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FOREWORD


THIS BOOK IS MUCH MORE THAN A RESOURCE on how to improve habitat for native pollinators. It is a step-by-step guide for changing our stewardship of the earth; it is a tangible way for people of all ages to make a difference. Active participation in this vital, grass-roots revolution is easy: Plant flowers. Sure, by creating floral and nesting habitat, bees, butterflies, and countless other wildlife species will prosper. But through this same simple effort, you will be ensuring an abundance of locally grown, nutritious fruits and vegetables. You will beautify our cities, roadways, and countryside. You will be helping to spread the word about the urgent need to reduce pesticide use, while at the same time creating habitat for beneficial insects that prey upon crop pests. You will be increasing natural diversity and ecological resilience through pollinator gardens, bee pastures, and flowering field borders that stabilize the soil, filter water runoff, and pack carbon into the roots of native prairie plants. For many of our earth’s current environmental ills, you will be part of the solution.


— Dr. Marla Spivak
Professor of Apiculture and Social Insects
2010 MacArthur Fellow
University of Minnesota
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PREFACE A New World


FOR EACH OF THE AUTHORS of this book, studying pollinators and creating habitat opened up a new world. We have all been captured by the play that unfolds across a floral stage, waking up one morning to discover male long-horned bees fast asleep in a sunflower, or getting caught up in the intense buzz and energy of a thousand bees in a blooming native basswood tree. We’ve been surprised to discover bees nesting in unexpected places: wrapped in pink petals under a flowerpot, emerging from tiny holes in a soccer field, or suddenly colonizing the exposed soil in a weeded flower bed. We’ve been deeply satisfied to watch a leafcutter bee return to a newly mounted bee block with an impossibly big piece of leaf, or a mason bee return with a belly dusted bright orange with pollen. We’ve stopped and smiled at seeing a flower patch alive with insects.
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The delight of this intimate connection with some of nature’s most important and hardest workers awaits you. This book will help you get there.


Attracting Native Pollinators is a comprehensive guide to assist gardeners, farmers, educators, park managers, golf course superintendents, and public land managers in understanding, providing, enhancing, and managing habitat for pollinating insects. It focuses on North America, but most of the concepts apply to any of the temperate areas of the world. Using this book as a guide, your efforts on behalf of pollinators will, in turn, help support bountiful harvests on farms and gardens, maintain healthy plant communities in wild lands, provide food for other wildlife, and beautify your landscape with flowers.


Here you will find practical and specific information on how to establish flower-rich foraging patches and nesting sites for pollinating insects any place where there is space enough for a few plants, whether it’s a backyard patio in Bangor, Maine, a community garden in New York City, a golf course in the Chicago suburbs, school grounds in Birmingham, Alabama, or a farm in rural California.


This book also includes information on the life history of pollinating insects found in North America, a pictorial guide to native bees, and regional lists of plants that support bees or serve as host plants for butterflies. There are detailed instructions for designing pollinator gardens and habitat, as well as the creation and management of nesting structures for native bees, plus educational activities for children and an extensive list of resources. In short, everything you need to understand pollinating insects—from bees to butterflies, moths, flies, and beetles—and to provide them with food and shelter is here in one book.




Why Focus on Native Bees?


This book devotes considerable attention to bees, especially native bees. We believe this focus is important because of their importance as pollinators and because much of this information has not been widely available to the public. At the same time, scientists learn more each year about the importance of native bees to ecosystems and agriculture, making the story of these vital pollinators even more compelling.
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Bees are the most important single group of pollinators.
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Apples are one of the many crops that require pollinating insects.







Pollinating wasps have very similar life cycles to bees and share similar habitat needs; conservation measures for bees will assist them, too. Butterflies are frequent flower visitors, but there are already many resources available about butterfly biology and how to create butterfly gardens. Flies and beetles are significant pollinators as well, but while scientists know about their role in pollination, there are no well-established conservation techniques for them. Hummingbirds and some bats are important pollinators for some plants and need flower-rich habitat to sustain them, but as vertebrates, they are beyond the scope of this book. This book stresses bee conservation, but the recommendations provided here will benefit all of these animals.


Though bees are the focus of this book, we have not stressed the European honey bee (Apis mellifera), despite its importance as an agricultural pollinator. The honey bee is not native to North America, and there are questions among scientists regarding its impact on native bee populations. Because of its value to agriculture, the honey bee already has the well-organized support of researchers and beekeepers, not to mention a century and a half of books about how to keep them. The goal of this book is to explore the less well-known world of native bees and other pollinators, and to encourage conservation of these animals and protection of their habitat. The practices outlined here for improving flower sources and protecting pollinators from pesticides are the same measures that support habitat for colonies of honey bees.







PART 1



Pollinators and Pollination





[image: image]




CUT AN APPLE IN HALF by slicing across its middle and you’ll find a central compartment in the shape of a five-pointed star. If the apple has two seeds inside each point of the star — ten all together — it was completely pollinated by bees. If there are fewer than ten, not enough pollen reached the flower’s stigmas to develop all of the seeds. A poorly pollinated flower will develop into an apple that’s small and lopsided. An unpollinated flower won’t develop into an apple at all.


This apple is at the heart of why you should care about pollinator conservation. According to the National Academy of Sciences, close to 75 percent of the flowering plants on the earth rely to some degree on pollinators in order to set seed or fruit. From these plants comes one-third of humankind’s food and even greater proportions of the food for much of our wildlife. Yet now, in many places, pollinators are at risk.


We stand at a crossroad. Honey beekeepers lose unprecedented numbers of their honey bee colonies each year. Once-common bumble bees are disappearing across North America and Europe. Heavily developed agricultural and urban landscapes lack the habitat to support a diversity and abundance of bees, butterflies, and other pollinators.


At the same time, the public no longer overlooks the critical contribution pollinating insects make to the world. Consumers are starting to recognize that the most nutritious and interesting parts of their diet — apples, watermelon, blueberries, carrots, broccoli, almonds, orange juice, coffee, and chocolate, to name but a few — are the result of insect pollination. Wildlife biologists and botanists are teaming up with pollinator conservationists across the world to promote the native plants and habitat management that support this keystone group of animals. Thousands of citizens across North America are noting the bees at their sunflowers for The Great Sunflower Project, or collaborating with Monarch Watch to tag monarch butterflies on their way to Mexico. And each year, researchers learn more about how to manage habitat for wild bees living around our farms and ranches.


