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Foreword

Insect pests damage millions of hectares of forest worldwide each year. Moreover, the
extent of such damage is increasing as international trade grows, facilitating the spread
of insect pests, and as the impacts of climate change become more evident. Globally, and
especially in developing economies, outbreaks of forest pests can have major consequences
for the livelihoods of forest-dependent communities.

FAO views the threat posed by forest insect pests very seriously. Pest management is
an important element of Sustainable Development Goal 15 (“Life on Land”), especially
target 15.8: “By 2020, introduce measures to prevent the introduction and significantly
reduce the impact of invasive alien species on land and water ecosystems and control or
eradicate the priority species”. FAO’s ongoing programme on integrated pest management
supports the achievement of this target, including through classical biological control.

Classical biological control is a well-tried, cost-etfective approach to the management
of invasive pest species. It involves the importing of “natural enemies” (parasitoids,
predators and pathogens) of non-native pests from their countries of origin with the aim of
establishing permanent, self-sustaining populations capable of reducing pest populations
to below acceptable damage thresholds. Classical biological control is especially well
suited as a management tool for exotic pests that invade new environments, and it can
provide long-term, efcacious control at minimal ongoing cost. It also poses risks and it
is crucial, therefore, that it is implemented with adequate safeguards.

A great deal of knowledge on classical biological control has been accumulated worldwide
in the last few decades. This publication, which was written by a team of experts, distils
that information in a clear, concise guide aimed at helping forest-health practitioners and
forest managers — especially in developing countries — to implement successful classical
biological control programmes. It provides general theory and practical guidelines, explains
the “why” and “how” of classical biological control in forestry, and addresses the potential
risks associated with such programmes. It features 11 case studies of successful efforts to
implement classical biological control around the world.

I thank everyone involved in producing this document, especially the authors and all those
who participated in the expert meetings that gave rise to the work. I have no doubt that the
application of this guide in diverse situations will help in the safe, effective use of classical
biological control and thereby in ensuring the health and productivity of the world’s forests.

WA,
Y, ﬁ%?/’
Hiroto Mitsugi

Assistant Director-General
FAO Forestry Department
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Introduction

1.1 The threat to forests posed by insect pests

Planted and natural forests provide many economic, social and environmental benefits.
For example, they help combat desertification, protect watersheds, regulate climate,
conserve biodiversity and maintain social and cultural values. In economically developing
countries, forests help meet basic needs for food, medicines, timber, energy and fodder.

Insect pest outbreaks damage about 35 million hectares of forests annually, mainly in
the temperate and boreal zones (FAO, 2010). Such outbreaks are increasing globally as
the volume and speed of international trade escalates and the climate changes.

In planted and natural forests, endemic insects and tree diseases are integral components
of ecosystems. The introduction of non-native insect pests to new areas where they have
no natural enemies, however, can have catastrophic impacts. Damage caused by invasive
forest insect pests can reduce tree growth and timber quality and production, cause
declines in biodiversity, significantly affect vital forest ecosystem functions and change
entire landscapes. Although native forest pests can have similar effects, usually these are
more sporadic and can be managed by modifications to management regimes.

In economically developing countries, non-native forest insect pests can cause severe
economic losses, affecting the livelihoods and food security of many forest-dependent
people. It is crucial, therefore, to manage insect pests appropriately. Pest management is
an important element of Sustainable Development Goal 15 (“Life on Land”), especially
target 15.8: “By 2020, introduce measures to prevent the introduction and significantly
reduce the impact of invasive alien species on land and water ecosystems and control or
eradicate the priority species”.

1.2 Managing insect pests

Forest insect pests can be managed by the deployment of resistant or tolerant germplasm
and by chemical, cultural and biological means. These various methods can be applied
compatibly as part of integrated pest management (IPM) — a widely accepted approach
implemented in both natural and planted forests worldwide (see section 3.4).

