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Foreword

he way the nation manages pests is changing because of efforts to reduce the reliance on

conventional pesticides. Driving this change is strong public opinion coupled with action

by Congressand by federal and state agencies. At the same time, pest control needs are

rising. Many important pests are now resistant to formerly effective chemical controls.
And new pests continue to enter the country or spread to new locations where they threaten agricul-
ture, native ecosystems, or human health.

The farmers, foresters, ranchers, and others who seek to prevent excessive pest damage are
increasingly aware of the shortcomings of conventional pest control approaches. Their need for
more pest control options is acute. Current hopes are that integrated pest management (IPM)—
which uses alternative tools as well as pesticides—will provide the key to meeting this need while
reducing the reliance on conventional pesticides. This assessment examines an array of the biolog-
ically based tools that underpin effective IPM.

The report covers technologies ranging from enhanced biological control of pests by their natu-
ral predators and parasites to commercial formulations of microbial pesticides. Today, such
approaches have joined the mainstream. Biologically based technologies have penetrated most
major applications of pest control and are the methods of choice for such widespread pests as the
gypsy moth. They could be used more widely to help solve the nation’s pressing need for pest con-
trol tools. What happens next will depend largely on federal policies and programs.

The federal government’s role here is extendiveugh itsinvolvement in research, technology
transfer, plant protection, land management, and pesticide regulation. Annual expenditures for
research and implementation of biologically based technologies for pest control exceed $200 mil-
lion. But the system does not work as well as it might. A better match between national priorities
and the portfolio of federally supported research would improve delivery of new pest control tools
into the field. An improved regulatory system would streamline the regulatory process while more
closely evaluating the occasional high risks. Finally, the relative roles of the private and public sec-
tors warrant rethinking, because the private sector on its own will go only so far in supplying new
biologically based tools.

Biologically Based Technologies for Pest Contn@s requested by three congressional com-
mittees: the House Committee on Agriculture; the House Merchant Marine and Fisheries Commit-
tee; and the House Committee on Natural Resources, Subcommittee on National Parks, Forests,
and Public Lands.

We gratefully @knowledge the contributions of the Advisory Panel, authors of commissioned
papers, workshop participants, and the many eudit people who reviewed material for the
report or provided valuable guidance. Their generous, timely, and in-depth assistance made this
study possible. As with all OTA studies, the content of this report is the sole responsibility of OTA.
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Summary 1

CONTEXT AND SCOPE with initiativesrelated to providing pest manage-
est management in the United States ig"€Nt tools and expanding the implementation of

changing. Increasingly, the emphasis isintegrated pest management (IPMI. is in this
on reducing the reliance on conventionalcontext that Congress has asked the Office of

pesticided Several factors make such Technology Assessment (OTA) to examine the

change almost inevitable. Increased rigor of peseurrent and potential future role bfologically
ticide screening, economic forces within the pesPased technologies for pest control (BBTS).
ticide industry, and continuing widespread public'hese technologies are grounded in an under-
concern about the harmful effects of pesticideSt@nding of pest biology and have a relatively
are contributing to reductions in the number of W Probability of harmful effects on human

available pesticides and their allowed uses. Ahealth or the environmeit. _ _
the same time, pest control needs ing The assessment covers the following five

because of the increasing occurrence of pesticid€chnologies:

resistance and newly emerging pest threats. The Biological Control—Suppression of pest pop-
growing disparity between the available pesti- ylations bynatural enemiegpredators, para-
cides and the number of pests requiring control gjtes, competitors, diseases). Humans can
will generate needs for more and a greater vari- explojit biological control by permanently
ety of pest control tools and techniques. establishing new natural enemies in a region
This problem’s significance has not been lost (classical biological contrd| by repeatedly
on national policymakers. Both Congress and the releasing natural enemies to temporaribpst
executive branch have responded in recent years their abundancea(igmentative biological con-

1 Conventional pesticides are chemicampounds irwide use that kill pests quickly. These chemticcurrentlypervadeall aspects of
pest maagenent in the United States and support annual sales exceeding $8.4 billion.

2The term integrated pest management or IPM refers generally to pesfemmamé pradtes that seek to integrate all available tools for
pest control—biological, chemical, cultural, and otherwise. See box 2-1 for more detailed discussion of IPM concepts and origins.

3 Biologically based technologs are not, wever, risk free. See text that follows and chapter 4 of the report for more detailed treatment
of the potential risk issues.
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2 | Biologically Based Technologies for Pest Control

trol), and by engaging in practices that These technologies represent an important
enhance the survival and impacts of naturakegment of the alternatives to conventional pesti-
enemies, e.g., reducing pesticide usenger- cides. Federal expenditures on BBT research and
vation of naturakenemiek implementation exceed $200 million annually.

* Microbial Pesticides—Relatively stable for- BBTs are a major part of the U.S. Department of
mulations of microorganisrﬁsthat suppress Agriculture’s (USDA) emphasis in pest control.
pests by producing poisons, causing disease8BTs also comprise a significant part of the
preventing establishment of other microorgan-‘reduced-risk pesticidg” “biopesticides,” and
isms, or other mechanisms. Microbial pesti-‘biorational pesticides” that are receiving a good
cides are designed for large-scale productio[ﬁieé’d of attention from the U.S. Environmental
and application. The most common one in usérotection Agency (EPA) and state agencies.
today is Bt, formulated from the bacterium
Bacillus thuringiensis CURRENT USE AND FUTURE

* Pest Behavior-Modifying Chemical€Exploi- POTENTIAL OF BBTS

tation of the chemical cues used by lvinggyen though conventional pesticides dominate
organisms to evoke specific behaviors fromy g pest management practices, BBTs have pen-
other organisms. Pheromones, chemicals thafraied most major applications and joined the
communicate information between membersyainstream. For example, at least 28 state
of a single spgcies, currently are used to OILf’(‘]lepartments of agriculture operate their own bio-
rupt pest mating or to attract pests to pestijggical control programs. The USDA Animal and
cides. Plant Health Inspection Service (APHIS) as a
* Genetic Manipulation of Pest PopulatieRs matter of policy promotes biological control
Release into the pest populationimdividuals  where possible in its programs. For control of
genetically altered to carry genes that interfergyypsy moth, a major forest defoliator found in
with the pest’s reproduction or impact. Themore than 11 states, the U.S. Forest Service
method in significant use today is release ofelies primarily on a combination of microbial
sterile males in order to reduce pest reproducpesticides and natural enemies. Numerous farm-
tion. ers adjust pesticide selection or spray schedules
* Plant Immunizatior-Enhancement of plant in order to minimize harmful impacts on pests’
resistance to pests by means other than breedatural enemies. Several major food preoss
ing or genetic engineering. Scientists cancompanies, such as the Campbell Soup and Ger-
enhance disease resistance in some plants lmer Companies, have set low tolerances for resi-
exposing them to certain microbes or chemi-dues of conventional pesticides in their products
cals. Research is also under way to transfeand are promoting “biointensive” IPM among
certain predator- and disease-deterring fungiarmers who supply their produéeAnd a grow-
into plants. ing array of microbial pesticides is now available

4Organisms too small to be seen by the naked eye, e.g., viruses, bacteria, ftmgpaps) and certain nematodes (worm-like animals).

5 “Reducedrisk,” “biopesticide,” and “biorational pesticide” have aédm used with differing meanings, daging on the source, to
encompass various combinations of microbial pesticides, botanical pestictuasjcals that modifygst behavior or growth, augmentative
releases of natural enemies, and conventional pesticides that have new che@iBied! not use these terms tmese of their ambiguous
meanings.

6 Microbial pesticides and phermne-based products made up 45 perceallafew pesticide active gmedients registered by EPA in
1994.

7“Bjointensive” IPM refers to an IPM system that minimizes pesticide inputs and that uses BBTSs for pest control in addition to other crop
managment practices.



Tiny Trichogramma wasps, about the size of the head of a pin,
are one of the most widely sold natural enemies for control of
agricultural pests. The wasp shown here is laying its egg in the
larger egg of a corn earworm (Helicoverpa zea).

J. Clark, University of California Statewide IPM Project

to homeowners for control of landscape and
household pests.

Current use of BBTs in the United States is
patchy, however. The major share of BBT usage
targets insect pests of arable agriculture, forestry,
and aguatic environments. Use is growing for
insect control in urban and suburban settings as
new microbial and pheromone bait products
become available for turf and household pests. In
arable agriculture, BBTs have virtualy no role at
present for weed control; in contrast, classical
biological control has been used to suppress a
number of weeds of rangelands, pastures, and
waterways. Few BBTs are yet available for con-
trol of plant pathogens, although a number of
microbial products have been introduced in the
past year for seed treatments and other applica-
tions.

Adoption of BBTs has occurred most fre-
guently where conventional pesticides are: 1)
unavailable because of pest resistance or small
market size; 2) unacceptable, such asin environ-
mentally sensitive habitats or where human con-
tact is high; or 3) economically infeasible
because the costs of pesticide use are high rela-
tive to the economic value of the resource, such
as in rangeland management. In these situations

Chapter 1 Summary 3

the chief advantages of BBTs become significant
assets—namely that they reduce reliance on con-
ventional pesticides, are relatively benign in
terms of impacts on human health and the envi-
ronment, and, in the case of classical biological
control, provide lasting, widespread, and low-
cost suppression of individual pests.

Adoption is less common where effective and
acceptable conventional pesticides exist and
where numerous pests require simultaneous con-
trol. Thisislargely because BBTs do not usually
compare favorably when measured against the
performance standards set by conventional pesti-
cides. Most have a narrower target range, act
more slowly, provide a less efficient level of pest
suppression, and, if sold commercialy, have
shorter field persistence and briefer shelf life. A
biologically based method usually must be inte-
grated with other control methods in order to
provide an overall package of pest suppression.
Reliance on BBTSs thus requires a knowledgeable
user and greater planning.

The limited availability of BBTs also contri-
butes to their uneven adoption. At present, consid-
erably more effort is focused on BBT research
than on adaptation of the research findings to
field use. BBTs are presently unavailable for
many pest problems due to a lack of the neces-
sary research on applications, development, or
production and delivery technologies. Even
when available, certain BBTs remain inaccessi-
ble to many end-users who lack sufficient train-
ing or appropriate sources of information.

ISSUES AND OPTIONS

Today’s national policies on pest management
and pesticide use reduction depend on the devel-
opment of alternatives to conventional pesti-
cides. Some underlying assumptions about the
capacity of the public and private sectors to sup-
port expansion of BBT use may be overly opti-
mistic. The federal government potentially exerts
a significant influence on BBT adoption through
its extensive and diverse roles in research, devel-
opment, implementation, and regulation. Adjust-
ment of federal policies and programs in several
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areas could greatly enhance the effectiveness dtfes for certain uses where BBT residues may

efforts to safely bring BBTs into wider use. become a component of food products.
Chapter 4 of the report presents options
O Balancing Risks and Regulations related to:

In looking ahead to expanded BBT use, it is- improving APHIS’s regulatory structure for
important to ask what risks the technologies will - pipological control;

bring. BBTs generally rank favorably from the . strengthening innovations while retaining bal-
perspective of public health and environmental znce in EPA’s regulation of microbial pesti-
safety. Many are relativelyhost speific and cides and pheromones;

impa}ct primari_ly_the targeted pests. Unlike con- gnticipating food safety issues and the
ventional pesticides, most BBTs lack mamma- expanded role of the FDA that will arise as
lian toxicity or pathogenicity. Moreover, the yses of BBTs on harvested produce and in
development of resistance by weed and insect {50g preparation areas increase; and

pests appears significantly slower for most BBTS  reqycing the likelinood that pests will develop

than for conventional pesticides. resistance to BBTs, specifically the microbial
Nevertheless, BBTs are not risk free. Some pesticide Bt.

may pose certain hazards to human health and

the environment. Some of these potenFlaI |mpactﬁ Improving the Pipeline from
are better documented than atheAllergic reac- Research to Implementation
tions to fungal pathogens and to insect eggs, P _
scales, and waste in insectaries are the besthe federal government plays a large role in the

understood human health impacts. To scientistéesearch, development, and implementation of
who Study the ecology of natural Systems’ th@BTS At least 11 federal agenCieS are inVOIVed,
most significant concerns relate to the impacts offost within the USDA. Despite the size of these
biological control and microbial pesticides one€fforts, BBTs do not move smoothly from
native species and the functioning of ecosystemgesearchinto on-the-ground solutions to pest
A lack of monitoring for such effects during past Problems.
decades means some of the most likely ecologi-
cal effects, such as declines in native insect popAdjusting the Research Agenda
ulations, have probably gone unnoticed. The gap between BBT research and its use—
The significance of any risk depends on howreferred to by some long-time observers as the
well the regulatory structure prevents the high‘valley of death"—was the single most promi-
impacts from occurring. Past regulatory reviewnent problem identified during the OTA assess-
of biological control by APHIS has been incon-ment. It results, in part, from a lack of
sistent—too lax in some cases and too burderinstitutional coordination at several levels within
some in others. The EPA has done a better job iand among federal departments. Ad hoc interac-
its oversight of pheromones and microbial pestitions among scientists working on BBTs from
cides under the Federal Insecticide, Fungicideyarious government agencies and universities
and Rodenticide A&, although the risks posed have generally been quite good. In contrast,
by upcoming microbial pesticides—some genetiproblems frequently arise when cooperation
cally engineered for enhanced target range anbetweerinstitutions isrequired. The results have
lethality—will pose new challenges for the included: a poor match between federally sup-
agency. The Food and Drug Administrationported research and national priorities; abundant
(FDA) needs to clarify its regulatory responsibil- research that never makes it into the field; and

8 Federal Insecticide, Fungicide, and Rodenticide Act (1947)nasded (7 U.£.A. 136 et seq).



Pheromone dispensers are widely used in California peach
orchards to suppress the oriental fruit moth (Grapholita molesta)
by disrupting the pest mating.

J Clark, University of California Statewide IPM Project

national programs to control emerging pest
threats that are beset by delays in the develop-
ment of appropriate management tools.

The diffuse decision-making structures within
the USDA research agencies (the Agricultural
Research Service and Cooperative State
Research, Education, and Extension Service)
often fail to effectively focus research onto
nationally identified needs. For example,
although herbicides make up the single largest
category (57 percent) of pesticide use in the
United States today, only 15 percent of federal
BBT research is directed toward control of
weeds. The scattered portfolio of BBT research
rarely addresses al of the research components
necessary to enable the practical uses of a given
BBT. No agency has consistently taken responsi-
bility for conducting or funding the essential
research to translate the work of scientists on
BBTs into practicable applications for farmers
and other users.

Chapter 1 Summary 5

Educating and Influencing Users

Few farmers will readily embrace technologies
that involve unfamiliar procedures and uncertain
consequences. Many BBTSs require a significant
level of information to use properly, and farmers
often lack clear-cut instructions or authoritative
sources of advice on how to apply them.

The Cooperative Extension Service is the
principal governmental provider of direct, hands-
on services to growers and historically played a
key role in farmers pest control decisions. In
most states, however, extension plays only a
minimal role in educating farmers about BBTS;
most extension agents have had little if any for-
mal exposure to biologically based approaches.
Moreover, the Cooperative Extension Service's
role in shaping pest management practices is
now secondary to that of the far more numerous
private consultants in most regions (crop advi-
sors, pest control advisors, and pesticide dealers
and applicators). However, like extension agents,
many private advisors are not well versed in
BBTsor 1PM. Many are associated with conven-
tional pesticide manufacturers or suppliers and
are thus inclined to recommend chemically based
technologies. According to representatives of
major pesticide companies that also produce
BBTSs, even their own sales representatives do
not adequately promote Bt or other biologically
based products.

A number of other factors are thought to indi-
rectly influence the pest control decisions of
some users, athough most lack adequate docu-
mentation. Produce standards set by USDA and
our international trading partners, for example,
sometimes require minimal pest damage, and
may provide strong incentives for more frequent
pesticide application. Certain production con-
tracts and other arrangements with food process-
ing companies may direct growers to use specific
pest management practices.

Chapter 5 of the report presents specific
options designed to address the shortcomings of
the federa research system and the indirect influ-
ences of the federal government on the pest con-
trol decisions of farmers, These options include:
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= better coordinating the USDA research agendaevelopment or marketing of BBT products.
with national pest management needs identiNumerous small companies operate at a low
fied by EPA and the land management agenprofit margin, are vulnerable to unstable markets,
cies; and have difficulty investing in product discov-

« modifying mechanisms of funding BBT ery or formulation and production technologies.
research to better ensure the research makesAn important obstele to wider use is that BBTs
into field applications; do not move easily through the extensive

- providing an institutional structure for coordi- €ntrenched infrastructure currently in place for
nating biological control activities at a the research, development, and marketing of
national level in order to increase the potentiaconventional pesticides.
for success and decrease the risks; According to a workshop of private sector

- addressing currently unmet research need§xPerts convened by OTA, in the absence of any
related to weeds and monitoring of BBT change to federapolicies and programs, BBTs
impacts and effectiveness; are likely to experience slow gains and will

- maintaining the necessary levels of technica[®Main restricted primarily to high-value crops

expertise in IPM and taxonomy: and (e.g., fruits and vegetables) and other niche
- improving the flow of BBT information to 2/€aS- Due to economic factors within the agro-

chemical industry, future conventional pesticides
users. . : :
will tend to be broad-spectrum chemicals that fit
. i i poorly into IPM.

[J Commercial Considerations Congress could alter this scenario, however,
Certain BBTs lend themselves to commercialby adjusting the many influences the federal gov-
production—specifically, natural enemies for ernment presently exerts on the BBT industry.
augmentative release, microbial pesticides, and Options set out in chapter 6 of the report
pheromone-based traps and mating disrupteraddress:
Almost all of the biologically based products
sold to date have been for control of insect pests.
Over the near term, BBTs are thus unlikely to
capture a significant proportion of the conven--
tional pesticide markegnly about 2%ercent of
which is aimed at insect control.

Nevertheless, BBTs represent one of the fast-
est growing sectors of the pesticide industry.RETHlNKlNG PUBLIC AND PRIVATE

Biologically based products now compriseSECTOR RESPONSIBILITIES

around 2 percent of the U.S. pest control markeAs Congress looks ahead to the future of pest
and 1 percent of the international marketmanagement in the United States, two things are
(approximately $120 million and $214 million in clear. First, the status quo cannot continue.
annual sales, respectively). The companiesuture approaches to pest management will
involved are diverse, ranging from small owner-require a greater diversity dbols and tech-
operated companies to large ltmational corpo- niques. Over the near term, conventional pesti-
rations. Almost all of the major agrochemical cides will continue to play a key role, but the
companies, such as Ciba-Geigy, have invested tchemicals will need to be used more strategically
some degree in BBTs, mostly microbial pesti-in order to enhance natural control of pests and
cides, although this involvement is somewhatminimize the potential for pest resistance and
tentative. other harmful impacts.

In general, these are financially troubled times Second, adjustment of today’s dominant para-
for many of the companies specializing in thedigm based primarily on conventional pesticides

fashioning public-private partnerships in
research;

supporting development of voluntary product
standards and the registration of BBTs; and

= enhancing market opportunitiésr BBTSs.



will not come easily. Alternative technologies do
not exist for certain pest problems. Many of
those that do exist require a change in the way
farmers and other users think about pest control
and its goals and methods.

In the past, the federal government has shoul-
dered a significant part of the research and devel-
opment of BBTs. The investment is appropriate
because the costs of not planning for the future
will fall on the public at large; for example, in
reduced agricultural productivity or degradation
of native ecosystems because certain pests are
uncontrollable, or in health and environmental
impacts because more harmful pesticides are
kept on the market. Moreover, the private sector
cannot or is unlikely to become involved in cer-
tain key areas because no marketable product is
involved (e.g., classical biological control and
conservation of natural enemies).

Consideration of the current division of public
and private responsibilities suggests some reap-
portioning is warranted, however. Most new bio-
logically based products will address control of
insect pests, with several other new products
coming on line for plant pathogens. Weeds have
been largely ignored by both the private and pub-
lic sectors. Increased public investment might
ensure that technical successes in weed control
remain available to farmers, even if the profit
margin is too low to sustain commercia inter-
est.’Conversely, private sector innovations in
the rearing of natural enemies would be more
likely to occur if markets for these products were
expanded and stabilized; for example, by con-
tracting out production of natural enemies and
sterile insects for the federal government’s pest
control programs.

The effectiveness of federal efforts to bring
BBTs into widespread use could be improved.
Better mechanisms are needed to ensure that the
federal government’s annual investment of more
than $135 million into BBT research delivers

Chapter 1 Summary 7

Many land managers expect biological control to be an impor-
tant part of the solution to widespread pests on low-value
lands—such as this yellow starthistle (Centaurea solstitialis), a
noxious weed that 1s now spreading across western range-
lands.

J. Asher, Bureau of Land Management

solutions to national priorities. And certain goals
and approaches of Cooperative Extension merit
adjustment to ensure the greatest impact of the
system’'s limited resources.

Scientists have been warning for years that
meeting the nation’s future needs in pest man-
agement will reguire new tools and techniques.
While BBTs won't fulfill all of these needs, they
could play asignificant role. Safely bringing bio-
logically based tools into the hands of farmers
and other users will require certain changes in
the operation of various federal agencies. The
report that follows focuses on the underlying
technical and institutional issues and identifies
potential solutions.

°A good example is Collego, a very effective microbial pesticide for weed control that became a commercial failure because it could not

sustain a large enough market,



The
Context| 2

he way pests are managed in thaited characteristics that differentiate them from most

States is changing. A growing emphasisconventional pesticide’:

is on reducing the reliance on conven-

tional pesticides. Strong public opinion )
coupled with legislative and executive actions by
state and federal governments is driving this
change. Farmers, foresters, ranchers, homeown-
ers, and others who seek to prevent excessive
pest damage are increasingly aware of the short-
comings of many conventional approaches to
pest control. Yet their need for effective meds These BBTSs for pest management are biologi-
is acute. Meeting this need with a diversity ofcal control, microbial pesticides, pest behavior-
pest control tools and techniques poses a signifiodifying chemicals, genetic manipulation of
cant challenge. It is ithis context that Congress pest populations, and plant immunization (box
has asked the Office of Technology Assessmerg-1). The tools raise a unified set of technical and
(OTA) to examine the current and potentialpolicy issues. BBTs comprise a significant part
future role of biologically based technologiesof the “reduced-risk pesticidg’ “biopesticides,”
(BBTs) in the nation’s pest management pracand “biorational pesticides” that are receiving a
tices. good deal of attention in federal and state policy

The OTA assessment covers a group of techinitiatives3

nologies that are grounded in an understanding OTA’s assessment takes a critical look at
of pest biology and generally have the followingthese BBTs. This chapter describes past, current,

narrow spectrum of action, that is, affecting
only one or a narrowly defined class of organ-
isms;

relatively low probability of harmful environ-
mental impacts; and

general lack of significant adverse impacts on
human healti.

1 Conventional pesticides are chemicainpmwnds in wide use that kill pests quickly (267).

2The technoloigs are not, bwever, risk free. See chapter 4 for a detailedyars of the major risk issues.

3 “Reducedrisk,” “biopesticide,” and “biorational pesticide” have aiém used with differing meanings, daging on the source, to
encompss various combinations of microbial pesticides, botanical pesticligsjcals that modifyest behavior or growth, augmentative
releases of natural enemies, and conventicestigiddes having new chemistries. This report does not use these ¢eanséothis ambigu-
ity.

| 9
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CHAPTER 2 FINDINGS

= The need for new pest control methods and systems will grow in the future. The number of available
conventional pesticides is declining, especially for minor uses, because of regulatory constraints, eco-
nomic forces, and continuing public concern. At the same time, the number of pests requiring new
control methods is increasing as more pests become resistant to pesticides and new pest threats
emerge.

= Congress and the executive branch have sought to address the need for pest control in the future by
pressing to diversify available pest control technologies and to expand the use of integrated pest man-
agement. Biologically based technologies underpin many of these efforts. An assessment of these
technologies provides a “bottom-up” view of whether and how effectively the national infrastructure for
research, development, and implementation can deliver on this agenda.

and potential future trends in U.S. pest managedncontrolled would exceed $19.6 billion—
ment. Chapter 3 examines the effectiveness adlmost five times the costs under current control
BBTs and their future potential. The remainderregimes (32). The environmental impact of pests
of the report identifies the many activities of thecan be equally profound: European gypsy moth
federal government that affect the availability (Lymantria dispay now infests some 255 million
and use of BBTs (table 2-1). The potential risksacres in the United States; if the pest was left
of BBTs and how these are addressed througbntreated, its annual defoliation of trees could
federal regulation are covered in chapter 4fundamentally change the composition of hard-
Chapter 5 focuses on the pukdiector roles in  wood forests (385).

the research, development, and implementation ajthough what constitutes a “pest’ is highly
of BBTs. And chapter 6 looks at BBTs from the gypjective, needs for pest control identified by
vantage of private-sector companies involved iny.S. consumers, agribusiness, andustry now

the production of pest control products. support a multibillion-dollar infrastructure of
pesticide production, pest control companies,

AN INTRODUCTION TO PEST and consultants on pest control methods. U.S.

MANAGEMENT expenditures for pesticides exceeded $8lbn

Throughout history, humans have sought to elim" 1993, approximately one-third of the world

inate or reduce the abundanceligfng organ- market (table 2-2) (399)

. B . Pest control is quite literally a science of the
isms that cause problems. The “pests” include - .

. i . Specific. In agriculture, each pest and crop com-
animals, plants, insects, and micrdbethat

. - bination represents a different problem that can
reduce agricultural productivity, damage fores'[Sfurther vary with the specific location and time

and gardens, infest human dwellings, spread diss; year. There are literallthousands of (crop x
ease, foul waterways, and have numerous Otheﬁfest x site) combinations, each differing in its
deleterious effects. Left unimpeded, their ecopgtential impact and in the way that it is most
nomic impacts in the United States wouldsyccessfully and appropriately controlled. Pests
amount to billions of dollars annually. The Weedin other environments, such as parks, suburban
Science Society of America has estimated thatandscapes, and urban dwellings, pose a similarly
annual U.S. losses to agriculture if weeds wereomplex array of management needs.

4 Microbes include viruses, bacteria, and othigranismghat are too small to be seen by thenian eye. Many microbes thate pests
cause animal or plant diseases.
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BOX 2-1: Scope of the OTA Assessment

Pest Control Technologies Within the Scope of the OTA Assessment

» Biological Control: the use of living organisms to control pests (includes predators, parasites, com-
petitors, pathogens,1 and genetic engineering applied to this approach)

s Microbial Pesticides: formulations of live or killed bacteria, viruses, fungi, and other microbes that
are repeatedly applied to suppress pest populations (includes Bt formulated from Bacillus thurin-
giensis, nuclear polyhedrosis viruses (NPVs), and genetic engineering applied to this approach)

» Pest Behavior-Modifying Chemicals: the use of chemicals to trap pests or to suppress pest mating
(includes pheromones)

»  Genetic Manipulations of Pest Populations: genetic modification of pests to suppress their repro-
duction or impacts (includes releases of sterile insects)

s Plant Immunization: non-genetic changes to crop or landscape plants that deter insect pests or
reduce susceptibility to diseases (includes induced immunity and endophytes)

Pest Control Technologies Outside the Scope of the OTA Assessment

» Chemical Pesticides: chemicals that kill pests (inorganic substances like arsenic-containing salts;
synthetic organic compounds like organophosphates, carbamates, and triazines; insect growth
regulators that mimic insect hormones; and synthesized and naturally occurring botanical pesti-
cides)

s Physical, Mechanical, and Cultural Controls: nonchemical pest control by methods such as crop
rotation, tillage, mechanical removal of pests (e.g., by hand or vacuums), and heat treatment

» Plant Breeding and Enhanced Resistance to Pests: development of plant cultivars that are less sus-
ceptible to pest damage either through plant breeding or genetic engineering

1 Pathogens can be used as biological control agents if they are released and then spread on their own. They can also be
formulated into microbial pesticides that are applied repeatedly.

NOTE: Box 2-5 at the end of this chapter describes in detail certain subcategories of the technologies outside the scope of this
assessment that are receiving increased attention for the same reasons as BBTSs.

SOURCE: Office of Technology Assessment, 1995.

(0 The Role of Conventional Pesticides (433). A number of inorganic salts (e.g., copper

Conventional pesticides greatly simplify control Sulfate, lime sulfur, and lead arsenate) and botan-
of these diverse problems. Most conventionaiC@lly derived compoundse(g., pyrethroids and
pesticides are broad spectrum—providing confotenone) had come into use in the late 1BQOS and
trol for numerous pests simultaneously. They ar@arly 1900s. But chemical pest control did not
relatively easy to use, because most chemicafguly burgeon until er World War Il, with the
are applied with similar methods and allow a fairincreasing availability and use of DDT and other
margin of error in application technique. Perhap$hlorinated hydrocarbon, organophosphate, and
most important, conventional pesticides arecarbamate pesticides. From the 1950s to the
effective at killing pests and are relatively inex-1980s, use of conventional pesticides in the
pensive. United States grew dramatically, doubling
Widespread use of conventional pesticidespetween 1964 and 1978 (figure 2-1) (399). The
however, is a recent development. Prior to théncreased use paralleled a growing mechaniza-
1940s, U.S. farmers relied primarily on non-tion of farming practices and a drop in the num-
chemical methods such as crop rotation, tillageber of people engaged in farming. An example of
and hand removal to minimize pest impactshow great the change has been can be seen in the
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TABLE 2-1: Roles of Federal Agencies Related to Biologically Based Pest Control

and Location of Discussion in This Report

Implements
Regulates technology in Transfers
production or Conducts Funds outside pest control Educates end technology to the
Agency use of BBTs research research programs users private sector

(Chapter 4) (Chapter 5) (Chapter 5) (Chapter 5) (Chapter 5) (Chapter 6)

USDA Agricultural X X
Research Service (ARS)
USDA Cooperative State X X X

Research, Education, and
Extension Service
(CSREES)2

USDA Forest Service X X

USDA Animal and Plant X xP X X¢ X¢
Health Inspection Service
(APHIS)

U.S. Environmental X X X X
Protection Agency (EPA)

Food and Drug X
Administration (FDA)

Management agencies of X x¢ X
the U.S. Department of the
Interior (Dol)d

2 CSREES is a newly formed agency that incorporates prior functions of the Extension Service and the Cooperative State Research Service

b APHIS conducts “methods development” research, which translates the findings from more fundamental research into on-the-ground applica-
tions.