It is essential to build on this momentum and to share with friends and family the vital cause of pollinator conservation. By picking up this book, you are joining this effort. You will be prepared to take steps to expand pollinator habitat in your world, whether that be in a small urban backyard, office campus, city park, farm, or natural area.
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Bumble bees are important pollinators of crops and wild flowers. Bombus melanopygus on black raspberry.









Beginning Steps


As you think about where to locate your pollinator habitat and how much effort you are prepared to make, consider the range of possibilities. Taking any action, however modest, is better than taking none at all. When it comes right down to it, pollinators have only a few basic habitat requirements: a flower-rich foraging area, suitable host plants or nests where they can lay their eggs, and an environment free of pesticides. Providing any of these is a valuable first step.


Sometimes, simple steps can be the most successful and the most immediately satisfying. Wooden nest blocks or bundles of hollow stems can attract bees within days of installation.


A patch of suitable flowers quickly becomes a magnet for butterflies, bees, flies, and beetles. If you use pesticides, seek out alternatives; if your neighbors use pesticides, work with them to find a better way or to minimize their impact.


As you gain confidence in your efforts, increase the scope and size of your pollinator habitat, and you’ll add to the diversity, abundance, and productivity of your land. Expand your habitat at your own pace, observe what works and what does not, and incorporate your observations into what you do.
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There are many simple ways to connect with native pollinators, from hanging a nest block for mason bees in the garden to creating new greenspaces in urban areas. A patch of flowers will offer food to a diversity of insects. Syrphid fly (genus Eristalis) pictured in bottom photo.










Chapter 1



Why Care About Pollinators?
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	Approximately one in three mouthfuls of food and drink require the presence of a pollinator.


	Pollinators provide an ecological service that is essential to the health of the environment.


	Pollinators are central to the lives of other wildlife, from songbirds to grizzly bears.










CONSIDER FOR A MOMENT that insect-pollinated fruits and vegetables provide most of the vitamins and minerals we need, and they diversify our diet beyond meat and wind-pollinated grains. The United States and Canada alone grow more than a hundred different crop plants that need pollinators. Without bees, there would be no apples, pumpkins, strawberries, or many other fruits and vegetables.




The economic value of insect-pollinated crops in the United States in 2003 was estimated to be between $18 and $27 billion. If this calculation is expanded to include indirect products, such as the milk and beef from cattle fed alfalfa, pollinators may be responsible for more than twice this amount. Scientists at the Xerces Society and Cornell University have estimated that approximately 15 percent of this value comes from native bees living in the landscape on and around farms.


In the Pacific Northwest, for example, pollinator-dependent crops are a mainstay of the agricultural economy. In both Oregon and Washington, these crops are concentrated in three agricultural sectors: fruits and berries, alfalfa seed, and vegetable and flower seed. Oregon ranks first in the United States for harvest of blackberries, loganberries, black raspberries, boysenberries, and youngberries. Washington ranks first in the United States for apples, sweet cherries, and pears. Both states also produce substantial crops of vegetable and flower seed that depend on good pollination, and both are major producers of alfalfa seed, whose production requires bee pollination. In 2008, the combined value of pollinator-dependent crops from these two states alone was nearly $3 billion.




Similar examples exist across the country. Maine’s 60,000 acres of lowbush blueberries make that state the largest blueberry producer in the United States, with a crop valued at $75 million a year. In New Hampshire and Vermont, the combined 10,000 acres of apple production are valued at more than $30 million a year.


In the Upper Midwest, Wisconsin’s cranberry industry contributes $350 million annually to the state’s economy and employs more than 7,000 people. With 18,000 acres of cranberry bogs, Wisconsin is the nation’s largest cranberry producer. To meet growing export demand, the state is expected to add another 5,000 acres of production within the next decade, all of it requiring bee pollination.


Pollinators also are directly or indirectly responsible for many beverages (such as apple and cranberry juice), fibers (especially cotton and flax), and oil crops such as canola and sunflower, which are increasingly being used for biofuel production. We cannot overlook that pollinators are responsible for many of the beautiful flowering plants and trees in our gardens, which can provide us with spiritual inspiration, better mental health, and improved learning. Research suggests that spending time outside can improve concentration, help the behavior of children with attention disorders, and improve test scores. In short, insect-pollinated plants are the basis for much of our food, our economic stability, and our overall well-being.
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Pumpkins are an example of a crop closely associated with specialist pollinators, the native squash bees (Peponapis spp. and Xenoglossa spp.).
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Bee-pollinated berry crops like these marionberries (left) and blueberries (right) are a mainstay of the Pacific Northwest’s agricultural economy.








BENEFITS TO NATURAL AREAS AND ECOSYSTEMS


The work of pollinators has value beyond providing food and resources for people. Pollinators help keep plant communities healthy and productive. In many areas, pollinators are crucial for flowering plants: for example, almost all of the arid South-west’s bushes and smaller trees — such as mesquite, creosote bush, and chamise — are pollinated by bees.


When the pollinators are lost, bushes and trees may continue to flower and look normal for decades. By the time someone notices that they are not reproducing, it may well be too late to reintroduce a pollinator and preserve the ecosystem.
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For long-lived plants such as kinnikinnick (Arctostaphylos uva-ursi), a loss of pollinators will not be noticed for many years.







In the case of some rare species, only by identifying and understanding the habitat needs of their pollinators can we even begin to ensure the plants’ survival. Protecting the plant’s habitat isn’t sufficient. The endangered dwarf bear poppy (Arctomecon humilis), for example, grows only in the Virgin River basin of southern Utah. The flower’s dedicated pollinator — the minuscule Mojave poppy bee (Perdita meconis) — was finally identified nearly a decade after the plant was listed under the Endangered Species Act. Only then could conservation efforts focus on all aspects essential for its survival, including providing nesting sites for its pollinator.
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Mining bee (Andrenasp.) nest entrances are easily overlooked, but represent an essential ecological keystone.









Supporting Plants and Animals


Pollinators are not only essential to plant reproduction, but they help plants in other ways as well. The larvae of some flower-visiting beetles bore holes in dead or weakened trees, thereby initiating decay and returning the nutrients locked away in the tree back into the soil to be used by other plants.


In some areas, pollinators support plant communities that in turn stabilize the soil, thus preventing erosion and helping to keep creeks clean for fish, mussels, and other aquatic life. Willow shrubs and trees, for example, are important for the stabilization of stream and river banks. Because there are separate male and female plants, insects transfer much of the pollen from the male to the female willow flowers. Goldenrods, another example, are important colonizers of disturbed habitat. They too depend upon insects to produce their abundant seed.