1.3  What is biological control?

Biological control involves the use of “natural enemies” as an essential component of
IPM. In a broad sense, a natural enemy is an organism that causes the death or impair-
ment of another organism. Biological control can be defined as using living natural
enemies (“beneficial organisms”) to control other living organisms (“pests”). International
Standard for Phytosanitary Measures (ISPM) 3 defines a biological control agent (BCA)
as a “natural enemy, antagonist or competitor, or other organism, used for pest control”.
The objective of all biological control programmes in forestry and agriculture is to reduce
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the impacts of pests to below acceptable thresholds. Biological control can be used alone
or in combination with other control methods in IPM programmes.
There are three main approaches to biological control:
1. Augmentation biological control — increasing the density of native or non-native
natural enemies with regular releases. Releases may be made
- at the beginning of each season, when relatively few individuals of a natural
enemy are released (these are expected to reproduce during a certain period), or
- asasingle mass release of a natural enemy expected to result in immediate control.
2. Conservation biological control — the manipulation of habitat with the aim of
enhancing the reproduction, survival and efficacy of natural enemies already
present in an affected area.
3. Classical biological control (CBC) - the introduction of a natural enemy of non-
native origin to control a pest, usually also non-native, with the aim of establishing
a population of the natural enemy sufficient to achieve the sustainable control of
the target pest.

14 Classical biological control

CBC is often a key component of IPM in forestry. It consists of controlling non-native
pests by importing natural enemies (parasitoids, predators or pathogens) from their
countries of origin. The objective is to establish permanent, self-sustaining populations
of natural enemies that will disperse and suppress a pest population or reduce its rate of
spread, including as part of wider IPM systems. Although, on its own, a CBC programme
will not eradicate an invasive pest species, it can help reduce the population to below an
acceptable threshold of damage. CBC is particularly well-suited as a management tool for
non-native pests that invade new environments and can provide long-term, efficacious
control at minimal ongoing cost.

1.5 About this guide

This guide has been written to enable forest-related personnel in economically develop-
ing countries to implement successful CBC programmes. It provides general theory and
practical guidelines, explains the “why” (background and understanding) and “how” of
forest pest control using CBC, and features 11 case studies of the successful application
of CBC worldwide. CBC can be used to target many kinds of organism, including
invasive plants and pathogens. This guide is concerned with forest insect pests, although
its recommendations may also be valid for agricultural ecosystems.

Chapter 2 provides an introduction to some of the basic elements of a CBC programme.
Chapters 3-5 examine the three main stages of a CBC programme, focusing especially
on aspects of planning, implementation and the monitoring and evaluation of outcomes.
Chapter 6 canvasses other important considerations, and Chapter 7 presents case studies.
A glossary provides definitions of many of the technical terms used in this guide, and an
annex lists the main species and genera of pests, BCAs and tree hosts described herein.

This guide is designed to complement a key FAO Forestry Paper, Guide to the
Implementation of Phytosanitary Standards in Forestry (FAO, 2011), and the International
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Standards for Phytosanitary Measures, especially ISPM 3: Guidelines for the Export,
Shipment, Import and Release of Biological Control Agents and Other Beneficial
Ovrganisms. Both these documents, which are available free of charge, should be consulted
in tandem with this guide.






2 Classical biological control

2.1 The benefits of classical biological control

CBC is a permanent, self-sustaining form of pest control. These qualities give CBC an
important advantage over chemical and silvicultural pest-control methods as well as
over the augmentation and conservation biological control methods. Once established,
non-native natural enemies of targeted pests should require no further intervention, thus
potentially resulting in substantial cost savings and economic benefits. For example, the
CBC project against the mango mealybug in Africa generated an estimated cost-benefit
ratio of 1:808 over 40 years (case study 7.7).!