¢ The National Biological Control Institute produces a variety of public education materials and has provided about $1.5 million in grants for edu-
cation and implementation of biological control over the past four years.

d The National Park Service, the Bureau of Land Management, the Bureau of Reclamation, and the U.S. Fish and Wildlife Service.

€ Mostly via “pass-through” funds to the ARS for research on biological control of rangeland and other weeds.

SOURCE: U.S. Congress, Office of Technology Assessment, 1995.

TABLE 2-2: User Expenditures for Pesticides in the U.S. by Sector, 1993

Sector Total in millions $ Percentage
Agriculture 6,130 72.2
Individuals/Communities/Government 1,136 13.4
Home and Garden 1,218 14.4
Total $8,484 100.0%

SOURCE: U.S. Environmental Protection Agency, Pesticide Industry Sales and Usage: 1992 and 1993 Market Estimates, A.L. Aspelin, 733-K-94-
001 (Washington, DC: June 1994).
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FIGURE 2-1: Growth in U.S. Conventional Pesticide Use, 1964 to 1993

Million pounds of active ingredient

- —

1965 67 69 71 73 75

79 81 83 8 8 8 91 93

SOURCE: U.S. Environmental Protection AgencyPesticide Industry Sales and Usage: 1992 and 1993 Market Estimatea,L. Aspelin, 733-K-94-

001 (Washington, DC: June 1994).

NOTE: Usage level is reported in millions of pounds of “active ingredient.” The active ingredient is the component of a commercial product that
has pesticidal properties. Newer pesticides tend to have active ingredients that are more potent and can be applied at a lower dosage level.
Consequently, the leveling-off in the 1980s in the figure does not necessarily translate into a stabilization of pesticide use according to numbers
of acres treated, numbers of products applied, frequency of pesticide application, or other relevant measures.

figures for cultivation of corn, cotton, and wheat:
herbicides were applied to only 10 percent of
acreage in 1952, but climbed to 90 to 95 percent
of acreage by 1980 (378).

Conventional pesticides now pervade all
aspects of pest management in the United States.
More than 900,000 U.S. farms use pesticides
(399). In 1993, pesticides were applied to more
than 80 percent of the acreage planted in corn,
cotton, soybeans, and potatoes (377). Between
35,000 and 40,000 commercial pest control com-
panies and 351,600 certified commercia applica-
tors apply pesticides to building, home, and
landscape pests (399). Each year such commer-
cial operations treat an estimated 20 percent of
the 6.1 million U.S. households for indoor pests
such as cockroaches (424). Most of these homes
(85 percent) aso contain pesticidal products, the
majority of which (70 percent) had been used
within the past year, according to the 1990

National Home and Garden Pesticide Use Survey
commissioned by the Environmental Protection
Agency (EPA) (424).°

OThe Spectrum of Approaches to
Pest Control in Practice Today

Today, the extent to which people seeking to
control pestsrely on conventional pesticides var-
ies (figure 2-2). Some depend on a number of
other pest control tools as well, including cultural
practices, use of pest-resistant crop cultivars, and
the BBTsthat are the subject of this assessment.

At one end of the spectrum are those who use
only conventional pesticides, often applying
them as a prophylactic measure according to
some regular, predetermined spray schedule. At
the other end are those who control pests by a
combination of numerous non-chemica tools,
and use conventional pesticides either as the last
method of choice or not at all.

5 A total of 2,078 households in 29 states were surveyed, with results statistically extrapolated to a target population of 84,573 house-

holds.
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FIGURE 2-2: Approaches to Pest Control in Practice Today

Level of pesticide use

incorporate cultural controls

Select pesticide to minimize
impacts on natural enemies

Eliminate
conventional
pesticides
("organic farming")

ol method of
last resort

incorporate other biologically-

Level of knowledge of pest ecology and biology required

! Use of conventional pesticides

Methods referred to as Integrated pest management (1PM) In various contexts

SOURCE: Office of Technology Assessment, 1995,

The gradation from one end of the spectrum to
the other entails increased targeting of pesticide
application and incorporation of a greater num-
ber of pest control tools and techniques. Diversi-
fication of pest control approaches beyond the
regularly scheduled use of conventional pesti-
cides requires planning as well as a greater
understanding of pest biology and ecology and
the specific effects of each control technology.
This thoughtful incorporation of various control
methods into an overall pest suppression plan has
generally been referred to as integrated pest man-
agement (IPM)°(box 2-2). Note that a diverse

range of approaches have all been referred to as
1PM by various sources (figure 2-2).

Most users currently fall toward the left and
center of figure 2-2. For example, according to a
1993 survey of pest control professionals com-
missioned by Sandoz Agro and conducted by the
Gallup Organization? only 32 percent reported
having ever used 1PM, with rates being highest
among pest control operators (85 percent) and
lowest among farmers (19 percent) (302)."A
more precise survey by the Economic Research
Service of the U.S. Department of Agriculture
(USDA) showed that acreage under 1PM varied

6 The term IPM has been used with a good deal more precision in the scientific and technical literature on pest management, although var-
ious authors use it to mean different things, For a thoughtful analysis of how 1PM concepts and definitions have evolved since the 1950s, see

ref. 44,

7 Survey was of 2,361 professional lawn care operators, golf course managers, pest control operators, mosquito district managers, road-

side vegetation managers, small-animal veterinarians, and farmers, Note that the meaning of 1PM was not specified in the survey. Results
thusindicate respondents’ perceptions of whether they have ever used IPM, Some using varied techniques or monitoring pest levels may not

refer to their management practices as 1PM.
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BOX 2-2: What Is Integrated Pest Management?

The concept of integrated pest management (IPM) originated in the late 1950s and 1960s, when ento-
mologists at the University of California began to detect failures of pest control as a result of overuse of
insecticides. Some pests became difficult to control because they developed resistance to formerly
effective chemicals. And populations of certain other insects that had previously not been considered
pests surged to outbreak levels. These “secondary pest outbreaks” were attributed to the harmful effects
of pesticides on natural enemies—the insect predators and parasites that occurred naturally in fields and
otherwise kept secondary pests in check through biological control.

IPM developed as a way to avoid the problems of insecticide resistance and secondary pest out-
breaks by integrating biological and chemical control. Its cornerstones were:
= “Natural” control should be maximized, enhanced, and relied on whenever possible. Natural control
results from factors both within (i.e., biological control) and outside (i.e., weather) human influence;
» Pesticides should be used only when the abundance of a pest reaches a threshold level that
causes economically significant damage. Such restraint minimizes the harmful effects of pesticides
on natural enemies.

Since the 1960s, ideas about IPM have expanded and changed. Additional pest management tools
have come into wider use, and IPM concepts have been applied to other types of pests with a resulting
proliferation of related terms like “integrated weed management” and “integrated disease management.”

Practitioners now often use IPM to refer more generally to an approach that integrates all available
tools for pest control—biological, chemical, cultural, and others. The idea that chemicals should be
applied only when a pest is detected at an (economically or aesthetically) significant level of abundance
has been retained. What is lost in many current applications, however, is the concept that biological con-
trol should form one of the foundations of IPM. One consequence, according to some critics, is that IPM
as practiced today too often becomes integrated pesticide management instead.

Right now the difference between these interpretations of IPM may make very little difference in prac-
tice. Many users would be hard pressed to base a pest control system on natural control because they
have access to little of the necessary information and relatively few alternatives to conventional pesti-
cides.

The distinction does, however, make a great deal of difference in another regard. The two interpreta-
tions lead to very different conclusions regarding the types of research that must underpin IPM. A core
reliance on natural control requires emphasizing research into the ecology of pest systems. It also
requires giving greater weight to pest control methods that are compatible with biological control.

SOURCES: Office of Technology Assessment, 1995, and J.R. Cate and M.K. Hinckle, Integrated Pest Management: The Path of a
Paradigm, National Audubon Society (Alexandria, VA: Weldon Printing Inc., July 1994).
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TABLE 2-3: Use of Integrated Pest Management on U.S. Crops

Monitor levels of pests and use pesticides Use additional pest
Do not use when levels exceed set thresholds, control tactics in Do not use
IPM but use no additional pest control tactics an IPM program pesticides

Percent of acres

Fruits and nuts 42 6 44 8
Vegetables
Insect control 38 9 43 10
Weed control 60 2 33 6
Disease control 29 12 29 30
Corn
Insect control 15 52 22 11
Weed control 45 2 51 2
Soybean
Weed control 39 2 57 2

Fall Potatoes

Insect control 25 3 69
Weed control 30 1 65 5
Disease control 14 5 58 22

SOURCE: Adapted from U.S. Department of Agriculture, Economic Research Service, Adoption of Integrated Pest Management in U.S. Agricul-
ture, prepared by A. Vandeman et al., AIB-707 (Washington, DC: September 1994).
NOTE: Survey was conducted during 1991 and 1992 and covered from 70 to 100 percent of total acreage per crop in the United States.

with type of crop and pest, but that an absence ahg gap between pests requiring control and

pesticide use isare (table 2-3) (377). available pesticides will generate the need for
more and a greater variety of pest contomls$

FORCES SHAPING THE FUTURE OF and techniques—essentially a centerward shift of

U.S. PEST MANAGEMENT those toward the left end of the spectrum in fig-
ure 2-2.

Because conventional pesticide® easy to use o ]
and effective, they are the sole or primary tool That such needs already exist is evident from

used by most practitioners today to control theEPA data on exemptions under section 18 of the
number and impact of pests. But constraints ar&ederal Insecticide, Fungicide, and Rodenticide
being imposed on the nation’s pest managemerct (FIFRA), the authorizing statute under which
practices. Some—such as the increased rigor d¢PA regulates registration and use of pesticitles.
pesticide screening prior to registration, eco-These exemptions are granted under emergency
nomic forces within the industry, and continuing Circumstances to allow use of a pesticidehwitt
widespreadpublic conern—will tend to limit the normal registration requirements that ensure
growth in the number of available pesticidessafety to human health and the environment.
(especially insecticides and fungicides) and theiAccording to EPA, at least 200 exemptions are
use. At the same time, increasing resistance tbeing approved each year (164,19). Resistance to
pesticides and newly emerging pest threats wilpesticides, cancellation of a pesticide previously
cause the need for pest control to rise. The resulir use, and emergence of new pests are the most

8 Such exemptions are authorized under section 18 of FIFRA (1947) as amended (7 U.S.@set6105).
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common reasons for exemptions. The level ofor use in crops like fruits, vegetables, ands
use of these exempted chemicals is uncertairwhere the potential market size per registration is
Nevertheless, one consequence of the growinguite small, especially when compared with mar-
backlog of pest control needs is circumvention okets for major crops like corn, wheat, soy, and
the standard criteria that ensure safe pesticideotton. Corn, for example, was grown on about
use. 79 million U.S. acres in 1992; in coast, the
acres devoted to all vegetables combined

[J Regulation of Conventional Pesticides =~ amounted to only 4.6 million (379). Industry
experts now anticipate that manufacturers will

More rigorous federal regulation of conventionaldrop the registrations on 4,000 pesticides cur-

pesticides is directly and indirectly causing ceranqy jabeled for onlyninor uses:; about 1,000 of
tain pesticides to be withdrawn from U.S. mar-yace have significant uses (335).

kets. These losses are unlikely to be completely Congress has sought tedress these eco-

offset by the new chemicals coming on line. nomic disincentives for registration of minor use

Over the past few decades, the Congress Nagsticides in a number of ways. The IR-4 pro-
set a clear nationglolicy, through amendments 4ram® administeed by USDA through the
in 1972 and 1988 to FIFRA, to phase out contgoperative State Research, Education, and
ventional pesticides that are harmful to humanzytension Service (CSREES) and funded at $5.7
health or the environment. These amendmentgjliion in fiscal year 1995, supports the develop-
required reevaluation and reregistration of pestiment of data for minor use registrations. IR-4
cides already on the market to bring them intQyorks in conjunction with the Agricultural
line with current testing requirements. Research Service (ARS) minor use program,

A significant number of pesticides are funded at $2.1 million for 1995. A number of
expected to disappear from U.S. markets as Bills have been introduced with strong bipartisan
result of the reregistration requirements. In thesupport in the 103d and 104th Congre$$ds
early 1990s, companies elected not to reregist@educe the costs of minor use registrations—
an estimated 25,000 of the 45,000 products omost recently in H.R. 1627 introduced May 12,
the market (401). The total number that will ulti- 1995.
mately disappear is unknown, as are the specific Removal of the economic constraints will not
reasons why companies decide not to reregistefompletely counter the effects of reregistration
each product. According to EPA, 19,000 of theon the number of available pesticide products.
dropped registrations were for older productsThe active ingredients and products that have
that had not been produced in the three ipies/  peen reregistered first are those that require the
years (401). With respect to the remaining 6,00Qeast new data on environmental and health risks.
products, companies may not have sought thelder chemicals long on the market generally
reregistration of some that would not meet theequire more data to support reregistration and
more scrupulous registration criteria. But a morewill be the last to be reregistered. Far less is
common reason may be that manufacturers havenown about the potential risks of these chemi-
determined that the potential market size for cereals. As the chemicals come under review, addi-
tain products does not justify the costs of reregistional products may have uses restricted or be
tration. removed from the market due to risk consider-

Experts expect that many pesticides fallingations, not economic forces.
into the last category are those that serve rela- Costs of pesticide research and development
tively small markets, the “minor use” pesticides,have risen steadily in the recent past. These

%The Interregional Research Project, No. 4 was begun in 1963 by directors of the State Agricultural Experiment Stations.
10Related bills include H.R. 967 and S. 985 in the 103d Congreds.Rnd 352, H.R. 1627, and S. 794 in the 104thdess.
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costs, coupled with the more careful scrutiny ofduration and level of exposure of humans and
potential impacts, have slowed the rate at whiclother living organisms.

new pesticide products have been marketed pespite this complexity, it is clear that the
(150) (see chapter 6). Moreover, companies argyplic now has substantial concern about expo-
increasingly seeking to position new products ingyre to pesticides. This concern is driven as much
major, not minor markets. The effects of thisby perceptions about how much we don’t know
trend on the number of pesticides available in the,p ot pesticide impacts as by what we do. It is

United States are uncertain, but the develc’pme%mpounded by the frequent reports of unantici-

of new pesticides is unlikely to compensate forpated exposure from groundwater contamination,

Y50d residues, and improper pesticide use and
storage. The resulting public sentiment can be
. powerful, especially if the level of uncertainty is

Development of pesticide replacements may, ot even in the absence of technical evidence
also be impeded by the rate of the pesticidg,,; oy ynambiguous risk to public health or the
reregistration process. EPA has been widely Crity vironment existse(g., box 2-3).

icized for its slow action on reregistration, .
rompting repeated prodding by Congress The level of media coverage suggests that
b ublic interest is constant and intense. OTA'’s

through oversight hearings (336). The delaysp h of si . th
allow continued marketing of older pesticides,Searc Of SIX major newspapers across the coun-

potentially creating a deterrent to the develop-try showed that.they run, on average, more than
ment of new, lower-risk alternatives (190). three related articles a week, providing a constant

chronicle of public exposure, health impacts, and

i unintended contamination of food and the envi-
[ Public Concern ronmentt! Not surprisingly, the media focus on
Assessment of the benefits and risks of convenevents of greatest public interest, such as recently
tional pesticides is beyond the scope of thigeported widespread contamination of tap water
report. The use of pesticides in the United StateBy agricultural herbicides in the Midwest (199)
over the past several decades has obviously haghd the potential effects of pesticides on repro-
considerable benefits to agriculture and publicduction in humans and wildlife (323).
health, but has also caused harm. The body of Recent surveys consistently show that the
information addressing pesticide impacts onpublic is genuinely concerned about pesticide
human health and the environment is complexesidues in food (421). For example, a 1990 sur-
and large (202). Certainly, humans and wildlifeyvey of 1,900 U.S. households bgsearchers
exposed to certain pesticides under specific corfrom the USDA Economic Research Service
ditions have shown short- and long-term adversghowed that the majority were concerned about
impacts ranging fronpoisoning to sterility and pesticide safety and food residues (206). More
cancer (55,202). The thousands of chemical forthan half of the respondents expressed the belief
mulations in use today vary greatly in theirthat foods were unsafe when grown using pesti-
modes of action, toxicological profiles, and othercides at approved levels. The majority also did
significant features. Effects of any given pesti-not believe that the health risks of pesticide use
cide depend nainly on such spafic character- are well understood and agreed that pesticides
istics, but also on the ways in which it is used,sshould not be used on food crops because the
the environment into which it is released, and theisks exceed the benefits (206).

istration process, especially of tho&e minor
use markets.

11O0TA’s search covered the years 1992, 1993, and 1994 for the following newspiergork Times, St. Louis Post-Dispatch, Wash-
ington Post, Chicago Tribune, Houston P@sidLos Angeles TimeSearch criteria covered varioypes of pesticides and health or envi-
ronmentaimpacts.
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BOX 2-3: Alar: A Case Study on the Influence of Public Opinion

In early 1989, the television show 60 Minutes and other media sources focused public attention on a
report from the Natural Resources Defense Council (NRDC) charging that children were particularly at
risk from exposure to residues of cancer-causing agents in their food. The NRDC report identified as an
example Alar, a chemical widely used in apple production to enhance fruit color and to keep fruit from
falling off trees. Demand for fresh apples plummeted and concern about the presence of other chemical
residues on produce increased. Losses to apple growers caused by diminished sales exceeded $100
million that spring.

The NRDC report stated that Alar is a potent carcinogen and that children face particular risk. The sci-
entific information underlying this assertion was inconclusive, however. In 1973, scientists in Omaha,
Nebraska, had found evidence that unsymmetrical dimethyl hydrazine (UDMH), a chemical comprising
1 percent of Alar, was carcinogenic to mice at very high doses. EPA declared these results “unscientific”
because the mice received excessively high doses of the chemical. Subsequent tests found effects on
mice only at extremely high doses and no effects on rats at any level of exposure. Neither U.S. nor British
regulators found sufficient justification in the research to ban the use of Alar.

Alar, like other plant growth regulators, is regulated as a pesticide by EPA. The strong public outcry
against Alar following the media coverage forced EPA to reassess its findings. The agency subsequently
determined that the risks of Alar were too high and pulled the chemical from the market.

Uncertainty was the real issue underlying the debate about Alar. Because there was no proven risk,
government regulators and industry assumed that the chemical was safe. In contrast, the possibility that
Alar might cause cancer led NRDC and parent groups to call for the chemical’s prohibition—especially in
light of the high consumption of apples and apple products by infants and children and the uncertainties
regarding long-term effects of exposure to carcinogens early in life.

SOURCES: E. Marshall, “A is for Apple, Alar, and . . . Alarmist?” Science 254(5028):20-4, Oct. 4, 1991; J.D. Rosen, “Much Ado
About Alar,” Issues in Science and Technology 6:85, Fall 1990; D. Warner, “The Food Industry Takes the Offensive,” Nation’s
Business 79(7):42-45, July 1991; and F.E. Young, “Weighing Food Safety Risks,” FDA Consumer 23(7):8-14, September 1989.

Concern about pesticide food safety issued994 (226). Pest control professionals also report
gained new impetus in 1993 with the release ofjfrowing public concern. In the 1993 Sandoz sur-
the National Research Council’s highly publi-vey of pest control professionals, 76 percent
cized report on “Pesticides in the Diets of Infantgreported greater public concern about the envi-
and Children.” The study concluded that childrenronmental impacts of pest control than five years
and infants may be uniquely susceptible to thereviously (302). One response to this growing
toxic effects of pesticides and are at greater riskoncern has been a reduction in pesticide use. In
than adults from some chemicals. Past risk 15-state survey of 9,754 farmers conducted in
assessments may not a|Ways have adequatel)g94, 82 percent reported USing less or the same
protected infants and children because they di@mount of pesticides than five years ago, com-
not explicitly account for these differing impacts, Pared with only 6 percent reporting an increase
as well as for differences between adults andD Pesticide use (131).
children in diet and other factors—and hence in
pesticide exposure levels (241). [ Pesticide Resistance

Consumer worries about food safety haveAn increasing number of pests—insects, weeds,
fueled a 20 percent annual growth in the markeand plant diseases—have become resistant to
for organically grown products sind®89. Sales pesticides that formerly were effective in con-
by U.S. companies amounted to $2.3 billion introlling them. Alternative control technologies
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may provide the solutions to management othe United States are now infested with resistant
some resistant pests. They also will become inteweeds (198). They include such well known
gral components of strategies to slow the rate aveeds as cheatgrasBrémus tectorun a com-
which resistance develops (77,111). Abundaninon seed contaminant and cause of fire hazards
evidence exists that the use of multiple tactics ten western rangelands, and black nightshade
control a pes_t slows the rate _at Which_th(_a pes{Solanum nigrury) a common crop weed whose
develops resistance to any single tactic in theoxic berries can contaminate harvests of peas
arsenal (125). _ and beans (425).
_ A pest becomes resistant to a formerly effec- 143y in the United States at least 183 insect
“Ye pesticide when the chemlgal ceases 10 Prozng arachnid pests are resistant to one or more
\t/)'de adequatet (;Ontl’Ol. Reswfan;t}a devetI_OP secticides; 62 of these have developed resis-
ccause repeated exposure to Ihe Pesliciqy, q g synthetic insecticidestn at least two
causes the selective survival of pest strains that, : .
. of the three major categories of these products
can tolerate the chemical. Farmers and Otherrlowin use (organophosphates, carbamates, pyre-
users often find themselves applying the pesti- ganopnosp ’  PY

. . . . throids) (112). California scientists believe that
cide at an ever-increasing rate to achieve the

same level of pest control. Eventually, the pesti-almOSt every arthropod pest in the state is resis-

cide may cease to have any effect on the peg?nt to at least one insecticide, and some popula-
whatsoever. tions of such important pests as the tobacco
Evidence of pesticide resistance was observeftdworm Heliothis virescens in cotton and
as early as the 1950s. As of 1992, the numbers gtafminers in certain vegetable cropsriomyza
resistant species worldwide wesstimated at Sativag cannot be effectively controlled by any
504 arthropods (including insects and arachnidsthemical now available (410). Table 2-4 shows
such as mites), 87 weeds, and 100 plant pathdbe most critical cases today of riple resis-
gens (68). tance among arthropod pests in the United States.
As of 1988, at least 18 herbicide-resistantGeorge Georghiou, a renowned world expert on
weed species had been reported from 31 statdizgsecticide resistance, predicts that new instances
(198). Twelve of these species have shown resisf pest resistance to specific insecticides will
tance to triazines, the most widely used categorpose a continuing impediment to effective con-
of herbicides. More than three million acres introl through conventional pesticides (112).

TABLE 2-4: Critical Cases of Multiple Insecticide Resistance in the U.S. Today

Pest Major impacts Resistant to
Op* C P Oth

Two-spotted spider mite  Attacks most greenhouse-grown plants; also X X X X
(Tetranychus urticae) damages grapes, vegetables, and field and orchard

crops
Colorado potato beetle Attacks potato, tomato, eggplant, tobacco, and other X X X
(Leptinotarsa decemlineata)crops; found throughout most of the United States
Southern house mosquito  Bites humans and can transfer encephalitis X X X X
(Culex quinquefasciatus)
House fly Most abundant fly in human dwellings; causes X X X X
(Musca domestica) annoyance, spreads filth, and is the suspected vector

of numerous human diseases; distributed worldwide
Little house fly Occasional parasite of the human urinary tract and X X X
(Fannia canicularis) intestines

(continued)
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TABLE 2-4: Critical Cases of Multiple Insecticide Resistance in the U.S. Today (Cont'd.)

Pest Major impacts Resistant to

Op* C P Oth
Sweetpotato whitefly Destructive pest of irrigated cotton and vegetables; X X X
(Bemisia tabaci) has caused annual losses in excess of $100 million to

California agriculture during severe outbreaks;
damages greenhouse crops

Silverleaf whitefly Attacks over 600 plants including melons, squash, X X
(Bemisia argentifolii) tomatoes, lettuce, cotton, and poinsettias; has caused

over $500 million in damage in California, Arizona,

Florida, and Texas

Greenhouse whitefly Attacks cucumber, tomato, lettuce, geranium, and X X X
(Trialeurodes vaporariorum) many other plants

Cotton aphid Important aphid pest of agriculture, affecting cotton, X X X
(Aphis gossypii) melons, citrus, and other crops; distributed

throughout the United States; most destructive in the
South and Southwest

Pear psylla One of the most important pear pests where X X X
(Cacopsylla pyricola) established; transmits pear disease; distributed

throughout eastern states and pear-growing regions

of Pacific Coast

Tobacco budworm Attacks tobacco, cotton, and other plants; key X X X
(Heliothis virescens) secondary pest of cotton; occurs from Missouri, Ohio,

and Connecticut southward; most injurious in Gulf

states
Soybean looper Major defoliator of soybean; also attacks peanut, X X X

(Pseudoplusia includens)  cotton, tobacco, and other crops; occurs in southern
Atlantic and Delta regions of the United States

Beet armyworm Attacks beet, alfalfa, cotton, asparagus, and other X X X
(Spodoptera exigua) root and vegetable crops; distributed from the Gulf

states north to Kansas and Nebraska and west to the

Pacific Coast

Fall armyworm Attacks corn, sorghums, and other grass-type plants; X X X
(Spodoptera frugiperda)  occurs throughout Gulf states; sometimes migrates

north as far as Montana or New Hampshire, but

cannot survive winter

Diamondback moth Attacks cabbage, and ornamental and greenhouse X X X X
(Plutella xylostella) plants; occurs wherever its host plants are grown
German cockroach Most common household roach; spreads filth; X X X X
(Blattella germanica) damages household items; is suspected vector of

human diseases; distributed worldwide
Cat flea Worldwide pest of cats; common indoors in eastern X X X X
(Ctenocephalides felis) United States; can carry the bacteria that causes

bubonic plague
Citrus thrips One of the most important citrus pests in California X X X
(Scirtothrips citri) and Arizona

“oP= organophosphates; C = carbamates; P = pyrethroids; Oth = other smaller categories of pesticides, including microbial pesticides.

SOURCES: Resistance data from G.P. Georghiou, University of California, Riverside, CA, “Insecticide Resistance in the United States,” unpub-
lished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, April 1995; and data on pest impact
from R.L. Metcalf and R.A. Metcalf, Destructive and Useful Insects: Their Habits and Control, 5th Ed. (New York, NY: McGraw Hill, 1993).

NOTE: Data in table indicate where resistance has been documented in one or more locations in the United States.
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UNewly Emerging Pest Threats

The number of pestsin the United States is con-
stantly growing. The 1993 OTA assessment of
Harmful Non-Indigenous Species in the United
Sates showed that new species continuously
flow into the country, but few previous immi-
grant (or nonindigenous) pests, such as the boll-
worm (Helicoverpa zea) or the European gypsy
moth, are ever eradicated (338). Newly arrived
pests just since 1980 include:

= the Russian wheat aphid (Diuraphis noxia),
which has caused more than $850 million in
crop losses,;

+ the zebra mussel (Dreissena spp.), which
spread to more than 17 states in less than a
decade, imperiling native mussels, fouling
water intake systems, and causing losses to the
power industry that are expected to exceed
several billion dollars; and

n the Asian tiger mosquito (Aedes albopictus),
which is now found in more than 22 states and
is an effective vector of several serious human
diseases such as dengue fever (338).

OTA estimated that more than 205 species
were newly detected or introduced into the
United States from 1980 through 1993, with at
least 59 having the potential to become pests.
Moreover, this rate of pest entry is expected to
rise with the increasing globalization of trade and
advent of more rapid methods of transportation
(338). Global warming is similarly expected to
increase rates of pest entry to the United States,
as species usualy restricted to lower latitudes
migrate northward (338).

In addition, public authorities are now attack-
ing some old pests with new vigor. Specificaly,
changing public values have caused increased
emphasis on the conservation of indigenous
biodiversity —the nation’s biological heritage. In
numerous parks and nature reserves, this biodi-
versity is now imperiled by nonindigenous
weeds, insect pests, and plant diseases that para-
sitize, kill, consume, compete with, or destroy
the habitats of native plants and animals.

In the late 1980s, the silverleaf whitefly (Bemisia argentifolii)
emerged as a new pest in the southwestern United States,
causing hundreds of millions of dollars in crop damage.

Agricultural Research Service, USDA

National Park Service managers, for example,
now rank nonindigenous species as one of the
top threats to park natural resources (338). Stew-
ards of Nature Conservancy lands in 46 states
report problems with pest plants, and 59 percent
of all stewardsrank pest plants as one of their top
10 conservation concerns (284).

Managers of natural areas are increasingly
seeking methods to suppress these pests while
leaving the native flora and fauna unharmed. Sci-
entists are similarly directing increased attention
toward dealing with introduced pests in aguatic
systems—rivers, lakes, streams, and oceans
(191). The need is for effective, but highly spe-
cific, pest control methods that can be used in
environmentally sensitive habitats-criteria met
by few conventional pesticides.

