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Preface



Native insects that prey upon or parasitize crop pests are unsung champions in agricultural systems. Although vast numbers of such beneficial insects are at work on farms across the world, they are overlooked, undervalued, and eclipsed in the public imagination by a comparatively tiny number of pest species. Yet, as the case studies scattered throughout this book reveal, farmers as diverse as Christmas tree growers in Illinois, orchardists in Pennsylvania, and wine grape growers in the Pacific Northwest benefit from the natural pest control provided by beneficial insects.



[image: ]


Lacewing larvae contribute to pest management on farms and in gardens by attacking aphids and other pests.



This book was developed to raise awareness of these helpful animals. Here we discuss their ecology and offer realistic strategies for conserving and enhancing them on working farms. While farming is our main focus, the strategies we describe throughout can be effectively scaled down for the home gardener as well.In this book you’ll learn why you should conserve beneficial insects, how they can help control pests, and how you can protect and restore beneficial insect habitat. You’ll also find additional information on the insects themselves, specific native plants that support them, and USDA financial resources to help implement conservation measures on your farm.
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The strategies outlined in this book will help you take unused areas of the farm like this fence line, which had been managed for years with herbicides to control weeds, and convert them into functional beneficial insect habitat, as seen on the opposite page.




While native beneficial insects alone may not solve your major pest problems (although in some cases they can!), ongoing research across the country clearly demonstrates a very strong link between conservation of natural habitat and reduced pest problems on farms. Where native beneficial insects are present they can:


	Reduce the need for insecticides

	Improve crop yields by reducing pest damage

	Reduce the need to release nonnative beneficial insects




In addition, the conservation practices that support native beneficial insects can:


	Benefit diverse pollinators, such as native bees and managed honey bees

	Provide habitat for wildlife, such as game and songbirds

	Reduce weedy plants on field edges

	Function as buffer systems that reduce erosion, improve water quality, and make your land visually pleasing

	Help organic farmers meet biodiversity conservation requirements for USDA organic certification
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The native wildflowers established along this fence line contribute to pest control by providing habitat for beneficial insects that move out into the adjacent crop field. The flowers also support pollinators, are beautiful to look at, and are not weedy. 








The concept of providing habitat for native insects that attack crop pests is referred to as conservation biological control, or often simply conservation biocontrol. While we describe other biocontrol practices in the first chapter, we focus this book specifically on conservation biocontrol because it represents a win-win conservation opportunity: a chance to reduce pest damage to crops while at the same time supporting native wildlife and biodiversity.

This book provides a broad overview of the principles of conservation biocontrol, as well as an introduction to the important groups of beneficial insects that you may find on your farm. Because pests and beneficial insects vary among cropping systems and regions, it is difficult to provide specific advice that will control pests in all situations. Additionally, we do not always know the thresholds at which some beneficial insects will provide pest control for a given cropping system. Given these limitations, this book does not offer complex guidelines tailored to specific crops or regions. Rather, the general strategies that we outline are applicable to a wide range of farms. We hope that the more specific strategies described in the case studies throughout will inspire you to develop management practices tailored to your own needs.

We’ve been amazingly lucky to work with a huge range of farmers and ranchers across the country who are actively managing their land for beneficial insects: berry producers in Maine, Massachusetts, and Florida, alfalfa seed producers in Wyoming, ranchers in Oklahoma, nut and vegetable producers in California, and tree fruit producers in the Pacific Northwest and the Great Lakes — as well as nearly every conceivable type of farm in between. Many of the conservation biocontrol strategies described here are ones that we learned from those farmers. That knowledge, combined with the research of many excellent scientists and support offered by the USDA Natural Resources Conservation Service, continues to demonstrate that conservation biocontrol can be an effective and practical approach to pest management, while also contributing to the broader sustainability of farms and ranches.

Conservation biocontrol is no magic bullet. For as long as we grow crops, pests will be part of the equation. But incorporating conservation biocontrol into Integrated Pest Management represents a complementary approach for farmers who want to use fewer chemicals. Whether you are a conventional or organic producer, and whether you want to eliminate pesticides entirely or just save money by spraying less, conservation biocontrol can become part of your farm system.