Successful CBC projects enable reductions in the use of insecticides, which has
substantial benefits for human health and the environment. CBC programmes are
increasingly being developed to protect biodiversity and natural ecosystems where the
use of pesticides is not an option — such as in the case of the orthezia bug on the island
of Saint Helena (case study 7.4). CBC is also being used in protected areas — such as the
Galapagos Islands, where the vedalia beetle (Rodolia cardinalis) has been introduced to
help manage the impact of cottony cushion scale (Icerya purchasi), a plant pest.

2.2 Natural enemies used in classical biological control

In CBC, one or more of a pest’s natural enemies are selected as potential BCAs. They
may be parasitoids, predators or pathogens (Box 1), and they are most often sourced
from a pest’s native range, although related taxa from other invaded regions or elsewhere
may also be considered.

BOX 1
Categories of natural enemies used in classical biological control

Parasitoids are parasitic organisms (mostly insects in the orders Diptera and Hymenoptera) that
develop in a single host, usually killing it. Parasitoids can parasitize all insect developmental
stages, from eggs to adults. They make up most of the agents used in classical biological
control (CBC) programmes because they tend to be more host-specific than predators and

Box continues on next page

! Note that it is usually easier to calculate the economic benefits of CBC for agricultural pests than for
forestry pests, partly because measuring differences in tree growth rates or timber production over
relatively long rotations requires considerably more investment and time compared with measuring the
growth of annual agricultural crops or the loss of fruit production.
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Box continued

pathogens. For example, the winter moth in Canada has been controlled successfully through
the introduction of a hymenopteran parasitoid, Agrypon flaveolatum, and a dipteran
parasitoid, Cyzenis albicans (case study 7.9 describes this CBC programme; see case studies
7.3, 7.5-7.7 and 7.9-7.11 for other examples of the use of parasitoids in CBC).

Predators are entomophagous insects that feed on more than one prey in their lifetime.
Larvae, nymphs and adults of many insect orders can be predators and may feed on all
developmental stages of their prey. Currently, predators tend to be less-favoured than
parasitoids in CBC programmes because their wider host ranges increase the risk of non-
target effects. Nevertheless, there are many exceptions, and several specific predators have
generated some of the biggest successes in CBC against tree pests, such as Rhizophagus
grandis against the great spruce bark beetle (case study 7.2), Hyperaspis pantherina against
the orthezia bug (case study 7.4) and the vedalia beetle against the cottony cushion scale.

Entomopathogens (viruses, fungi and microsporidia, and nematodes) have been used
in CBC programmes to a much lesser extent than parasitoids and predators. An example is
the nudivirus used against the coconut rhinoceros beetle (case study 7.1). Various groups
of nematodes are well-known natural enemies of insects, but they are rarely used in CBC
programmes. A notable exception is the deployment of a parasitic nematode against the
sirex woodwasp (case study 7.8).

2.3 Communication and classical biological control

All CBC programmes should include awareness campaigns aimed at the programme’s main
beneficiaries (e.g. farmers, foresters and consumers). The objectives of such campaigns
should be clear — such as to inform stakeholders about the intention to implement CBC
and to provide updates on the process. It is important to initiate awareness campaigns
very early on—as soon as the decision has been made to use CBC. Awareness campaigns
must be maintained throughout the duration of a CBC programme using appropriate
media to reach all affected stakeholders, including the public.

2.4  The classical biological control process
CBC programmes have two main phases (Figure 1):
1. the process to develop a CBC programme (described in Chapter 3); and
2. the implementation of a CBC programme (described in Chapter 4; see also
Chapter 5 on monitoring and evaluation, which are parts of implementation).
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FIGURE 1
Stages, actions and decisions in a classical biological control programme
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3 Process leading to classical
biological control

3.1 Pest detection
Globally, a range of phytosanitary measures is employed to limit the risk of accidental
introductions of new invasive alien pests. One approach to managing high-risk path-
ways for such introductions is to implement ISPM 15: Regulation of Wood Packaging
Material in International Trade, which is a phytosanitary standard designed to mini-
mize the movement of pests in wood packaging. The FAO publication, Guide to the
Implementation of Phytosanitary Standards in Forestry (FAO, 2011), outlines the most
applicable phytosanitary practices in forestry.