Mammals, ranging from red-backed voles to grizzly bears, depend on insect-pollinated fruits and seeds. In the late summer, fruits can account for more than 60 percent of a grizzly bear’s diet. About a quarter of all birds consume, as a major part of their diets, the fruits and seeds that result from animal pollination. Pollinating insects themselves are food for birds, lizards, and spiders, and as such are a central part of the food web. More than 90 percent of birds rely on insects during at least one stage in their life. Studies have demonstrated that diverse plant communities along stream banks, such as those that support pollinators, also support more diverse and abundant communities of insects that fall into the adjacent streams and become food for fish.
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Insect-pollinated seeds and fruits feed countless other wild-life species, from grizzly bears to cedar waxwings.










Managing Habitat for Pollinators


Considering the central role that pollinating insects and their habitat play in functioning ecosystems, it’s easy to see how pollinator conservation can provide a framework for habitat management that helps other plants and animals. Until recently, however, habitat management has not considered pollinator habitat. In the Midwest, for example, restored prairie is maintained with burning or mowing. This site maintenance traditionally has focused squarely on the plant communities, with little thought to impacts on pollinators such as bees and butterflies. Supporting pollinators, on the other hand, requires limiting mowing or burning to a third or less of the site at any one time so that there is no year where all floral resources are unavailable. This results in more of a mosaic environment that allows for colonization of disturbed sites from the nontreated areas and a more diverse habitat.
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Pollinators are an integral element of terrestrial plant communities.










BENEFITS TO PEST MANAGEMENT


Many insects that visit flowers as adults to feed on nectar or pollen also provide pest control for plants. For example, the larvae of many syrphid flies eat aphids. The adult fly fuels itself by eating sugary nectar. It then searches for plants with aphids where it lays eggs. The maggot that hatches from the egg patrols the plant looking for aphids, which it grabs onto and sucks dry, leaving behind a trail of shriveled bodies. An abundance of small flowers, such as those found on yarrow, fennel, or alyssum, increases the number of eggs an adult syrphid can lay over her lifetime. So, while the fly may provide some pollination, it also provides plants with protection from the pests that would harm them.


Still other pollinators are parasitoids that lay their eggs inside plant-eating aphids and caterpillars. Some of the most common parasitoids are tachinid flies and braconid and ichnuemonid wasps. When parasitoid eggs hatch, the larvae slowly feed on their host. During this period, the host typically is less active than it would be otherwise, doing less damage to the plant where it is feeding. Then, when the parasitoid larvae have completed their feeding and development, they kill their host, pupate, and emerge as adults.
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As adults, tachinid flies are pollinators. As larvae, they typically live as internal parasites of other insects.
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Two species of bumble bees are giving scientists particular cause for concern: yellow-banded and western.










CONSERVATION


Given the importance of pollinators, scientists have been documenting with particular alarm the dramatic declines in populations of bees and other pollinating insects in recent decades. In the mid-1990s, the yellow-banded bumble bee (Bombus terricola) was the most abundant bumble bee in Wisconsin. Ten years later, it made up less than 1 percent of the state’s bumble bees. Across the continent, a similar fate has befallen the western bumble bee (B. occidentalis). Once one of the most abundant bumble bees on the West Coast, its numbers have crashed since the early 1990s and it is rarely seen now.
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Help could be too late for Franklin’s bumble bee which may have already slipped into extinction.







It gets worse. Franklin’s bumble bee (B. franklini), restricted to a small area along the Oregon-California border, may have gone extinct during the same period. The most likely cause of these sudden declines is the spread of disease from commercially reared bumble bee colonies.


“Oh, a few bees,” you may think. “Why worry?” Bees are the preeminent pollinators in North America. Pollinators are a keystone species group; the survival of a large number of other species depends upon them. As mentioned, they are essential to the reproductive cycles of most flowering plants, supporting plant populations that animals and birds rely on for food and shelter. Pollinators are also indicator species, meaning that the viability and health of pollinator populations provide a snapshot of the health of the ecosystem. As the insects that many plants require for adequate pollination disappear, the effect on the health and viability of crops and native plant communities can be disastrous.


In California, the endangered Antioch Dunes evening primrose (Oenothera deltoides ssp. howellii) survives on only a few acres of degraded sand dunes; it lacks pollinators and thus produces only a fraction of its potential seed crop. The rare white fringed orchid (Platanthera praeclara), scattered across grasslands of the midwestern United States, is now visited by a species of moth that is not native to the habitat. This moth fails to pollinate the flowers because its long tongue can reach the nectar without its head and body touching the pollen. Furthermore, it drinks nectar that might otherwise attract hawk moths with shorter tongues, which are the orchid’s legitimate pollinators.


Each spring in Maine, more than 60,000 honey bee hives are unloaded from semitrailers into the state’s expansive low-bush blueberry farms. Each hive contains more than 20,000 bees that have made the overnight journey from Florida or the Carolinas. They are there, in the blueberries, because modern industrial-scale agriculture has reduced the area of habitat available to support the more than 270 bee species that are native to the state. And when the blueberry bloom is over, the lack of forage means that the bees will be moved to other crops in other states. The native bees are in fact far superior pollinators of blueberry than the nonnative honey bee, having evolved with the wild blueberry plants in Maine’s pine barrens over thousands of years. What these native bees lack is habitat: food available from spring to fall.


In China’s Sichuan Province, one of the largest apple-producing regions in the world, farmers perch on ladders in mountainside orchards to pollinate the blossoms by hand. The farmers have adopted this practice because wild bees are now absent in their area, and honey beekeepers refuse to bring in their hives due to excessive pesticide use in the orchards.
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Tens of thousands of honey bee hives are required to pollinate Maine’s blueberry fields.












THE RED LIST OUR ENDANGERED POLLINATORS



THE FACT THAT POLLINATING INSECTS face threats and are in need of conservation assistance is well established. Too often, however, a lack of information about particular species hampers efforts to focus research funding or conservation action onto those in greatest need. Important information that can guide the decisions of policy makers and land managers is often hidden in scientists’ files, or is lacking altogether.


To overcome this roadblock, the Xerces Society for Invertebrate Conservation developed the Red List of Pollinator Insects of North America. The objectives of the list were fourfold:




	To identify those species of pollinating insects at greatest risk;


	To compile information about them;


	To identify gaps in knowledge that could lead to new research;


	To use this information to launch protection efforts.