Nonindigenous weeds also degrade western
rangelands. A number provide only low-value
forage for cattle, and some, like leafy spurge
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RESPONSES BY CONGRESS AND
THE EXECUTIVE BRANCH

The significance of pesticide losses, pest resis-
tance, and emerging pest threats has not been lost
on national policymaks. Congress responded
directly to a number of these in the 1990 Farm
Bill in provisions related to use and registration
of pesticides, identification of pest control tools,
and control of exotic pests (box 2-4). Pesticide
issues have generally remained high on the con-
gressional agenda: between 45 and 152 bhills
directly or indirectly addressing pesticide issues
have been introduced into each Congress since
Some pests can have profound environmental impacts. These the 98th Congress convened in 1@85;1 the
Ieafleyss trees in- m/:dsummer r?su/t from (he European gypsy 103d Congress alone (January 1993 to January
moth's (Lymantria dispar) voracious appetie. 1995), 33 bills dealt directly with pesticide-
related issues. Of these, 19 addressed the health

(Euphorbia esulp are toxic (425). These harm- and environmental impacts of pesticides, and at
least three dealt with future need for effective

ful plants are spreading rapidly across federa =
lands and now infest around 17 millioores. Pest control methods and approaches. This inter-

Indeed, the threats from certafonindigenous est continues in the 104th Congress, where eight
Weeds’—called noxious wedds—were deemed Pesticide-related bills had been introduced as of
significant enough to merit special mention inMay 24, 1995. Two dealt with pesticide impacts

the 1990 Earm Bilt3 which amended the Fed- °©" health and the environment, and five with
eral Noxious Weed Act to require the develop-mee“ng future pest control need;. )

ment of weed management plans on all federal The most notable related action in the execu-
lands. The Secretary of the U.S. Department oﬁjve branch of government is the Clinton Admin-

the Interior (Dol) recently set up an agenCy_Widelstration’s June 1993 announcement of its intent
0 reduce the use and risks of pesticides (see also

task force to aid in addressing this re uiremenE . . .
g g ox 5-1 in chapter 5). A major mechanism for

(290). In addition, a number of Dol and USDA ) . i o L
. ; ?ch|evmg this goal is the Administration’s stated
agencies have signed onto a Memorandum o

. . . ommitment to develop and implement IPM
Understanding to coordinate the prevention an .
; practices on 75 percent of U.S. crop acreage by
control of noxious weeds (see also chapter 5).

the year 2000 through the actions of three federal
agencies—USDA, EPA, and the Food and Drug
Administration (FDA)!® The Administration has

Agricultural Research Service, USDA

12 A “noxious weed” under the Federal Noxious Weet, as amended (7 U.S.C.A. 2814), is “of foreign origin, is new to or not widely
prevalent in the United States, and can directly or indirectly injure crops, other useful plants, livestock, or pothiey mterests of agri-
culture, including irrigation, oravigation or the fish owildlife resources of the United States or the public health.” A total of 93 species
have been designated federal noxious weeds by the U.S. Department of Ag'Eellinimal and Plant Health Inspection Service. Weed
experts believe that hundreds of other species also deserve this designation (338).

13The Food, Agriculture, Conservation, and Trade Act of 1990.

14 Dpata derived from OTA’s search of the Legislate and Scorpio databases.

15Note that this is the third administrationdevelop an IPMnitiative (44). Under President Nixon, the Council oviEsnmental Qual-
ity issued an IPM policy document in 1972 and $12.5 million were allocated to the “Huffaker Project’—a research, training, and demonstra-
tion program for IPM. President Carter also tasked the Council on Environmental Quality teecmkenendations to facilitate expansion
of IPM.
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Some pests can have profound environmental impacts. These
leafless trees in midsummer result from the European gypsy
moth’s (Lymantria dispar) voracious appetite.

Agricultural Research Service, USDA

(Euphorbia esula), are toxic (425). These harm-
ful plants are spreading rapidly across federal
lands and now infest around 17 million acres.
Indeed, the threats from certain nonindigenous
weeds-called noxious weeds’—were deemed
significant enough tQ merit special mention in
the 1990 Farm Bill, which amended the Fed
eral Noxious Weed Act to require the develop-
ment of weed management plans on all federa
lands. The Secretary of the U.S. Department of
the Interior (Dol) recently setup an agency-wide
task force to aid in addressing this requirement
(290). In addition, a number of Dol and USDA
agencies have signed onto a Memorandum of
Understanding to coordinate the prevention and
control of noxious weeds (see aso chapter 5).
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RESPONSES BY CONGRESS AND
THE EXECUTIVE BRANCH

The significance of pesticide losses, pest resis-
tance, and emerging pest threats has not been lost
on national policymakers. Congress responded
directly to a number of these in the 1990 Farm
Bill in provisions related to use and registration
of pesticides, identification of pest control tools,
and control of exotic pests (box 2-4). Pesticide
issues have generally remained high on the con-
gressional agenda: between 45 and 152 bills
directly or indirectly addressing pesticide issues
have been introduced into each Congress since
the 98th Congress convened in 1985."In the
103d Congress aone (January 1993 to January
1995), 33 hills dealt directly with pesticide-
related issues. Of these, 19 addressed the health
and environmental impacts of pesticides, and at
least three dealt with future need for effective
pest control methods and approaches. This inter-
est continues in the 104th Congress, where eight
pesticide-related bills had been introduced as of
May 24, 1995. Two dealt with pesticide impacts
on heath and the environment, and five with
meeting future pest control needs.

The most notable related action in the execu-
tive branch of government is the Clinton Admin-
istration’s June 1993 announcement of its intent
to reduce the use and risks of pesticides (see aso
box 5-1 in chapter 5). A mgor mechanism for
achieving this goal is the Administration’s stated
commitment to develop and implement 1PM
practices on 75 percent of U.S. crop acreage by
the year 2000 through the actions of three federal

agencies—USDA, EPA, and the Food and Drug
Administration (FDA). The Administration has

12 A “noxious weed” under the Federal Noxious Weed Act, as amended (7 U. S.C.A, 2814), is “Of foreign Origin, is new to or not widely
prevalent in the United States, and can directly or indirectly injure crops, other useful plants, livestock, or poultry, or other interests of agri-
culture, including irrigation, or navigation or the fish or wildlife resources of the United States or the public health.” A total of 93 species
have been designated federal noxious weeds by the U.S. Department of Agriculture’'s Animal and Plant Health Inspection Service, Weed
experts believe that hundreds of other species also deserve this designation (338).

13 The Food, Agriculture, Conservation, and Trade Act of 1990.

14 Data derived from OTA'’s search of the Legislate and Scorpio databases.

15 Note that this is the third administration to develop an 1PM initiative (44), Under President Nixon, the Council On Environmental Qual-
ity issued an IPM policy document in 1972 and $12.5 million were alocated to the “Huffaker Project”-aresearch, training, and demonstra-
tion program for 1PM, President Carter also tasked the Council on Environmental Quality to make recommendations to facilitate expansion

of 1PM.
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BOX 2-4: Congress Anticipates Future Pest Control Needs in the 1990 Farm Bill

Registering pesticides for minor use crops

Title XIV—Conservation; Subtitle H—Pesticides: Amends the Federal Insecticide, Fungicide, and
Rodenticide Act to allow the EPA Administrator to reduce or waive the fee for registration of a minor use
pesticide if that fee “would significantly reduce the availability of the pesticide for the use.”

Reducing pesticide use

Title Xlll—Fruits, Vegetables, and Marketing; Subtitle C—Cosmetic Appearance: Directs the Secretary
of Agriculture to conduct research to determine impacts of federal grade standards and other regulations
on pesticide use on perishable commodities, and to determine the impacts of reducing emphasis on cos-
metic appearance in grade standards and other regulations on “the adoption of agricultural practices
that result in reduced pesticide use.”

Identifying and developing pest control tools to fill fu ture needs

Title XIV—Conservation; Subtitle D—Other Conservation Measures: Directs federal agencies to
develop programs for control of undesirable plants (including noxious weeds) on federal lands and for
related “integrated management systems” based on education, prevention, and control by physical,
chemical, and biological methods.

Title XIV—Conservation; Subtitle H—Pesticides: Directs the EPA Administrator in cooperation with the
Secretary of Agriculture to identify available methods of pest control by crop or animal; minor pest control
programs (either problems in minor crops or small problems in major crops); and factors limiting the
availability of pest control methods (such as resistance and regulatory actions). Requires the Secretary of
Agriculture to identify crucial pest control needs where a shortage of control methods occurs and to
describe in detail research and extension designed to address these needs.

Directs the Environmental Protection Agency Administrator and the Secretary of Agriculture to develop
approaches to pest control, based on integrated pest management and emphasizing minor pests, that
respond to the needs of producers.

Requires the National Academy of Sciences to conduct a study of the biological control programs and
registration procedures used by the Food and Drug Administration, the USDA Animal and Plant Health
Inspection Service, and the EPA. Directs these federal agencies to develop and implement a common
process for reviewing and approving biological control applications.

Title XVI—Research, Subtitle F—Plant and Animal Pest and Disease Control Program: Directs the Sec-
retary of Agriculture to set priorities designed to overcome shortages in its pest and disease control
research and extension programs where data indicate a shortage of available pest or disease control
materials or methods to protect a particular crop or animal.

Directs the Secretary of Agriculture to expand research and grant programs related to exotic (non-
indigenous) pests to improve existing methods (i.e., sterile release), develop safer pesticides (e.g., pher-
omones), and develop new methods of pest control.

SOURCE: Compiled by the Office of Technology Assessment, 1995, from the Food, Agriculture, Conservation, and Trade Act of
1990, P.L. 101-624.

not specified its interpretation of IPM, but the The executive branch’s national IPM initiative
goal of expanding IPM is to reduce the use okencompasses a number of different actions (401).
pesticides by making a broader array of pesEPA and USDA signed a memorandum of
management tools and techniques available tanderstanding in August 1994 to provide the
farmers (84). agricultural commnity with pest management
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practices that reduce pesticide risks. Accordingmplementation can support diversification of
to this agreement, USDA will increase its pest control technologies and expansion of IPM.
research on alternative pest control tools andox 2-5 describes in greater detail several addi-
means of transferring these tools to farmers. Itional technologies not within OTA’s scope that
addition, USDA and EPA will work together 1) are receiving increased attention for the same
to identify crop/pest situations in which pest con-reasons as BBTSs.
trol tools will become unavailable because of Most activity related to BBTs has occurred
regulatory action, a lack of alternatives, or pestithin the agricultural sector. Pests plague all
resistance and 2) to expedite research, developreas of human activity, and the forces affecting
ment, education, and registration to attack thesghe availability of pest control in the future will
problems. affect nonagricultural areas as well. The OTA
Specific programs are now being developed tassessment thus examines application of BBTs to
meet the general goals just identified. USDA hashe full array of pest problems, ranging from
assembled an IPM Coordinating Council withagriculture, rangelands, and forestry, to parks
membership from all eight USDA agencies thatand wilderness preserves, urban auburban
have related respotdlities, and has requested environments, and even aquatic habitats.
approximately $22 million in fiscajear 1996
funding for relat(_ad programs. A major part of the[] A Caution on Terminology
USDA effort will be a program to assemble ) ) !
teams composed of farmers, researchers, exteﬁ‘; mul-tltude of terms characterize the field of
sion staff, crop advisors, and others to develo;.tl)'OIC)g'CaIIy based pest c_ontrol. Moreovelr, the
crop-specific IPM systems. This will be funded same terms are used _W'th somevyhgt different
through the Cooperative State Research, Educd?®anings among varying subd|SC|pI|nesg_(,e
tion, and Extension Service (CSREES). EPA had'Sect pest management versus plant disease

launched a pilot Biopesticides and Pollution Pre_management) (15). Although some of these dif-

vention Division to facilitate registration of bio- ferences seem esoteric to nonspecialists, unfa-

logical pesticides, administer EPA's IPM miliar uses of terms can arouse strong feelings

program, and develop activities to prevent pestifamqng smenpsts, in par.t.becays_,t_e rese_arch fund-
cide pollution. ing is often tied to specific definitional interpre-
tations (15). Moreover, some definitional
niceties reflect underlyinghilosophical beliefs

DEFINING THE TERMS OF about the most appropriate approach to pest man-
OTA’S ASSESSMENT agement.

The five kinds of biologically based technologies The best known example of such controversy
(BBTs) covered in this assessment represent asccurred in response to the report from a
important segment of the alternatives to convenNational Academy of Sciences working group
tional pesticides (presented earlier in box 2-1)Y243). That report broadened the definition of
and a significant part of USDA’s emphasis inbiological control beyond the use of living
pest control. The majority of the “safer” pesti- organisms to include the use génes or gene
cides that EPA is promoting to reduce the riskproductsto reduce pest impacts. All of the tech-
of pesticide use are microbial pesticides anchologies within OTA’s scope would fall within
pheromone-based products; these two categorigsis definition, as might naturally derived botani-
made up 45 percent of all new active pesticidatal pesticides and insect growth regulators (box
ingredients registered by EPA in 1994 (401).  2-1). Adherents to the historical, narrower inter-
OTA's assessment of BBTs thus provides apretation of biological control worried that other,
“bottom-up” view of whether the national infra- newer approaches might garner a disproportion-
structure supporting research, development, andte share of research dollars at the expense of
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BOX 2-5: Technologies Not Covered in This Assessment Also Receiving Increased Attention

Botanical pesticides

“Botanicals” are chemicals derived from plants that are used in the same way as conventional pesti-
cides. They can be either naturally occurring or synthesized. Examples include pyrethroids originally from
chrysanthemum flowers and nicotine from tobacco. Naturally occurring botanicals enjoy popularity
among organic farmers and gardeners because they are derived from “natural” sources. However, scien-
tists believe that botanicals are no safer as a group than synthetic chemicals and pose the same ques-
tions of mammalian toxicity, carcinogenicity, and environmental impact.

Insect growth regulators (IGRs)

IGRs are naturally occurring hormones or similar synthesized compounds that influence insect growth.
Insects repeatedly shed and then form a new outer layer as they grow in a process called molting. IGRs
kill insects by interfering with the molting process. These insecticides have low toxicity to mammals, but
some IGRs affect crabs, shrimp, and other animals that molt. Concerns about nontarget impacts on these
other species, some of which are economically important, have led to stringent restrictions on allowed
uses of IGRs. IGRs are now being examined with renewed interest for use in environments where such
nontarget impacts are highly unlikely, such as in homes or grain storage elevators. More specific IGRs
might be developed for high-dollar pests; however, no species-specific IGRs are presently on the market.

Plant breeding and enhanced resistance to pest damage

For centuries, humans have selected the most hardy strains of crop plants to propagate and grow.
Significant reductions of pest damage to plants in agriculture and landscapes can be attributed to the
efforts over the past few decades of plant breeders who have developed pest-resistant plant cultivars.
Recent advances in genetic engineering have greatly enhanced the possibilities in this area by enabling
the transfer of genes that confer resistance to pests between widely unrelated organisms. The new
genetic engineering techniques bring great promise, but also certain risks. A number of important issues
remain unresolved in the policy arena, such as food safety effects, potential transfer of genes to weedy
species, the appropriate venue and standards for regulation, and the ability of pests to evolve tolerance
to the plant changes. Of particular significance is that many crop plants are being genetically engineered
to produce toxins found in Bt. Scientists worry this will speed the rate at which pests become resistant to
Bt—rendering microbial pesticides composed of the bacteria ineffective (see also chapter 4 of this
report).

Physical, cultural, and mechanical control

These approaches either manipulate the environment to make it less conducive to pest damage, or
directly remove a pest through mechanical means. Examples include crop rotation, sanitation, choice of
planting and harvest dates to avoid pest infestations, water management practices, and sdarization
(heating soil to kill pests). Most cultural/mechanical approaches are environmentally benign, although till-
age can contribute to soil erosion. Use of these approaches is widespread but patchy. They require a
knowledgeable farmer, and because most cultural/mechanical approaches do not involve a marketable
product, sources of adequate information often are lacking. For this reason, research and development of
cultural/mechanical approaches depends primarily on the public sector.

SOURCE: Office of Technology Assessment, 1995; M.L. Flint, University of California, Davis, CA, “Biological Pest Control: Tech-
nology and Research Needs,” unpublished contractor report prepared for Office of Technology Assessment, U.S. Congress,
Washington DC, November 1993.

NOTE: Technologies presented here are a subset of those outside of OTA’s scope shown in box 2-1 earlier in this chapter.
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their discipline (15). They also felt that some Some organisms become significant pests

approaches gained unwarranted legitimacy bwnly when they move to a new locale where their

their association with more “environmentally natural enemies are absent and therefore the
friendly” biological control: microbial pesticides organism’s population expands greatly. One

based on Bt, for examplé&ijll pests by a toxin, approach to managing these nonindigenous pests
and, according to these critics, perpetuate thé to reestablish control by importing and releas-

mind-set of a pesticide-based approach (see aldéng natural enemies from the pest’s region of ori-

box 2-2). This debate, which continues todaygin. Termedclassical biological contrdf by

was the focus of considerable discussion duringpecialists, the goal is permanent establishment
an ongoing study by the Nationalefearch of the natural enemies in the new locale. Through

Council1® reproduction and natural spread, the control
agents can then effectively “track” the pest
[J OTA’s Definitions of Technologies throughout all or part of its new range and pro-

Covered in This Assessment wdg .endurlng pest suppression Wlth little or no
] o additional effort. Classical biological control is
OTA's selection of the definitions here balancesgenerally regarded as a public-sector activity
a ;traightforward conceptual presentation Withnaving little potential for commercidhvolve-
policy relevance and commonly accepted usaggent, Researchers from universities and federal

among scienti_sts and other professionals. Theng state government are the primary people
goal is to clarify the presentation of this reportjnolved in the discovery, importation, and

while retaining scrupulous technical accuracyejease of classicabiological control agents.
The d(_aflnltlons are not necessarily mten_ded forMany farmers, homeowners, and other users of
direct incorporation into statutes, regulations, Olhest control products are unaware of the extent to

policy statements. which imported natural enemies now keep cer-
tain potential pests in checkbviating or reduc-
Biological Control ing the need to use additional control measures.

Populations of all living organisms are, to someExamples of such pests are the woolly apple
degree, reduced by the natural actions of theiaphid Eriosoma lanigerumn of the Pacific
predators, parasites, competitors, and diseaseNorthwest, the sugarcane delphadiikinsiella
Scientists refer to this process dsological con- saccharicida in Hawaii, and the weed St. John’s
trol and to the agents that exert the control (i.e.wort (Hypericum perforatuin in the western
predators, parasites, competitors, and pathdJnited States, all of which are currently under a
gend’) as natural enemies® Humans can significant level of biological control.

exploit biological control in various ways to sup- Some natural enemies, both imported and
press pest populations. These approaches diffemdigenous, can be repeatedly propagated and
in how much effort is required, who is involved, released in large numbers. Thesgmentative®

and how suitable the approach is for commerciateleases temporarily increase the natural enemy’s
development. abundance in a specific target area and therefore

16 The NRC's Board on Agriculture has an ongoing study of “Pest anadathiControl Through ManagementRiblogical Control
Agents and Enhancedhatural Cycles and Processes.” Theorgscheduled for publication iiate 1995, discusses issues related to necessary
types of research, and complements but does not duplicate the OTA assessment.

17pathogens are disease-causing agents, incledingin bacteria, viruses, fungi, protozoa, and nematodes (microscopic worm-like ani-
mals).

18 Natural enemies are also sometimes referred teasicial organisms.Use of this term can beefusing because some organisms,
like honeybees, are beneficial organisms but are not natural enemies.

19The terminnocuative biological controlis also used by some specialists (418).

20The terminnundative biological contrdb also used by some specialists (418).
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its impact on the pest species. The temporarilpests by producing poisons, causing disease, pre-
boosted abundance may far exceed that whichenting establishment of other microorganisms,
the environment would normally support. Aug- or various other mechanisms. Such microorgan-
mentation can also create a transient populatioisms include certain bacteria, viruses, fungi, pro-
of a natural enemy that could not otherwise pertozoa, and nematodes.microbial pesticidds a
sist in the environment (e.g., because it cannatelatively stable formulation of one or several
tolerate cold winters). One potential advantage ofnicrobes designed for large-scale application.
augmentation is that the release can be timed tbhe most widely used microbial pesticide today
coincide with the period of the pest’s maximumis Bt, formulated from the bacter@acillus thur-
vulnerability, such as a particular larval stage. Iningiensis Its pesticidal properties result from
most agricultural applications, augmentativetoxins the bacteria produce that can kill certain
releases occur once or several times throughoutigsect pests. Most microbial pesticides are pro-
growing season. Live microbial pesticides (dis-duced commercially and sold to farmers, forest-

cussed in the next SUbSECtiOﬂ) are anofben ers, homeowners’ go\/ernment agencies’ and
of augmentative biological control. A small U.S. other users of pest control products.

industry now commercially distributes and sells
insects that are natural enemies of insect an
weed pests, primarily téarmers and ranchers.
Approximately 110 different species are now
commercially available from more than 130
North American companies (60). Some federa
and state government agencies also make au
mentative releases.

The action of all natural enemies—indige
nous, imported, and augmented—can b
enhanced by simply encouraging their surviva

gehavior-Modifying Chemicals
Many organisms emit chemical cues that evoke
specific behaviors from othéndividuals of the
game or a different species. Pheromones are one
ategory of these chemicals that currently has
gpplication in pest management. Pheromones
_serve to communicate information among mem-
é)ers of a single species. Mate-attraction phero-
jnones are now used in pest lures or in traps laced

and multiplication. Thisonservation of natural with insecticides or microbial pesticides. Some

enemiesusually involves specific crop, forest, or are sold commercially for pest control, although

landscape management practices that provide tH8€ Primary function of most is monitoring of
natural enemies with a hospitable environmenPeSt distribution. The pheromone-based method

and limit practices that kill natural enemies—for N greatest use is widespread application of pher-
example, by reducing pesticide use or selectingMones to disrupt a pest's normal matetiiy
specific pesticides. The practitioners of thisPehavior (and thereby reduce successful repro-
approach are farmers and others who seek tguction). Farmers, forestg homeowners, and
control pests. Usually, no commercial productgdovernment agencies rely on commercially pro-
are directly involved but crop, forest, or land- duced pheromone products.

scape management advisors may provide advice

to farmers, homeowners, and others about corfzenetic Manipulation of Pests

servation of natural enemies or other related sefin this approach individuals of the pest species
vices for a fee. Federal and state governmentgre genetically altered and then released into the
also provide public education on such managepest population. The individualsrcg genes that
ment practices through extension and outreachhterfere with reproduction or impact of the pest.

activities. The specific method in significant use today is
the release of sterile males for insect control.
Microbial Pesticides Males of the pest insect are made sterile by irra-

A wide variety of microorganisms (organismsdiation. Following release, they compete with
too small to be seen by the naked eye) suppressrtile males for female mates, thereby reducing
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the number of matings that successfully produceues. Plants containing these fungi are less
offspring. The result is a drop in the size of thesusceptible to damage by insects and diseases.

pest population. Researchers are working on developinghuds
of transferring endophytes to plants in which
Plant Immunization they do not normally occur. Scientigtave also

The ability of crop and landscape plants to resistound they can enhance resistance to disease in
diseases and insect pests can be enhancéértain plants by exposing them to specific
through a number of methods that do not involvemicrobes or chemicals or by inoculating them
plant breeding or genetic engineering. Onewith a less-damaging strain of a disease-causing
approach of growing importance in the turfgrasgmicrobe. The various methods of inducing dis-
industry is the use of grass containing endoease and pest resistance are experimental and not
phytes—certain fungi that live within plant tis- yet in practical use.
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Technologies 3

ny assessment of biologically based pestiisappointments of BBTs (box 3-1). Certain
control faces an immediate paradox. Ahighly effective BBTs have failed because of
wealth of technical information and economic factors or improper use. Straightfor-
research findings characterize the field,ward assessment of the technical capabilities of
and there is near uniform agreement that use ®BTs according to their track record of success
biologically based technologies (BBTS) is desir-is thus impossible. In gers, BBT adoption has
able, ifl they can safely provide adequate pesfqc rred most frequently where conventional
control: Nevertheless, actual adoption of thesepesticides are unavailable (e.g., because of pest

Fechnolog|e§ IS low. Explanations ftitis seem- resistance or small market size), unacceptable
ing contradiction usually center on numerous . . . .
(e.g., in habitats that are environmentally sensi-

“obstacles” that hinder adoption of BBTs—some . e
tive or places where human contact is high), or

related to current limits to what the technologies icallv infeasibl b h ¢ of
can do, others to social, economic, and instigy€conomically inteasibie (8., because the cost o

tional impediments. This chapter begins by evalPesticide use is high relative to .the economic
uating BBTs and discussing difficulties in settingV@/ueé of the resource, as in rangeland
performance standards for these technologies. ffanagement).

then describes current and potential uses of

BBTs in the United States and identifies the fac{] Comparison with Conventional

tors affecting their future adoption. Pesticides

Direct appraisal of the technical capabilities of
EVALUATING THE TECHNOLOGIES BBTs is also complicated by the question of

A complex mix of technical, social, and institu- what standards to apply. In practice, the level of
tional factors contribute to the past successes amgkst control set by conventional pesticides is

1see end of chapter 2 for detailed description of the biologically based technologies discussed here and throughout the assessment.

| 31
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CHAPTER 3 FINDINGS

= Although conventional pesticides dominate U.S. pest management practices, biologically based tech-
nologies (BBTs) have penetrated most major applications and joined the mainstream. For example,
BBTs are the method of choice for certain widespread pests like the European gypsy moth (Lymantria
dispar), and have been adopted by a number of major food-processing companies.

= Current use of BBTs is patchy, however. Adoption has occurred most frequently where conventional
pesticides are unavailable, unacceptable, or economically infeasible. In such situations, the chief
advantages of BBTs become significant assets—namely, that they reduce reliance on conventional
pesticides, have generally low impacts on human health or the environment, and, in the case of classi-
cal biological control, provide lasting and low-cost suppression of individual pests.

= Most BBTs provide partial solutions to the pest problems faced by farmers and other users and usually
must be integrated with other control techniques to provide an overall package of pest suppression.
They tend to fare poorly when evaluated against the performance standards set in place by conven-
tional pesticides.

= The field of BBTs is characterized by a wealth of technical information combined with far fewer on-the-
ground applications. People involved in the research, development, and use of BBTs attribute the low
adoption to numerous technical, social, economic, and institutional obstacles. These obstacles repre-
sent real and valid impediments, but they make a precise assessment of the true capabiities and
future potential of BBTs difficult.

= Removal of the nontechnical obstacles through a variety of policy actions would surely improve the
success record of BBTs. Nevertheless, significant technical issues still need to be resolved, and this
problem can be addressed only through appropriate adjustment of the national research agenda.

often the benchmark used foudging other may suppress plant pathogens over a growing
methods. Key features of such appraisals are: season or longer (138).
Conventional pesticides are often described as
* target range—how many pests are affected; “stand-alone” approaches to pest control; a sin-
* kill level and rate—to what extent the pestgle chemical provides significant suppression of
population is suppressed and how rapidly;  many pests. In contrast, most BBTs affect only
» field persistence—how long a single applica-one or a few pests, and some affect only one life
tion continues to provide control; and stage of a pest. Pheromone mating disrupters, for
= shelf life and stability of commercial products. example, are “adult-based” strategies and do not

affect juvenile pests already preseB@acillus

Conventlona! pest.|C|des generally have a W'd%huringiensis(Bt), in contrast, works only on the
target range, high kill level, rapidll rate,long  toeging juveniles (e.g., caterpillar larvae).

field persistence, and extended shelf life. By any o timing for effective use of many BBTs is

measure, most BBTs do not compare wellys, rglatively narrow, because it must coincide
according to these criteria. Many BBTs have gyt g particular vulnerable life stage of the pest
narrower target range; act more slowly; suppresgy; specific environmental conditions. Like cer-

but do not locally eliminate pests; and,sibld  tain conventional pesticides, the effectiveness of
commercially, have a shorter field persistencemany BBTs is influenced by aspects of the
and briefer shelf life. Exceptions to these generweather, such as temperature and humidity. Also,
alizations do exist, of course. Classical biologicaskome are impaired by conventional pesticides;
control can provide lasting pest suppression, andatural enemies, for example, are killed by many
microbial pesticides applied as seed treatmentshemicals. As a result, recent spraying at the
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BOX 3-1: Outcomes of Biologically Based Pest Control

Some notable successes...

Classical biological control

Ash whitefly (Siphoninus phillyreae)—First noticed in
California in 1988, the pest soon spread to 28 counties
in that state as well as to Arizona, and New Mexico. It
attacked ornamental trees that make up 17% of street
trees in urban areas. Within two years of biological con-
trol introductions in 1990, the fly was under complete
control, generating net savings in excess of $200 mil-
lion.

Skeletonweed (Lygodesmia juncea)—The rust fun-
gus Puccinia chondrillina was released in several west-
ern states in 1976. Skeletonweed is now under
excellent control in California, ldaho, Oregon, and
Washington because of the disease.

Augmentative biological control

Strawberries—An estimated 50 to 70% of California
strawberry acreage uses the beneficial mite Phytoseiu-
lus persimilis against the two-spotted spider mite Tet-
ranychus urticae, an important pest. Use grew rapidly
in 1987 when the widely used pesticide Plictran was
removed from the market by federal regulation. Other
alternatives were not available and growers turned to
natural enemies.

And some disappointments

European gypsy moth (Lymantria dispar)—Despite
a century of research and introductions of over 50 dif-
ferent biological control agents, most recently in 1994,
biological control has not yet been successful and
problems with the pest continue to worsen.

Convergent lady beetles (Hippodamia conver-
gens)—Lady beetles collected from field populations in
California have dominated the market for yard/garden
use of natural enemies since they were first sold in the
early 1900s. Results of research on the beetles have
consistently been disappointing, however, because
most fly away within 24 hours after they are released.
Some companies are beginning to market lady beetles
“preconditioned” to ensure a more sedentary behavior,
but the claims of enhanced efficacy remain to be well
documented.