Despite such measures, however, the potential remains for the introduction of invasive
alien pests into countries and regions where they have not occurred previously. Such
introductions, when detected, are the usual targets of CBC programmes.

Surveillance

Pests may be detected using active or passive surveillance. Active surveillance comprises
structured, systematic and targeted surveys of trees and forests by trained personnel.
Passive surveillance relies on reports of unusual signs, symptoms or pest insects on trees
or in forests by stakeholders such as farmers and forest workers. Surveillance should
target three main locations:

1. borders;

2. post-border areas; and

3. plantations, natural forests and urban forests.

Borders. Border surveillance involves inspecting goods arriving in a country for signs
of pests (or the symptoms of these). Due to the large volumes involved, only a small
proportion of such goods can be inspected. Even so, interception records are valuable
indicators of which pests are moving around the world, the frequency at which they
are moving and the pathways they are using. This knowledge helps improve pre-border
phytosanitary measures, import protocols and post-border surveillance.

Post-border areas. Targeted surveillance can be carried out at high-risk sites (e.g.
seaports, airports, import warehouses, container and pallet depots, and botanic gardens)
using, for example:

* insect traps (e.g. those using pheromones or other lures, sticky traps, and light

traps);

e sentinel plants (i.e. plants cultivated and located to attract known or new pests or

diseases); and
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e intensive (“blitz”) surveys of insects and pathogens on trees and other woody plants

along transects at high-risk entry sites.

Plantations, natural forests and urban forests. In many forests, surveillance is carried
out as a routine part of management to assess forest health and to detect outbreaks of
endemic or new pests. Methods include:

e walk-through surveys (along transects);

e drive-through surveys;

® aerial surveys (fixed-wing aircraft, helicopters and, increasingly, unmanned aerial

vehicles — drones); and

* remote sensing (from aircraft or satellites).

ISPM 6: Surveillance describes general surveillance and specific surveys and stipulates
the necessary components of surveys and monitoring systems for the purposes of plant-
pest detection.

Actions following detection

Reporting. If a suspected new exotic pest is detected, an essential first action is to
report this to the relevant national or provincial plant protection or biosecurity agency.
ISPM 17: Pest Reporting describes how this should be done. Such reporting will trigger
official responses and notifications.

Response plans. A regulatory framework that includes preparedness and response
plans for pest incursions is highly desirable. Response plans can be generic or pest-specific:
Australia’s “PLANTPLAN?” response plan developed by government and industry
(Plant Health Australia, 2017) is an example of good practice for a generic approach.

Early responses under a response plan typically include:

e delimiting the surveillance area to determine the distribution of the pest;

* convening an expert panel to make early management decisions based on knowledge
of the biology, ecology and economic importance of the pest, public awareness and
contingency plans; and

* restricting the movement of potentially pest-infested goods to prevent the pest’s
spread.

The next step is to decide whether eradication is feasible or if another option,
such as containment to limit the spread of the pest, is more appropriate. The earlier a
pest is detected, the higher the probability of eradicating it, containing it or limiting
its spread.

3.2 Pest identification and characterization

Identification
As soon as a potential insect pest is detected, it is important to identify it correctly to
determine whether it is:

* new to the country or region;

® a native species; or

® an already-established non-native species.
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This means it is essential to know which insects are present locally. Such information
might be obtained from local historical records of pest occurrence; scientific literature;
previous surveys of forest pests; and the local knowledge of forest growers and tree owners.

Images and specimens of potential new pests can be directed to local taxonomic
experts, if available, for rapid identification, and they can also be sent to international
experts. Resources required for local identification include:

® access to good-quality microscopes (ideally fitted with cameras for taking high-

quality images); and

e taxonomic keys relevant to the insect involved.