You may achieve the higher beneficial insect numbers you want simply by protecting noncrop areas on your farm. Creating new beneficial insect habitat can increase those numbers even more, while also providing beautiful new recreation areas for you and your family. Combining those approaches with pesticide alternatives such as physical barriers may allow you to market a premium product, tell your customers that your farm is increasingly sustainable, and serve as a role model to other farmers.

We hope that you’ll take this guidance, adapt it, build upon it, and in turn share with us your own experiences. Happy farming!
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Beneficial insect habitat can be integrated into farms of all sizes, from small urban farms to 1,800-acre dryland grain farms, such as this one in Montana.





Part 1


Beneficial Insect Ecology

 It can be easy to overlook beneficial insects. Many are tiny or cryptic, and others are easily mistaken for pests. Despite their fascinating and varied natural histories, they live their lives quietly behind the scenes. But we must not discount the role that beneficial insects play. Native predator and parasitoid insects provide ecological pest control services estimated to be worth at least $4.5 billion annually in the United States. To provide biocontrol services, beneficial insects need stable habitat that can supply supplemental food, alternate prey or hosts, and shelter. Here you’ll learn of the many ways to offer habitat to support beneficial insects.
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Beneficial insects such as lacewings are highly dependent on native plants, especially wildflowers, to thrive. Crop plants alone are typically not enough to sustain their populations and enhance their ability to control pests.





chapter 1


Pest Control with Beneficial Insects


	Most types of insects are beneficial to humans.

	Biological control, or biocontrol, focuses on the beneficial insects that attack crop pests.

	The main groups of beneficial insects that provide pest control are predators and parasitoids.

	Conservation of beneficial insects complements Integrated Pest Management.
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Insects play many valuable roles in our environment. Though we tend to focus our attention on pests, the vast majority of insects are working with us, rather than against us. Insects recycle nutrients, help decompose plant and animal waste, contribute to soil quality by churning and aerating soil particles, provide pollination, attack crop pests, and are food for fish, songbirds, and other wildlife.

While any insect that provides a service to humans could be considered a “beneficial insect,” in this book we are referring to predatory and parasitoid insects and a few related animals, such as spiders.
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A parasitoid wasp injects her eggs into an unfortunate aphid. The wasp’s growing young will slowly consume the still-living aphid host.




What Are Beneficial Insects?

Beneficial insects include predatory insects such as lady beetles (ladybugs), parasitoid insects such as some wasps, pollinators such as bees, and various soil-dwelling insects that contribute to crop health. All of these can provide important services to farmers. This book focuses on two main types of beneficial insects: predators and parasitoids, and their role in natural pest management.
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This convergent lady beetle (Hippodamia convergens) and other lady beetles are beneficial predators as larvae and adults.
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Minute pirate bugs may be tiny in size, but their contributions to pest control are not small.




In general, we consider insects beneficial if they perform ecosystem services. In the context of this book, however, we use the term beneficial insects to describe those insects that suppress crop pests: insect predators and parasitoids, as well as several noninsect predatory arthropods such as spiders. Others may use the term “natural enemies” to describe these groups. A natural enemy is simply an organism that feeds on another organism. Insects or other arthropods that contribute to pest control may also be referred to as “biocontrol agents.” Some people prefer one term over another, but the intention behind all three is similar: these insects and arthropods provide us with a beneficial service that should not be overlooked.



Comparing Metamorphoses

[image: ]
[image: ]
Different insect groups go through different stages of development to reach adulthood.

Some groups of insects go through incomplete metamorphosis, a gradual, simple transition from egg to nymph to adult. Nymphs frequently resemble smaller versions of adults, though they do not possess wings and cannot yet reproduce.

Other groups undergo complete metamorphosis, developing from an egg to a larva (which looks very different and often occupies a different habitat than the adult) to a pupal stage, during which metamorphosis occurs, to an adult.

The life cycle of a true bug (minute pirate bug, left), which involves incomplete metamorphosis, is here compared with that of a lacewing (below), which undergoes complete metamorphosis.




Predators

Predators are animals that attack and consume their prey. Within the context of biocontrol, predators hunt, kill, and consume pests. The most familiar predators of economic importance to farmers are insects, such as lady beetles and wasps, but spiders and predatory mites, nematodes, birds, and bats can also be important predators of crop pests. In this book, we focus on the role of predatory arthropods (insects, spiders, and mites) and ways to enhance their populations.
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An orb weaver spider (Mangora spp.) waits for an insect to get caught in her intricate spiral web.