(continued)
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BOX 3-1: Outcomes of Biologically Based Pest Control (Cont'd.)

Some notable successes...

Microbial pesticides

Bt—Various products based on the bacterium Bacil-
lus thuringiensis are now the most widely used micro-
bial pesticides in the United States and worldwide. The
primary uses are for control of European gypsy moth
(Lymantria dispar), various caterpillar pests, and the
Colorado potato beetle (Leptinotarsa decemlineata).

Black vine weevil (Otiorhynchus sulcatus)—In cran-
berry bogs, this pest has been successfully controlled
by nematodes. Favoring success were the soil condi-
tions, susceptibility of the pest, safety of the product,
lack of other alternatives, and high value of the crop. In
addition, Ocean Spray, a farming cooperative that is the
primary user, worked closely with the manufacturer to
develop suitable application methods.

And some disappointments

“Milky spore” for control of Japanese beetle (Popillia
Jjaponica)—First introduced as a classical biological
control in the 1930s, commercial formulations of Bacil-
lus popilliae became available for control of the pest in
turf during the 1980s. A number of lawn care compa-
nies experimented with these products, but poor quality
control in production meant inconsistent product perfor-
mance. As a result, lawn care company representatives
do not believe that milky spore is effective and will not
use it for control of Japanese beetle grubs. For some
members of the industry, this experience has gener-
ated a high level of distrust for microbial pesticides in
general.

Collego—This microbial pesticide is based on a
pathogen of northern joint vetch (Aeschynomene vir-
ginia). First sold in 1982 by Upjohn, Inc., Collego
offered excellent control over northern jointvetch in rice
fields. The product was taken over by Ecogen, but pro-
duction costs rose after the change. Eventually, the
market size proved too small to justify continued pro-
duction, and Collego was withdrawn from the market in
1994.

Elcar—This viral insecticide was developed by San-
doz, Inc. for use against the bollworm (Helicoverpa zea)
where resistance to conventional pesticides was occur-
ring. The virus was very effective and its initial pros-
pects were good. But entry of pyrethroids onto the
market at about half the price of the virus turned it into a
financial disaster, and Elcar was removed from the mar-
ket. Interest in this approach is reemerging because the
bollworm is developing resistance to pyrethroids as
well.

(continued)
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BOX 3-1: Outcomes of Biologically Based Pest Control (Cont'd.)

Some notable successes...

Pheromone-based products

Pink bollworm (Pectinophora gossypiella)—Mating
disruption approaches on 27,000 acres of the Parker
Valley in Arizona starting in 1989 resulted in a decrease
of damage to cotton bolls from 25% (with standard
regime of conventional pesticides) to 0% (with the pher-
omone approach).

Sterile insect approach

Screwworm  (Cochliomyia  hominivorax)—Large-
scale releases of sterile males, starting in the 1950s,
effectively eliminated the pest from the United Sates
and northern Central America.

And some disappointments

European elm bark beetle—Attempts to mass-trap
the beetle, the vector of Dutch elm disease, have been
unsuccessful because they do not attract enough
insects or attract them only after the damage has
occurred.

Codling moth (Cydia pomonella)—Several products
are available but the level of fruit protection achieved
varies with the product, the initial level of infestation,
and the distance of the orchard from sources of mated
codling moth females. Inconsistent formulation and
poor choice of application sites appear to be sources of
the variable outcomes in farm-by-farm application.
Researchers believe greater success is likely using an
areawide management approach.

Mediterranean fruit fly (Ceratitis capitata)—The suc-
cess or failure of this approach in the Los Angeles
basin is unknown and a source of controversy among
scientists. As of November 1994, this pest was still

present despite releases of 14 billion sterile flies in
1993.

SOURCES: Office of Technology Assessment, U.S. Congress, 1995; W. Cranshaw, Department of Entomology, Colorado State University,
Fort Collins, CO, “Biologically Based Technologies for Pest Control: Urban and Suburban Environments,” unpublished contractor report pre-
pared for the Office of Technology Assessment, U.S. Congress, Washington, DC, 1994; K. Jetter and K. Klonsky, Department of Economics,
University of California, Davis, CA, “Economic Assessment of the Ash Whitefly (Siphoninus phillyreae) Biological Control Program,” unpub-
lished contractor report prepared for the California Department of Food and Agriculture, Sacramento, CA, June 30, 1994; “Milky Spore Dis-
ease May Not Be Effective Biological Control for Grubs,” Turf Grass Trends 13, May 1994; J. Randall and M. Pitcairn, Exotic Species
Program, The Nature Conservancy, Galt, CA and the Biological Control Program, California Department of Food and Agriculture, Sacra-
mento, CA, “Biologically Based Technologies for Pest Control in Natural Areas and Other Wildlands,” unpublished contractor report prepared
for the Office of Technology Assessment, U.S. Congress, Washington, DC, November 1994; R. Van Driesche et al., Department of Entomol-
ogy, University of Massachusetts, Amherst, MA, “Report on Biological Control of Invertebrate Pests of Forestry and Agriculture,” unpublished
contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, D.C., December 1994.

control site or drift of pesticides from adjacentthe performance of BBTs may often depend on

areas can affect performance of certain BBTs. the quality of the specific integrated pest man-
For these reasons, BBTs do not provide a higigement (IPM) system in use—whether it deals

enough level or broad enough range of pest sup¥ith the full range of likely pest problems and

pression to satisfy the full needs of farmers an@an respond to changing pest control needs.

other users whose expectations have been set by

conventional pesticides. BBTs thus need to bé]An Important Benefit of BBTs

used in a more integrated fashion with other conSome of the very characteristics that make BBTs

trol techniques to provide an overall package otompare poorly with conventional pesticides

pest suppression. This requirement means thdtecome advantages in pest management systems
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that seek to minimize pesticide inputs. Such sys-
tems usually involve monitoring (scouting) of
pests so that pesticides are applied only when
outbreaks occur.

To most people, this concept is simple: Killing
pests stops their unwanted effects. To experts,
however, this simplicity masks underlying com-
plexity. The harmful effects of a pest are directly
related to its abundance. If a potential pest is
never abundant enough, its harmful effects may
remain at an acceptable level or perhaps undetec-
ted. Many pest control practitioners today inter-
vene only to control a pest when it reaches a
threshold abundance where unacceptable effects
are likely to occur (figure 3-1; see table 2-2 in
chapter 2). Potential pests sometimes remain
below this level because of the action of natu-
rally occurring biological control agents or other
factors, such as weather.

The BBTs covered in this assessment include
practices to enhance naturally occurring control
when a pest is below its threshold (i.e., conserva-

tion of natural enemies) and intervention meth-
ods to push pest abundance back below the
threshold (i.e., microbial pesticides). The distinc-
tion between the two is somewhat fuzzy because
certain BBTs, such as augmentative biological
control, can be used both to prevent and control
pest outbreaks (i.e., when pest densities are either
below or above the threshold abundance in figure
3-1).

Conventional pesticides also have been used
in both ways. A major difference between BBTs
and conventional pesticides concerns the waysin
which they affect naturally Occurring control.
Many conventional pesticides kill natural ene-
mies as well as pest organisms. Certain pests that
otherwise might be kept below threshold levels
by natural enemies subsequently surge to out-
break levels (see box 2-2). In contrast, the speci-
ficity of BBTs means they are far less likely to
harm natural enemies. These technologies thus
are more compatible with pest management sys-

FIGURE 3-1: Intervention is Not Always Neccessary to Prevent Unwanted Pest Damage

Economic, aesthetic,
or other threshold at

Pest Abundance
—
y

which intervention
becomes required to
reduce the pest damage
to an acceptable level

Time

— Pest abundance at a particular time

Below the threshold, biological control and other
factors prevent unacceptable levels of economic

or aesthetic damage.

SOURCE: Adapted by OTA from J.K. Waage, Director, International Institute of Biological Control, Ascot Berks, UK, letter to the Office of Technol-

ogy Assessment, US. Congress, Washington DC, July 14, 1995.
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tems that seek to maximize naturally occurringa result of classical biological control introduc-
pest control and to minimize pesticide inputs.  tions against 51 target species (420).
Results of classical biological control pro-
[ Gaps in the Information grams are usually reported as “complete,” “sub-
stantial,” or “partial” control (69,123,153).
means that no precise evaluation of their capabilgomplete_ control u.sually refer.s. to a level of pest
suppression at which no additional controls are

ities is possible. Existinglata focus more fre- ; .
quently on BBTs successes than on lessorjdecessary against the pest. It is the least common

learned from failures—and in many cases, thé)lm:_Ome of classical biological contrakpre-
necessary long-term followup for evaluatingsem'ng about 18 percent of all successful U.S.

impacts or effectiveness in IPM programs isPro9rams against arthropod pests (153).
lacking. Biological control successes generally occur

An additional problem arises because so muci§oWly- A significant proportion of the U.S. suc-

of the information on BBTs comes from researcH-€SS€S in classical biological control against
results. Scientists do not always use them arthropod pests thus far (at least 85 percent) were

control to mean a level of pest suppression that {§¢cOmPplished prior to 1964 (69,123,153). Expe-
applicable to actual field applications. Moreover,fi€nce indicates that only about a half-dozen
because field conditionsan greatly alter the Major successes can be expected in the United

impacts of BBTs, researchnflings can not be States per decade (415). Although, some
directly translated into predictions about potenjesearchers attribute the recent slow rate of suc-

tial effectiveness under cotidins of practical ~CesS to inadequatestitutional support from the
use (175). This problem is especially significantV-S. Department of Agriculture (USDA) since
for areas like plant pathogen control, where veryfhe 1970s (58), while others suggest that the

The patchy implementation of BBTs to date

few BBTs are yet in place (308). “easier targets” have already been addressed
using this method (9). Recent successes are more
] What We Do Know about the common for weeds; only 45 percent of today’s

successes occurred prior to 1977 (153,420).
Successfubiological control programs typi-
Biological Control cally report benefit-cost ratios from reduced pest
When successful, classicdliological control impacts and decreased use of pesticides of 10:1
programs in which the natural enemy of a pest i$0 30:1, with some as high as 200:1 (162,411).
identified, imported, and released, can providel hese ratios do not incorporate the costs of other

lasting, highly selective, and effective control.failed biological control programs (286,318).
Some programs have caused 100- to 1,000-folPne reason for the high per-program returns is
drops in pest density (411). Not all biological that a successful classical biological control pro-
control programs are successful, however. Irgram can provide lasting benefits that accrue
1990 it was estimated that the 722 biologicalindefinitely into the future with little, if any, fur-
control agents previously introduced in thether investment. Many of the greatest successes
United States had resulted in some level of supi classical biological control have oceced in
pression for 63 arthropod pests (l§3$ome permanent or semipermanent environments such
level of control has resulted for 21 U.S. weeds agas orchards, forests, or rangelands, where perma-

Effectiveness of BBTs

2No readily available data show what proportion this figure represents of all U.S. arthropod pests against which clas#iedicbiniog
trol hasbeen attempted. On a worldwidasls, for all pests targeted by classical biological control prograrpspxamately 16 percent are
now competely controlled and another 40 percent argighr controlled by thismethod (411). Notéhat several natural enemies may be
introduced before ettrol occurs, and a project against a single pest can tgéhare from a few years to s=al cecades.



38 Biologically Based Technologies for Pest Control

nent establishment of natural enemies is most
likely to occur (60).

Benefit-cost ratios have been calculated for
relatively few classical biological control pro-
grams because documenting program impacts is
difficult and costly (58). Little routine monitor-
ing follows most biological control releases, and
effects can take five, 10, or more years to
become apparent (191,41 1,420). Moreover, the
effectiveness of a biological control agent may
vary across the pest’ s distribution because of dif-
ferences in temperature, moisture, elevation, and
other factors that affect survival and population
size of the natural enemy and its target pest. The
result can be a mosaic ranging from excellent to
no control, depending on the specific site (420).

Even fewer attempts have been made to evalu-
ate the overall effectiveness of repeated augmen-
tative releases of natural enemies (41 1,263). The
few scientific studies have been conducted on
too small a scale to make accurate inferences
about results under conditions of actual use
(41 1), and scientists are divided about the feasi-
bility and effectiveness of the approach
(263,173), The utility of natura enemies in
enclosed greenhouses is generally undisputed.
Researchers vary, however, in their views as to
the potential effectiveness of augmenting natural
enemies in field crops, some believe that discern-
ible levels of pest suppression result more from
the positive impacts of reduced insecticide use
on natural enemies already present in fields, than
from the deliberately released natural enemies.
At present, high cost and quality control also are
issues (e.g., are the natura enemies sold alive
and active?) (263,173). Another question con-
cerns the scale at which augmentative releases
will be most successful—on small farms, on
large farms, or areawide. Nevertheless, compa-
nies marketing natural enemies and farmers who
use these products believe they are effective and
dispute scientists more mixed view of this tech-
nique (269,59).

Augmentative use of fishes for control of
aguatic weeds and mosquitoes is a special case.
These fishes can be quite effective, athough they
act more slowly than pesticides and do not elimi-

Although the program to control of the boll weevil (Anthonomus
grandis grandis) relies on conventional pesticides, the pest's
successful suppression in some states has resulted in greatly
reduced insecticide usage; natural enemies are now more com-
mon in cotton fields and keep a number of other former insect
pests under control.

Agricultural Research Service, USDA

nate pests completely. Because their use is con-
fined to water bodies of sufficient size, clarity,
and warmth to sustain the animals, their useful-
ness is sometimes limited (191,315) For exam-
ple, mosquito fish (Gambusia spp.) are
impractical for certain significant mosquito habi-
tats such as tree holes, tires, and temporarily
flooded wetlands-all magjor sites of mosquito
reproduction (191,315). Introductions of fishes
for biological control aso raise several signifi-
cant ecological risk issues (see chapter 4).

Conservation of natural enemies has highly
variable effects, depending on the specific crop
and location. Quantitative estimates of impacts
are impossible because the approach is rarely
used as amajor and deliberate component of pest
management (41 1). Instead, increased effects of
natural enemies are more often a consequence of
management practices implemented for other
goals (such as reduced pesticide use) (9,411).
Maximizing the conservation of natural enemies
more widely would require the development of
extensive site-specific information (41 1). Over-
all, the approach works only for pests that have
potential natural enemies (native or introduced)
in the area (411).
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The most widely cited evidence for the poten-quent cotton pests. Current Bt products are
tial effects of conservation of natural enemieshighly effective against the first, less so against
comes from rice production in Asia. There, mod-the second, and relatively ineffective against the
ification of insecticide spray schedules tothird (411). In general, Bt products have been
enhance the impacts of natural enemies has draiost useful against forest caterpillars, Colorado
matically reduced outbreaks of the rice brownpotato beetlel(eptinotarsa decemlineatdarvae,
planthopper Nilaparvata lugeng a destructive and a number of caterpillar pests of vegetables
rice pest (411). In the United States, the mosand other crops. Recent evidence suggests that
common way farmers seek to conserve naturalertain pests may develop resistance to Bt, which
enemies is by selecting conventional pesticidegould limit its future utility (see chapter 4).
that have relatively low impacts on natural ene- Nematodes that have been developed for pest
mies (61). Biological control experts hold differ- control products kill pests rapidly (within 48
ing views as to whether any chemical pesticidesiours)® They also show broader spectrum
cause sufficiently low damage to natural enemiegffects than Bt. Control of insect pests is compa-
for this approach to be successful. Some believeaple, and sometimes even superior to insecti-

that only microbial, pheromone, or cultural alter-cides, with data showing 100- to 1,000-fold
natives will enable enhanced reliance on consefgrops in pest densities for such diverse organ-

vation of natural enemies (411). isms as caterpillars, aphids, armored scales, saw-
flies, and whiteflies (411). Nematode products
Microbial Pesticides are applied using standard spray equipment,

The performance of various microbial pesticidedraps, or baits; they are generally tolerant of most
differs greatly, as does the degree to which thagesticides and fertilizers (113). Environmental
performance is affected by environmental condi-sensitivity—nematodeseed adequate moisture
tions. Pesticides based on Bt are potent if appliednd temperatures from about 53 to 86 degrees
to the early larval stages of susceptible inseckahrenheit—is a limitation of nematode prod-
pests. Application during other stages causedcts. They have been used successfully in moist
their effects to drop severely. Effectiveness alssoils but not in plant foliage. The shelf life of
varies with the pest's feeding rate; as a resulthematode products ranges from three to 12
many Bt products are formulated to include feedmonths under refrigeration, but some of the
ing stimulants. Because Bt products can be marmewer formulations can last up to five months at
ufactured using large-scale fermentationroom temperature. Although nematodes can be
techniques, they are less expensive to produc@ass-produced, the high cost remains a problem.
than many other microbial pesticides. Only two virus-based products are now in use,
The various Bt-based pesticides are very spethe European gypsy moth nuclear polyhedrosis
cific. This precision minimizesontaget impacts virus (NPV) and the beet armyworm NPV viflis.
but also has disadvantages. For example, thrediruses, in gene, are expensive to produce
caterpillars—Heliothis virescengtobacco bud- because techniques do not yet exist to mass-pro-
worm), Heliocoverpa zea (bollworm), and duce them without livinghosts; according to
Spodoptera exigudbeet armyworm)—are fre- industry representatives, new production tech-

3 These include the steinernematid and heterorhabditid neesat@thenematodes that have not been develdpegest control pro-
vide a slower rate of kill. OTA categorizasmatode-based procts as a type of microbial pesticide because the nematodes involved are
microbes (microorganisms) (276) and sold in caroial formulations (see chapter 2). Some scientists and commeodlatprs categorize
nematodes as natural enemies in part because EPA does not regulate thetegs@diype of microbial pesticide (see chaftefhe issue
is largely semantic.

4 Another sixhave been registerddr control of forest and crop pests, including two within the past year for ¢etggr Anagrapha
falcifera) and codling mothQydia pomonella
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nologies will soon be available that allow lessworking on only a single pest. They do not injure
costly production. Viruses also persist in the fieldnatural enemies and can be combined with insec-
only briefly becaussunlight causethem to lose ticides. In some cases, it may be necessary to
activity. A few viruses are broader spectrum,combine pheromones and pesticides to reduce
affecting several insects in the same taxonomithe pest population sufficiently so that it can be
family or order, although effects of a given virusmanaged with mating disruption (411). Some
on different species can vary (411). pheromone products have performed erratically
Microbial pesticides based on fungi have highin the field; the problem has been attributed to
virulence and are amenable to mass productiorpoor formulation and to labels thspply inade-
Their biggest drawback is requiring a moist habi-quate information for proper use (41,175). High
tat for activation. Fungus-based herbicides develeosts of pheromone use is another problem.
oped thus far against weetiave been lghly Experience with the screwworr@g¢chliomyia
host-specific, relatively fast-acting, and lethalpominivoray program has shown that the sterile
(420). Fungi developed for use against insecisect approach can be quite successful. During
pests have broaddrost ranges (although nar- the 1970s, however, that program suffered some
rower than Bt products) and are most effective aferiods of poor performance as a result of some
high pest densities. o unsound assumptions about the behavior of the
Only one microbial pesticide for plant patho- fies: the experience underscores the importance
gen control has been in use for any length oft pasic knowledge of the pests’ life cycle and
time. Galltrol suppresses the pathogen thafenayior when using this approach (411). Efforts
causes crowggll diseaseAgrobacterium tUme- 4 suppress additional pests using steeleases
facieng (138)” However, this one product's paye had only limited success. Other genetic
effectiveness provides only limited insight into manipulations of pests are being studied and

the general usefulness of microbial pesticide%ave not yet demonstrated their potential
against plant pathogens. Crown gall disease is a

special case; because the disease results fro

infection of plant wounds, the microbial pesti- E]JRRENT USE OF BBTS INTHE U.S.

cide has to be active for only a few hours whileTable 3-1 summarizes available data on current
the plant wound closes. The plant theases to usage of BBTs in the United Stafeslsage of

be susceptible tmfection (308). BBTs is uneven. The vast majority now in place
are for control of insect pests in arable agricul-
Pheromones and Other Approaches ture (cultivated lands), forestry, and aquatic envi-

In successful programs against pink bollwormronments. However, use is growing for insect
(Pectinophora gossypiellaand oriental fruit control in urban and suburban settings as new
moth Grapholita molestp pheromone mating nematode and pheromone bait products become
disrupters have given results equal to or betteavailable for turf and household pests. BBTs
than those of insecticides (41). The use of pherdhave virtually no role at present in the control of
mones to disrupt mating works only on pestsweeds in arable agriculture, evérough this is
using these chemicals to find mates over longvhere approximately 57 percent of conventional
distances, such as most moths—which are a largeesticide use occurs in the United States. Weed
proportion of the most important insect pestscontrol has been best addressed in rangelands,
Pheromones are truly species specific, with eacphastures, and aterways, specifically by classical

5 About a half-dozen new microbial pesticide products for use against pldnttgens became available in 1994 and 1995.

6 The focus here is on the United States because the success of a technology abroad may not necsksarijréily into potential
for U.S. adoption. There are marked international differences in farming practices and in important seciafoamd factors. Forxam-
ple, virus-based pesticides have achieved wider use in countries where lower labor costs keep the cost of production low.
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biological control. Few BBTs are yet in use contributed significantly to a reduction in that

against plant pathogens. pest’s abundance and impacts (174).
Augmentative releases of natural enemies by
0 Applications farmers occur primarily in vegetable, fruit, and

nut crops (table 3-1) (377). Many of these uses

The goals of pest management vary with Fheare relatively recent. However, augmentation is a

application_ site. Application siteg also differ in long-standing practice in some areas. In the
who practices pest control and in the range ofg3p5 5 number of California citrus growers
available, acceptable, or feasible pest controfymeq the Filmore Citrus Protective District, a
technologies. The necessary or desired level Qfggperative that now produces natural enemies
pest suppression is higher under some circumy,, ,se against citrus pests such as yieajs
stances than others; for example, blemish-fregnq scales on more than 9,000 acres (173).

fruit production requires very low rates of insect Augmentative use of natural enemies in green-
damage, whereas greater pest abundance may Rgyse agriculture is growing (411). The approach
tolerated in forests or rangelands. BBTs may bgs \idespread in Europe, where cultivation of
easier to adopt in the latter circumstance becau%getatﬂe crops in greenhouses is more common.
the technologies usually suppress, but do nogreenhouse agriculture in the United States
locally eliminate, pests. Other pest control techoccurs on only several hundred acres. Giteen-
nologies that compete with BBTs are more comhouse industryfor ornamental plants is much
mon in some applications, such as major cropdarger (valued at $2.5 billion in 1993), but the
These factors, combined with the uneven availpotential for use of natural enemies here is lower
ability of BBTs, have generated today’s hit-or-because less pest damage is tolerated on the

miss pattern of BBT use. products and new chemicals may provide signifi-
cant competition (box 3-2) (411).
Arable Agriculture Few data quantify how frequently farmers

Current use of BBTs in arable agriculture (culti- deliberately modify farming practices to con-
serve natural enemies on U.S. croplands. Inter-

vated lands) is confined almost completely to ) o i ,
insect pests. A number of major food processorgrOpp'ng' _mod|f|cat|0n Qf cropping practices,

and growers have begun to rely on BBTs in «pi-and selection of crop varieties to enhance natural
intensive” IPM systems (figurg-2). From1990 enemies all lOOk. promising to researchers bu_t
t0 1993.for example, the Campbell Soup Com_have not been widely adopted (411). Some Cali-

pany worked closely with Mexican tomato grow- fornia vineyards and almond growers report that

- L ., __certain vegetation practices enhance natural ene-
ers to eliminate all uses of chemical insecticides, .

. ) . mies of arthropod pests and plant pathogens
The resulting system combined monitoring, Bt,

h drich | (257,258). Other management practices that inci-
pheromones, andrichogrammawasp releases dentally conserve natural enemies are more

to provide comparable control of insect pests at ‘Broadly used. One example is the routine moni-
lower cost (30). toring of natural enemies and pests in commer-

Millions of acres of U.S. crops are currently cja| orchards; farmers delay use of insecticides if
protected from one or more pests by the introthe ratio of predators to pests is high enough to
duction of classical biological control agentSprevent pest damage (411). Vegetable, potato,
which have provided some level of suppressiomand cotton growers commonly consider the
for 63 arthropod pests (123,411). Most of theseeffects of pesticides on natural enemies when
biological control agents were introduced somedeciding which chemicals to use and when to
time ago, but others are fairly recent; for exam-apply them (table 3-1) (377). Similar practices
ple, introduction of parasites against the alfalfaare widespread among Pennsylvania apple grow-
weevil Hypera posticafrom 1980 througli992  ers (282).
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Figure 3-2: Adoption of Biointensive IPM by Major Food Companies

Legal Company policies on pesticide residues® Zero
Limits > Residue

Tri Valley Growers

Dean Foods (WA)

Kraft Dean Foods (CA) Fetzer Winery
Sunkist Dole E.J. Gallo Winery Campbells Gerbers
DelMonte Contadina (Nestle) Hunt-Wesson Dean Foods Heinz Nutrilite
(TX)
Y
7>

Increasing use of biointensive 1PM

SOURCE: Off Ice of Technology Assessment workshop on The Role of the Private Sector in Biologically Based Technologies for Pest Control,
Washington, DC, September 20-21, 1994,

NOTE: The term biointensive IPM refers to an 1PM system designed to increase plant health, This goal is generally obtained through the use of
BBTSs for pest control in addition to other crop management practices. This figure was presented during the OTA Workshop on the Role of the Pri-
vate Sector. It is included here for illustration purposes only, OTA makes no claim as to the accuracy of the data.

‘Assi gnment along this continuum is based uponthe company's stated policy regarding the pesticide residue in the final shelf product and the

company'’s level of use of BBTs in 1PM programs.