The Red List includes 59 butterflies and moths and 57 bees. A detailed profile for each pollinator identifies its habitat needs and distribution; gives information on biology, status, and conservation needs; and lists critical threats to its survival. The information was gathered from an extensive review of published literature and gleaned from numerous researchers. In addition, Dr. John Ascher, American Museum of Natural History; Dr. Karl Magnacca, University of Hawaii – Hilo; Dr. Laurence Packer, University of York; and Dr. Robbin Thorp, University of California – Davis each wrote profiles. The project was supported by a grant from the CS Fund.


Since the Red List’s release in May 2005, it has had a significant impact. In 2006, the National Research Council committee on the status of pollinators in North America requested a presentation about this summary of imperiled pollinators, and the Red List was subsequently reprinted as an appendix in the committee’s report, Status of Pollinators in North America. It has guided and inspired research projects of numerous scientists, and conservationists have used the information gathered into the profiles to launch efforts for protecting of pollinators and their habitat. Specifically, Xerces has asked that several species of highly imperiled yellow-faced bees (Hylaeus) in Hawaii be protected under the Endangered Species Act.


The Red List profiles also provided the foundation for the Xerces Society’s multiyear initiative to protect bumble bees. Focusing on the rusty patched, yellowbanded, and western bumble bees, this project enlisted the aid of volunteers to search for additional populations and recruited scientists from across the United States to help complete comprehensive status reviews. One of the principal threats identified was disease spread through the commercial rearing and shipping of bumble bee colonies. Supported by more than 50 scientists, the Society subsequently asked the U.S. Department of Agriculture to develop regulations to control interstate movement of bumble bees.


It is hoped that the Red List will continue to allow scientists to identify knowledge gaps and prioritize research needs, and that it will be used to support additional advocacy for those pollinators in greatest need. The Xerces Society Red List of Bees, and Red List of Butterflies and Moths, are available online at www.xerces.org/red-lists.








FINDING SOLUTIONS


Four factors — the loss and fragmentation of habitat, the degradation of remaining habitat, pesticide poisoning, and the spread of diseases and parasites — account for most of the declines in populations of bees and other pollinators. These factors have complex political, economic, and social origins that are not easily addressed. At the local level, however, the solutions to many of these problems are simple and straightforward. Many insects are fairly resilient, and there are actions we can take in our own backyards and neighborhoods, on farms and ranches, and in city parks and wild areas, to help strengthen and support pollinator populations.


The imperative behind this book is the fact that, as with most wild creatures, pollinator populations are declining as a result of human activity. If this trend continues, driving species of pollinators to extinction, the result will be disastrous not only for the insects but for humans as well. This book provides tools — information, understanding, and practical suggestions — that will help you begin to reverse this trend by providing and enhancing pollinator habitat and by becoming more aware of how your actions affect pollinators.





Chapter 2



The Biology of Pollination
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	Pollination is the process by which plants reproduce.


	Nearly 75 percent of all plants on earth require animals for pollination.


	Plants and their pollinators evolve together, each constantly adapting to the other.










POLLINATION IS CENTRAL to the life cycle of flowering plants. Pollen must move from male to female parts of flowers for the plant to develop seed and reproduce. Movement of pollen within a flower or between flowers on the same plant is called self-pollination; the movement of pollen among flowers on different plants is cross-pollination. Although some plants can produce seed from self-pollination, most require cross-pollination; many plant species actually have genes that prevent their own pollen from fertilizing their ovules.


In addition, a transfer and mixing of genes occurs when pollen moves among plants. Over multiple generations, this results in more vigorous plants that constantly evolve to thrive in changing conditions.





HOW POLLINATION WORKS


Understanding pollination starts with understanding the roles of each different part of a flower. Like all organisms that rely on sexual reproduction, flowering plants have both male and female structures. Pollen grains — vessels for a plant’s male gametes (sex cells) — need to move from the former to the latter to achieve fertilization. The male structure, called the androecium, is made up of the stamen, which consists of a bulbous anther on the end of a thin filament. The anther produces pollen. The female parts are collectively known as the pistil, formed of one or more carpels. Carpels contain the female gametes. Each carpel has three principal parts: a sticky or feathery tip, called the stigma; an ovary buried in the base of the carpel; and between the two, a stalklike extension called the style.
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Bees and other pollinating insects are essential for moving pollen among flowers.









INSIDE A FLOWER
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In some flowers, such as those of wild roses, apple trees, or cacti, the stamens and carpels can usually be clearly seen. The stamens form a ring at the base of the petals, surrounding the central pistil. In other plants, such as tomatoes, the stamens are fused together and surround the pistil.


The number of both stamens and carpels in a flower ranges from none to many. When the male and female parts occur together in the same flower, it is referred to as a complete or hermaphroditic flower. When a flower is lacking either stamens or carpels, it is called an incomplete flower, and will be male or female. Male and female flowers may also occur on separate male and female plants in the case of dioecious (Latin for “two houses”) species, or both may be found on the same plant in the case of monoecious (Latin for “one house”) species. To round out this complex mixing and matching of male, female, and combined flowers, there also are rare cases of androdioecious and gynodioecious plants where one type of plant has hermaphroditic flowers and the other type of plant has either male-only (androdioecious) or female-only (gynodioecious) flowers.


Flowers may occur singularly, as simple flowers such as lilies, or in complex clusters of flowers called an inflorescence, such as the spike of flowers on the lupines. Sunflowers and other daisies are an extreme example of an inflorescence; what appears as a single flower head is, in fact, hundreds of tiny individual flowers.
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The flower structures of a wild rose are relatively easy to identify.
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The head of a sunflower is made up of hundreds of individual flowers. Each one needs a bee visit in order to produce a seed.









Germination and Fertilization


Whatever the configuration, when a pollen grain reaches the stigma, it germinates and sends a microscopic tube down inside the style, carrying the male gametes to the plant’s ovules within the ovary, resulting in fertilization. Each fertilized ovule then becomes a hard seed from which a new flowering plant will grow. When pollen is not transferred, no seed is formed. For flowers such as apples or watermelon that contain multiple ovules, if only a small amount of pollen is transferred between blooms, not all of the ovules may become fertilized. The result is fewer seeds and smaller or lopsided fruit.


The pollen that lands on a stigma can be self-pollen, which means it came from the same plant, or outcross pollen, meaning it came from a different plant. Many plants have developed traits that minimize self-fertilization. For example, there are genes that prevent the growth of pollen in a stigma that is genetically similar. Other plants do not produce pollen and ovules at the same time. Dioecious plant species actually have different male and female plants so there is no possibility of self-pollination. About 50 percent of all flowering plants are able to develop seeds from self-pollen; however, the resulting seeds and offspring are often not as vigorous as those from outcross pollen.