Many online resources are available to assist with provisional pest identification,
including Internet image searches (e.g. Forestry Images, PaDIL and online insect
identification keys);? email discussion groups such as PestNet;? and software applications
(“apps”) for mobile devices.

If experienced morphological taxonomists are unavailable to make authoritative
diagnoses, molecular barcoding is the next best option for identification. This requires
access to a molecular-biology laboratory and experienced staff to carry out analyses and
interpret results. If such facilities and personnel are unavailable in-country, appropriately
preserved specimens can be sent internationally for analysis as per national protocols.
An advantage of molecular-based diagnoses is that they may also be able to identify a
pest’s region of origin, which could be important for a biological control programme.

Characterization
Characterizing a new pest means documenting its biology, ecology and known manage-
ment options. Early characterization can be obtained by reviewing the scientific literature,
which could contain detailed relevant information if the insect is a known pest. If the
insect is not well known, scientific literature might exist for closely related species that
share similar biological traits.

Crucial information needed for assessing risk and management options includes:

® Host range

e Life-cycle duration

* Global distribution

¢ Climatic requirements

e Dispersal ability

e Control methods

¢ Nature of damage or symptoms on host

® Associated natural enemies.

? “Forestry Images” is an image database for forestry species of economic concern maintained by the
Centre for Invasive Species and Ecosystem Health at the University of Georgia, United States of
America; it is available at www.forestryimages.org. “PaDIL” — the Pest and Diseases Image Library —is
an image database and information tool for biosecurity and biodiversity maintained by the Australian
Government’s Department of Agriculture and Water Resources; it is available at www.padil.gov.au.

“PestNet” is an email network to provide rapid advice and information on crop protection, including
the identification and management of plant pests; it is available at www.pestnet.org.
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3.3 Pest risk analysis
When a new insect is detected, a pest risk analysis (PRA) is conducted to:

* determine whether the organism is a pest and is likely to establish and spread in

the country;

* evaluate whether and to what extent the pest has the potential to cause economic,

social and environmental damage;

® evaluate the potential impacts on international trade; and

e determine any phytosanitary measures to be taken against it.

A PRA will provide sufficient information to determine whether the newly detected
insect is a significant pest that should be managed. It is important, therefore, to determine
the risk posed by an insect as soon as possible after it is detected. ISPM 2: Framework for
Pest Risk Analysis, ISPM 11: Pest Risk Analysis for Quarantine Pests, and ISPM 21: Pest
Risk Analysis for Regulated Non Quarantine Pests describe the processes for PR A and for
selecting appropriate risk management options, and they provide information on assessing
plant-pest risks to the environment and biodiversity. Some regional plant-protection
organizations (e.g. the European and Mediterranean Plant Protection Organization) and
countries (e.g. Australia and New Zealand) have specific PRA processes. A country’s
national plant protection organization (NPPO) or delegated authority should conduct
PR As for newly found non-native insects.

A PRA requires an understanding of the ecology and behaviour of the insect, including
the range of suitable hosts and its life stages, method and rate of reproduction, life-cycle
duration and climatic requirements. PR As consider the potential impacts of pest damage
on forest plantations, including losses in nursery production, total crop losses, reduced
growth rates, poor tree form and decreased wood quality. In native forest ecosystems,
negative impacts on tree species may cause changes in forest composition and a consequent
loss of habitat for wildlife dependent on affected tree species.

Where possible and practicable, estimates should be made of production losses. These
are relatively easy to make when damage is severe (e.g. the total loss of a plantation) and
more difficult if damage has subtler effects on growth rates and wood quality. Where
the impact is on growth rates, impact assessments may be needed over several years
because growth losses may take some time to be realized and many tree species have
significant capacity to compensate for defoliation.

The scientific literature and historical records of pests detected in other countries
or regions may provide much of the information needed for conducting a PRA. It is
especially important to obtain information from other invaded areas because the actions
of natural enemies may suppress an insect pest in its native range.