Chapter 3 The Technologies | 43

(panunuoa)

'G66T pue ¥66T Ul 8|qe|iene
awedaq saseasip 1sanleyisod jo |04
-u09 10} s1onpoJd [e1qoloIW Mau 3aiyL

‘'sueaq pue

‘synuead ‘UONOD JO SaIdB UOIIW G 0}
€ uo pajue|d pass Jo} ¥66T Ul P|OS 1Sy
2JaM Sluswieal) Pass [elqoidiw daiyl
‘(suaio

-gjowin] wnualoeqo.by) aseasip |eb
UMOID 10} 000‘00T$ Buipsaoxa sajes
[enuue aAey sapionsad [e1qoloiw oM

saplonsad [eIqoloIN

o1orew
8yl U0 MOU ase Saplio
-nsed [eiqosoiw  ON

saplonsad [eIqoloIN

‘a|ge|rene ale
sjuabe |onuod [ealbo)
-0lq aAnelUawbne oN

'|oJ1u09 [eo
-160ojoIq [eaisse|o JIapun
Ajuauing ale spaam oN

j0nu09 [eoiBojolg

u.mn_o‘_o

d|geJe U0 asn 0} 2I9M E£E66T Ul SIjeS apolewau Jo 9%9f
‘UI02 pue uoNod ‘saojerod

‘sdoJo a|qeiaban uo pasn ale saplonsad [eiqoioiw pased-1g

o]

g.mmmohom U010 PBIRANIND JO %/ G 10} SUOISIOaP

aplonsad Bupjew usym SalWdUd [einjeu JapISU0D SIaMOID
n.mooumuoo_ |e} JO Sal0®' PaleAlND JO %22

UO SalWaua [einjeu 109]oid 01 SBPIDNOASUI 8SBIDBP SISMOID
g.ommmkom a|ge1aban pareAnno Jo % /€ Uo salw

-aua |enreu 109104d 0} sapionsad 109|8s Jo abueyo siawred
‘abealoe Alagmelss eiuioy)

-I[eD 40 %0/ O} 0§ Parewnsa ue U0 Pasn ale sajw [elolauag
‘uoljiw 0T$ 01 6$ Alerewixoldde Jo sajes [enuue yum saiw
-3ua [einjeu 1axsew Jo aonpolid saluedwod 'S N 98 uey) aI0N
n.wmmwhom a|qelaban paren

-1)IN2 8y} JO 9%E U0 asn 10} SalWaUa [einjeu aseyoind slawred
g @0'al0e INU pue NNy PareAND Bu}

10 %GBT parewnss ue uo ade|d aye) saseajal aaneIuswWbNY
e’uononpoid pos Jo 948 pue sale

-SINu JO %8 ‘sasnoyuaalb Jo QT Ul Pasn si |043U02 [ed1bojolg
‘swelbolid j011u02 [eaibojoiq umo Jiay arelado sarels 8¢
‘|lo;u0o eaibojoiq [eodisse|d

Aq uoissaiddns jo |aA8] awos Japun aJe sisad podoiyue €9

sapionsad |eiqoJoIN

jouo9 [eaiBojolg

sdoio s|qese
alnnouby

suaboyred we|d

Spas

sisad ayelgalianul /0asu|

‘S'N Y ulrs1gg Jo 8sn sy} uo eleq sjgejleAy T-¢ 379v1L

suoneoiddy




44 | Biologically Based Technologies for Pest Control

(panunuoa)

‘'sasn
aAeluawbne Joj salu
-edwod [lela)  UBA8S
1se9| 1@ Ag p|os mou
aJe salWaus [eimeu gz =
"eUBIUOIA pue uobaiQ
u olesado  salwaud
jeinyeu 8INQUISIp pue
9AIasuU0D 0] sweiboid =

‘|ou0d
[eaibojoiq [eoisse[o
0] anp uoissaiddns S)salo}
JO |9A8] BWOS Japun ase Y661 /sainised
spaam Jo sanads gT =  ul |jonuod yjow AsdAB oy pjos alam sdsem onisesed 00000 ™ pareAnnoun
j0J1u09 [eaIbojoig joJ1u09 eaibojoig /puejabuey
“eluioied ul (erendeo spieia)) Ajy uny
‘auloap ueaueLIB)IPAN dY) 1sulebe asn ul Mou S| poylaw ay) ‘sarels
SNJID JO |041U0D 10} Siseq 1ojid e uo epi pauun 8yl wod (xeJoAuiwoy eIAWoNyI0)) WIOMMBIIS
-10|4 ul pasn Buiaq si uonoajoid SsoI) = ayl pareuiw@  Ajngssadons sey yoeoisdde 108sul 9SS =
spoylew Jaylo spouylsw Jaylo
‘(ebeaioe
uoj0d S,81el1S 3yl JO 9%GZ 1noge) euozuy Ul Salde 000‘T8
JaA0 uo pasn aq 01 paloadxa ase sauowosayd ‘GeET Ul =
‘(ebealoe Jead pue ajdde
‘SN [e101 8yl JOo %G ueyl ssa| Apybis) spieyosso Jead pue
ajdde Jo saloe 000‘iz ueyl aiow uo (gjjauowod eipAD) syiow
Bulpoo jo Buew 1dnisip 0] pasn alam sauowolayd ‘€T Ul =
"066T Ul
SspJeyoJo auleloau pue yoead Jo saioe 000‘0T Ajlerewixoidde
uo syow uny [elusuo Jsurebe pasn aJam sauowoldyd =
,,.mmmm:om a|qel
-aban paleAnnd ayl JO 9/ UO pasn ale s}onpoid auowosdyd =
,9beaioe Inu pue
JINJ} PaleAiNd 8y} JO %/€E UOo pash ase sjonpoid suowoiayd =
‘s)sad
yiow Qg J9A0 JO |01U0D Byl Joj suonenwio} auowosayd
a|qe|iene Ajelojswwod ‘palalsibal 0z alam 818yl ¥66T Ul =
sauowolayd
suaboyred we|d SpasM s)sad ajeigalianul /19asu] suoneoiddy

(‘pu0D) "S'N By} Ul S1A4 JO 8N BY} U0 eled d|qelleAy T-€ 31gV.L




Chapter 3 The Technologies | 45

(panunuoa)

‘|louod
paam 10} saysl 1aylo
10 apew s asn pauwi

‘sajels
GE Jo  sweais/sie
-All/S)e| Olul pases|al
uaaq aney died sseio

‘|[onuod
|[eaibojoiq [eoisse|o
0] anp uoissaiddns

JO0 [9A8] BwWOS Jspun
ale sapads 8alyl

jonuo) [eaibojoig

"USi} @auesIinu [041U0d 0) Pasnh aJe Saysly oM

"ysy onnb

-Sow ||8s Ajelolawwod saniioe) ainynoenbe uaass 1ses| 1Y
"[oJJu0d olinbsow 10} pasn ale saysly aaiy) 1ses| I

"aseas|p uewny ALed 1ey) sjieus Jo

|0J1JUOD 10} 021y 0udNnd ul pasn Ajgpim ale sjreus Jomadwo)

|0u09 [eaiBojolg

SJUBWIUOIIAUD
onenby

‘juBINd0Ul 8SIN0D
JJob pue jBwpuswe [0S ashoy
-uaalb e se asn 10} GEBT Ul d|ge|ieAe
awedoaq sopionsad [elqoiolw OM] =
"aseasip ||eb umolo wouy
‘syjuejd elusweulo Jaylo pue saysng
asol se yons ‘syueld Aiasinu 109104d
0] paaylew s| apionsad eigoioiw suQ =
sapionsad [elqoJoIN

‘(eoiuodel eiidoyd) sapaaq asaueder pue sisad yiow jsurebe
asn Joj siauad uapseb ul pjos ale sdes Ayons auowolayd

sauowolayd

'sysad 4N} pue [eluaWRUIO JO |0JIU0D IO} GEET Ul 9|qe|iene
awedaq eurISSeq elieAneag snbuny ayl Jo suonenwio) JNo4
‘saolnb

-sow pue s)sad uap.eb 1surebe asn JawNsuod 1o} P|oS SI 19
p €661

Ul Sajes apolewau ‘SN JO 9%GE paluasaldal sIauMOsWoH
'S9UOB0II0D JO |0J3U0D 10} E66T S2UIS Palay

-lrew uaaq sey aplonsad [eIqoIoIW YIMm Jeq yoeol yred-olg

5 Sopionsad [elqodln

‘sajiseled A)) 1o} 193ew Jofew e aJe SIsUMO 3SI0H
‘slauapleb 01 pjos ate sdsem ewwelboyou)

pue ‘sbuimade| usalb ‘sajl@aq Ape| se yons salwaua [eineN
‘|loiuod [ealbojoiq [eaisse|d Aq |04

-uo2 a19|dwod Japun si (eraiAjyd snuiuoydis) Apauym ysy

|0u09 [eaiBojolg

SIUSWIUOIIAUS
uegingns
jueqin

'salels v

ul saloe 000‘9 AlJeau uo pasn sem (apionsad paseq-snlia e)
¥ayodA9 pue ‘sajels TT Ul Saloe 000'7/E UBY) low Uo pasn
sem 19 ‘66T W ‘yow AsdAB ueadoin3 ayl Jo |0UOD 104
jon

-uo9 Jaddoysselb 1o} asn ui si ‘saiuedwod "S N oMy Ag paonp
-oid ‘(8BISnoo; ewasop) apionsad jeiqoioiw ueozojoid sauQ

5 Sopionsad [elqodlin

suaboyred we|d

Spas

sisad ayelgalianul /0asu|

(‘pu0D) "S'N BY} U S1A4 JO 8N BY} U0 eled d|qelieAy T-€ 31gV.L

suoneoiddy




46 | Biologically Based Technologies for Pest Control

"aAIsUayaIdwod Jou S| Arewiwins sy} ‘1O O} d|qe|leAe elep [[e saziewwns a|gel syl ‘310N

"¥66T JoquianoN ‘0@ ‘uolBulysepn ‘ssaibuod ‘SN ‘JUBWSSasSY
ABojouyoa] jo adyjo ays Joy paredald podas Jo1oelU0D paysigndun ,‘'spaspa [eininduby :[onuo) 1sad Joj salbojouyoa) paseg Ajealbojoig, ‘epeue)d ‘0agand ‘ANSIBAIUN [[IDIN ‘©2UBI0S
Jueld J0 Juawuedaq ‘UosIeM MY ‘¥66T ‘Jequadaq ‘Od ‘uoibulysep ‘ssaibuo)d ‘SN ‘luswssassy ABojouyos] Jo a0 ayl Ag paredald uodal J01oenUO0D paysiigndun ‘ainnouby pue Anss
-104 JO S)Sad ajelgauaAu] Jo [01uoD [edibojoig uo woday,, ‘YA ‘1siaywy ‘spasnyodessely Jo Alsianiun ‘ABojowoius jo Juswiredaq '[e 18 ayosala UeA 'Y ‘66T ‘U0NINPOId posS pue sfejusweuio
ul uoujzelq pue sojuAdiolyD Jo JUBWISSESSY dlwou0dg pue 2ibojoig ayl ‘welboid Jusawssassy 1oedw| apioisad [einynouby [euoneN ‘@inynouBy jo wuawpedaq ‘SN 66T Jaquardas :(Sg)
‘SMAN Ylop AsdAD ‘adInIas 158104 ‘ainnouby jo Juswuedaq ‘SN (66T DA ‘uolbuiysepn) 202 "ON unajing ““[e 18 ‘uewsapueA vy Aq paredaid ‘aunynouby S n ul Juswabeuey 1So4 pajelbajul
Jo uondopy ‘921M8S Yyoseasay d1wouod ‘ainynauby jo wawiedad ‘SN S66T ‘9Z dunr ‘uoiediunwwod feuosiad ‘0@ ‘uoibulysepn ‘ainnouby jo Juswyedaq "S'N ‘92IAI8S YdJeasay djwou
-093 ‘pabped ‘W (66T AINC :HO ‘SI[eAloD) Saje)s pajun Uid1Sapm ayl ul sdouD Jini4 awWod 104 weibold Wdl aAisuayaidwo) e jo uonejuawsaidwy :yiow Bulpo) ayi Jo Juswabeuey apimealy
‘19)U8D UONVA0Id Jueld parelBalul ‘Ausianiun arels uobalQ ‘66T 19qo100 ‘Oa uolbulysep ‘ssaibuod 'S N ‘uawssassy ABojouyoa] jo 9210 8y Joy paredaid podas Joioenuod paysiigndun
J'SielgeH anenby ul [013U0D 1s8d Jo} salbojouyda] paseq Ajfeaibojolg Jo MaINY VY, ‘YD ‘eledleg elues ‘ejulojifeD Jo ANSIaAIUN ‘9INYISU| BOUSIIS duLe pue s8dualos [edlbojolg jo Juswiedaqg
‘sUNY Y (66T ‘Aousby U0ND8)0Id [BIUSWUOIIAUT BlUIoj[eD YD ‘0JUdWeIdeS) BoLswWYy YLoN Ul Swsiuebio [eloyauag Jo sialjddns ‘19WunH "a'D '266T ‘N89-NT9:(V)ST uonewlojul pue smon
Josuoo0lg ‘aseqere( 1edolg syl :slojepald pue splojseled 10asu| Ag sisad 109su] Jo [oiuoD [ealbojolg,, ‘peayiesio ‘Hy pue pesyiealo t°'d ‘S66T ‘G85-655:0v ABojowojug jo mainay fenuuy
J'SiuresisuoD pue sassaoons :uondnisig Buneln Ag sisad U0 JO [03U0D,, ‘SHUIN "V Pue apieDd 'Y :wolj ‘GeET ‘Ssaibuo)d 'S'n ‘Juswssassy ABojouyoa] jo 99O ayr Aq pajidwo) :S3DHN0S

'Vd3 Yim spoya anlresadood Jo 3 nsal e se salojeloqe noqay

Aq 191ew ay) uo xoeq Ind uaaqg Apuadal 1snl sey auine@ "uononpoid panunuod Amsnl o} s1axew ybnous abie| ureisns pinod J1aynau ‘siabrel papuaiul Jiay) isurebe aandaya ybnouyyy ‘(eres
-0PO BIUSLION) BUIA J3|BUES SNIID JO [03UO0D IO} BUINSA PUe (BIUIBIA SUBWOUAYISSY) YIS JUIOf UIBYUOU JO [03U0D 10} 063]|0D ‘S31EIS PSIUN BU) Ul IS%BW SU} UO 319M ALdW.o) sjonpoid om
"Spoyiaw [0u0d pue Bulo)uoW SPN|IUl PINOD 8SN SUOWOIBYJ "92IAI8S YdJeasay dIwouod3 Yasn ayl Ag AeAIns anIsualxa uo paseq ,

'SN03UR|[93SIW 04 pue ‘sdold asn Jouiw 1o} %9t

‘SISUMOBIOY 10} 9%GE O} UMOP US%0Ig 8Q UBD 1331ew a1 "v66T 10} S2108 000'88 O} 958810Ul 0} P21OSdXd SeM SIUL "E66T Ul S810 000‘0F UO Sisad 108SUl £ JO [0.JU0D 10} P|OS BI9M SSPOFRLISN [
'asn Jo |9A3| JIay} Jo Ajfeiolawwiod paonpoid Apuaiind are Auew moy ayedipul ‘IsBASMOY ‘JoU S90pP Jaquinu SIyL

‘Vd3 yim paisisifal mou are sepionsad [elqoidiw GZ SwoS “Ansaig) pue ainjnoube ul asn Joj Aisow ‘Ajlenuue uoljjiw Q0TS 01 UOI||iw 09$ Usamlaq are sapionsad [e1qoldiw Jo safes "S'N [enuuy ,
"UOJ0D pue sa|qelalian uo 0s SSa INg ‘sinu pue synJy uo eyep Bunaidiaiul Joj wajqoid Juedyiubis e s| siyl "sasuodsal

118y} Ul s88q papnjoul dAey Aew s1amoid “Buluesw sy Ajoads jou pIp INg ‘eroyeuSq Wis) Sy PaSn ASAINS BUL "8dIMSS YdIeasay dIWouodd vasn aul Aq Asains aAlsusixe uo paseq g
‘payoadsun sem [01U09 [e2160joiq Jo Buuesw ay) ‘weiboid dvIdvN YASN aui Ag AsAins pajiwi| e uo paseq ,

"lo;1uoo Ajpoe|q
pue olnbsow J10) 8sn ul ale sepionsad [elqoloiw pased-lg =
5 Sopionsad [elqodlin

suaboyred we|d SpasM s)sad ajeigalianul /19asu] suoneoiddy

(‘pu0D) "S'N By} Ul S1A4 JO 8N BY} U0 eled d|qelleAy T-€ 31gV.L




Chapter 3 The Technologies 47

BOX 3-2: How Changes in Available Pesticides Affect Adoption of BBTs

Chloronicotinyls (synthetic nicotines) are one of the newest classes of insecticides. The first of these,
imidacloprid, was marketed by the Miles Corporation in 1994. The chemical has several useful qualities. It
diffuses throughout a plant after being applied to the roots and can persist in woody tissues for weeks or
years. Many plant-feeding insects are susceptible. Perhaps most important, imidacloprid is thought to be
relatively nontoxic to humans. Finally, it moves slowly through soils—enhancing its insecticidal impact
and diminishing the risk of groundwater contamination.

The effect of imidacloprid and related chemicals is likely to be a reduction in use of BBTs. This effect
has already been seen in the poinsettia industry, where several greenhouses being set up for biological
control of whiteflies in 1994 opted instead to use potting mix treatments of imidacloprid. If experience is
any guide, at least one important greenhouse pest—the silverleaf whitefly (Bemisia argentifolii) --is likely
to develop resistance to imidacloprid within a few seasons, This situation will again stimulate interest in
BBTs.

SOURCES: W. Cranshaw, Department of Entomology, Colorado State University, Fort Collins, CO, “Biologically Based Technolo-
gies for Pest Control: Urban and Suburban Environments, ” unpublished contractor report prepared for the Office of Technology
Assessment, U.S. Congress, Washington DC, 1994; R. Van Driesche et al., Department of Entomology, University of Massachu-
setts, Amherst, MA, letter to the Office of Technology Assessment, US. Congress, Washington D. C., July 1995.

Microbial pesticides based on Bt are by far the
most commonly used in agriculture. They are
frequently the method of choice when a pest
develops resistance to chemical control methods
(41 1). The major uses are for pests of vegetable
crops, with recent increases in use on potatoes,
cotton, and corn following the discovery of new
Bt strains and development of new delivery
methods (411). Increases on cotton relate, in part,
to the tobacco budworm’s development of resis-
tance to pyrethroids (41 1). Some 1PM programs

< x o Vg :

integrating Bt show economic returns equivalent
to those of conventional pest control programs
because pesticide costs decline in the Bt pro-
grams (41 1).

Until recently, Bt-based products were the
only microbial pesticides available for use
against arthropod pests. The fungus Beauvaria
bassiana has now been formulated for use
against a variety of pests, including grasshop-
pers, Mormon crickets (Anabrus simplex),
locusts, whiteflies, aphids, thrips, mealybugs,
leafhoppers, psyllids, and mites. Two products
by Troy Biosciences based on this fungus, Natu-
ralis-O and Naturalis-T, have recently come on
the market. Two other products, Mycotrol-GM

Microbial pesticides based on the bacterium Bacillus thurin-
giensis, or Bt, are the most common ones in use today.

Agricultural Research Service, USDA

and Mycotrol-WP, have just been registered by
the EPA and are expected to be available soon.
Virus-based products have not been available
in the United States for control of agricultura
pests (with the temporary exception of Elcar; see
box 3-1). One virus product, Sped-X from Bio-
sys, just came on the market for use against the
beet armyworm. NPV viruses that affect the cel-
ery looper and codling moth were registered with
EPA this year. Virus-based pesticides are now
used against vegetable, fruit, and cotton pestsin
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China, Asia, India, Gypt, Australia, Kenya, and storage facilities (344). Cleanit AG of Switzer-
Central and South America; in Brazil alone overland is developing a product based on a phero-
one million acres of soybeans are treated withmone that repels mice to reduce rodent damage
virus-based pesticides each year (411). (115). None are yet in use.

The principal uses of pheromones today are as Virtually no BBTs are in use today for control
mating disruptants in cotton, fruit, and vegeta-of weeds in arable agricultuFeCIassicaI biolog-
bles. Aerial applications of pheromones to dis-cal control has been attempted for four weeds
rupt mating of the pink bollworm in theabker  without success to date. Potential microbial pes-
Valley of Arizona led to a decline in cotton dam-ticides have been explored for 23 crop weeds,
age from 23.4 percent in 1989 with a conven-and effective agents found for 13. Two were
tional pesticide program to zero percentlB93 eventually marketed: Collego was registered in
(411). Areawide use of the pheromone approacti982 for control of northernjoint vetch
has grown to an estimated 81,000 acres in 199%\eschynomene virginifand DeVine was regis-
or about a quarter of the state’s total acreage aéred in 1981 for control of citrus strangler vine
the crop (411). Other highly successful commer{Morrenia odoratd in Florida citrus groves.
cial applications have been for the oriental fruitThese products were later withdrawn from com-
moth in peaches and the tomato pinwoKeife- mercial sale because they did not generate large
ria lycopersicellg. From 1991 to 1993, applica- enough markets (see box 3-1 earlier in this chap-
tions of Isomate, a pheromone to disrupt theer). The problem with DeVine was that it proved
mating of the codling mothgrew from 4,633 to too effective, persisting in the field andvigig
24,710 acres of apple and pear orchards in thgood weed control for more than three to four
western United States (259). Adoption of thesg/ears at some sites (420,49). Small markets also
programs occurred because pest resistance marksulted because each microbial product con-
conventional pesticides marginally or completelytrolled only a single weed, whereas farmessi-
ineffective (411). ally have to deal with many weeds at once. This

The most successful use of the sterile insecyear, the producer of DeVine,bhott Laborato-
technique has been in the program to eradicatées, cooperated with EPA to bring the product
the screwworm, which eats the flesh of livestockback on the market (49).
and deer. Releases of sterile male screwworms in Conventional pesticides have never been able
the United States began in 1951 and the pest was control some serious plant diseases caused by
eliminated from the country by 1982 (see box 5-iruses and bacteria (138). Microbial products
2 in chapter 5). Continuing pragms have eradi- and systems for control of plant diseases are just
cated the pest from the north of Central Americanow becoming commercially available (138).
as well. An ongoing program in place in Califor- These microbes may suppress diseassiogu
nia against the Mediterranean fruit figératitus  microbes by producing antibiotics or other injuri-
capitatg has not eliminated the pest: The fly per-ous compounds, by competing with them for
sisted in the Los Angeles basin in 1994 despit¢utrients or other essential resources, or by
releases of 14 billion sterile flies in 1993 (411).inducing resistance to the disease in Huest
Whether this result represents a failure of theplant. The extent to which the new microbial
sterile insect technique or repeated introductiompproaches will be adopted and the level of con-
of the pest is unclear. trol they will provide are uncertain. The best-

Various BBTs (natural enemies, microbial documented agricultural use of a BBT against a
pesticides, behavior-modifying chemicals) areplant pathogen is for crown gall disease—a
under investigation for control of pests in graintumor-producing disease caused by bacteria

7 A number have, however, been swsfal against weeds on uncultivated lands, as the next section describes.
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(Agrobacteriumspp.) and affecting crops such ason conventional pesticides. Many forests and
grapes. No pesticides work against this diseasmngelands also encompass environmentally sen-
(138). Strains of a related speciés (adio- sitive habitats, such as those adjacent to water-
bacte) suppress the disease, but each straiways, where use of pesticides may be restricted
works only against certain disease strains. Tw@r prohibited. The most commonly used BBTs in
microbial pesticides for crown gall are sold in thethese areas are various forms of biological con-
United States, Galltrol by the AgBioChem Com-trol because of the low costs and general lack of
pany and Norbac 84C by the NorTel Lab, Withimpactg on nontarget Organisms.

annual sales exceeding $100,000 (138). Rangelands and pastures are two of the few

In 1994 at least three new microbial productsareas where BBTs currently are used for weed
that enhance plant growth, in part by Supsis  control. Classical biological control agents have
root-dwelling bacteria, came on the marketyean introduced against 40 U.S. weeds. Cur-
Kodiak, Epic, and Quantum 4000 from the onyy the approach has provided some level of
Gustafson Company (138). These seed treak iression for 18 weeds and excellent control

ments, which colonize growing roots once See‘j%ver some or most of the range of seven of these
germinate, are used in combination with chemi,

. ) fspecies (420). The successes include muskeh
cal fungicides. Sales in 1994 were for seeds su

Carduus nutar)s controlled by the weeviRhi-
ficient for planting three million to five million ( s y

nocyllus conicusand skeletonweedChondrilla

acres of cotton, peanuts, and beans; this figure iﬁncea), by Puccina chondrillina420).

expected to expand to 20 to 30 million acres by A b ¢ ¢ d distrib
the year 2000 (138). The first comroial prod- NUMDET Of programs propagate and distrib-
ute weed natural enemies to enhance their

ucts for control of postharvest plant disease ) ,
(which blemishes and causes rot on harvesteﬁffeCtS' The Oregon Department of Agriculture’s

crops) are just now coming on the market also\_/veed program has introduced 42 natural enemies

Bio-Save 10 and 11 (products based on the ba@dainst 20 target plant pests since it began in the
terium Pseudomonas syringdeom EcoScience 1970s. Program staff now collect and transfer
Corporation) and Aspire (product based on thdiological control agents across weed-infested

yeastCandida oleophilafrom Ecogen) became areas to maximize the agents’ impacts. In qu-
available in 1995 for control of major posthar-{ana, county extension agents cooperate with

vest diseases of apple, pear, and citrus (161). high schools and local 4-H clubs to run a similar
Disease-suppressive soils and compostBrogram involving high school students (266). At
reduce crop diseases, ittisought, through the least seven commercial suppliers now harvest
action of bacteria, fungi, or other microbiimt Weed biological control agents collected from the
dwell in these materials. Suppressive soils occufield for sale to ranchers, land managers, and oth-
naturally in some areas or can be created by spé&'s (155).
cific farming practices. Almost all are main- Rangeland managers sometimes modify live-
tained by individual farmss, and no commercial stock grazing practices to help reduce weed pop-
products are available (138). Suppressive comudlations. The extent and the effectiveness of this
posts are widely used in horticulture but are nopractice are unclear. In areas managed to con-
advertised for their disease-suppressive charaserve native biodiversity, the use of livestock to

teristics. help reduce weeds is sometimes undesirable
because the cattle do not confine their impacts to
Pastures, Rangelands, and Forests target weeds (332). Under some circumstances,

Pest problems in these habitats pose specilowever, cattle grazing can enhance plant biodi-
problems. The lands generaliye of lower eco- versity. Other BBTs for weed control are not yet
nomic value, making it difficult to justify the in use. Plant diseases have been evaluated as
costs of expensive pest control programs basegotential microbial pesticides for five weeds of
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In Montana students and teachers are part of a hands-on pro-
gram to distribute natural enemies of noxious weeds that
degrade rangelands,

W. Pearson, Stillwater Weed Control

pastures, rangelands, and forests, but none has
been developed into a commercial product (420).
Biological control has had less success against
insect pests of forests and rangelands. Few pro-
grams have been undertaken, and these have had
mixed results. The most notable success is the
larch casebearer (Coleophora laricella); intro-
duction of five insect parasites from 1931
through 1983 has provided significant suppres-
sion of the pest throughout its North American
range of hundreds of millions of acres (284).°In
contrast, the repeated expensive efforts to control
European gypsy moth since 1906 by classical
biological control have failed to produce signifi-
cant suppression of the pest (table 3-1) (284).
Microbial pesticides have proved more suc-
cessful than classical biological control against
the European gypsy moth. Bt now forms the core
of the nation’s multistate gypsy moth suppres-
sion program conducted by the U.S. Forest Ser-
vice, the Anima and Plant Health Inspection

Service (APHIS), and state agencies (382,384).
This is the single largest use of Bt in the United
States, with annual applications occurring on at
least 374,000 acres (382). Isolated infestations of
European gypsy moth have been eliminated by
Bt applications, but the microbial pesticide has
yielded more mixed results in reducing defolia-
tion in high-density areas (284). The European
gypsy moth NPV virus (Gypchek), produced by
a commercial firm under contract to the Forest
Service, also is how applied to about 6,000 acres
annually (382). Thevirusis costly and in limited
supply; in 1994 the state of North Carolina
appropriated almost all of the U.S. supply to
combat the newly arrived Asian gypsy moth.’

Several additional techniques complete the
current BBT arsenal against European gypsy
moth. Two natural enemies are sold by a private
company (the National Gypsy Moth Manage-
ment Group) to federal, state, and municipal
agencies for augmentative use at isolated infesta-
tions and along the leading edges of moth out-
breaks (284). In 1994, an estimated 500,000
wasps (costing from $0.25 to $0.52 each) were
sold, to be applied at a rate of 50 per acre.
Impacts of these natural enemies are uncertain.
Finally, a gypsy moth pheromone has been used
to identify and monitor the spread of gypsy moth
infestations.

Pheromone-based approaches have limited
success in controlling U.S. forest pests (284).
The only known successful use of mating disrup-
tants has been to control the western pine shoot
borer, Eucosoma sonamana, in pine plantations,
where pest levels were suppressed 75 percent
(60). In the late 1970s and early 1980s, the mass
trapping approach was used in Scandinavia
against the spruce bark beetle on over 4.5 million
acres of forest (310). The pest’s abundance
declined, but it is unclear whether the pheromone

8 However, according to some scientists, the success of the larch casebearer program is impossible to prove. Too little monitoring ‘as

conducted to establish a clear cause and effect relationship between the biological control releases and the suppression of the pest (203A).

Proving this type of causality in ecological systemsis, however, notoriously difficult,
9 The Asian gypsy moth disperses more readily than the European gypsy moth and harms different trees. Detection of the Asian strainin

the United States not on] y caused worry about its immediate impact but also raised concern that the two strains would interbreed and give rise

to an especially damaging type of gypsy moth.
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method caused the drop (39). Nevertheless, nous (exotic) species are threatening native
would be the method of choice if another pesbiodiversity (338), however, has led natural area
outbreak occurred because conventional pestmanagers begin to explore BBT optidos pest
cides are prohibited there (310). control—classical biological control, in particu-
Other pheromone techniques are under develar (box 3-3).
opment or used occasionally, in particular, Classical biological control has particular
against the southern and mountain bark beetleadvantages in natural areas and wildlands (284).
Pheromones that enhance beetle aggregatiohn established biological control agent can pro-
have been applied to tree stands prior to cuttingyide indefinite control of a pest, tracking its
causing the beetles to aggregate and then dipread and bringing it under control at new sites.
when the trees are cut and removed (284). Miological control may thus be the only econom-
pheromone that protects trees from attack bycally feasible option for certain widespread
repelling beetles has recently been patented angsksts like yellow starthistleCentaurea solstitia-
has been tested in the National Forests in Louisiis)—a weed thatlisplaces native vegetation and
ana, and a second is under development (284). degrades wildlife habitat on western range-
Grasshoppers are the only significant insectands—for which the costs of conventional pesti-
pest of rangelands to be targeted thus far bgides would be exorbitant. Classical biological
BBTs. Of the more than 300 native grasshoppecontrol agents, if properly screened are unlikely
species of western rangelands, 10 to 15 periodio have undesirable environmental impacts (see
cally have population outbreaks and becomehapter 4, however, for a discussion of potential
major pests (284). A microbial pesticide forimpacts and screening methods).
grasshoppers, based on the protozbarsema Natural area managers have not wholeheart-
locustae,is produced commercially by two U.S. edly embracediological control (284). The pri-
companies: Bozeman Bio-Tech (Montana) andnary concern is whether impacts of the control
M&R Durango (Colorado). The current number agent are confined to the pest or also affect other
of acres treated witthis product is very small organisms. Far more so than in agriculture, con-
compared with the number treated with chemicaterns of natural area managers extend to a wide
pesticides (411). A product based on the fungugariety of organisms, and many see potential
Beauvaria bassianwas registered by Mycotech nontarget impacts as a serious liability. For simi-
Corporation in 1995, as mentioned earlier in thlqar reasons, naturalrea managers view use of
chapter. Two other BBT alternatives underpjological control for native pest species with a
research are a fungukr{tomophaga praxibuli  good deal of alarm. Certain species may be pests
and a parasitic wasgS¢elio parvicornis The  in some locales but integral components of
latter was recently denied a permit for release byative ecosystems in ottse Poison ivy Toxico-
the USDA Animal and Plant Health Inspectiondendron radicans for example, is an important
Service because of concerns about potential NoRgpurce of wildlife forage. Moreovenative pests

target impacts (299). are far more likely to have nonpest relatives in
this country that would be especially vulnerable
Natural Areas, Parks, and Wildlands© to their biological control agents (332).

Until recently, few BBTs were targeted specifi- Despite these concerns, natural area managers
cally at pests of natural areas anddiands. have begun to proceed cautiously with classical
Increasing awareness of how invasive nonindigebiological control programs. Most have been

10 Natural areas and wildlands are distinguished frongekands, forests, and pastures. Tatéer are maagedprimarily for their
resource values, such as cattle grazingtiamoler. Natural areas and wildlands, in contrastpeeaged to support native plants and animals;
they include many federal and state parks, refuges, and wilderness areas.
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BOX 3-3: How Conservationists are Turning to Biological Control

to Help Save Biodiversity

The imported red fire ant (Solenopsis invicta) first entered the United States from South America in the
1930s. It has since spread to 250 million acres from Texas to Virginia. Conventional pesticides have
proved ineffective at controlling the pest, despite expenditures of more than $200 million. Some experts
believe that the mass sprayings in the 1950s and 1960s may even have hastened its spread by weaken-
ing native ant species that could compete with the fire ant.