Characteristics of predatory arthropods include:


	They can range in size from mites the size of the period at the end of this sentence to 4-inch-long mantids (praying mantises).

	Most predatory arthropods are generalists, meaning they feed on a wide array of pests.

	Individual insects can consume many times their weight in prey: lacewing larvae, for example, can eat hundreds of aphids a week.

	Even if they don’t seem plentiful in a field, predatory insects can still significantly reduce the number of pests.
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Some assassin bugs hide under cover to ambush prey; additionally, the forelegs of Zelus spp. exude a sticky substance that also helps them to trap prey.








The diversity of predators in a field crop can be enormous. For example, more than six hundred species of predators in 45 insect families and 23 families of spiders and predatory mites have been recorded in Arkansas cotton fields. In the northeastern United States, scientists have documented 18 species of predatory insects in potato fields. Although the impact of any one type of predator may be minor, their combined effect on pests can be considerable.


Parasitoids

Animals that live on or inside a host organism at the expense of the host are called parasites; they do not normally kill their hosts. Parasitoids, however, are a unique type of parasite. They are of particular importance to farmers because they kill their pest insect hosts. Most parasitoids are wasps or flies that lay their eggs either on or inside the eggs, larva, or adult stage of their host. As the parasitoid larva develops, it feeds on and ultimately kills the host before emerging as a free-living adult outside the host.

Characteristics of parasitoids include:


	Most parasitoids are specialists, meaning they attack only one or a few host species.

	Many parasitoid wasps are extremely small, less than 125 inch (1 mm) in size, making them difficult to see with the unaided eye.

	Because of their small size, their presence is not obvious; you must carefully observe their hosts or use sticky traps to assess their populations in crop fields.

	Tiny parasitoids tend to be more susceptible to pesticides than predatory insects.
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A tiny parasitoid wasp parasitizes a hornworm caterpillar. Soon the eggs inside the caterpillar will hatch and the larvae will begin to feed, undetected by the caterpillar’s immune system.
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When wasp larvae reach maturity, they emerge from within the still-living caterpillar and pupate within silken cocoons.
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Free-living adult parasitic wasps emerge from the cocoons, leaving behind silken cases and a significantly weakened host.
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By the time most adult wasps have emerged from their cocoons, the host caterpillar has died or will die soon.








Pest Control and Farming

Beneficial insects are a natural part of all terrestrial ecosystems, and in the past were the primary means of pest control on farms. With the advent of chemical insecticides, contributions from beneficial insects often became forgotten. Rising insecticide use and reductions in natural habitat have led to declines of beneficial insect populations on many farms. Insecticides alone, however, have not solved the problem of crop pests. Despite their increasing use, both the absolute value of crop losses and the overall proportion of crop losses have increased in the past 40 years.



Considerations for Home Gardeners

Habitat enhancements for beneficial insects can be scaled down for yards and gardens, where beneficial insects can help suppress pests of fruits, vegetables, and ornamental plants.

For example, outbreaks of bagworms (Thyridopteryx ephemeraeformis), common pests that cause unsightly defoliation of ornamental shrubs and trees, often occur in simple landscapes dominated by turf grass. Researchers in Illinois experimented by increasing the number of wildflowers near bagworm-infested shrubs, and they found that rates of parasitism by beneficial insects were three times higher in bagworm populations near wildflowers than they were in bagworm populations surrounded by turf. Parasitoid wasps were more likely to seek their bagworm hosts in the presence of flowers.

Flowers are already a valued component of gardens and yards and, if selected and planted with beneficial insects in mind, can support predators and parasitoids that will reduce or eliminate the need for pesticide applications.




Secondary Pest Outbreaks

In some regions, inappropriate and excessive insecticide use has led to more pest outbreaks. These occur because insecticides often kill beneficial insects as well as pests, and populations of beneficial insects generally take longer to recover than pest populations. Furthermore, when insecticides kill off the first wave of pests and beneficial insects, a secondary pest outbreak — sometimes of a more damaging species than had previously been suppressed by beneficial insects — can result.
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Parasitoid wasps are often very selective about their hosts.
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Flower fly larvae may consume up to 50 aphids per day.