Key considerations that can help initiate a PRA include the following:

e Is the insect invasive in other countries?

e Is the insect a significant pest in other countries or regions or in its native range?

* Is the insect included in national and international pest lists?

® Have previous PRAs been conducted in other countries?

e Which tree host(s) has the insect affected?

® How severe is the damage and does this vary according to host species?
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e What is the insect’s current distribution?

e Is the distribution or range increasing?

e Are response plans available in other countries?

e What methods are used to control the insect in other countries?

34 Evaluating pest management options

If a PRA concludes that the risk is high enough to take action, options such as eradica-
tion, containment and management should be evaluated to determine which is most
appropriate. Note that a combination of several management methods can be used in

an IPM approach.

Eradication
The eradication of a new pest may be feasible if surveys show it has a limited distribu-
tion. Other aspects to consider are the pest’s dispersal and reproductive ability and the
availability of control methods with a high probability of eliminating the pest. Such
methods may include:
e effective chemical and biopesticide treatments;
e traps that can be baited with pheromones or kairomones (see “semiochemicals”
below) that efficiently trap the pest and reduce numbers quickly; and
e especially for bark- and wood-boring pests, the removal and destruction of infested
trees.
More information on pest-eradication strategies is available in ISPM 9: Guidelines
for Pest Evadication Programmes.

Containment
If a pest is not eradicable or eradication fails, containing the pest may be the next-best
option. The objective of containment is to prevent the pest from expanding its range
or at least to slow its spread to other areas. Methods usually focus on limiting human-
assisted spread, for example by restricting the movement of nursery material and timber
products. Methods for eradicating a pest can also be used for its containment.

If a pest cannot be eradicated or contained, other management methods should be
evaluated.

Integrated pest management
IPM is the combination of prevention, monitoring and suppression methods to sus-
tainably maintain pest populations at an economically, socially and environmentally
acceptable level. IPM may involve carefully selected and applied chemical, silvicultural
and biological control practices.

For IPM to be effective, field practitioners need a reasonable knowledge of the biology
and ecology of the pests and host trees involved. They also need a good understanding
of the control methods used in forestry, as described below.
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Chemical control

Insecticides are commonly used worldwide as a control method in forestry. Increasingly,
however, chemical use is being restricted due to its negative impacts on the environ-
ment and human health. Forest sustainability certification schemes, such as that of the
Forest Stewardship Council, impose strict conditions and restrictions on chemical use
by forest managers seeking certification for their products. “Soft” insecticides (those
with few off-target impacts) can still form an important part of IPM systems when used
appropriately. Evaluations should determine:

 which chemicals may be effective against the new pest;

e whether those chemicals are registered for use in forestry; and

 whether the use of such chemicals is permitted under the Forest Stewardship

Council and other certification schemes.

Emergency-use registrations can sometimes be obtained for eradication programmes.
The Joint FAO/World Health Organization (WHO) Meeting on Pesticide Residues
and the Joint FAO/WHO Meeting on Pesticide Specifications have generated a list of
evaluated pesticides.*

Silvicultural control

Some pests can be managed effectively by altering silvicultural practices; this requires
a good understanding of interactions between a pest’s biology and silvicultural prac-
tices. Changes in silvicultural practices may include removing trees that are current or
imminent sources of infestation and altering the timing of planting, thinning, pruning
or harvesting. Interactions between soil nutrition and the application of fertilizers may
also be important. Decisions on silvicultural pest-control practices require close col-
laboration between entomologists and silviculturalists, who should jointly determine
which manipulations are likely to be effective and whether implementation is practical.

Tree resistance or tolerance

Any resistance to or tolerance of a new pest among tree hosts should be identified as
early as possible. Selecting for genetic resistance in tree populations, and subsequently
growing resistant varieties, can be an effective method for managing new pests. On the
other hand, the developers of resistant germplasm often retain ownership rights to this
genetic material, which therefore may not be readily available to small-scale growers, at
least in the short term.