The red fire ant is well known for its aggressive stings to humans that can cause allergic reactions and
even death in sensitive individuals. It has similar effects on domesticated animals. Texas veterinarians
rank fire ants as a serious threat to animal health and report that annual costs to treat stung animals
amount to $750,000 in that state alone.

Now conservation biologists across the country are warning that the red fire ant may have dire
impacts on biodiversity as well. In places, some scientists believe that it has reduced native insect spe-
cies by as much as 40 percent. Seed-harvesting ants have disappeared in many areas of Texas, along
with certain lady beetles, spiders, scorpions, and other arthropods. Studies of Texas pigmy mice show
alterations in the mice’s behavior and ecology where the red fire ants are present. Survival of white-tailed
deer fawns is reduced by half where the ants occur: Facial stings sometimes blind or kill fawns. Declines
in one endangered grassland bird (the loggerhead shrike) correlate directly with the presence of fire
ants. And the evidence suggests that several other migratory grassland birds may be similarly affected.

According to E.O. Wilson, a well-known biodiversity and ant expert from Harvard University, control of
the fire ants may be necessary to avert a small-scale catastrophe for insect biodiversity in the South.
Such concerns have prompted scientists in Texas and Utah to search for biological control agents to use
against red fire ants. Several flies (Pseudacteon spp.) that parasitize the ants are currently under study.
Instead of providing direct control of the fire ant, researchers expect the parasites to reduce the fire ant’s
ability to compete with native ants. Several other biological strategies are being considered, such as
treating the ant colonies with the species’ own pheromones to halt reproduction. Scientists in Florida also
are investigating ways of baiting fire ants into carrying the pathogenic fungus Beauveria bassiana back to
their nests.

The imported red fire ant is but one of several pests now being targeted for control because of their
impacts on biodiversity. Purple loosestrife (Lythrum salicaria) and melaleuca (also known as the paper-
bark tree, Melaleuca quinquenervia) are other prominent examples. Both are wetland weeds that dis-
place native plants and degrade wildlife habitats.

SOURCES: J. Grisham, “Attack of the Fire Ant: Scientists Hope New Methods of Biocontrol Can Stop the Advance of this Imported
Pest,” BioScience 44(9):587-590, October 1994; C.C. Mann, “Fire Ants Parlay Their Queens Into a Threat to Biodiversity,” Science
263:1560-1561, March 18, 1994; J. Randall and M. Pitcairn, Exotic Species Program, The Nature Conservancy, Galt, CA and the
Biological Control Program, California Department of Food and Agriculture, Sacramento, CA, “Biologically Based Technologies
For Pest Control in Natural Areas and Other Wildlands,” unpublished contractor report prepared for the Office of Technology
Assessment, U.S. Congress, Washington, DC, November 1994.

conducted by federal, state, and local agencies. Also affect natural areas and wildlands. Examples
handful of related projects have taken place irinclude the gypsy moth, numerous rangeland
private reserves; one was recently approved bweeds, salt cedail @marixspp.), and hydrilla (a
the Nature Conservancy (284). Most of theseveed that blocks waterways).

programs have piggybacked on better-supported Classical biological control programs in
programs aimed at pests of agriculture, rangeHawaii have targeted at least one weed invading
lands, commercial forests, urban lands, and naviature reserve forests, banana polRasGiflora
gational waterways, because many of thessts mollissimg, using introduced plant diseases



Chapter 3 The Technologies | 53

(420). Only a few pests of natural areas in NortHPraxis met resistance from state and federal regu-
America that have few or no impacts elsewherelators when it began selling pest control pro-
such as purple loosestrifdythrum salicaria  grams based on parasitic wasps and nematode
and melaleucaMelaleuca quinquenervia are pesticides for use in cafeterias and restaurants
currently thesubjects of ongoing classical bio- (70) (see box 4-8 in chapter 4).
logical control programs by federal and state Natural enemies have found application in
agencies (109,284). Natural area managers gefhteriorscapes (interior plantings) afhopping
erally hold little hope that many new BBTs will malls, hotels, officebuildings, zoos, and muse-
be developed specifically for these areas (284). ums (320). One attraction is that they reduce lia-
bility considerations related to public exposure to
Urban and Suburban Environments pesticides. An example is the “Tropical Discov-
Pest control takes place intimate association €ry” display of the Denver Zoological Garden,
with human populations in urban and suburbaryvhere establishment of natural enemies has cut
environments. Consequently, potential exposurée costs of pest control in half and reduced
to pesticidal products is high. Markets havepotential impacts of pesticides on animals in the
deve|oped for BBT products, in part because ofxhibit. Use of natural enemies as an overall
their appeal to consumers who wish to avoidstrategy in interiorscapes can be hampered if
direct contact with conventional pesticides. BBTnone are available for certain pests like brown
approaches lacking a commercial product haveoft scale Coccus hesperidupt! necessitating
been exploited only rarely in urban asuburban use of insecticides that may damage natural ene-
environments because research by academic af@es where such pests are present (60).
government scientists has generally been lack- Homeowners seeking to deal with turfgrass
ing. For example, classichiological control has pests make up about 35 percent of the U.S. mar-
been used against few pests of turfgrass ankket for nematode-based pesticides (411). The
shade trees (60). grass seed industry now sells selevarieties
Various bait-type products are sold for controlcontaining endophytes that enhance pest resis-
of structural pests (including cockroaches andance. Sales of turfgrasses with endophytes are
termites) that infeshouses and other buildings. expected to grow because of increasing con-
Control of these pests is a multibillion dollar sumer demand for “environmentally friendly
industry in the United States. A new microbial turfgrass” (306). Consequently, the development
product that came on the market in 1993 is calle@f techniques to transfer endophytes to new grass
Bio-Path. It cosists of a bait station that harbors species is an especially active area of research in
fungus spores Metarrhizum anisolpliag the turfgrass industry.
designed to infect entering roaches, which then Nevertheless, interest in BBTs by the lawn
spread the pathogen to othediiriduals (60). and landscape industry hdeen patchy. One
Use of natural enemies and microbial pesti-1990 survey of 17 commercial arborist firms
cides around food preparation and storage aredeund that 11 used Bt, nine used pheromone
is another recent development. At least one naturaps, and three made augmentative releases of
ral enemy is now sold commercially for use innatural enemies (248). An important problem has
food storage facilities—the parasitic waBpa- been incogistent product pé&rmance (see
con hebetor,for control of Indianmeal moth description of milky spore in box 3-1, earlier in
(Plodia interpunctella in peanuts. Some contro- this chapter). Another is that microbial pesticides
versy has surrounded attempts to expand usemmpete directly with other “natural” pesticides.
into food preparation areas. The small pamy For example, Bt-based pesticides active against

11 A natural enemy for control of brown soft scalesipected to become commercially availablésite 1995 (410A).
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leaf beetles came on the market for shade treeavigational waterways and of the larvae of mos-
care in the mid-1980s. Short field persistencequitoes that pose a risk to human health. The
the need for careful timing of application, andmethod of choice has often been introduction of
high prices resulted in market failure for thesefish predators.

products, especially when botanically derived The grass carpQtenopharyngodon ideljaa
neem pesticides, which appeared in the earlfish that consumes most aquatic plants, has been
1990s, proved to be more effective alternativestocked in more than 35 states for control of
(60). aquatic weeds (191). The fish clear plants from

Another reason for the relatively low interestwaterways so effectively thdtabitats of other
in BBTs among landscape companies is thdishes, invertebrates, and wdtmvl may be
industry’s increased emphasis on ensuring thadestroyed. At least 21 states now require released
plants are healthy by meeting the plant’'s envigrass carp to be sterile to limit their impacts,
ronmental requirements. Recommended pracalthough another 10 states still allow uses of nor-
tices include promoting populations of beneficialmal reproductive fish2 Certain other fishes,
microorganisms (i.e., conserving them) to pre-such as blue and red tilapiGilapia aureaandT.
vent plant diseases (110). BBT products are seefillii), also have been introduced to a lesser
as an adjunct to this approach (295). extent for aquatic weed control (191).

Although few classical biological control pro-  Classical biological control programs have
grams have been targeted toward insect pests gfelded some control for three important aquatic
urban and suburban environments, an importanyeeds—alligatorweed\(ternanthera philoxeroi-
recent exception is the ash whitefgighoninus  deg, water hyacinthEichhornia crassipés and
phillyreag. Control of this pest by an imported water lettuce Ristia stratiotey (191). Fungi that
wasp parasiteEncarsia inarof) has proved so could be developed into microbial pesticides
effective that the whitefly is no longer a majorhave been identified for two aquatic weeds,
pest in California; the biological control agentwater hyacinth and Eurasian water milfoil
has now been released to suppress other infest@\ﬂyriophy”um spicatury) but neither has been
tions of ash whitefly in Arizona and Nevada (60).developed commercially (420).

Three microbial products are available for Mosquitoes spend the earliest part of their
control of plant pathogens. Urban aswburban |ives as swimming larvae and are the most signif-
applications of Galltrol are limited to protecting jcant insect pests in aquatic habitats. The mos-
nursery materials, specifically roses and otheguito fish Gambusia affinis is the one most
ornamental plants, for sale to consumers (60)commonly used to control the pest. It is now
Bio-Trek and T-22G are formulations ®ficho-  free-living throughout much of the United States
dermaharzianumthat became available in 1995 55 3 result of its widespread releasethis pur-
for use as a greenhoupetting soil amendment pose (191). Several other fishes (e.g., the flat-
and a golf course inoculant. No BBTs currentlypead minnow, Pimephales promelasand the

address urban and suburban weed problems, bgfye-gill sunfish, Lepomis macrochir)s have
products for broadleaf weed (i.e., dandelion)yeen put to similar use.

control are under development (60,233). Certain microbial pesticides are in use or

under development for mosquito control. A
Aquatic Environments strain of Bt (specificallyBacillus thuringiensis
Most applications of BBTs to aquatic pests thudsraelensisor Bti) is now widely applied for con-
far have been for control of weeds that blocktrol of mosquitoes and blackflies. Its use is lim-

12 Sterility is acomplished by makinthe fish triploid, that is, &ving three sets of chromosomes rather than the normal complement of
two.
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ited to upland and freshwater habitats; it is nospecies as biological control agents (338) (see
effective in major sites for nsgjuito breeding in  box 4-2 in chapter 4).
salt marshes (134). Another microbial pesticide
derived fromBacillus sphaericusalso is com-  []\What's Coming Next
mercially available for mosquito control.
Sciertists have identified several fungi that New Microbes and Microbial Pesticides
kill mosquitoes Coelomycespp. and_agenid- A wide variety of microbial pesticides are cur-
iumspp.). A number of other invertebrates (flat-rently under development. When these reach the
worms, nematodes, and copepod shrimp) havgarket they will greatly expand the repertoire of
been shown experimentally to consume mosquicommercial product types. The extent to which
toes. None has yet been put to practical use ithese products and approaches will be adopted is
mosquito control programs (191). uncertain. In some cases, development of new
BBTs have also been applied to control invermicrobial pesticides will involve identification of
tebrate and fish pests. Releases of a snail compefew strains of microbes currently available. Bt
itor (Marisa cornuarietiy into Puerto Rican products with activity against a greater range of
waterways during the 1960s greatly reduced POPpests are likely to be developed. Ecogen has
ulations of the snaiBiomphalaria glabrata a already marketed a product (Foil) that acts
carrier of the parasitic worm that causes SChiStoagainst both caterpillar and beetle pests by com-
somiasis. Prior to the biological control Program,pining the genes of two bacterial strains through
this human disease infected approximately On%onjugation—a naturally occurring process

million pgople in Puerto Rico. N.orthe_rn pike through which bacteria exchange genes.
(Esox luciuy and walleye $tizostedion vitreujn Other pesticides rapidly coming on line will

have been used to control nuisance fishes, su@e based on types of microbes not yet in wide

as the ruffe Gymnocephalus cernuugl9l). ) )
The U.S. invasion of the zebra musdidis- use. Several commercial companies are develop-

senaspp.) in the 1980s brought new nationaling Microbial pesticides based on fungi for insect
attention to the economic and environmentafOntrol, including EcoScience Corporation (Bio-
hazards ofnonindigenous aquatic pests (338)_blast for termite control); Mycotech Corporation
Sciertists have begun to examine various fishes(Mycotrol-GH for grasshopper, mormon cricket
and microorganisms for biological control of this and locust control, and Mycotrol-WP for white-
costly pest. Some scigsis believe that BBTs flies, aphids, thrips, mealybugs, and psyllids);
have considerable potential for application toand Troy BioSciences (Naturalis-O for use on
aquatic environments generally; for example,ornamentals against whiteflies, aphids and mites
classical biological control might control the and Naturalis-T for turf use, controlling mole
European green craltércinus maengsa shell-  crickets and cinch bugs). Commercial develop-
fish predator that was recently detected near Safant is well advanced for microbial products

Francispo and may imperil the Washington State(based on bacterRRseudomonas fluoresceasd
oyster industry (191). The Australian JOVeIN" 2\ vinia herbicolg to control fire tight, a very

ment has just started a new research CenterFestructive disease of apples and pears caused b
funded at $1 million annually and with a planned PP P y

staff of five—to identify biological control the bacteriumErwilnia amylovora with .sales
agents for nonindigenous marine pests thagXPected to beginin 1995 (138,161). SoiiGa
threaten fisheries or marine ecosystems (192froduct based on the fung@iocladium virens

An important issue, should U.S. interest infor damping-off diseases of seeds and seegsll
aquatic uses of BBTs grow, relates to the virtuain greenhouse production of vegetables and orna-
lack of federal regulation and the erratic attentiormental bedding plants, is now in the final phases
by states to deliberate introductions of aquatiof development by W.R. Grace Co. (138).
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Development of microbial pesticides for controlling the dis-
eases that cause harvested produce to spoil is an active area of
research. The unblemished fruit have been treated with a micro-
organism that prevents the pears from rotting.

Agricultural Research Service, USDA

A number of other microbe-based approaches
and products are being researched but are not yet
near product development or field use. Scientists
predict that more insect viruses (many already
identified) will become an attractive option as
resistance to conventional pesticides emergesin
common pests. Microbial approaches to Euro-
pean gypsy moth control based on protozoans'*
and fungi are under investigation as ways to help
combat this tenacious pest (41 1,284). Consider-
able research interest continues to center on con-
trol of common plant diseases such as take-al
and root rot diseases of wheat (1 38).

Novel delivery systems for microbia control
agents are also under development. One involves
putting microbial pesticides that work against
plant pathogens into beehives so that bees trans-
port the microbes to the plant (138). Another is
based on modifying the algae food of mosquito
larvae to contain a mosquito poison (85).

Genetic Manipulations of BBTs and Pests

BBTs are based on living organisms and their
products. Consequently, it is not surprising that
efforts to improve BBTs focus to a significant

degree on genetic modifications through breed-
ing, selection, genetic engineering, “and other
techniques.

Most microbial pesticides now on the market
were developed through the selection of effica-
cious microbe strains. Many companies involved
in the development of microbial pesticides are
now attempting to alter such features as kill rate,
field persistence, environmental range, and the
number of target pests through genetic engineer-
ing. Mycogen has recently put four products on
the market all based on Cellcap, its genetically
engineered Bt encapsulated within a Pseudomo-
nas fluorescens bacterium (42). Ecogen brought
a genetically engineered Bt on the market in
1995 called Raven (167). Sandoz Corporation
recently conducted field tests of genetically engi-
neered Bt in California and elsewhere in the
country. Efforts to genetically engineer microbial
pesticides are widespread, and they involve most
potential product types, including those affecting
insects (Bt, NPV viruses, and nematodes),
weeds, and plant pathogens (138,191,41 1,420).

The scientific community is divided over the
desirability of this approach. Some researchers
believe that improvement through genetic modi-
fication will be essential for certain types of
microbial pesticides to become widely adopted.
Others express concern that, as microbial pesti-
cides become more equivalent to conventional
pesticides, scientists will engineer out the very
characteristics of target specificity and short field
persistence that make Bt and other current micro-
bia pesticides relatively benign (41 1).

Similar questions divide scientists over ongo-
ing attempts to genetically modify natural ene-
mies. In this research, breeding, selection, or
genetic engineering is being used to enhance the
compatibility of natural enemies with conven-
tional pesticides (152). A less precise version of
this approach is aready practiced in the natural
enemy industry; a number of companies collect

13 Protozoans are certain single-celled organisms whose internal structure is more like that of cells from higher organisms than bacteria.
14 Genetic engineering refers to recently developed techniques through which genes are isolated in a laboratory, manipulated, and then

inserted stably into another organism. Offspring of the recipient contain the new genes.
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their breeding stocks from areas where pesticidplants, including tomatoes, potatoes, and cotton
use is high and the natural enemies are morkave been altered to express Bt toxins. Corn seed
likely to have developed some resistance tdhat has been genetically engineered to produce
chemicals. Some entomologists worry, howeverthe Bt toxin has just been approved éommer-
that pesticide-resistant natural enemies will dis<ial sale. Widespread use of such conftivars
courage the development of biological controlmight increase the speed with which pests
methods for other pests (411). become resistant to Bt (see chapter 4). The intro-
Genetic modification of the pest instead of itsduction of virus coat protein genes into plants to
control agent has long been practiced in the steenhance their resistance to certain viral diseases
ile insect approach. Attempts to extend thisis being explored, with a new virus-resistant
method to other types of organisms, such as thequash expected to become commercially avail-
sea lampreyRetromyzon marin)s-a parasitic able soon. Questions remain regarding the possi-
fish that impairs the Great Lakes sport fishery—bility that introduced virus genes might
have been studied but have not yet proved effedecombine with other viruses attacking the plant
tive (191). and form new, and possibly are damaging,
Another approach to genetically modifying Viral strains.
pests, by producing pest strains lacking noxious
gualities, was first suggested 25 years ago. It i©ther New Tools
currently under study for a number of medicallyPractical applications of techniques discussed in
important pests. Efforts are under way to createhis section lie at least a decade in the future.
genetically engineered raquitoes that cannot Allochemicals, for example, are chemicaleat
carry and transmit to humans the parasite thaslants under attack by a predator emit and that
causes malaria (4). Similar approaches have trieglttract the predator’s natural enemies. These
to make snail vectors of human diseases unableghemicals might be used to attract and concen-
to carry human parasites; as yet, thoserate natural enemies or to trap or deflect pests.
approaches have been unsuccessful because tBecretion of allochemicals is one of several
genetically altered strains are less viable (191). important plant attributes that may have been
Genetic modification of the pest is also beingweakened in the development of agricultural cul-
applied to plant diseases. Researchers are tryirtiyars because the role of the chemicals in bio-
to develop less damaging (“hypovirulent”) logical control was not well understood (411).
strains of the microbes that cause chestnut blight Scientists also are beginning to understand
(Endothia parasiticaa fungus) and Dutch elm how plants’ own sophisticated defense mecha-
disease Qeratocystis ulmi another fungus)— nisms might be exploited to suppress plant dis-
diseases responsible for the near elimination ofases. These defense mechanisms can be
native chestnutGastanea satiaand elm trees enhanced by exposing the plant or its seeds to
(Ulmus spp.) from the American landscape certain microbes or chemicals. “Induced resis-
(60,284). The method has already proved suctance” has been demonstrated in at least 25
cessful in Italy where, following inoculation of crops; commercial products based on this
chestnut trees, a hypovirulent strain spread tapproach are under development (233,138).
become the most common form of the chestnubDevelopment of methods to transfer endophytes
blight fungus, and chestnut trees are again beingito plants (including agricultural crops) in
harvested commercially. which they do not naturally occur is another
Although outside the scope of this assessmemhethod under study to increase disease and pest
(see box 2-5 in chapte2), among thenost resistance. Plants can also be “cross-protected”
widely discussed technologies coming on line isy infecting them with a milder strain of a dis-
genetic engineering of plants for enhanced resisease agent; this process has been demonstrated in
tance to pests and pathogens. A number of croyparious crop plants. It is now being used on a
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pilot basis in Florida for control of diseasesthat often provide a superior level of control (see
caused by the citrus tisteza virus which affects 2box 3-2, earlier in this chapter). The research on
million to 30 million sour orange @¢es in the microbial pesticides to bring performance more
United States. The same method is being used line with conventional pesticides is not sur-
commercially in South Africa, Brazil, and Aus- prising in this light (149).
tralia. Large scale use of cross protection, how- Moreover, BBTs require a level and type of
ever, lies well into the future because significanknowledge not yet acquired by many pest control
technical problems remain; for example, thepractitioners or even by people who advise users,
same mild strain that gives protection to one croguch as members of the Cooperative Esitam
may produce disease symptoms in another (138%ervice or private pest control consultants.
Appropriate information on BBTs may thus be
OBSTACLES TO lacking, even where there are users whaubld
EXPANDED USE OF BBTS be willing to expeiment with these approaches
Explanations of why BBTs are not in wider use(s'ee (?h_apt(_ar 5). Th_e proliferation of Internet sites
containing information on pest management may
usually center on a number of commonly . . . .
. . eventually provide easier access to information
acknowledged obstacles. Certain technical obsta- . . .
- . resources for those having the right equipment
cles reflect hard limits to what the technologies . ) X
. -and software. (See appendix 3-A immediately
can do or how they are produced and delivered 'Pollowing this chapter for current list of relevant
the field. They can be addressed only by ade- 9 P

guate adjustment of the research agenda and t?'tes') At present, however, tracking down cor-

. . 51Ct information is not straightforward or easy;
provision of mechanisms to ensure that researciitormation on the Internet varies in uality and
results become available for field applicats q

. lacks a centralized organization or means of
(table 3-2). The greater emphasis, however, even 9

; ) ._Access.
among technical experts, is usually on the social, Anoth bl is that. to a | tent. th
economic, and institutional factors ttaftect the nother probiem IS that, 1o a large extent, the

development and adoption of BBTs, and thesx{ield of biological control developed separately
require policy solutions ’ rom that of IPM (319). This separation poses

real difficulties for the full incorporation of bio-
. . logical control into IPM systems. Coordination
[ Integration of BBTSs into with other control methods is not always an
Pest Control Systems explicit goal of U.S. research on biological con-
BBTs almost always need to be integrated intdrol. Some experts in biological control believe it
an overall system for pest management—usuallghould never be integrated in IPM programs with
an integrated pest management system—thaipnventional pesticides. A symptom of this disci-
incorporates a variety of tools and techniques tplinary separation is the recent failure to include
prevent pest problems or to control outbreaksepresentation of APHIS’s National @ogical
when they occur. While IPM adoption in the Control Institute in USDA'’s current initiative on
United States is growing, it is by no means thdPM.
dominant approach to pest control. This lack of Compatibility with conventional pesticides
well-developed IPM systems significantly limits might be an important determinant of how effec-
the use of BBTSs. tively BBTs can be combined into certain types
Even the IPM systems in existence today dmf IPM programs. Pheromones and many micro-
not always do a good job of incorporating BBTs.bial pesticides can be used alongside conven-
Developing integrated programs that includetional pesticides (175). Certain microbial
BBTs requires a sustained commitment ofpesticides are actually more effective when used
resources and expertise (e.g., ref. 133). BBT conjunction with chemicals. Biological control
must also compete directly with other methodsoses a different challenge, though. Natural ene-
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TABLE 3-2: Priority Research Needs Identified by OTA's Contractors

Research Need Potential Resulting Benefit

Develop basic information on the biology and ecology of Enable development of more predictive approach to the

pest systems, including the taxonomy and systematics of identification of possible control agents for specific pests

pests and control agents Enable development of more sophisticated approaches
to biologically based pest management

Improve methods to test for nontarget effects of BBTs Minimize environmental hazards

Develop application techniques for existing and new Enable better use of BBTs under field conditions

BBTs

Identify new and more efficacious microbes Improve performance of microbial pesticides

Integrate BBTs into IPM systems Increase use of BBTs in situations where they will be
effective

Improve formulation, production, packaging, and delivery Reduce costs and improve performance of microbial
techniques for microbial pesticides (including in vitro® pesticides
production methods for viral pesticides)

Improve production, packaging, and delivery techniques Reduce costs and improve performance of natural

for natural enemies (including in vitro? production enemies
methods)
Improve formulations for delivery of pheromones Improve performance of pheromones

Monitor classical biological control agents after release  Improve ability to predict which agents will work
Improve documentation of actual efficacy of biological
control

Identify BBTs to address pests of natural areas, aquatic  Address current pest control needs
habitats, and urban/suburban environments Transfer existing technologies to new applications

2 In vitro refers to production outside a living organism. Current production techniques for most viral pesticides and natural enemies are in vivo,
that is, the agent is produced on or inside a living organism.

SOURCES: Compiled by Office of Technology Assessment, U.S. Congress, 1995, from G. E. Harman and C.K. Hayes, Departments of Horticul-
tural Sciences and Plant Pathology, Cornell University, Ithaca, NY, “Biologically Based Technologies For Pest Control: Pathogens That Are Pests
of Agriculture,” unpublished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, October
1994; A. Kuris, Department of Biological Sciences and Marine Science Institute, University of California, Santa Barbara, CA, “A Review of Bio-
logically Based Technologies For Pest Control in Aquatic Habitats,” unpublished contractor report prepared for the Office of Technology
Assessment, U.S. Congress, Washington, DC, October, 1994; J. Randall and M. Pitcairn, Exotic Species Program, The Nature Conservancy,
Galt, CA and the Biological Control Program, California Department of Food and Agriculture, Sacramento, CA, “Biologically Based Technolo-
gies for Pest Control in Natural Areas and Other Wildlands,” unpublished contractor report prepared for the Office of Technology Assessment,
U.S. Congress, Washington, DC, November 1994; R. Van Driesche et al., Department of Entomology, Univeristy of Massachusetts, Amherst,
MA, “Report on Biological Control of Invertebrate Pests of Forestry and Agriculture,” unpublished contractor report prepared for the Office of
Technology Assessment, U.S. Congress, Washington, D.C., December 1994; A.K. Watson, Department of Plant Science, McGill University,
Quebec, Canada, “Biologically Based Technologies for Pest Control: Agricultural Weeds,” unpublished contractor report prepared for the Office
of Technology Assessment, U.S. Congress, Washington, DC, November 1994.

NOTE: This list was derived by comparing and compiling suggested research priorities from background reports prepared by OTA’s contrac-
tors on the application of BBTs to various categories of pests. A few additions were made by other experts.

mies sold for augmentative uses are highly sensier to incorporate the various forms of biological
tive to pesticides; suppliers often recommendcontrol into IPM systems. One problem is that
waiting several weeks following pesticide appli- such information is not widely available. Brian
cation before releasing natural enemies. Croft, a professor at Oregon State University, has
If pesticides could be selected to minimizebeen accumulating a related database for several
their impacts on natural enemies, igiht be eas- years, but support for the project has been erratic
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and no government agency has attempted to Moreover, it is unclear whether certain
make the information easily accessible to farmBBTs—biological control, sterile  insect
ers (61,62). Similar data are required for registraapproaches, and mating disruption—will offer
tion of pesticides in Germany (106) (see chaptetheir maximum effects as part of farm-based IPM
4). The inpending loss of minor use pesticidesprograms. Some scientiftom the USDA Agri-
may cause some chemicals that are more contultural Research Service believe that certain
patible with natural enemies to become unavailBBTs work best as part of areawide pest man-
able. agement programs (box 3-4).

BOX 3-4: The Areawide Pest Management Concept

Areawide pest management is an approach that has been widely promoted by E.F. Knipling—former
director of the Agricultural Research Service’s Insect Pest Management Program and well-known origina-
tor of the sterile insect approach that has been so successful in screwworm (Cochliomyia hominivorax)
eradication.

The concept underlying this approach is that biological methods, specifically, biological control and
sterile insect releases, will be most effective if used on a larger geographical scale than just the single
farm. Such large-scale programs reduce residual pest populations off the farm and address the tendency
of pests and their control agents to move from site to site.

According to Knipling:

The foundation of most current integrated pest management programs (IPM) is reliance on natural control
factors to the maximum extent before resorting to the application of insecticides. While, on a short-term basis,
this can go a long way towards reducing the amount of insecticides used, it does not in any way lessen the
dependence of individual growers on insecticides as the major component in the integrated system.... We know

from experience that natural controls—as vital as they are—do not provide the protection needed for a wide
range of persistent insect pests....

Knipling asserts that classical and augmentative biological control will rarely provide the level of con-
trol desired by farmers unless the density of the biological control agent is boosted through mass propa-
gation and repeated releases. He believes that several important pests are good candidates for the
method, including boll weevil (Anthonomus grandis), European corn borer (Ostrinia nubilalis), and tropi-
cal fruit flies. Knipling’s approach remains largely untried to date because of the high costs of even pilot
trials of projects at such a large scale.

Evidence from pink bollworm (Pectinophora gossypiella) management in Arizona, however, has
shown that areawide uses of pheromones can be quite effective. USDA is currently considering areawide
programs based on pheromones for codling moth (Cydia pomenella) and corn rootworm (Diabrotica
spp.) as part of its ongoing IPM Initiative.