For example, Lygus bugs are key pests of cotton in California, and in late spring, when the bugs are active, farmers often apply broad-spectrum insecticides to control them. Armyworm caterpillars, aphids, and spider mites also feed on cotton. These herbivores in turn attract predators such as lady beetles, lacewings, big-eyed bugs, damsel bugs, and predatory mites, as well as parasitoid wasps. Following treatment with a broad-spectrum, nonselective insecticide for Lygus bug control, predator and parasitoid populations decrease and armyworm, spider mite, and aphid populations all increase. Researchers estimate that growers who treat cotton for Lygus bugs need to spend an additional 20 percent per growing season on insecticides to control secondary pest outbreaks.


Chemical Resistance

Pesticide use can also lead to the development of chemical resistance in pests. When a few resistant individuals survive and breed, they create potential “super” pests that can no longer be effectively controlled by a particular chemical. At the same time, because beneficial insects typically produce fewer generations each year, they do not evolve a similar pesticide resistance. As a result, growers apply more and higher concentrations of specific pesticides to address the pest species’ increased tolerance, and our beneficial insects suffer greater negative impacts. This cycle further undermines the ability of predators and parasitoids to do their work.

Pesticides will remain part of farming in the 21st century, but using new and rediscovered farming practices can promote beneficial insects that also contribute to pest control.
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A predatory stink bug feeds on a plant-feeding stink bug.




Enhancing Beneficial Insect Populations

Efforts to conserve native beneficial insects were unnecessary in the past, when crop fields were smaller and more diverse, and noncrop habitat more abundant. Research in the United Kingdom indicates that habitat enhancement through the creation of “beetle banks” (see chapter 10) and strips of wild­flowers can increase beneficial insects and improve pest control. There is now limited but growing evidence in North America demonstrating the effectiveness of conservation biocontrol, and many farmers are now experimenting with ways to conserve and enhance native predators and parasitoids.


Solutions to Consider

You can enhance beneficial insect populations on your farm in a variety of ways, which we cover in detail in upcoming sections. Reducing pesticide use or switching to insecticides that target only specific pests are two ways to help conserve native beneficial insects.

You can also take more proactive steps. For example, as adults, many predators and parasitoids feed on wildflower nectar or pollen; when prey are lacking, nectar and pollen may be their primary food source. Therefore, one strategy to increase beneficial insect numbers is to enhance farm habitat with a variety of plants that bloom throughout the growing season. Such plantings can also provide alternate prey, egg-laying, and overwintering shelter for beneficial insects.
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Extensive research now shows that farms w ith sufficient habitat demonstrate improved pest control from the beneficial insects supported by that habitat.




Approaches to Biocontrol

There are three approaches to managing crop pests using predators, parasitoids, and insect diseases: Classical, Augmentative, and Conservation Biocontrol. The focus of this book is on the last, but for context it is useful to understand the differences among these approaches.


Classical Biocontrol

Classical biocontrol is the release of a nonnative beneficial insect to control a typically nonnative pest. This process has been encouraged in the past when pests are accidentally introduced to a new location that lacks populations of their natural predators or parasitoids (natural enemies). Historically, this process has been managed by government agencies and researchers working to identify beneficial insects within the pest’s native range. Those beneficial insects are then screened for unintended environmental impacts, and ultimately if they are deemed “safe” to nonpest species, they are released into the new environment where their prey is already established.

Proponents of classical biocontrol consider this process to be environmentally safer than the use of insecticides to control new pests. Critics, however, point to examples of intentionally released “beneficial insects” that not only prey upon the intended pest, but go on to attack other, nonpest, species as well. Critics also point out that given enough time, native beneficial insects will adapt to prey upon newly introduced pests.



Integrated Pest Management

Biocontrol strategies fall under a pest control framework called Integrated Pest Management (IPM). Pest control conducted using an IPM approach consists of four steps.


Step 1. Prevent conditions that favor pests. This step includes practicing good sanitation and removing the pests’ alternative plant hosts. It also incorporates strategies that interrupt pest cycles or keep their populations low through nontoxic means, such as managing habitat for beneficial insects, using mating-disruption pheromones, or practicing thoughtful crop rotation.

Step 2. Establish an economic threshold. This is defined as a pest population density or level of crop damage at which action should be taken to avoid an economic loss.