HOW POLLEN TRAVELS


Since flowering plants are literally rooted to one spot, they have evolved ways to spread their pollen, increasing the probability of outcrossing. About half of all flowering plants require pollen that comes from another plant.


The wind carries the pollen of some plants, including grasses, conifers, and ragweed. The likelihood of wind-borne pollen reaching a flower is low, so the blossoms of these plants must produce millions of pollen grains to be carried on the breeze (and cause misery for hay fever sufferers) to reach even a few receptive targets.


The majority of flowering plants — close to 75 percent — rely upon animal pollinators to move pollen. Because animals transfer pollen more efficiently than wind and water, such plants are able to produce pollen in smaller quantities. These grains of pollen are larger and have rough surfaces that help them cling to pollinators. The pollen of bee-pollinated flowers also has a higher nutritional value than the pollen of wind-pollinated plants. Its protein level may be as high as 60 percent, and it also may include other important nutrients such as vitamins, minerals, lipids, and sterols.






[image: image]




Grasses spread pollen on the wind.









VOYAGING BY WATER


In some plants, male gametes float or are splashed from one plant to another by water. With mosses, for example, pollen may travel in a splash of rain; with certain aquatic plants, it may ride on the surface of a pond or stream.








ATTRACTING VISITORS


To attract pollinators, plants have developed flowers to advertise their presence. Brilliantly colored petals stand out against a backdrop of green foliage and serve as a landing platform where insects rest while feeding. Perfumed smells carried on wind currents attract distant insect visitors. To reward their pollinators, plants provide resources such as nectar (a sugary secretion) or pollen (a protein source).


The shape and color patterns of flowers often provide passing insects with additional cues to help them find a flower’s nectar. For example, many flowers have patches of color forming radiating lines or targetlike concentric circles that direct insects to the nectar. In many flowers, these nectar guides contain ultraviolet color patterns that bees can see but people can’t.




Once they are fertilized, flowers stop producing nectar, as they no longer need to attract pollinators. They may also change color, an obvious visual signal to insects that there’s no more food and that they should attend to other, pollen-laden flowers.
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The shape or markings on flowers help to guide insects to the rewards of nectar or pollen.










Pollination Syndromes


The collective traits of different flowers — including their shape, size, color, odor, and time of bloom — are sometimes referred to by botanists as pollination syndromes. The type of pollination syndrome that a particular plant exhibits suggests which animals are most likely to visit its flowers. Red flowers seem to attract animals that can see the color red, such as hummingbirds, whereas blue flowers are more likely to attract insects that see in the ultraviolet end of the spectrum, such as bees. Birds are unable to smell, so most hummingbird-pollinated flowers do not have a scent.


The theory of pollination syndromes has helped scientists understand the process of convergent evolution, whereby plant and pollinator interactions lead to increasingly specialized adaptations on the part of each. This specialization can be extremely rewarding. Pollen and nectar take a lot of energy to produce. The energy invested is worth it only if that plant can then attract more dependable and efficient pollinators, improving its chances of reproductive success. For the pollinator, foraging is similarly an energy-intensive activity and exposes it to predation and bad weather. If the flowers match its body type and foraging preferences, however, visiting them requires less work for the pollinator to earn the same reward and offers greater reproductive success.


Extreme specialization on the part of either plant or pollinator is risky, as the disappearance of one can lead to the disappearance of the other. Consequently, extreme specialization is rare. And pollination syndromes are not necessarily accurate predictors of plant-pollinator interactions. One study, for example, suggests that on average only about one-third of plant species can be accurately classified according to pollination syndromes. Therefore, although pollination syndromes are a starting place to identify which plants might support particular pollinators, other plant selection criteria, such as those outlined later in this book, should always be used.




Most animal pollinators need a diversity of flowers in order to survive, and most plants need a diversity of pollinators. Together both plant and pollinator constantly adapt to seasonal change, predation, disease, and changing environments in a complex dance of interdependence. Their individual survival depends upon one another, and ours upon them.
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Leafcutter bee (genus Megachile) on ceanothus
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Tiger moth (Gnophaela vermiculata)
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Boisduval’s blue (Plebejus icarioides)
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Red flowers typically attract hummingbirds or butterflies.
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Digger bee (Anthophora urbana)












Chapter 3



 Meet the Pollinators
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	While bats, birds, and even lemurs can pollinate flowers, the vast majority of pollinating animals worldwide are insects.


	There are four major groups of pollinating insects: bees and wasps, flies, butterflies and moths, and beetles.


	While important to agriculture, the honey bee is not native to North America.










POLLINATORS DON’T GATHER pollen with the intent of promoting plant reproduction. They are animals looking for food, and they’ve found the sweet nectar and fatty, protein-rich pollen to be excellent foods for themselves or their young. They may also be looking for mates, sometimes meeting at flowers where they gather food, or in other cases collecting floral oils to use as perfumes to attract a mate. As pollinators feed, court, or gather oils, pollen grains stick to their bodies and rub off accidentally when they visit other blossoms.


Across the globe, pollinators range in size from such minuscule insects as the fig wasp (only 1.5 mm long) to 10-pound Madagascan lemurs. While the number of pollinator species is unknown — estimates vary from 130,000 to 300,000 — by far the greatest number are insects.
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The hairiness of bees is one reason they are such effective pollinators.







Comparing Insect Pollinators


Bees are the most important group of pollinators. With the exception of a few species of wasps, only bees deliberately gather pollen to bring back to their nests for their offspring. Bees also exhibit a behavior called flower constancy, meaning that they repeatedly visit one particular plant species on any given foraging trip. This is important because pollen is wasted if it is delivered to the wrong species of flower.


On a single foraging trip, a female bee may visit hundreds of flowers, transferring pollen the entire way. In contrast, butterflies, moths, flies, wasps, and beetles visit flowers to feed on nectar (or on the flower itself, in the case of some beetles) and not to collect pollen. Thus, they come in contact less frequently with the flower’s anthers than bees do.





INSECT LIFE STAGES


All of the pollinating insects described in this book undergo the same basic life cycle: complete metamorphosis through four distinctly different life stages from egg to larva to pupa to winged adult. Pollinating insects vary considerably, though, in where the female lays her eggs, how mobile the larvae are, and what they eat during their various life stages.


The life span from egg to death may last from a few months to a couple of years. Along the way, the insect’s shelter and food requirements will change to match the different stages of its life.