SOURCES: E.F. Knipling, former Director of Insect Pest Management Program, Agricultural Research Service, U.S. Department of
Agriculture, MD, personal communication, June 5, 1995; U.S. Department of Agriculture, Agricultural Research Service, Princi-
ples of Insect Parasitism Analyzed From New Perspectives, E.F. Knipling, AHN 693 (Washington, DC: U.S. Government Printing
Office, 1992).
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[J Understanding the Ecology [J Technical Needs and Economic Issues
of Pest Systems Related to Larger Scale Use

Repeatedly, scientists have called for increasetlarger-scale use of BBTs would entail large-
study of the biology and ecology of pest systemsscale production, distribution, and application of
Such information underlies the development ofnatural enemies, sterile insects, and microbial
all biologically based pest management, but oupesticides. The necessary technologies are not
current level of knowledge is not high. Increasedvell developed in many cases. Mass production
understanding of pests—how they spread anénd application of natural enemies, for example,
what causes their populations to rise and fall—would be expensive and difficult using current
would allow better targeting of BBTs to the techniques (173). Government agencies and
pests’ vulnerabilities. More knowledge of the commercial companies currently rear most natu-
ecological relationships between pests and thefi@l enemies oriving mateial (in vivo produc-
control agents might enable scientists to bettetion). The techniques are labor intensive and
predict what controls are likely to work and for €xpensive. A few of the natural enemies now
what specific pests. As practiced today, the iden$0ld commercially, such as convergent lady bee-
tification of new microbial pesticides and biolog- €S Hippodamia convergehsand certain natu-
ical control agents is usually based on trial and@ enemies of rangeland weeds, are collected
error, making progress slow. from free-living populations. Such collection

. oses other problems related to effects on the
For example, researchers cannot with greatl . . . . .
i . o ey wild populations and the ethics of allowing pri-
confidence identify in advandhe specific bio- . .
. : vate companies to remove from public lands nat-
logical control agent, or even in many cases the .
. ural enemies that have been placed there at
typeof control agent, that will actually suppress a .
. " . . public expense (see chapter 4) (185).
given pest. Instead, sciésts usually identify a

. As living organisms, natural enemies have a
number of potential agents, release them, and . . . X
. . . hort shelf life and require great care in handling
then see which ones, if any, provide some leve

i T . (e.g., a temperature-controlled environment).
of pest suppression. Monitoring and evaluatlorBaSiC information about the timing, numbers

of the impacts of previous biological control pro- and methods of application for natural enemies is

grams would help in the development of predIC'Ecarce. All of these limitations contribute to the

tlye models to sharpen the focus in _classma urrent problems with many natural enemies—
biological control programs and would improve they are difficult to use, costly, and perform

assessments of the potential ecological risks ol aticaly in the field. The development of artifi-
biological control releases (see chapterButa ;i3 media for rearing natural enemiés Yitro
chronic lack of such followup studies in the production) would streamline and probably
United States means that little such informatiorbreaﬂy decrease the cost of production. Better
is now being generated through current propgckaging and handling methods, as well as bet-
grams. The programs of other countries, such agr information on application rates and tech-
Australia and South Africa, do a far better job innjques, could improve the consistency and
this area (76). performance of natural enemies. The same tech-
Better understanding of the ecology of pestologies could be applied to the production of
systems will not, on its own, ensure greater sucsome types of sterile insects for mass release and
cess. Exdting theory is not always well incorpo- could reduce the cost of such programs.
rated into the development of biological control Problems with production and packaging tech-
programs. Moreover, theory only goes so farniques also characterize microbial pesticides.
The idiosyncrasies of each pest problem will stillCrossover of fermentation techniques from the
require case-by-case development of solutions. pharmaceutical industry has contributed greatly



62 | Biologically Based Technologies for Pest Control

to the development of production capabilities forbecome logical when the total cost equation is
certain microbial pesticides, including Bt andexamined (149).

some fungus-based products. Viruses, however, poorly developed production, packaging, and
are still produced in live hts This labor-inten- gpplication technologies tend to drive up costs of
sive approach has made them so expensive thgBTs, and drive down field performance. The
only one is widely used in the United Statespyerall result is to reduce the competitiveness of
(European gypsy moth NPV virus), whereas &3pTs with other available methods of pest con-
number of other NPV viruses are extensivelyyo Most end up relegated to niche markets

applied in other parts of the world where labor iSynere overall expected sales are small. Some
cheaper (411). Industry representatives generalléBTS would generatenly small markets under

a?fre?_ on thethneded f?r thedde:_/elopmznt ff Cos}he best of circumstances because they address
etiective methods of production and storagel,,, . only a few pests. Anticipated small mar-

packaging techniques to enhance product sheﬁ i i
life and to improve quality control and perfor- ets can doom BBTs where the start-up develop

mance (149,113). ment costs are high, because the market size may

A major problem is that very little expertise or ZOt Juds.tlfy mvestdmer?t b.y thi private sector.
funding exists in the public sector for developing ccording to weed scientists, there are numerous

production methods for natural enemy and °rphaned” microbial pesticides that would be

microbial pesticide production (138). Similarly, €ffective against weeds, but the small market
the development of formulations for microbial d0€s not warrant the development costs (420).
pesticides and pheromones is typically not well

funded. Nor are most ®mtists, universities, or IMPROVING THE ODDS

government research agencies usually willing t@QF FUTURE SUCCESS

participate in research on such practical matter§he obstacles just described reflect difficulties in

(1.38)'. .SUCh resea_rch reaps feyv -rewards n thSeveloping BBTs and in moving existing BBTs
scientific community. The restrictions on open.

communication imposed by the proprietarymto practical use. They occur at several key

nature of the work may further hinder progres oints in the research, development, and imple-
(327A) mentation of BBTs (figure 3-3). OTA's list is not

Past efforts ininiversities andederal research "W Similar issues have been raised many times

laboratories have usually stopped, for example@Ver the past 18 years (box 3-gjpically during

once a microbial strain is identified, with the workshops and meetings of scientific experts, the
expectation that it will be picked up by the pri- major goal of which has been to set substantive
vate sector. But this halt is premature. In thedsPects of the research agenda. Still, numerous
comprehensive cost accounting that companiei$sues pertaining more fastitutional function-
must do before investing in a product, a numbeing than to the science of BBTs remain unad-
of variables are important—direct R&D costs, dressed. The chapters that follow focus on these
costs of production, waste volume generated antstitutional problems as well asome technical
costs of disposal, market size, product profitabil-considerations. Each identifies major issues and
ity, and others. Seemingly coundetuitive deci- provides options that might help resolve these
sions by companiasot to invest in a technology problems in the future.
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BOX 3-5: The Message from Experts Remains the Same, but Progress in Bringing BBTs

into Use Has Been Slow

In 1978 a special study team coordinated by USDA's Office of Environmental Quality Activities issued
the report Biological Agents for Pest Control: Status and Prospects. Most of the report's major conclu-
sions are as true today as they were 17 years ago. According to the report:

Pest control is an acceptable and necessary part of modern agriculture and forestry, and is required for
the protection of public health and welfare. However, some of the methods used during the past three
decades have produced some undesirable side effects. Future needs for pest control can be expected to
increase, and, as they do, prevailing conditions and attitudes are likely to dictate an increased emphasis on
pest management systems which include the use of alternative methods such as biological control
agents.... The practical feasibility of using biological agents... has been amply demonstrated, and the basic
principles relevant to the operational aspects of the use of these agents are reasonably well understood.

The study’s major findings parallel those of OTA in this report and included the following:

B More research is needed to improve a priori predictions of success; to develop production, stor-

age, and application techniques; and to assess the impacts of use;

m Large-scale implementation does not follow easily from demonstrated effectiveness on a small
scale;

Information on pesticide alternatives is not easily available;

Users need better technical assistance;

Private enterprise needs incentives to enter this area;

The regulatory structure needs to be reviewed and clarified; and

Mechanisms are necessary to coordinate federal and state agencies, the private and the public
sectors,

SOURCE: U.S. Department of Agriculture, BiologicalAgents for Pest Control: Status and Prospects,(Washington, DC: U.S. Gov-
ernment Printing Office, February 1978).
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FIGURE 3-3: Key Stages of BBT Research, Development, and Implementation
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SOURCE: Office of Technology Assessment, 1995.
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Federal agency sites

Address

APPENDIX 3-A: INTERNET SITES FOR
INFORMATION ON BIOLOGICALLY
BASED PEST CONTROL

Description

APHIS Home Page

Consolidated Farm
Service Agency

CSREES Partners in
Research, Education,
and Extension

Federally Funded
Research in the United
States

National Biological
Control Institute

Pest Management Bulletin

Cooperative extension sites

Cooperative Extension
Information Servers

Cornell University College
of Agriculture and Life
Sciences, New York State
Agricultural Extension
Station

Illinois Cooperative
Extension Service,
Horticulture Solution
Series

Oregon Extension
Entomology Report

Integrated pest
management sites

Cooperative Extension
System IPM National Pest
Management Materials
Database

http://
www.aphis.usda.gov

http://
bbskc.kcc.usda.gov/
cfsa.htm

http://www.reeusda.gov/
partners/partners.htm

http://medoc.gdb.org/
best/fed.fund.html

http://
www.aphis.usda.gov/
nbci/nbci.html

http://chppm-
www.apgea.army.mil/
ento/index.htm#bulletins

http://www.esusda.gov/
partners/ces-locs.htm

http://
aruba.nysaes.cornell.edu
:8000/geneva.htm

http://www.ag.uiuc.edu/
~robsond/solutions/
hort.html

http://lwww.oes.orst.edu/
entomol.htm

http://
info.aes.purdue.edu/
ipmdb.html

Provides information on the different program areas and
proposed rules of the agency.

Contains a large collection of agricultural research data and
provides access to various agricultural publications, some
pertaining to BBTSs.

Provides a list of the cooperative extension offices and land
grant universities and access to their Internet sites. Currently
developing a search engine for all CSREES programs.

Features information on the research performed by USDA and
a variety of other federally funded programs. Provides search
engines.

Supplies information on biological control, implementation,
and facilitation grant programs, and the NBCI staff, as well as
access to the Biological Control News.

Offers information on pest management, some based on
BBTSs (a publication of the U.S. Army Center for Health
Promotion and Preventive Medicine Entomology Program).

Lists the information servers of the cooperative extension
system by state (not all cooperative extension sites offer
information on agriculture).

Provides a search engine for all of the current programs and
research of this extension station. Allows easy access to their
information on biological control.

Offers solutions to a various horticultural problems, including
pest control, to both homeowners and horticulturists,
including some involving BBTSs.

Lists current pests of Oregon and different control measures,
including biological controls.

Lists general pest management information sources. Provides
a search engine to report summaries and contacts for
obtaining reports. Includes information on BBTSs.

(continued)
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Description

CRC for Tropical Pest http://www.ctpm.org/
Management Biological
Control Program

National IPM Information  http://www.colostate.edu/
System @ Colorado State Depts/IPM/news/

University- Pest Alert news.html
Bulletins
North Carolina State http://ipm_www.ncsu.edu

University component of
the National IPM Network

Entomological sites

Colorado State University http://www.colostate.edu/

Department of Depts/Entomology/

Entomology ent.html

EntNet listmgn@entsoc.org

Florida Entomologist gopher://
sally.fcla.ufl.edu:70/11/
FlaEnt

Gypsy Moth Home Page http://

at Virginia Polytechnic www.gypsymoth.ento.vt.
Institute and State edu/Welcome.html
University, Department of

Entomology

Mississippi State http://lwww.msstate.edu/

University Department of Entomology/ENTPLP.html
Entomology

Resistant Pest http://lwww.msstate.edu/
Management Newsletter Entomology/
EntHome.html

Rincon Insectaries http://www.rain.org/~sals/
rincon.html

Sites for farmers by farmers

Farmer to Farmer http://www.organic.com/
Non.profits/F2F

Noah’'s Ark Don’t Panic,  http://www.rain.org/~sals/
It's All Organic my.html

Homepage of an Organic

Farmer

Offers IPM and BBT alternatives for pest control in agriculture.
Includes literature citations.

Offers information on identification of insect pests and pest
control measures, including some biological solutions. Serves
both homeowners and farmers.

Provides access to various IPM newsletters (national and
international) focusing on present research projects.

Features pictures of insect pests and their natural enemies.
Provides access to entomology newsletters.

Provides instructions for subscribing to the Internet list server
created by the Entomological Society of America.

Provides information, mainly research articles, on insect
control. Some mention of BBTs.

Provides information on gypsy moths, including control
methods such as Bt.

Provides access to numerous newsletters and databases that
contain information on classical and augmentative biological
control methods.

Focuses on pesticide-resistant insect pests in Mississippi and
alternative control methods, including some BBTSs.

Offers information on Rincon’s natural enemy products.

Allows California farmers to communicate via this newsletter
and to share success stories of biological control used
against common pests.

Escorts user to various WWW and gopher sites helpful to
organic farmers, including sites for identifying pests and
control methods. Provides information on the Organic Food
Law and the California Certification Standards of Organic
Farming.

(continued)
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Federal agency sites Address Description

Sustainable and alternative

farming sites

Alternative Farming http:// Provides links to sustainable agriculture sites and documents

Systems Information www.inform.umd.edu:808 as one of the 10 information centers at the National Agriculture

Center O/EdRes/Topic/AgrEnv/  Library of USDA. Supplies bibliographies, many on BBTSs.
AltFarm

Information on gopher:// Supplies information on current research on sustainable

Sustainable Agriculture

Plants and Sustainable
Agriculture

University of California
Sustainable Agriculture
and Research Education
Program

General agriculture
research sites

Purdue University Office
of Agriculture Research

Biotechnology sites

Biotech-Related WWW
Sites and Documents

Biotechnology
Information Center

Institute for

zeus.esusda.gov:70/11/
initiatives/sustain

http://www.envirolink.org/
pubs/Plants.html

http://
www.sarep.ucdavis.edu/

http://
info.aes.purdue.edu/
AgResearch/
agreswww.html

http://inform.umd.edu:86/
EdRes/Topic/AgrEnv/
Biotech/.www.html

http://
www.inform.umd.edu:808
O/EdRes/Topic/AgrEnv/
Biotech

http://www.bio.com/ibi/

Biotechnology Information ibil.html

agriculture and various news bulletins.

Provides access to sustainable agriculture newsletters and
information sources, some containing information on BBTSs.

Reports technical reviews, technical information, and
summaries of journal articles and workshop presentations on
subjects related to sustainable agriculture.

Provides a search engine of the agriculture research
conducted at Purdue University, some in the area of BBTs.

Provides access to publications and WWW and gopher sites
related to biotechnology.

As one of the 10 information centers at the National
Agricultural Library of USDA, provides access information
services and publications covering agricultural
biotechnology, including a bibliography and resources guide,
miscellaneous publications, biotechnology education
resources, biotechnology newsletters (national and
international), biotechnology patents and biotechnology
software.

Serves as a database of U.S. biotechnology companies.
Includes information on key personnel, R&D, products,
budgets, financing history, addresses, and phone and fax
numbers. Contains an action database for the significant
activities and strategic alliances of biotechnology companies
worldwide.

(continued)
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Address Description

Public Perception of
Biotechnology Home

http://fbox.vt.edu:10021/ Offers information on a study of the public perceptions of
cals/cses/chagedor/ agricultural and environmental biotechnology, including

Page. Department of Crop index.html microbial pesticides.

and Soil Environmental
Sciences and the Center

for the Study of Science in

Society. Virginia
Polytechnic Institute and
State University

Advocacy and industry
group sites

ANBP

Biotechnology Industry
Organization

Pesticide Action Network
North America

http://www.rain.org/~sals/ Reports on regulation of natural enemies and offers

anbp.html information on other issues affecting the natural enemy
industry through the News Quarterly of the National Bio-
Control Industry.

http://www.bio.com/bc/ Provides a list of members of the Biotechnology Industry

bio/biohome.html Organization, a trade association representing biotechnology
companies of all sizes (including agricultural biotechnology
companies). Includes membership information and access to
newsletters.

gopher:// Offers information on an organization advocating replacement
gopher.igc.apc.org:70/  of conventional pesticides. Includes some citations on BBTSs.
11/orgs/panna

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.

NOTE: Many of the sources containing information on biologically based pest control are still under construction. The site contents and
addresses were current as of August 1, 1995. This information is subject to change.



Risks and
Regulations 4

iologically based technologies (BBTs) The remainder of the chapter looks at how EPA,
pose certain risks, some better docuUSDA, FDA, and state governments decide
mented than others. The significance ofwhich BBT risks are acceptable.
these risks depends on how well the reg-

ulatory structure prevents the high impacts. SciR|SKS FROM BBTS

entists who study the ecology of natural system% . .
. BTs generally receive favorable ratings from
are most concerned about the effects of intro-

duced classical biological control agents on th the perspective of public health and environmen-

population dynamics of native species and thzal sa_n‘ety. _Mar_ly are relatively host s_pecn‘lc,
functioning of ecosystems. Past regulatoryaﬁecnng primarily the targeted pest. Unlike con-

) . ventional pesticides, most BBTs lack mamma-
review by the Animal and Plant Health Inspec-Iian toxicity or pathogenicity. Moreover. the
tion Service (APHIS) in the U.S. Department of Y P 9 Y- '

Agriculture (USDA) has been erratic and incon_development Of. re_s_|stance by weed and insect
sistent. The U.S. Environmental Protectionpes'[S appears significantly slower for most BBTs

Agency (EPA) has done a better job in its over-than for conventional pesticides. Despite these

sight of microbial pesticides under the Federag?g:gjl:e ?n?art])fgsist;sigitir:;kz:]rdortnrfgrz-rtieoifca-
Insecticide, Fungicide, and Rodenticide Act y y ’

(FIFRA), but critics charge that previous thor- 1€ deserveg scrutiny and, in some cases, long-

oughness and concomitant expense to registrantt%rm monitoring.

kept useful products from entering the market.

The evaluation of new risks from the release of- Human Health Effects

genetically engineered microbial pesticidesHuman exposures to certain BBTs may occur at

could pose a major challenge. many stages of production and application of the
Chapter 4 begins with an examination ofBBT and during use of the end product. For

potential health and environmental effects fromexample, farm personnel and local residents may

BBTs, summarized in table 4-1. The dissios inhale microbial pesticides during aerial spray-

then turns to some of the tools that scientists anihg; kitchen staffs and schoolchildren may work

regulators use to evaluate and rank those riskand study in facilities treated with tiny wasps and

| 69
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CHAPTER 4 FINDINGS

= The environmental and public health risks from biologically based technologies for pest control
(BBTSs) are relatively low when compared to those from conventional chemical pesticides. Never-
theless, BBTs are not risk-free. The significance of the risks depends on how well the regulatory
system screens out the high impacts.

= The relative absence of documented harmful ecological impacts attributable to BBTs may be mis-
leading, however, given the lack of pre- and postrelease monitoring. Some of the most harmful eco-
logical effects, such as declines in native insect populations, have probably gone unnoticed in past
decades.

= The risks from certain BBTs cannot be accurately assessed; some scientists argue that they never
will be. The wide variation in scientific opinion and the high degree of uncertainty concerning BBT
efficacy and ecological impacts heighten the need for public participation in the regulatory pro-
cess. One committee that would benefit from more diverse representation is the Animal and Plant
Health Inspection Service’s (APHIS) Technical Advisory Group on the Introduction of Biological
Control Agents of Weeds.

= Past regulation of natural enemies by APHIS was inconsistent and incomplete. Proposed regula-
tions were recently withdrawn after APHIS received 252 mostly critical public comments. The
agency needs to devise a regulatory framework that ensures environmental safety while encourag-
ing the development and use of BBTs.

= The regulated community gives the U.S. Environmental Protection Agency (EPA) high marks for the
creation of its Biopesticides and Pollution Prevention Division. The division is developing some
much-needed exemptions and expedited registration processes for certain classes or applications
of microbial pesticides and pheromones. Ecologists warn, however, that EPA should not go too far
in waiving its environmental testing requirements.

= Many genetically engineered microbial pesticides are making their way through the research and
registration pipeline. Scientists are engineering these products to behave more like chemical pesti-
cides, characterized by longer environmental persistence, expanded host range, more toxic mode
of action, and faster kill rate. The tracking and evaluation of environmental fate and impacts may
pose significant challenges.

» The Food and Drug Administration (FDA) plays a role that is as yet undefined in the regulation of
biologically based technologies. The agency is still trying to identify the scope of its regulatory
responsibilities regarding the use of BBTs in grain storage and food preparation areas. FDA
involvement may increase significantly as application of these products in urban settings grows.

= Certain BBTs appear susceptible to resistance, but apparently at a rate slower than that for chemi-
cal pesticides. Widespread use of transgenic plants containing toxins from Bacillus thuringiensis
(Bt), however, may speed the development of pest resistance to Bt and squander its value as a
microbial pesticide.

nematodes; consumers may unknowingly conmented are allergic reactions, particularly to fun-
sume microbial pesticides and fragments ofgal pathogens (411,420). Workers in insectaries
arthropod natural enemies in foods, in addition tthave developed allergic asthma and rhinocon-
pieces of the pests themselves. Persons whanctivitis (nasal inflammatory disese) from
work in facilities for rearing natural enemies maycontact with the eggs, scales, and waste of the
face occupational exposure to the insect predaarthropod pests and their natural enemies. Respi-
tors and parasites. ratory and dermal protection may help retard
Few human health risks from BBTs have beersuch effects (205). #other risk is that manufac-

described in the scientific literature. Best docu-tured microbial pesticides could become contam-
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TABLE 4-1: Examples of Potential Risks from BBTs

BBT examples

Potential environmental impacts

Potential human health effects

Conservation of natural
enemies

Classical biological control/
introduction of new natural
enemies

Release of sterile fishes for
biological control

Augmentative releases of
parasites and predators

Pheromones

Bacterial pathogens
(microbial pesticides)

Viral pathogens
(microbial pesticides)

Fungal pathogens
(microbial pesticides)

Protozoan pathogens
(microbial pesticides)

Nematodes
(microbial pesticides)

Release of sterile insects

Probably insignificant

Some adverse impacts on nontarget
organisms; destabilization of existing control
by predators and parasites; habitat
destruction; possible evolutionary changes.
Many of these risks are shared by other BBTs

Adverse effects on nontarget organisms;
potential for hybridization with wild forms;
possible development of resistance, self-
reproducing strains, or selective mating
patterns; potential transmission of parasites

Some risks similar to those for classical
biological control; contamination of field-
harvested natural enemies by parasites;
depletion of natural enemies in collection sites

Potential adverse impacts on aquatic
invertebrates and some fish from lepidopteran
varieties,? but warning labels advise against
such usage; other types of pheromones may
have greater potential toxicity to mammals,
fish, and birds; undocumented possibility for
disruption of mating behavior of other insects;
slight risk of resistance

Some adverse impacts on nontarget
lepidoptera and their avian predators
Short-term declines in certain nontarget
insects; resistance documented in field
populations of pests treated regularly with Bt

Minimal effects on nontarget organisms;
possibility of resistance in future as field use
expands

Possible effects on nontarget organisms;
early evidence of resistance

Possible effects on nontarget species

Possible effects on nontarget organisms,
particularly those in the soil

Some adverse effects on nontarget
organisms; possible development of
resistance, self-reproducing strains, or
selective mating patterns

No known risk?

No known risk

No known risk

Allergic reactions among workers in
insectaries

Low oral or inhalation toxicity,
possible dermal and eye irritation,
from lepidopteran-active products;
higher toxicity among other
pheromone groups, but minimal
human exposure

Minimal risk to general population;
some data suggest possible
infection of immunocompromised
individuals

No known risk

Some established human allergens
and toxic metabolites
No known risk

No known risk

No known risk

2 “No known risk” indicates that risks have not been documented. In some cases, the absence of documented effects may be due to a lack of

monitoring or observation.

b Lepidoptera is a large order of insects that includes butterflies and moths, some of which are considered pests.

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.
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inated with human pathogens such &tsgella regularly residing on these foods (182). Another
and Salmonella;each production batch must be approach controls microorganisms by producing
screened for the growth of unwanted organismantibiotic substances thare toxic to a broad
(314). range of organisms. These fungal and bacterial
Health concerns arise more often from micro-agents, if ever applied to fresh fruits and vegeta-
bial pesticides than from other biologically basedles, would require a detailed evaluation of tox-
approaches. Bacteria, fungi, protozoans, angtity and pathogenicity, especially to
viruses all raise questions about infectivity; baC'immumsuppressed people (81,426).
teria and fungi triggetoxicity concerns as well Minor impacts on mental well-being may
(311). Occasional medical case reports describg,g it from at least one natural enemy. The Asian
g\lzﬁgﬂgu i:rc;;n ur(islrézlrn W?éi;i?li:]epifgggirsﬁsﬁdy beetleHarmonia axyridiswas released by
e . SDA from 1916 to 1985 primarily in the south-
have actually mitiplied or caused anjarm in . .
patients’ tissue (125). emn inted States to cor’1trol pecan aph@s (288).
Despite the lady beetle’s beneficial agricultural

Products based dBacillus thuringiensigBt), effects. some beople have come to regard the
by far the most widely used microbial pesticides, ' peop 9

. : insect as a nuisance: Lady beetles enter homes in
have been the focus of many animal experiment

and some human studies. Isolated incidents cff"rge_ swarms, Where they mterfere with dglly
eye infection and inflammation of connective tis-activities and emit a nOX|o.us-smeI.I|.ng secretion.
sue have been reported. Some varieties of B%\_necdotal accounts d_escrlb_e families coIIectlrjg
(esp. israelensis, used for blackfly andsguito  Pints of lady beetles in their homes on a daily
control) are more toxic to mammals than otherdasis and finding lady beetles crawling on the
(e.g., kurstaki, primarily used for gypsy moth ceiling, windows, walls, and beds, and in cups,
and other lepidopteran pests) (125). bowls, coffee pots, and so forth. Many state agri-

Although there is minimal evidence of health cultural experts urge homeowners nokiib the
risks to the general population, some egshers lady beetles, in light of the insects’ important
have suggested that immunocompromised inditole as natural enemy of aphid pests (288,252).
viduals (e.g., people with AIDS) may exhibit
heightened susceptibility to certain insect patho{] Environmental Impacts from BBTs
gens includingBt (125,311,346). Similar con-
cerns apply to individuals undergoing
immurosuppressive cancer therapies (see tabl
4-1).