Step 3. Monitor pest populations or pest damage.

Step 4. Take action to control pests as a last resort only when populations or damage exceed the economic threshold; the cost of pest control should be less than the loss of income caused by the pests. Use pest control in the most targeted way possible, minimizing harm to beneficial insects and using the least toxic option for the situation.
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Monitoring pest populations with insect traps (pictured here), sweep netting, and other techniques is a central part of IPM.






Benefits

Introducing a natural enemy from the native range of an introduced pest species has several advantages over other pest control practices, such as:

An alternative to insecticides. Classical biocontrol can significantly reduce the use of insecticides. Introducing natural enemies can, ideally, be less hazardous to both people and nonpest wildlife than are many insecticides.

Effectiveness. This approach provides a targeted attack on the pest in question and can lead to a long-term pest population reduction over a wide area.

Long-term value. Once introduced, the natural enemies often continue to be effective without further human intervention, and the benefit-to-cost ratio can be very high.

The introduction of the vedalia beetle (Rodolia cardinalis) to California in the late 1880s is widely viewed as a classical biocontrol success. Vedalia beetles, a type of lady beetle, were brought to California from their native Australia in an attempt to curb the cottony cushion scale (Icerya purchasi), a serious pest that threatened the growing California citrus industry. Vedalia beetles, which are host specific and attack only cottony cushion scales, knocked back pest populations quickly, and they continue to control it effectively today.
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The introduction of the vedalia beetle (Rodolia cardinalis), an Australian native, to California to control the invasive cottony cushion scale (Icerya purchasi) is a classical biocontrol success story.




Limitations

The same biological traits of species introduced for classical biocontrol that are viewed as advantages, such as quick reproduction and the ability to disperse widely, also increase the chances of unexpected ecological interactions and effects.

Disruption of natural systems. Extreme caution must be used in classical biocontrol, because species introduced as biocontrol agents can disrupt native ecosystems. For example, a parasitoid tachinid fly (Compsilura concinnata) was introduced into North America beginning in the early 1900s to control the gypsy moth (Lymantria dispar), a nonnative pest of trees. While the gypsy moth has only one generation a year, the tachinid fly has several and therefore must attack nonpest insects to survive. The fly also has the ability to disperse to new areas quickly.
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Native giant silk moths such as the cecropia moth (Hyalophora cecropia) have undergone serious declines, in part due to parasitism by the parasitoid fly Compsilura concinnata, introduced as a classical biocontrol agent to control the gypsy moth.




Initially scientists viewed the fly’s dispersal ability as advantageous, with the expectation that it would spread to new areas and slow the gypsy moth invasion. Instead, the fly was found to attack more than 200 native insects in addition to the gypsy moth, including a number of native giant silkworm moths that subsequently underwent rapid population declines in the 1950s. The fly continues to be a persistent source of mortality for many butterflies and moths in the Northeast today and has spread across the continent.

The possibility of host switching, and the difficulty of predicting ecological interactions when introducing a species, are serious limitations of classical biocontrol.

Irreversible impacts. Introductions of species and their resulting interactions cannot be reversed.


Augmentative Biocontrol

When too few beneficial insects are present on the farm to keep pests below damaging levels, farmers sometimes use augmentative biocontrol to increase naturally occurring predator or parasitoid numbers. They purchase mass-reared beneficial insects and release them at a time when they can most effectively control pests. Often that release is earlier in the season than the naturally occurring beneficial insects would normally be present, or after their populations have been killed by pesticides, or on farms that do not have sufficient habitat to sustain beneficial insect populations. Many augmentative releases are performed with the expectation that they will not result in establishing permanent populations.


Beneficial insect species that are commercially available may be native to the United States or have been introduced previously through classical biocontrol programs. Native species available for purchase for augmentation include the convergent lady beetle (Hippodamia convergens), green lacewing (Chrysoperla spp.), and insidious flower bug (Orius insidiosus). Introduced species include a predatory mite (Phytoseiulus persimilis) and parasitoid wasps (such as Trichogramma brassicae).