Butterflies lay their eggs directly on or near the caterpillar’s food source, which is often a particular species of plant (the host plant) so that the caterpillars don’t have to crawl far for nourishment. Species of flies and beetles lay their eggs similarly close to (or on) the larval food source, which might be rotting wood, aphids, or soil-dwelling invertebrates. Bees and many wasps, in contrast, lay their eggs in protected brood cells within a nest. The larvae are not mobile, so the mother must provision these natal cells with enough food to nourish the brood.


After the larva hatches from the egg, it feeds upon its preferred food source and will take two weeks to more than a year to grow through its larval stages. Most bees and wasps complete larval development in four weeks or less. They have all the food they need on hand, provided by the mother or — in a small number of cases — by workers in a colony. They also have generally stable conditions in their nests. Flies, butterflies, and beetles are much more variable: the duration of the larval stage depends upon weather conditions, palatability and abundance of their host plants or insects, and the time of year the egg is laid.
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Freshly hatched caterpillars crawl away from the egg cluster.
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Caterpillars need the right plants on which to feed.







Pupation


After they have eaten and grown through several molts, the larvae pupate and drastically change their appearance and behavior from a larva, caterpillar, grub, or maggot to a winged adult. Pupation takes many forms, depending upon the species.


Within a nest. In the case of bees and many wasps, the larva defecates, weaves a silken cocoon around itself, and then pupates in its cell within the nest.


In or on a host. Parasitoid wasps and flies — the larvae of which grow inside the body of a living host insect — will defecate (which usually kills the host) and then pupate either within or on the surface of the host.


At a distance from a host plant. Butterflies and moths may demonstrate a roaming behavior during their final days as a caterpillar. In this case, they leave their host plant and crawl about, often in a seemingly random direction. This gets them far from where they were eating and helps them avoid wasps or other predators and parasitoids that may have been attracted to the scents emitted by their feeding. The larva eventually finds an appropriate place to form a cocoon or chrysalis and then pupates.


Near a food source. Beetles and nonparasitoid flies vary in where they pupate, either staying within their food source or dropping to the ground and pupating in the litter on top of the soil.
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The pupal stage of a butterfly — the chrysalis — may happen on the host plant or nearby.









Adult Activity


Pollinators vary significantly in how long they are active as adults, but for the majority it is a matter of a few days or weeks. Most individual bees remain active as adults for three to six weeks. Individual bumble bee workers may live longer, typically four to six weeks, and the bumble bee queen will live for a full year. Honey bee queens live even longer. Adults of a particular species, however, may emerge from their natal nests over the course of a few weeks, resulting in a longer active adult period for the species.


Flies and beetles have short adult lives, ranging from a few hours to several weeks. Butterflies live as adults more briefly, usually only a week or two. Inevitably, there are exceptions. A few butterfly species, such as the monarch, California tortoiseshell, and the mourning cloak, overwinter as adults and thus may live for several months.


Knowing the life span and habitat needs of each life stage is important to accommodate pollinators. To supply habitat for a variety of species, you must provide a diversity of plants, nesting sites, and hibernation habitats to match their changing life stages throughout the year. To simplify creating and managing favorable pollinator habitat, this book focuses on the life history needs of the most important pollinators in temperate North America: bees. If you meet the forage, shelter, and overwintering needs of a diverse community of native bees, you will create habitat for other pollinators as well.
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Blister beetle (family Meloidae)











WHAT DISTINGUISHES A BEE?
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ENTOMOLOGISTS distinguish bees from other insects by the constricted waist between thorax and abdomen, two pairs of wings, their mouthparts, and segmented antennae that are long and cylindrical. Seen through a microscope, individual body hairs appear branched or feathered, which differentiates them from their closest relatives, the wasps, who have hairs that are not branched. In addition, many female bees have evolved structures for transporting pollen: either a patch of long, stiff hairs (called a scopa) on each hind leg or under the abdomen for carrying pollen, or a pollen basket (a corbicula), a space fringed by long, inward curving hairs on each of their hind legs for pollen moistened with nectar.








BEES AS POLLINATORS


Bees are considered the most important group of pollinators for a simple reason. Female bees collect nectar and pollen from flowers as food for their offspring and, in doing this, accidentally transfer large quantities of pollen from flower to flower. Both male and female bees feed on nectar, but only the females gather pollen to take back to their nests.


Bees are immensely diverse insects that form an important group within the Hymenoptera, an insect order that also includes ants, wasps, and sawflies. Worldwide, there are an estimated 20,000 species of bees, with approximately 4,000 species native to the United States. North American species range in length from about [image: image] inch to more than 1 inch (2–25 mm). They vary in color from dark brown or black to red or metallic green and blue; some have stripes of white, orange, yellow, or black; and some even have opalescent bands.
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North America’s smallest bee, Perdita minima, laid on the face of its largest, Xylocopa varipuncta.





Their common names include plasterer bees, leafcutter bees, mason bees, carder bees, digger bees, and carpenter bees, reflecting the many ways they build nests. Others are named after a particular behavior. Sweat bees lap up perspiration for the salt; bumble bees hum loudly as they fly. Cuckoo bees lay their eggs in the nests of other bee species, and honey bees make and store honey.


A bee undergoes the same four stages of metamorphosis as other insect pollinators described in this book. Only the last of these life stages, the adult, is recognizable as a bee. During the first three stages, the bee is inside the brood cell of the nest. How long each stage lasts varies widely by species.
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Common names of bees often reflect lifestyle traits. This cuckoo bee will lay its eggs in the nests of other bees.









NATIVE BEES COMPARED TO HONEY BEES

THE MAIN ADVANTAGE of honey bees as crop pollinators is that they can be supplied in large numbers and are readily transportable. But how do they compare at the actual job of crop pollination?

In some cases, native bees pollinate apples, cherries, squash, watermelon, blueberries, cranberries, and tomatoes far more effectively than do honey bees on a bee-per-bee basis. Many native bee species also forage over a longer period of time — earlier or later in the day — than honey bees. Finally, native bees will often visit flowers in wet or cold conditions when honey bees remain in the hive.

In North Ogden, Utah, when blue orchard bees (Osmia lignaria) were used to pollinate cherry orchards, the average fruit production was more than double that of when honey bees were used. In addition, in bad weather years, when neighboring orchards did not harvest, the blue orchard bee–pollinated orchard had a harvestable crop. The blue orchard bees were very efficient in the cherry orchard for several reasons. They have a short foraging range, which means they rarely leave the orchard. In addition, the way they manipulate the flower means they make contact with anther and stigma on almost every visit. Finally, blue orchard bees were active at light levels and temperatures that were too low for honey bees to forage. The result was that over a period of five days, blue orchard bees spent more than twice as long foraging — 33 hours compared to 15 hours by honey bees.


