resemble an MC Hammer backup dancer. Yet somehow she is still able to fly home. Once inside her hive, she unloads her pollen pants directly into a cell near the brood nest. The pollen is packed down and layered with saliva and nectar between each load.

From the side, a filled pollen cell looks like the colorful layers of sediment found in desert sandstone, each thin band from a different flower type. Here the raw pollen is fermented into a protein-rich food that beekeepers call bee bread. This nutritious, doughlike food contains important amino acids, minerals, and fats and is critical to the development of young bees.

The fermentation process begins with Lactobacillus bacteria that metabolize the fructose in the pollen/nectar mixture and produce lactic acid. The lactic acid reduces the pH, which creates the perfect environment for yeast to thrive. The bees rely on the same genus of yeast we use to make our own foods, including sourdough bread and beer. The fermented bee bread lasts much longer than raw pollen because the beneficial yeast prevents other harmful microbes from growing and spoiling the food.


Larval Jelly: Bee Milk

Honey bees have an unexpectedly mammalian trait—they produce a kind of milk to feed their young. Worker bees charged with caring for developing bees excrete a nutritious, milky-white jelly from special glands in their heads and feed it to hungry larvae (see here). This larval jelly is most famously known as royal jelly because of its role in the queen bee diet, but larval jelly is fed to all three honey bee castes: workers, drones, and queens. However, each caste receives its own special formula and in differing amounts, so there is not only royal jelly but also worker jelly and drone jelly. Collectively, these are known as brood food or brood jelly.
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When pollen is stored in the comb, its striking colors are on display. This rainbow of pollen represents the diversity of flowers blooming near the hive.





Propolis: Skin


Propolis is a multipurpose substance that the bees make from plant resins and beeswax. This sticky mixture is used as a building material, but it also is closely linked with colony health. To make propolis, a forager bee collects resins from nearby plants. These plants produce various saps and oils to protect themselves from disease. The forager scrapes the resin off the plant and packs it onto her legs, like she would pollen, to carry it back to her hive. There, nestmates help remove the sticky substance from her legs and begin to use it in the hive. It is sometimes mixed with beeswax, but its chemical composition isn’t changed much.


Propolis is the reason that beekeepers need what is essentially a mini crowbar to break into their hives. The bees glue all the hive boxes together with propolis, and the bond can be incredibly strong. Once the hive is open, beekeepers can easily see the thick line of propolis that held the hive components together. Sometimes it’s so thick that it stands up like pulled taffy. Propolis may have a brown, red, or even green coloration; it depends on what type of plants the bees collected resin from.
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