The Problem with Releasing Convergent Lady Beetles

Convergent lady beetles (Hippodamia convergens), a species native to the United States, are commonly available for sale to farms, greenhouses, and gardeners. Rather than mass-rearing them in labs, some companies instead collect wild populations of the beetles from Western mountain valleys where they overwinter in large clusters. As a consequence, beetles removed from overwintering sites in places like the Sierra Nevada are sold and shipped nationwide.

This practice raises several ecological concerns among conservationists and researchers. In addition to removing large numbers of beetles from their natural environment (where other animals may depend upon them for food, and where the beetles may suppress local pest populations), there are additional risks associated with moving beetles around the country. For example, lady beetles collected from California and subsequently released in Eastern states may transfer pathogens or parasites to the local lady beetle populations. Interbreeding between geographically distinct populations may also be an issue: when the released lady beetles mate with local populations, it may negatively impact the local population by introducing traits that are adapted to a different environment.

Although the release of convergent lady beetles may work inside greenhouses, it is far less effective when beetles are released on farms or gardens because they tend to disperse immediately away from the site following their release. Due to their penchant for migration, the beetles often leave release sites without feeding or laying eggs.

Because there is little evidence of actual pest suppression, and because of the potential ecological risks involved, the Xerces Society does not recommend the release of lady beetles.



[image: ]
Convergent lady beetles overwinter in large groups. They are harvested from overwintering sites in one part of the country and sold in another for augmentative biocontrol.






Benefits

Supplementing beneficial insect populations with mass-reared predators and parasitoids is sometimes viewed as a convenient and more ecologically sound substitute for insecticides. Specific benefits cited by advocates of augmentative biocontrol include:

Pest specific. Augmentation can target and reduce a specific pest by releasing large numbers of natural enemies all at once.

An alternative to pesticide. Augmentation efforts make use of insect species only, not pesticides.

Preventive. Reestablishing a desired beneficial species can also be useful as a preventive measure, providing control of pests in climates where the beneficial species cannot successfully overwinter.

Ideal for greenhouse use. Augmentation can be very effective for use in greenhouses, where natural populations of beneficial insects may not be able to persist over time. For example, parasitoid wasps are routinely released in greenhouses to control whiteflies.


Limitations

Despite the benefits of augmentative biocontrol, real-world implementation of the practice has been limited by several factors:

A temporary measure. Augmentation does not provide permanent or continuous pest suppression. While you can inundate your crop with large numbers of lacewings, for example, they will migrate to other areas if they cannot find supplementary food sources after they have controlled the pest population.

Best in confined spaces. This technique is most effective in an enclosed or semi-enclosed environment.

Requires replenishment. The grower must find a readily available commercial source of large numbers of beneficial insects and make continuous investments in them.

Limited applicability. Augmentative biocontrol is not effective in all pest situations.


Conservation Biocontrol


Conservation biocontrol focuses on increasing the numbers and diversity of naturally occurring beneficial insects that are already present in the region. Predators and parasitoids need habitat to thrive. Because farm fields are subject to pesticide use, tillage, and mowing of ditches and field borders, they don’t provide enough shelter, forage, and overwintering habitat for many beneficial insects. Conservation biocontrol focuses on providing food, shelter, or other habitat that has been demonstrated to increase numbers of beneficial insects. For example, adults of many insect predators and parasitoids feed on pollen and nectar; therefore, patches of wildflowers in noncrop areas can help maintain (and even increase) their populations when prey insects are scarce.
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Conservation biocontrol is a pest management practice that focuses on providing food and shelter for beneficial insects while at the same time reducing nonnative weeds and the pests that those weeds support. Simply put, conservation biocontrol is a merger between farming and ecology.




Benefits

The benefits of conservation biocontrol are characterized by long-term impacts on the farm system. Achieving pest control benefits may require extensive planning and attention to detail, but once in place, a conservation biocontrol system will persist from year to year.

An alternative to insecticides. Conservation biocontrol can help reduce insecticide use.

Supports an existing ecosystem. By supporting natural enemies that are already present in the region, conservation biocontrol does not disrupt natural systems by introducing new species.

Complements other strategies. Practices used in conservation biocontrol also benefit augmentative and classical biocontrol approaches.