Native bees can make honey bees more effective as pollinators by causing them to move more frequently between rows of male and female plants. Plant breeders at one hybrid sunflower seed farm in California choose to plant varieties that are particularly difficult to cross-pollinate with each other in areas of their fields adjacent to riparian habitats that support native bees. The breeders find that these fields have greater numbers of native bees and the sunflowers produce correspondingly more seeds.







Types of Bees


Bees can be categorized in several ways: whether they are solitary or social species, whether they nest in the ground or in a cavity, whether they build and provision their own nests or parasitize the nests of others, and by their foraging habits. Generalists are bees that gather nectar and pollen from a wide range of flower types and species. The majority of bees are generalists. Specialists, on the other hand, tend to use a single plant family or genus for their pollen needs. The life cycle of specialist bees is often closely tied to their host plants; the new generation of adults emerges from their brood cells when the host plants are flowering.





SOLITARY BEES


Of the roughly 4,000 species of bees in North America, more than 90 percent lead solitary rather than social lives, each female constructing and provisioning her own nest without any help from other members of her species.







LIFE CYCLE OF A TYPICAL SOLITARY BEE
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Life Cycle


Solitary bees usually live for about a year, although humans only see the active adult stage, which lasts about three to six weeks. These insects spend their early months hidden in a nest, growing through the egg, larval, and pupal stages.




EMERGENCE


When a male bee emerges from the nest, he typically loiters around a nesting area or finds a patch of flowers where females might be foraging, hoping to mate. After a female bee emerges, she mates and then spends her time creating and provisioning a nest in which to lay eggs. After a few weeks, during which she may have prepared and provisioned two dozen or more brood cells, she dies.


Typically, the adults of a species emerge at roughly the same time each year: for example, early spring in the case of blue orchard bees (Osmia lignaria) or midsummer in the case of squash bees (Peponapis species). A few solitary bees, such as some sweat bees in the genera Halictus and Lasioglossum, have two or three generations each year and so are present over a long period of time.
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Squash bees (Peponapis pruinosa) in a squash blossom







NESTING


The many solitary bee species exhibit a range of nesting behaviors. Some share a nesting site, sometimes in large aggregations or at great densities. For example, in well-established nesting sites of alkali bees (Nomia melanderi), 200 or more females may nest in a single square yard of ground, each bee tending a separate burrow. A few “solitary” species are communal in that they share a common entrance tunnel to the nest, but each female creates her own brood cells. More unusual are the large carpenter bees (genus Xylocopa): these females live long enough to meet — and share the nest with — their adult offspring.


Female solitary bees have amazing engineering skills, going to extraordinary lengths to construct a secure nest. About 30 percent of solitary bee species use abandoned beetle burrows or other tunnels in snags (dead or dying standing trees). Alternatively, they may chew out a nest within the soft central pith of stems and twigs. The other roughly 70 percent nest in the ground, digging tunnels in bare or sparsely vegetated, well-drained soil. A few species nest in eclectic places such as empty snail shells and potlike cells that they construct on twigs from pebbles and tree resin.


Each bee nest usually has several separate brood cells in which the female lays her eggs, one egg per cell. The number of cells varies by species. While some nests may have only a single cell, most have five or even many more. Female wood-nesting bees make cells in a single line that fills the tunnel. Females of ground-nesting species may dig complex, branching tunnels. To protect the developing bee and its food supply (from drying out, excess moisture, fungi, and disease) the cell may be lined with waxy or cellophane-like glandular secretions, pieces of leaf or petal, mud, or chewed-up wood.
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Leafcutter bees (genus Megachile) use leaf pieces to partition brood cells and seal off nest entrances.







LAYING


Before she closes each cell, the bee provisions it with food for her offspring. She mixes together nectar and pollen to form a loaf of “bee bread” inside the brood cell. She then lays an egg in the cell, usually on the loaf, and seals the cell. When she has completed and sealed each of the cells in the nest, the bee will close off the nest entrance and leave.


A female solitary bee may lay up to 20 or 30 eggs in her life. Each egg resembles a tiny white sausage. As she lays each egg, the female can control whether it will hatch into another female or a male. She can do this because after mating she stores sperm in a special sac called a spermatheca, releasing it only when needed during egg laying: female eggs are fertilized, male eggs are not.




LARVA TO PUPA


One to three weeks after it is laid, the egg hatches and a white, soft-bodied, grublike larva emerges. All of the bee’s growth occurs during this larval stage. Feeding on the bee bread, the larva grows rapidly for several weeks, passing through four or five larval stages of development (instars) before changing into a pupa. To avoid contamination of the larva’s food supply, the connection between the midgut and hindgut that allows defecation does not develop until the final instar. The last part of the final instar’s development, after it has finished feeding and has defecated, is called the prepupa.


The length of time that bees remain in the prepupal stage varies. Solitary bees may have a year or more between generations and can remain dormant as prepupae for months during winter or periods of drought or other unfavorable conditions. In general, solitary species that emerge in spring (the blue orchard bee, for example) complete pupation by the end of the summer and overwinter as fully formed but dormant adults. In arid regions, where the emergence of adult bees is synchronized with the infrequent blooming seasons of desert flowers, the prepupal stage of some species will last for a year or more, waiting for rain to spur the plants into flowering. One researcher was very surprised to have bees emerge in his office from desert soil he had collected more than 10 years earlier.






[image: image]




Metallic sweat bee (Agapostemon texana)











PERFECT TIMING


THE CHANGES from prepupa to pupa and then to adult — and the adult’s subsequent emergence — are most likely triggered by a variety of factors, such as the internal clocks of the bees or environmental cues like moisture level and temperature, so that the adults will be active when the flowers they need for foraging are in bloom. Some bees nest deep underground — 18 inches or more — where the moisture and temperature of the soil do not fluctuate noticeably. The southeastern blueberry bee (Habropoda laboriosa) is one such example: although it is not known what cues trigger the bees’ emergence from these stable nest conditions, they emerge just as the blueberry plants they use for forage begin to flower.












