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Why use biological control?

Since the late 1940s, insect control has
relied heavily on synthetic chemical
insecticides. Insecticides are relatively

easy to use and have generally provided
safe and effective pest control.They will
certainly continue to be a component of
most pest management programs.Many
newer pesticides made available in the
past decade or so are more selective and
less hazardous than most of the older com-
pounds. Nevertheless,most insecticides
have at least some of these undesirable at-
tributes: they usually present some degree
of hazard to the applicator and other peo-
ple who may come in contact with them;
they can leave residues that some find un-
acceptable; they can contaminate soil and
water and affect wildlife, aquatic life, and
other nontarget organisms; they can inter-
fere with beneficial organisms, such as pol-
linating insects and the natural enemies of
pests; and insects can develop resistance to
insecticides, effectively eliminating those
materials as pest management options. In
addition, organic standards prevent the
small but rapidly growing number of or-
ganic growers and processors from using
synthetic chemicals. For these reasons,
many farmers and gardeners are exploring
and adopting methods that reduce pesti-
cide use.

Biological control represents one alterna-
tive to the use of insecticides.Biological
control is the conscious use of living benefi-
cial organisms, called natural enemies, for
the control of pests.Virtually all pests have
natural enemies and appropriate manage-
ment of natural enemies can effectively
control many pests.Although biological
control will not control all pests all of the
time, it should be the foundation of an ap-
proach called integrated pest management,
which combines a variety of pest control
methods.Biological control can be effective,
economical, and safe, and it should be more
widely used than it is today.

Why this publication?
Biological control relies on living organisms
that must have food and shelter and that in-
teract with the pests, the crop,and other en-
vironmental factors.The pest manager (a
farmer, crop consultant,or gardener) should
be able to recognize important natural ene-
mies, understand their needs,and know
how tomaximize their effectiveness.This re-
quires different knowledge and skills than
are needed for chemical control.A good un-
derstanding of the relationships between
pests, their natural enemies, and the envi-
ronment is essential for success in biological
control.The need for this type of knowledge
is the rationale for this publication.

II

preface
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This publication provides an introduction
to the biological control of pest insects and
mites. Because successful biological control
relies on knowledge of pests and their nat-
ural enemies,we include basic biological
information on insects and discuss how in-
sects become pests.We also discuss biolog-
ical control in the context of other forms of
pest control, examining the role of the en-
vironment in suppressing pests (natural
control), as well as the various general
methods for controlling insects.

A major portion of the publication is de-
voted to a survey of natural enemies.There
are hundreds of important natural enemies
in the North Central United States, and it is
impractical to cover all of them in this pub-
lication. Instead,we provide examples from
the more common groups of insect preda-
tors, parasitic insects, insect-parasitic ne-
matodes, and insect pathogens.We include
numerous photographs to help you recog-
nize these beneficial organisms and sug-
gest several sources of further information
and images.

The remainder of the publication discusses
the three broad approaches to biological
control of insects: finding new useful natu-
ral enemies, enhancing the effectiveness of
natural enemies by protecting them from
harm and providing them with necessary
habitat and other resources, and releasing
additional natural enemies when those
naturally present are not adequate.

Numerous books and thousands of scien-
tific and nontechnical articles have been
written on this subject.This publication is
not an encyclopedic summary of all this in-
formation. Instead,we hope this overview
stimulates you to seek additional informa-
tion on the use of natural enemies for your
specific pest control needs.Additional
Extension resources relevant to the North
Central states include biological control
publications on pests of cabbage and re-
lated crops (NCR471) and greenhouse crops
(NCR531) produced by the University of
Wisconsin, and pests of field crops (E-2721),
forests (E-2679), and home gardens (E-2719)
produced by Michigan State University.

The first edition of this publication, now
out of print,was printed in 1993. In the in-
tervening years there have been many new
developments in biological control, includ-
ing the arrival of new pests such as soy-
bean aphid, the development of new
classes of insecticides that are less harmful
to beneficial natural enemies, and the pro-
duction of new resource materials available
to farmers, foresters, and gardeners.The
original authors (Mahr and Ridgway) thank
Michelle Miller, Center for Integrated
Agricultural Systems, College of
Agricultural and Life Sciences,University of
Wisconsin–Madison, for her dedication to
the production of this revised edition, and
Dr. PaulWhitaker,Department of Biological
Sciences,University ofWisconsin–
Marathon County, for researching and writ-
ing the newmaterial.

I hope this publication helps you plan and
conduct successful biological control.

Daniel L.Mahr,Coordinator
Extension Biological Control Programs
Department of Entomology
University ofWisconsin-Madison
January 2008

III
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S C I E N T I F I C N A M E S

Most natural enemies do not have
common names.Therefore,we use
scientific names throughout the
publication.The section entitled
“Classification”on page 8 provides
an explanation of the nature and
use of scientific names.