Broad benefits possible. In addition to pest population reductions, conservation biocontrol can benefit wildlife, such as pollinators and birds, as well as soil and water quality.
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Native sand wasps (Bicyrtes quadrifasciatus) build their solitary nests underground in sandy soils. Adult females provide for their young by hunting and subduing leaf-footed bugs and stink bugs, including the brown marmorated stink bug (Halyomorpha halys), an introduced, economically damaging pest.
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A female sand wasp brings a paralyzed stink bug back to her nest, where it will serve as food for her young. In her lifetime, one adult female sand wasp may collect about 50 brown marmorated stink bugs to feed her offspring.




Limitations

Historically, intentional conservation biocontrol has been limited by a lack of information on how to restore and manage beneficial insect habitat. With this book and new informational resources being developed by researchers, conservationists, and crop consultants, we hope that limitation has largely been eliminated. Still, for some farmers, reasons cited for not adopting conservation biocontrol sometimes include:

Less specific than other approaches. Conservation biocontrol is not as targeted to specific pests as classical or augmentative biocontrol.

Requires more time and/or labor. It requires attention to management of the noncropped land on your farm, or financial investment in the creation of new habitat.



Dangers of Introducing Exotic Beneficial Insects

As voracious predators of aphids and other insects, lady beetles have long been recognized for their potential to control certain pest species. The success of the vedalia beetle in controlling cottony cushion scale in the late 1880s inspired many subsequent introductions of lady beetles. In the years since, at least 179 species have been imported into North America intentionally, and several more species have arrived accidentally. There are now at least 27 species of nonnative lady beetles with established populations in North America. Unfortunately, not all of these introductions can be considered biocontrol success stories.

In contrast to vedalia beetles, which are specialized
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Common Predators: Their Habitat and Prey
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Common Parasitoids: Their Habitat and Prey
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Other Common Beneficial Arthropods
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Beneficial Insects

Spiders.

Order: Araneae
Family: Many, com-
mon examples
include

Araneidae
Lycosidae
Salticidae
Linyphiidae

Harvestmen
Order: Opiliones
Superfamily
Phalangioidea

Predatory Mites
Order: Acari
Family: Phytoseiidae

Common Prey

Many types of insects and
arthropods

Many types of insects and
arthropods

Primarily spider mites, but
also other mites, thrips,

scales, mealybugs, psocids,
whiteflies, small nematodes

Egg-Laying Sites
Inegg sacs on
webs, hidden in
cracks on vegeta-
tion or rocks, or
carried on the
female spider,
depending on the
family

In soil or leaf ltter

On leaves or near
prey colonies

Shelter Needs

Eqgs or adults overwinter in silken nests in
the soil, grass clumps, plant debris, under
bark, or inside hollow stalks of vegetation
Adults and spiderlings take refuge in leaf
litter and mulch

Eggs overwinter in soil or leaf litter

Adults overwinter on trees or in soil debris
Shelter in humid microclimates i litter, on
plants, or trees

Supplementary Food Sources

A few species drink small amounts
of nectar

A few species are omnivorous, and
scavenge for dead insects

Some may feed on pollen and nectar
i the absence of prey
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Beneficial Insects

Ground Beetles
Order: Coleoptera
Family: Carabidae

Lady Beetles
Order: Coleoptera
Family: Coccinelidae.

Rove Beetles
Order: Coleoptera
Family:Staphyiinidae

Soldier Beatles
Order: Coleoptera
Family: Cantharidae.

Lacewings
Order: Newroptera
Family; Chrysopidae
Hemerobiidae

Damsel Bugs
Order: Hemiptera
Family: Nabidae

Big-Eyed Bugs
Order: Hemiptera
Family: Geocoridae

Minute Pirate Bugs
Order: Hemiptera
Family: Anthocoridae

Assassin Bugs
Order: Hemiptera
Family: Reduvidae
Flower Fiies (Hover
Flies)

Order: Diptera
Family: Syrphidae
Predatory Wasps
Order: Hymenoptera
Failies: Sphecidae
Vespidae

Common Prey

Various soft-bodied pests
inclucing caterpilars, aphs,
slugs, beetie larvae, nsect
90

Aphids, scales, whitefes,or
mites

Some also consume eggs or
Tarvae of moths, beetes, e,
andthrips

Mites,various insect eqgs and
larvae, and siugs

Aphids, slugs,insect egas,
and larvae (including caterpi-
lars and other beetles)

Aphids, thips, mealybugs,
whitefie, caterpilars, and
other softbodied insects

Aphids, leafhoppers, cater-
pillars,thips, mites,various
nsect eggs

Aphids, scales, sicer mites,
lace bugs, thrips, whiefles,
small caterpilars, insect eggs
Thrips,aphids, mites, scales,
psyllds

Eqgs of various nsects, and
smallcaterpilars (including
com earworm)

Caterpllars, aphids, feafhop-
pers, grasshoppers, beetis,
wasps,bees, fis,etc.