The time it takes to identify resistance to or tolerance of a new pest, develop the
germplasm and deploy the plants will depend, to some extent, on the age at which
trees become susceptible. For example, resistance to a pest that attacks seedlings can be
screened for and deployed much faster than resistance to a borer pest that attacks older
trees. Genetic markers of resistance or tolerance can be used to speed this process, but
this will require significant investment in research.

* The list is available at www.fao.org/agriculture/crops/thematic-sitemap/theme/pests/jmps/ps-new
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Semiochemicals

The methods insects use to find mates and locate hosts can be exploited in management
programmes. Pheromones (insect-produced chemicals that affect the behaviour of
individuals of the same species) and kairomones (chemicals produced by one species that
influence the behaviours of other species) are used widely to manage pests. Pheromones,
which are species-specific, are an especially useful tool for monitoring insect popula-
tions and reducing population numbers. Suitable chemicals may already be available for
certain well-known pests but, for new pests, discovering, testing and commercializing
behavioural semiochemicals can be a long and expensive process.

Literature searches and expert advice will ascertain whether potentially effective
semiochemicals are available for monitoring and regulating populations of a new pest (e.g.
Pherobase is a good resource for semiochemical information).’ Effective semiochemicals
(as well as suitable traps and methods for applying the chemicals) are available for some
common invasive forest pests, with several companies specializing in such products.

Biological control

Biological control — the use of natural enemies to regulate pest populations — is a
frequently employed and often-effective management practice. There are three main
approaches, which mostly apply either to already-existing endemic or exotic pests or
to newly introduced non-native pests:

1. Conservation biological control

2. Augmentation biological control

3. Classical biological control.

Conservation biological control. Cultural practices that conserve existing thriving natural
enemies in an ecosystem by providing them with suitable conditions include, for example:

® encouraging nectar sources for parasitoids to enhance their survival and reproductive
capacity;

e providing habitats in which natural enemies can survive during unfavourable
conditions (e.g. after a crop has been harvested), such as by promoting the growth
of plant hosts that help maintain natural-enemy populations; and

* reducing the effect that pesticides have on natural enemies, for example by switching
to biopesticides or reducing pesticide dosages.

Augmentation biological control. This approach involves continually rearing,
multiplying and releasing natural enemies of a pest — generally in large numbers at
the same location repeatedly. Augmentation biological control is usually used when
natural control systems are ineffective and other methods (e.g. the use of chemicals)
are undesirable. Natural enemies used in augmentation biological control are often
supplied commercially by specialized businesses. This approach also includes the use
of entomopathogens as biopesticides.

Classical biological control. CBC involves importing natural enemies from a pest’s
endemic range and releasing them to become established in the new country or region
as a means of providing ongoing pest control. This method is the focus of this guide.

5 Pherobase is available at www.pherobase.com
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3.5 Studying natural enemies in an invaded region

In evaluating the options for IPM, early surveys of a pest will have determined whether
natural enemies are already present and having a significant impact on the pest popula-
tion. Such natural enemies may be from the endemic range of the pest that have travelled
with it, or they may be organisms endemic to the invaded region that are exploiting the
new pest as a host or prey (Box 2).

BOX 2
Studying natural enemies in an invaded region

In a classical biological control (CBC) project, it is important to study the natural-enemy
complex already present in the area of introduction to identify any native natural enemies
that could control the invasive insect pest. Such natural enemies may be native species
that adapt to progressively attack the insect pest, or they may be species that have been
introduced unintentionally from the pest’s region of origin. In both cases, natural enemies
could reduce insect pest populations substantially or at least achieve satisfactory control
(see, for example, case study 7.11). Observations of native natural enemies in the area of
introduction should be carried out frequently because it may take several years or more for
native enemies to adapt to invasive insect pests.

Knowing which natural enemies attack a pest in an area of introduction helps in selecting
the non-native natural enemies to introduce through a CBC progra