T E R M S I N B O L D F A C E

Important terms are printed in
boldfacewhere they first appear in
the text and are defined in the
Glossary (pages 103–105).
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1Overview

B
iological control is the intentional
manipulation of populations of living
beneficial organisms in order to limit

populations of pests. Although biological
control can be used to control weeds, the
microorganisms that cause plant diseases,
and even some vertebrates, this publica-
tion focuses on the biological control of in-
sects and mites. In this publication,we refer
to the beneficial organisms that attack
pests as natural enemies, though you may
also know them as“good bugs,”beneficial
insects, or beneficials.The natural enemies
of insects are a diverse group of organisms
that includes predators, parasitic insects,
nematodes, and various microorganisms.
The intent of biological control is not to
eradicate pests, but to keep them at tolera-
ble levels at which they cause no apprecia-
ble harm. In fact, because natural enemies
require their prey or hosts for survival, bio-
logical control works best when there is al-
ways a small population of pests to sustain
their natural enemies.This is a major differ-
ence between biological control and the
use of pesticides.

There are three broad approaches to bio-
logical control:

�� Classical biological control (also
called importation of natural
enemies) involves the importation,
screening, and release of natural ene-
mies to permanently establish effective
natural enemies in new areas. Classical
biological control usually targets intro-
duced (non-native) pests, most of
which arrive here without the natural
enemies that control their populations
in their native lands. Native pests that

are not adequately controlled by exist-
ing natural enemies may also be the
target of classical biological control.
These activities are tightly regulated
and are conducted solely by federal
and state agencies, unlike the following
two approaches, which can be used by
anyone. 

�� Augmentative biological control (or
augmentation of natural enemies) typi-
cally involves the purchase and release
of natural enemies that are already
present in the United States but may
not be numerous enough to ade-
quately control pests in a particular lo-
cation. The goal of augmentative
biological control is to temporarily in-
crease the number of natural enemies
and, therefore, the level of biological
control of the target pest. 

�� Conservation biological control (or
conservation of natural enemies) im-
proves the effectiveness of natural ene-
mies through farming and gardening
practices that provide necessary re-
sources for their survival and protect
them from toxins and other adverse
conditions. These conservation prac-
tices will benefit all natural enemies,
whether they are native, successfully
established through classical biological
control, or released for augmentative
biological control. 

These three approaches are discussed in
greater detail in chapters 7–9, but a few
historical examples may help clarify the
three approaches to using natural enemies
in biological control.

1

What is biological control? C
H

A
P

T
E

R
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Many centuries ago, Chinese farmers ob-
served that ants were helping to control in-
sect pests in their citrus orchards by feeding
on caterpillars, beetles, and leaf-feeding
bugs. The farmers discovered that collect-
ing the papery nests of these ants from
trees in the countryside and moving them
into their orchards improved control of
some orchard pests. They also provided aer-
ial bamboo runways among the citrus trees
to help the ants move easily from tree to
tree. These efforts to increase the numbers
of ants in orchards and to heighten their ef-
ficiency as predators are the first recorded
occurrence of biological control of insects.
Specifically, the movement of ants from the
countryside into the orchards is an example
of augmentative biological control. The use
of runways between trees increased the
ants’ access to prey while keeping them
away from potential harm on the orchard
floor, so this is also an example of conserva-
tion biological control.

In the mid-1880s, southern California’s de-
veloping citrus industry experienced devas-
tating losses from an introduced pest called
cottony cushion scale. Growers tried every
available chemical control, even fumigation
with hydrogen cyanide, but nothing pro-
vided sufficient control; many growers re-
moved their citrus groves because the
damage was so serious. After determining
that the scale insect was native to Australia
and New Zealand, the United States
Department of Agriculture sent an ento-
mologist to that area to look for effective
natural enemies. The entomologist found a
small lady beetle, the vedalia beetle, which
he sent to California. It reproduced rapidly
in infested citrus groves and brought the
cottony cushion scale under complete and
lasting control. This was the first highly
successful case of controlling a non-native
pest by introducing its natural enemies
from their native land, a technique now
known as classical or importation biological
control.

Types of natural 
enemies

N
atural enemies of insects include
predators, parasitic insects, nema-
todes, and pathogens. Successful ap-

plication of all forms of biological control
requires familiarity with these natural ene-
mies and their benefits and understanding
how they fit into an overall pest manage-
ment program. Although the types of natu-
ral enemies are discussed in more detail in
chapters 4 and 6, a brief introduction is
necessary here.

Predatorsmay be insects or other insectiv-
orous animals, each of which consumes
many insect prey during its lifetime.
Predators are often large, active, and/or
conspicuous in their behavior, and they are
therefore more readily recognized than are
parasites and pathogens. Familiar preda-
tors of insects include lady beetles, praying
mantids, spiders, birds, and bats.

Parasites of insects (also called para-
sitoids) are insects that lay their eggs in or
on a host insect. When the parasite egg
hatches, the young parasite larva feeds on
the host (the pest) and kills it (figure 1).
Usually that one host is sufficient to feed
the immature parasite until it becomes an
adult. Many parasites are host-specific,
meaning they attack only one or at most a
few closely related species of host. No in-
sect parasites are harmful to humans or
other vertebrates. Although very common,
they are not well known because of their
small size. One of the smallest,
Trichogramma, is only about the size of the
period at the end of this sentence.A

B

C

D

Figure 1. The generalized life cycle of a parasitic wasp, as exemplified by an
aphid parasite. (A) Wasp lays egg in a host, in this case a young aphid. 
(B) As host feeds and grows, parasite larva feeds on host and also grows. 
(C) When parasite larva is full grown, it pupates within the host, which is now
dead. (D) The parasite pupa transforms into an adult wasp, which emerges
from the host. After mating, the young wasp seeks new hosts to parasitize.
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