‘Aphids, scales, mites, thrips

Caterpllars, grasshoppers.
crickets,beetles, spiders, tree-
hoppers,aphias,true bugs.
andfies

Egg-Laying Sites
Increvices o in
the soi

On folage near
prey

On eaves or
under plant
debris

In moist sofl o
leaflter

On folage near
prey

I plantts-
sue (eaf blade,
petiole)

Onleaves orin
sol/cuff near
prey

nplanttissue
leaf blade, pe
ole) or under bark

On plantleaves.
andbranches

On folage among
prey.

I sotary or
socialnests inthe
sol i cavitis in
wood, orn nests
made from resin,
mud. or plant
material

‘Shelter and Overwintering Needs
Larvae or aduls overwinter i grass
clumps or dense woody vegetation

When not hunting, aduls take shelter
under mulch,logs, brush piles, and stones

Aduits overwinter ineaf te, rock crev-
ices, under bark,or inside buildings
Aduits shelteron undisturbed herbaceous
and woody pants

Larvae, pupae, o adults overwinter under
bark or vegetation

Larvae and adults take sheter n eaf iter,
grass thatch ogs, and brush piles

Larvae overwirter i eafltter and oose.
soil

Larvae and adults sheler underneath
focks, brush piles,or decaying wood
Prepupac or adults overwinter inaf fiter,
surface layer o sol crevices, under bark,
or inside outbuldings

‘Aduts benefit from sheltered field areas
with minimal wind

Eggs or adults overwinter under leaf ltter
or grassthatch

Nymphs and adults shelter i crop debis,
muich, or rush piles

Aduts overwinter inlow-growing vegeta-
tion or under plant debris

Aduts overwinter under bark o leaf ltter
Nymphs or aduls may shelter in plant
stems, brush piles, and grass thatch

Eqos overwinter atached to plants
Nymohs and adults overwirter under leaf
fter ow-growing plants, and ree bark.
Prepupae, pupae, or adults overwinter in
ol oreaf Iter

‘Aduts prefer sheltered fied areas with
minimal wind

Prepupae or aduts overwinter nside nests
or as mated queens i leaf tter, outbui-
ngs,ofother sheltered areas

Supplementary Food Sources
‘Omnivorous species may con-
sume seeds, pollen, or detritus
in additon to prey
(Note:several species are aiso
Specalist feeders of weed seed
such as lamb's-quarters and
ragweed)

Polen

Nectar

Honeydew

Many are omnivorous, and may
eat fungal spores,polien, or
decaying organic matter

Pollen
Nectar

Pollen
Nectar
Honeydew

Unknown

Nectar

Pollen
Nectar
Plnt sap

Some rink nectar whie vait-
ing for prey on flowers.

Polen
Nectar

Nectar
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Beneficial Insects

Parasitoid Wasps
Order: Hymenoptera
Superfamilies:
Ichneumonoidea
Chalcidoidea

Tachinid Flies
Order: Diptera
Family: Tachinidae

Common Prey

Many are host specific on vari-
ous insects, including caterpi
lars, grasshoppers, aphids,
sawflies, mealybugs, scales,
whiteflies, beetles, etc.

Some are generalist parasit-
oids of many insects

Others specialize on caterpil-
lars, grasshoppers, earwigs,
sawflies, beetle larvae, or true
bugs

Egg-Laying Sites
On or inside host

On, inside, or near
host

Shelter Needs Supplementary Food Sources
Prepupae, pupae, or adults overwinter Nectar

within the host, or in soil or leaf litter, Honeydew

under bark or another protected place

Adults prefer sheltered edges and areas

with minimal wind

Larvae or pupae overwinter within their | Nectar

host, or pupae or adults overwinter in leaf | Honeydew

litter or soil
Adults prefer sheltered edges and areas
with minimal wind