NESTING STYLES
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Colletes bees typically construct underground rows of brood cells protected by a waterproof, plasticlike, glandular secretion.
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Mining bees (genus Andrena) excavate multiple underground brood cells that usually radiate outward from a single vertical entrance shaft.
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Most mason bees (Osmia spp.) nest in hollow stems or holes bored into wood. They provision a linear series of cells with pollen, separating each with a mud or leaf wall to protect the brood from predators.
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Megachile perihirta, one of the few ground-nesting leafcutter bees, ­protects brood cells in rolled layers of leaf pieces or flower petals.
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Ground-nesting bees sometimes excavate soil around the hole just as ants do.
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Leafcutter and mason bees may nest in a bucket or coffee can filled with sections of hollow bamboo stems.











Foraging Habits of Solitary Bees


When foraging for food, most bees search for two things: nectar for energy, and pollen to feed their brood. Some bees also collect special oils from flowers that are used as both an adult and larval food source. Depending upon the size of the bee, it may travel from 100 feet to more than a mile from its nest.


Solitary bees usually collect nectar from any flower structure that allows them to reach the sweet liquid. The range of flowers from which bees can gather nectar depends upon the length of their tongues. Short-tongued bees can drink only from open flowers such as asters or daisies; long-tongued bees can reach the nectar offered by deep or complex flowers such as penstemon, lobelia, and lupines.


Some bees will also forage for nest-building materials. For example, mason bees search for areas of damp clay soil from which they gather and carry balls of mud back to their tunnel nests. Other bees gather plant resins or pebbles for the same purpose. Leafcutter bees search for leaves (and occasionally flower petals), often of very specific plants, from which to cut pieces to wallpaper their brood cells (see Wood- and Tunnel-Nesting Solitary Bees). For example, some leafcutters seem to prefer cherry or snowberry leaves, or rose leaves or petals. One species known to visit cranberries on the East Coast of the United States preferentially cuts pieces from red maple leaves and typically is found only where red maple trees occur.






HOW SELECTIVE ARE BEES?

BEE SPECIES GATHER NECTAR from a variety of sources but vary in how particular they are about where they collect pollen. In general, solitary bee species are polylectic — floral generalists that will gather pollen from many kinds of flowering plants. Because their diet is so varied, polylectic bees may be relatively adaptable to changes in plant communities and degraded habitats.

Some species are more selective. Oligolectic bees collect pollen from a small group of closely related plants, perhaps a single plant family or genus. The aptly named squash bees (genus Peponapis) specialize on the pollen of squash and pumpkins. The seven U.S. species in the megachilid (leafcutter) subgenus Lithurgopsis gather pollen only from cacti. Diadasia is an interesting bee genus because different species are oligolectic on different plant families: in the Southwest, species of Diadasia specialize on cacti and mallows, while Diadasia species elsewhere specialize on evening primroses or sunflowers.


Monolectic bees are more specialized still; they gather pollen from just a single species of flower. Because of the restricted range of their food sources, monolectic bees are particularly vulnerable to changes in their habitat.










FLIGHT DISTANCE


ANOTHER SIGNIFICANT INFLUENCE on foraging is how far the bees can fly. For a bee to provision a nest successfully — or even construct it, if nesting materials are required — the nest site and forage area must be within flight distance. How far a bee can fly depends on its size.




	A large bee can fly farther than a small one. Large carpenter bees (Xylocopa) and bumble bees (Bombus) can forage at distances of a mile or more from the nest.


	Medium-sized bees such as mining bees (Andrena) or leafcutter bees (Megachile) may fly 400 or 500 yards (365–457 m).


	Smaller bees, such as sweat bees (Halictus) and small carpenter bees (Ceratina), generally fly no more than 200 yards (182 m) from their nest.


	As for Perdita, the tiniest bees of all, they may be limited to only a couple hundred feet.





The shorter the distance a bee has to fly to find flowers, the more efficiently it can forage and provide for more offspring.
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Wood- and Tunnel-Nesting Solitary Bees


Approximately 30 percent (around 1,200 species) of solitary bees in North America are tunnel nesters. Many tunnel-nesting species use abandoned beetle burrows in standing dead trees or limbs, but some chew out the soft central pith of dead, dry stems and twigs from such plants as elderberry and blackberry. A few have specialized needs: the inside of particular abandoned insect galls, for example, or the hollow stems of the common reed (Phragmites australis). What all of these nesting sites have in common is that they are dry, relatively warm, and offer protection from predators and parasites.


Most tunnel-nesting species divide the tunnel into a series of brood cells with materials they collect, such as leaf pieces, leaf pulp, tree resin, or mud. Leafcutter bees (genus Megachile) use pieces of leaf or flower petal to create self-contained brood cells. Using their mandibles, they cut particular sizes and shapes to fit different parts of the brood cell, lining the entire cell.


Unlike leafcutter bees, most tunnel-nesting bees do not line the entire cell, but simply build dividing walls across the nesting tunnel to create separate brood cells. Mason bees (genus Osmia) make these walls with mud or leaf pulp. Large carpenter bees (genus Xylocopa) and small carpenter bees (genus Ceratina) use wood fibers scraped from the walls of the tunnel to form dividers of “particle board.” Other species produce building materials from glands in their own bodies. Yellow-faced bees (genus Hylaeus), for example, divide the tunnel into cells using a cellophane-like substance secreted from special glands. Each of these bees seals the nest entrance when it is finished with the same materials they used to construct the inner partitions.
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The seal of a nest tunnel shows what type of bee is occupying it: leafcutters use leaf pieces, mason bees (such as this Osmia sp.) use mud.
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Yellow-faced bees (genus Hylaeus) use a cellophane-like glandular secretion to divide their nests.










Ground-Nesting Solitary Bees


Most of North America’s native bee species (about 70 percent, or very roughly 2,800 species) are solitary ground nesters. Ground-nesting bees dig nests in bare or sparsely vegetated soil that, depending on the species, varies from flat ground to vertical banks. Nest configurations range from a single short tunnel to complex, branching tunnel systems.


Rather than collecting materials from outside the nest with which to line their brood cells, many ground-nesting bee species smooth the cell walls with their abdomens and then apply a waxy or oily substance — produced from special glands near their mouths or on their abdomens — to line the cells, thus stabilizing the soil and protecting their brood. The substance lining the cell usually soaks into the soil, making it look shiny and helping to keep excess water out and microbes in check. The polyester bee (genus Colletes) secretes a cellophane-like material from abdominal glands to create a complete waterproof lining for the cells. Some ground-nesting species, such as tiny Perdita bees living in the southwestern deserts of the United States, leave the cells unlined. When the cell is complete, the bee seals it before beginning another.
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