A BBT use that may call for extra attention in
the future is the application of microbial pesti-

Many of the effects of BBT use remain unknown

8313). Natural enemy companies generally point
to0 an exemplary record of safety (128), whereas
conservation biologists argue that the dearth of
documented impacts does not mean they have

cides to agricultural products after harvest to prep_Ot occurreq (220). There have only been occa-
vent spoilage. To date, EPA has registered fosional studies of environmental effects in the

postharvest use only microbial products that/nited States, and most of these efforts have
work by preferentially colonizing wounded tis- been directed toward agricultural crops. The con-

sue to the exclusion of microorganisms thaeduences for nontarget native insects, in particu-
cause rot. These microbial pesticides, such 2@ have been largely ignored (151). Some of
Ecogen’s Aspire (a yeasGandida oleophilp these play important roles as natural enemies.
and EcoScience’s Bio-Save (a bacterium,Y€et unlike native plants and commercial crops,

Pseudomonas syringgealthough still present in insects (with the possible exception of butter-

reduced numbers on citrus, apples, pears, arftles, honeybees, and silkworms) have no constit-
other fruits at time of consumption, are consid-uency to advocate for their conservation

ered by EPA to be as safe as the microorganism&84,117).
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Despite the incomplete and controversiallmpacts on Nontarget Organisms

record, at least a few documented releases of cemtroduced natural enemies, sterile insects, cer-
tain biological control agents have disrupted nattain microbial pesticides, and pheromones have
ural canmurities and brought about localized sometimes affected not only the targeted pest
declines in native species. Some of the very chaispecies but also nontarget plants or insects.
acteristics that make many natural enemies effecthesenontaget organisms are often related to

tive in controlling pests (their capacity to harmthe pest species. Some serve important ecologi-
other organismS, to Survive’ to reproduce, to discal rOleS; others are listed by the U.S. Fish and
perse, and to evolve adaptations to new condiVildlife Service as threatened or endangered.

tions) also make them potentially harmful Many of the suspected or known impacts have

invaders (219). Generalist natural enemies—occu"ed in habitats far and ecologically dispar-

those less choosy in selecting food source ?te from the original _Iocation .Of release, and at
hosts. or mates—pose some of the more serio times long after the mtrod_uctlon or use of the
" . P . LffBT. The release of classichiological control
ecological risks. The level of risk depends also : :
- agents raises the greatest ecological concerns,
on such chtors as the reversibility of thiease, although the extent of risk is controversial. Ver-
the_ po?entlal of the agent_ t_o spread, the gxte_nt Rbrate organisms and other generalist species
which impacts may be mitigated, the avallabllltyIOOSe many of the more important risks; some of
of monitoring, and the predictability of impacts ihese are addressed in greater detail in OTA’s
across life cycle and distribution. It is worth not- report, Harmful Non-Indigenous Species in the
ing that some of the more significant adverseynijted State$338).
impacts that have resulted from biological con- The best-documented nontarget impacts
trol releases took place long ago, and manynvolve the release of vertebrate predators. For
involved generalist predators on small islandexample, the barn owlTgto albg, imported in
ecosystems in other countries. In the analysis th&at958 into Hawaii from California for rodent con-
follows, OTA’s emphasis is on documentedtrol, preys also on shearwaters, terns, petrels, and
impacts in the United States. Where there are nother organisms (313). The small Indian mon-
U.S. examples, the text also includes somegoose Kerpestes auropunctatygeleased in the
potential risks based on experience in otheWVest Indies, Mauritius, Hawaiian Islands and
countries, as well as some of the theoretical riskElii failed to control its target—rats in agricul-
postulated by ecologists and other scientiststural fields—but caused the decline of native
Many of the introductions of agents that arebirds and, in the West Indies, apparently contrib-

described would not stand up to scrutiny or béjted to the extinction of native snake and lizard
allowed today species (313,284). A predatory sngiliglandina
) rosea,introduced to many islands throughout the

Although the potential consequences from theworld for control of the giant African snail,

use of biological control agents and certain Othe,rb\chatina fulicamay have helped bring about the

BBTs are worrisome, it is worth remembe”ng,extinction of several endemic snails (313).

that the pests themselves—and the synthetic In some instances, fishes introduced bo-
chemical methods of control—raise health a”qogical control (including the two most widely
ecological concerns that at least equal and oftefjgaq varieties, mosquito fishGambusiaspp.,
exceed those presented by most BBTs (414hnd grass carpStenopharyngodon ideljehave
Consideration should also be given to otheicaused substantial declines in local populations
available options for controlling a particular pestof native fishes (313,338). For example, the mos-
situation. The following discussion describes thequito fish, introduced in many regions for mos-
full range of documented and theoretical risksquito control, has preyed on, and in some
from BBTs and then puts these risks in context. locations contributed to the decline of at least 35
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other fish species (313). Seemingly innocuousand Mexico, where it may attack oth®puntia
predatory fishes may become harmful as thegpecies, including weeds, food or feed crops, and
switch dietary preferences in later life stagesecologically valuable species (75).
The use of fish-eating fishes to control pest fish Numerous anecdotal accounts, intensely
species raises special concerns because natidebated but often poorly documented, describe
fishes are often highly valued resources (191). biological control agents that have parasitized
Plant-eating (phytophagous) insects intro-nontarget insects in Hawaii, Fiji, and New
duced for biological control of weeds have Zealand (313). Most of these releases occurred in
spread to other locations where they have corprior decades.
tributed to the decline of related native plant spe- A documented example ofontaget effects
cies. A few such cases are documented, biftom a microbial pesticide involves certain
others may have gone unnoticed. Onengpl@, strains of Btthat can harm nontget Lepi-
that of the cactus mottCactoblastis cactorujp  dopterd (313,220). Secondary effects on insect-
a native of Argentina, illustrates the need to evaleating bird species are possible: The decline in
uate the effects of a candidate biological controfood may force them to change location or may
organism on all potential plant hosts. The mothdepress successful reproduction (283). Some
which feeds only on cacti of the genDpuntia, researchers suggest that the declinadntarget
was released with great success as a biologicikpidoptera may be only temporary (411), possi-
control agent in Australia (1925), on several Carbly because the Bt does not form free-living pop-
ibbean islands (1957, 1962, and 1970), and imlations (158).
other locations. Together with two scale insects One realm of particular concern involves
(Dactylopiusspecies), the moth effectively con- potential risks in using plant pathogens for agri-
trols highly invasive wed species of the cactus, cultural weed control. Farmers usually face a
for which chemical pesticides, grazing, burning,complex of broadleaf and grassy weeds. Devel-
and other approaches are economically and envbpment of a microbial pesticide containing suffi-
ronmentally infeasible (75). The moth has hadcient variety of organisms to control several
serious nontarget impacts on nat®puntiaspe- weed species would require a dtngly com-
cies on Nevis and Grand Cayman; at the time oplex set of tests to ensure safety. This situation
its release, however, the value of theseige- contrasts with that of rangeland noxious weed
nous plants was not fully appreciated (74). control, in which land managers may target a
After dispersing on its own through Haiti, the particularly troublesome weed species individu-
Dominican Republic, Puerto Rico, the Bahamasally (167).
and Cuba, the cactus moth eventually entered the The introduction of natural enemies to control
United States, possibly as a contaminant of hortinative pests, however, raises concerns because
cultural stock (220). The moth was discovered irthe full ecological role of the pests may not be
Florida in about 1989. In the Florida Keys itwell understood. Certain native plants that are
largely destroyed the few remaining stands of thgests in one context may also be an important
semaphore cactu®puntia spinosissimjaa can- source of forage and may support numerous
didate for Isting under the Endangered Specieother native species. Debate about the desirabil-
Act. This development probably would haveity of using introduced biological control agents
gone unnoticed had it not taken place on against native species rose to the surface in 1993.
closely monitored Nature Conservancy preservélans by federal researchers to use a wasp para-
(313,284). It is likely that the cactus moth will site and a fungal disease against rangeland grass-
spread north through Florida and west into Texatoppers ground to a halt when entomologists

1 Lepidoptera is the insect order that includes butterflies and moths.



Use of introduced natural enemies against native pests, such
as this weevil (Heilipodus ventralis) on snakeweed (Gutierrezia
sarothrae), is controversial because of potential impacts on
native ecosystems,

Agricultural Research Service, USDA

pointed out that the control agents might also
affect many of the over 280 nontarget native
grasshoppers (122). Some may play important
roles in native ecosystems, for example by sup-
pressing native weeds such as snakeweed. The
case continues to be highly contentious among
scientists (204,43).

Interference with Existing Control Agents-
Competition and Life-Cycle Disruption

Some evidence suggests that biological control
agents have adversely affected native natural
enemy populations by outcompeting them for
food or other resources. Such competition is
notoriously hard to document in the field, partic-
ularly among insects, the habitats and behavioral
patterns of which are not well studied (313). A
few such situations have been reported, one con-
cerning the European lady beetle (Coccinella
septempunctata), which has been released widely
in the United States. The introduced lady beetle
appears to be displacing other predatory insects
such as the nine-spotted lady beetle (C. novem-
notata), thereby potentially disrupting the control
of pests by native insects (313). In fact, the Euro-
pean species is how the dominant lady beetle by
far in many of the agricultural systemsit has col-
onized (170).
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Biological control agents can affect nontarget
organisms also by interfering with their life
cycles, ultimately resulting in the upsurge of pest
populations. Reports from Fiji describe the life-
cycle disruption of the coconut leaf-mining bee-
tle (Promecotheca reichei) by an introduced mite
(Pediculoides ventricosus), reducing the popul a-
tion of native parasites and thus enabling the bee-
tle population to skyrocket (313).

Habitat Destruction

Damage to the habitats of nontarget speciesis an
important yet underreported risk from the intro-
duction of fishes for agquatic weed control. These
fishes dramatically reduce local plant cover,
potentially causing significant disruption to both
plant and animal communities (313). In the case
of grass carp, however, the negative impacts
have been reduced somewhat by only using the
fish in enclosed water bodies and by releasing
sterile triploid fishes (191). The U.S. Fish and
Wildlife Service operates a certification facility
to ensure that grass carp for biological control
are unable to produce viable offspring, and most
states require permits and verification of trip-
loidy for grass carp imports (191). The approach
is impractical for many fish species, however,
and generally not all fish in a treated lot become
sterile (313). Although individual fish that are
released harm nontarget vegetation, as do their
fertile counterparts, the sterilized fish usually
will not form reproductive populations that can
spread.

Reproductive Effects

A little-documented potential risk from phero-
mones is the disruption of mating patterns. There
is some evidence that the pheromone of bark
beetles that stimulates them to flock together
may influence the behavior of other beetles. Sex
pheromones of Lepidoptera may possibly affect
the behavior of certain parasites (313).

Another reproductive concern relates to the
use of immunocontraceptive control for verte-
brate pests, although these approaches have not
yet been used in the United States. Australia
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plans to use genetically engineered viruses thybridize with native ones to the point that the
control foxes and rabbits by inducing the native species no longer exist in their original
females’ immune system to attack male spermform. Little research has addressed this phenom-
The control plan will require simultaneous enon. The one documented case involved the
depression of both fox and rabbit populationsintroduction of mosquito fishesGambusia affi-
Controlling only the foxes would enable the rab-nis and G. holbrook) that hybridized with
bit population to explode; restricting only the another related specie§&dmbusia heteroch)r
rabbits would induce the foxes to switch to otherand now threaten the integrity of the latter's gene
prey, most likely endangered marsupials. Austrapool (313).
lian scientists are examining potential risks
mcludln_g the capacity of live mfec_tlous_ Viruses |nadvertent Introduction of Parasites of
to multiply, to attack other species including Natural Enemies
house pets, and to spread abroad.

The rabbit control involves a redesigned myx-
oma virus, which is specific to rabbits and hares

APHIS'’s screening of incomingidiogical con-
trol agents generally prevents accidental impor-
tations of hyperparasites (i.e., parasites of

L_aI((:k_lng da V|trustlspetC|f_||(; FO fo;es, the AL.letrj‘“anSparasites) (236). A unique example of hyperpara-
risk inadvertently sterilizing dingoes (wild dogs) sitism among field-collected biological control

and domestic dogs. Similar concerns have been . . .
. X ., organisms in the United States concerns the lady
raised by researchers at APHIS’'s Denver Wild- : . .
. L beetle Hippodamia convergehs A parasitic
life Research Center, who are developing immu- .
wasp may contaminate up to 10 percent of these

nocontraceptive therapies with which to sterilize .
. . lady beetles. In the spring of 1994, APHIS
coyotes and deer in the United States (225). decided to prohibit interstate shipment of field-

) . collected lady beetles that had not been held in
[J Other Potential Risks quarantine and cleared of parasites. Following

Evolutionary Change among BBTs strong public protests arguing that the collection

Evaluating genetic change among populations Oigmd dispersal of California lady beetles has been

biological control agentafter their introduction a cottage industry for over 75 years and is thus

is difficult and has rarely been attempted (171).unllkely to cause fgr'Fher adverse effects, .APHIS
?verturned the decision. The agency continues to

Yet some ecologists argue that the conditions o .
such releases facilitate the rapid evolution ot'r9¢ that field-collected lady beetles be held to

changes in a natural enemy’s host range or othé([jentify and remove parasitized individuals (60).
important characteristics.vglved resistance to )
conventional pesticides occurs with some fre-Resistance to BBTs
guency among arthropods and has been demoRest resistance to conventional insecticides has
strated experimentally in certain natural enemiesontributed to the growing interest in biologi-
(see chapter 2). Introduced species miglso cally based approaches. Initial findings suggest
evolve an expanded tolerance of physical factorghat pests may develop resistance to certain
thereby increasing the range of habitats they maBBTs, particularly bacteria and viruses (9,411),
occupy and thus their impacts (313). and possibly fungi (420,281) and pheromones
Some scientists speculate that biological con{40) as well. The likelihood of resistance or rate
trol relationships could become less and les&t which it might develop is unclear however.
effective over time as the pest and its naturaCompared with conventional pesticides, most
enemy evolve in response to one another (313BBTs appear less prone to stimulate resistance.
although data are lacking on the likelihood andVany biological approaches benefit from physi-
on the rate at whicthis mightoccur. A further ological modes of action (such as interference
possibility is that introduced species mightwith photosynthesis, respiration, transpiration,
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translocation, and seed production) that make iMicrobial pesticides based on viruses have not
more difficult for pests to develop resistance toyet been used extensively in the United States.
BBTs than to certain conventional pesticides that.ab results indicate, however, that future large-
lack these properties (420). scale use might result in resistance (411).

If pests become resistant to BBTs, making The potential that pests will develop resis-
these approaches no longer effective, agricultureance to other BBTs isnly speculative at this
will lose an important set of low-risk pest control time. Continuous exposure of susceptible insect
tools. Indirect health and environmental riskspests to nematode products, for example, might
could result if growers were forced to switch encourage selection for resistance (411). Theo-
back to conventional pesticides, because BBTegetically, pest populations might even evolve
offer significant advantageérom an environ- resjstance to the sterile male technique by devel-
mental and public health standpoint (274). oping self-reproducing strains or the ability to

The bacterial insecticide Bt faces the greatestecognize and mate only with fertile males (313).
threat. Future large-scale use of crppants

genetically engineered to contain the Bt tOXinDepIetion of BBT Agents in Natural Areas
could speed the development of resistance a he mass collection of natural enemies impacts

put at risk its effectiveness as a microbial pesti- . )

. . : .~ regional populations. Unlike most augmenta-
cide (112). Unlike Bt sprays, which are applied,. . . .

: . : tively released natural enemies, which are raised

only intermittently, plants bred to contain Bt .

toxin in their tissues continuously expose pests ! insectaries, the lady beetldlippodamia con-

. . . -vergen} and several natural enemies of range-
the toxin over the entire growing season. Thi gen3 g

increased exposure to Bt heightens the selecti\jgnd weeds are collected from field sites. The

lady beetles, for example, are harvested from
pressure on pests and may hasten the develop-7 . . ; . . .
ment of resistance (422,221,146,214). Some sc ocations in the California foothills to which the
) eetles migrate. Lady beetles dominate the bio-

entists believe that resistant pest populations will ™
gical control market for garden use because of

appear soon after the transgenic Bt crops arc??l . e . .
bp g P their familiarity to the public, promisingnec-

lanted.
plante dotal stories, aesthetic appeal, dom history of

Thus far, evidence of Bt resistance in the . ) .

. L commercial sale. Despite some doubts as to their
United States has been seen only in figgula- . .

effectiveness (see box 3-1 in chapter 3), the col-

tions of the diamondback mottrl(tella xylos- . ]
I&ctlon and sale of lady beetles continues to

tella). Resistance in the moth has been observe ih d d oft di I
in the Pacific Rim, Florida, and New York Increase, wi emand often exceeding supply.

(411,326). The Colorado potato beetlgtino- Supplies are finite, however, and there are
tarsa{ decemlineajaon Long Island, New York increasing concerns about environmental costs
which was one of the first agricuitural pests’toassociated with the commercial collection of the

develop insecticide resistance (to arsenicals ir"|q_seCt (60). In addon, the collection under-

the 1940s and to DDT in 1952), now shows thadnines natu_ral control, \{vhich is_ free to the farmer
potential for resistance to Bt tenebrionis. The sil-(41_6)’ and interferes with publicly supported bio-
verleaf (sweet potato) whitefBémesia argenti- logical control programs.
folii), another major pest that is notarsly
difficult to control because of its expanding Genetically Engineered BBT Organisms
resistance toward organophosphate, carbamat&he environmental repercussions of genetically
and pyrethroid insecticides, has developed resienhanced microbial pesticides deserve special
tance to Bt kurstakin Taiwan, the PHhippines, scrutiny. Scientists are using genetic engineering
and Malaysia (112). techniques to expand the target range (194),
There is nopublished evidence of an insect incorporate more toxic modes of action, increase
developing resistance to a virus in the field.kill rates, and extend environmental persis-
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tence—in essence, to make microbial pesticide§] Putting the Risks in Context

mimic their more heavily regulated chemical pjmost every scietist contated by OTA about
counterparts. Implications farontaget species pBBT risks prefaced his or her comments by

may grow in future years as these products movemphasizing that the occupational and environ-
through EPA registration. University of Florida mental risks from conventional pesticides dwarf
entomologist J.H. Frank (1995) raises concernghose from logically based approaches. For
with respect to genetically engineered Bt prodexample, chemical insecticides, herbicides, and
ucts (108): fertilizers have caused documented adverse
Research is attempting to increase the range impacts on more t_han 90 species listed under. the
of targets that Bt will kill, to increase commer- ~ Endangered Species Act (89), as well as serious
cial profitability.... Where will it stop—how  health and ecosystem effects. Although beyond
broad would commerce like the target range to the scope of this report, the risks from these syn-
be? Why should these commercial interests thetic pest control methods help put into perspec-
bother to look out for the welfare of nontarget tive the relative safety of most BBT options.
organisms? Even more, why should they look The relative absence of effective low-risk pest
out for the welfare of beneficial organisms that control solutions—perhaps intercropping, crop
already exert partial control of some pests and rotation, field sanitatiod,and row covers would
complete control of others? It is not in their  fall in such a category-stggests that difficult
interests to do so, because they will be able to choices must be made amonguboptimal
sell more product in theébaence of these benefi- options, each of which implies an array of haz-
cial organisms.... ards for different organisms and population sec-

The interests of commercial profiiity and ~ tors. The risks differ both qualitatively and
the protection of nontarget species may colligduantitatively: Chemical pesticides raise signifi-

mental perspective, a key advantage of man ddition to environmental effects, whereas BBTs

BBTs is their relatively narrow range of impacts. 2f€ct primarily native species, and native biodi-
Yet products that kill or impair a wider range of versity is a relatively new category of concern in

species cater to a larger pest control market an'iﬁ1e United States.

hence generate higher profits. Producers of Important risks derive also frpm failure to
control the pests. These organisms, many of

genetically engineered BBTs are developing[hem invaders from foreign lands, can damage
microbial products with extended target range, '

) . .~ “'economic resources as well as native ecosystems.
although whether their breadth will ever rival - ye
that of tional ticid s 10 b Our nation’s food supply depends on efficient,
at ot conventional pesticides remains 10 bg,,_cost agricultural technologies, and our envi-

seen. ) ronmental and aesthetic needs depend on the
Some of the environmental effects from genetpreservation of our national treasures such as
ically engineered BBTs remain unclear. Dependparl<S and forests.
ing on the properties of the toxins or hormones \jost BBTs have a favorable health and envi-
inserted into the microbe to achieve pesticidatonmental profile, and some provide solutions to
activity, for example, symptomless infections bypernicious health risks (box 4-1). A well-
genetically modified viral insecticides in nontar- designed regulatory system could screen out the
get organisms could go undetected and later pragreater risks from BBTs while facilitating adop-
vide a reservoir of infection of other organismstion of the vast majority of these technologies.
(429). The development of proper recordkeeping and

2 Field sanitation inolves the removal of crop residues that harbor pest stages.
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monitoring systems could advance our base dbfetween risks and regulatory testing require-
knowledge, improve the development of newments.
BBTs, and eventually allow for aghter match

BOX 4-1: Controlling Public Health Scourges with BBTs

Biologically based approaches can sometimes control the disease vectors or intermediate hosts of
malaria, schistosomiasis, and other afflictions of humans and livestock. Fishes, tutles, and fungi, for
example, have all been used to control mosquitoes that transmit malaria and dengue fever in the tropics
and veterinary diseases, such as heartworm and equine encephalitis, in the United States. The use of
BBTSs for public health purposes has certain advantages but also raises potential problems.

Over 200 fishes from around the world are known to eat mosquito larvae. In addition, fish that eat
aquatic vegetation may modify their habitats, making them less suitable for mosquitoes. A big advantage
of using fish for mosquito control is that they generally require little investment or infrastructure to produce
an acceptable level of long-term control. In addition, the potential to evolve resistance to fish predators is
much less than that to insecticides.

Although sometimes quite effective, however, fish do not completely eliminate mosquito populations;
generally they do not provide the level or the rapidity of control achievable with insecticides. Their use is
restricted to suitable bodies of water, leaving out many important mosquito habitats. Moreover, the non-
target impacts can be severe. The fish most commonly used for mosquito control in the United States, for
example, is the mosquito fish, Gambusia affinis, from the southeastern United States. This fish often out-
competes other native fishes. Mosquito fish develop dense populations and may reduce the food
sources or eat the eggs and young of native species.

Fungal species of the genus Coelomyces and Lagenidium are lethal to mosquitoes. The spores pene-
trate the insect and can cause mortality within a few days. Areas can be inoculated with fungal pathogens
by transporting infected insects or sporangia to the target location. A significant advantage of fungal
pathogens over the use of insecticides or Bt is that mosquitoes are less likely to evolve resistance to
fungi. Moreover, since the fungi are already widely distributed worldwide, there may be less concern
about unpredictable damage to nontarget species.

Fishes and fungi are not the only possible control agents for mosquitoes. Bats and some birds, such
as swallows, consume an extraordinary number of mosquitoes, and juvenile turtles have reportedly pro-
vided successful control of mosquitoes in cisterns for drinking water in Honduras.

Schistosomiasis is another cause of considerable morbidity and mortality in the developing world.
Certain predatory fishes can effectively control juvenile snails such as Biomphalaria glabrata, an interme-
diate host for the parasitic worm that causes the disease in the tropics. In addition, a competitor species
of snail, Marisa cornuarietis, is used as a control agent in Puerto Rico and is considered to have contrib-
uted substantially to the sustained reduction of schistosomiasis on that island; adverse ecological
impacts have not been documented. In Florida and other regions, however, the snail feeds indiscrimi-
nately on many native plant species.

SOURCES: A. Kuris, Department of Biological Sciences and Marine Science Institute, University of California, Santa Barbara, CA,
“A Review of Biologically Based Technologies For Pest Control in Aquatic Habitats,” unpublished contractor report prepared for
the Office of Technology Assessment, U.S. Congress, Washington, DC, October, 1994; D. Simberloff, Department of Biological
Sciences, Florida State University, Tallahassee, FL, letter to the Office of Technology Assessment, U.S. Congress, Washington,
DC, July 16, 1995.
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In the real world, moreover, many of the pos-when a potential risk is detected—agencies could
sible risks from BBTs pale in comparison with streamline the data requirements for safer BBT
the benefits of use. For example, in the case gfroducts.
coddling moth control, although scientists have Developing a hierarchy among risks is contro-
postulated theoretical risks with regard to futureversial, often difficult, and sometimes impossi-
impacts of pheromones on the mating behavioble. It is not easy to generalize risk categories.
of introduced natural enemies, in practice so faiThe rankings may reflect scientific assuinps
sex pheromones have proved to be highly effecabout the breadth of the host range, as well as
tive in concert with augmentative release§of  broader assumptions about the value to be
chogrammawasps. Studies on cotton bollworm assigned particular classes of nontarget organ-
and European corn borer suggest that the pregsms (219). They could also include patterns of
ence of certain pheromones actually enhancegse and likely levels of human exposure.
the searching behavior of the wasps (236). Most scientists would place terrestrial verte-

Risks that deserve particular scrutiny in thebrates at the top of the risk hierarchy. Introduc-
near future include the growing resistance to Btions of organisms such as the mongoose, myna
and the potential to rapidly reduce its effective-bird, and giant toad have had severe and wide-
ness through large-scale use of crop plants corspread adverse impacts due to their nonspecific
taining Bt genes; the untested ecologicalfeeding and their numerical abundance (219).
repercussions from the use of genetically engi- Many researchers would also designate as
neered microbial pesticides; and, more generallyhigh risk those organisms that feed on a wide
the effects of BBTs on insect populations, organtange of plants and animals (284). Generalist
isms that often play valuable ecological roles andeeders such as the sevenspotted lady beetle
serve as natural enemies of mdmpusehold and (Coccinella septempunctgta which APHIS

agricultural pests. decided to mass-rear as a biological control agent
in the late 1980s, have disptd native species in
O Minimizing the Risks many environments (169). Even a nontarget

. organism that is rare or endangered—and there-
Regulatory agencies use several tools to sort oy« would not sustain a predatpopulation—

which BBTs bear more significant risks and tomay still be vulnerable if related species in the

expedite registration of the safer teChnOIOQieSvicinity that are more abundant attract the gener-
Many of these toolshave not yet been fully alist agents (220)

developed. A brief explanation of some of these

Among control organisms used against arthro-
approaches follows.

pod pests, predators tend to be less host specific
and less successful in biological control pro-
Establishing Priorities for grams than parasites, suggesting that parasites
Risk Evaluation and Testing deserve a lower place in the hierarchy of risks
Risk depends on the level of hazard as well as th@19). Advantages of parasites include their
extent of the exposure. Evaluation of BBT risksgreater specificity, searching ability, and ability
should consider each of the possible adversto persist along with the pest at low population
impacts plus the risk from the uncontrolled targetevels. Nonetheless, there may be reasons to use
pest and from other pest control approachegredators instead: Their lower specificity and
Some scientists suggest that a ranking of BBT¢heir capacity to switch from one type of prey to
along risk categories could help agencies set prianother may produce more effective control of
orities and fast-track the permit applications offluctuating pest populations (219). Also on the
the most promising and least risky BBT candi-low end of the risk spectrum could be such
dates. By using more of a tiered testing system—approaches as the conservation of natural ene-
in which more rigorous testing is only requiredmies or the use of pheromones in traps.



A magjor difficulty with attempting to order the
levels of risk, of course, is that there will always
be exceptions. Organisms within categories des-
ignated as high risk may prove relatively innocu-
ous, while those that fulfill the criteria as low-
risk BBTs may cause unexpected harm. A regu-
latory system that incorporates reliance on risk
categories, therefore, must also include flexibil-
ity and substantial safeguards to ensure the rec-
ognition of such exceptions.

An advantage of a risk hierarchy is that it
facilitates matching the required pre-use evalua-
tions to the likely level of risk posed by a BBT.
Evaluation schemes that take into account the
variable levels of scrutiny required by different
potential risks are called tiered testing. These
systems preclude unnecessary testing and wasted
resources. APHIS and EPA use tiered testing to
varying degrees. The first tier provides maxi-
mum opportunity for the identification of any
adverse effects. BBTs that pass the first tier are
not subject to further testing. Second and third
tier testing are used to reveal possible mitigating
factors (21 9).

Testing for Host Specificity

Host specificity measures the degree to which a
biological control agent is restricted to its target.
It provides information on the range of organ-
isms a biological control agent will affect
through feeding, reproduction, or other interac-
tions. Scientists use information on host specific-
ity to try to identify the organisms likely to be
attacked by candidate control agents in the
release environment. Testing of host specificity
began for biological control agents targeting
weeds in the 1950s. Initially, the potential agent
was tested only on the agricultural crops growing
in the region into which the control organism
was considered for introduction (21 9).

More predictive frameworks have since
replaced the crop-testing method, often placing
greater emphasis on nontarget threatened and
endangered species and other plants of ecologi-
cal value. Many hiological control practitioners
advocate use of the centrifugal/phylogenetic
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Natural enemies imported for research on the biological control
of weeds are held in quarantine prior to release.

Agricultural Research Service, USDA

approach, which involves testing plants of
increasingly distant relationship to the target
until the host range is circumscribed. The centrif-
ugal approach is not without its problems, how-
ever. For one, it assumes that related plants are
more likely to be attacked, whereas, in reality,
sometimes widely unrelated plants are attacked
(220). This may be more a problem among
pathogens than among insects (159). In addition,
the centrifugal approach may overlook some
important variations in resistance and suscepti-
bility of individual hosts (328).

The relatedness procedure, the newest
approach to host specificity, is a subtractive pro-
cedure that involves selecting plants to be tested
on the basis of their evolutionary relationship to
the target organism, as well as their distribution,
climatic preferences, seasonal occurrence,
regional weather patterns, life cycles, and other
information available in the scientific literature
(73). The approach is weighted to favor those
potential hosts most closely related to the target
organism, but it tests representatives from all
other levels of relationship as well. The method
has been applied successful y in Australia for the
host-specificity testing of Uromysces heliotropic,
a fungal agent for the hiological control of the
weed, common heliotrope, Heliotropism euro-
paeum (139,140,73).



82 | Biologically Based Technologies for Pest Control

The relatedness procedure or other host-specfer control of arthropods deserve more careful

ficity approaches, if better developed in theattention than they receive today.

future, may makepossible the use of shorter, A single species that feeds on seeorgan-
more predictive and reliable testing lists (73). Toisms is often made up of numerous more special-
date, however, the sciencehafst specificity has ized individuals. Such diverse populations may
a long way to go, particularly given the complex-harbor enough genetic variation to evolve and
ity of ecological interactions and the difficulty of eventually change hosts. Thus testing should
measuring them (360). sample as much genetic and geographic variation

APHIS and EPA rely on these various testingn the _biological control agent as possibl_e,' to
procedures to varying degrees. APHIS evaluate§aximize chances of detecting the variation
the data on the basis of whatever approach th@Mong individuals upon which natural selection
researcher uses. If a researcher asks for guidanfdght act (219).
on host range testing, the agency sends two sam-
ple papers, one from 1974 based on the centrifd30St Range
gal procedure and one frot®92 based on the Hostrange refers to the number of different spe-
relatedness procedure (360). In practice, howcies that a given agent will attack. Although con-
ever, the choice ofontaget test organisms ceptually similar to host specificity, host range
depends more often on what the researchers hafcuses on the biological control agent rather
pen to have available or readily accessible anflan the target. Often the terms are used inter-
know how to test (159,73). EPA’s testing proto_changeably; they refer to overlapping subsets of

cols emphasize the major agricultural crops. risk (73).

Another problem is that researchers develop_—t E)_(taml?atpr_l of a pc;ologlcsl c_onftrol agg_ni_m
ing test lists for BBT registration applitans IS Site of origin provides a basis Tor predicting

often haveittle background in relevant biologi- effects in the release area (256); so does informa-

cal disciplines. Entomobists petitioning to tion on the agent's biology, taxonomy, and ecol-

introduce an arthropod species that attack§ Y (415)' Tq help approximate the range .Of
. organisms a biological control agent or microbial
weeds, for example, commonly lack the botani-

- . T pesticide will affect in its proposed area of
cal training needed to identify likely host plants
. . ) ) release, however, researchers also use laboratory
based on evolutionary relationships, life cycles,

d oth s of plant I 159 and field tests. Lab tests aid in approximating the
and other aspecsp pian gco ogy (159). _physiological host range of the control organ-
Because of their potential to attack agricul-ism_—the maximum extent to which an agent

tural crops, pathogens of plants and plant-eatingsy | impact potential hosts. Artificial testing
(phytophagous) arthropods have traditionallycongitions—such as use of starved biological
evoked the most thorough host-specificity studcontrol organisms and lack of dietary choice—
ies. Host-specificity assessment for predatorsmay inflate the range results for many arthropods
parasites, and pathogens of insect pests, by colnd pathogens (219). For example, if a candidate

trast, remains in an early stage of developmengjological control agent does not feed on a test
This situation reflects the lower degree of socialorganism in laboratory conditions, it is nearly

economic, and environmental concern for arthrocertain that it will not feed on the organism in
pods than for plants as nontarget organismsield conditions. If the biological control agent
There are far fewer “domestic” arthropods (suchdoes feed on the test organism in laboratory con-
as honeybees and silkworms) than there are agfiitions, however, it does not necessarily follow
cultural crops, and plants are far more likely tothat the same behavior will take place in the field
be listed as threatened or endangered specig860).

thus deserving special protection. Many scien- The actual, or “ecological,” host range is
tists argue that the biological control agents usedlways less than the physiological host range
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(74). Field tests give a more accurate picture o few species. The use of BBTs with lower host
the extent to which control organisms can bespecificity may better meet these broad-spectrum
expected to attack nontarget speciepon needs, but at the same time may involve greater
release. The accuracy of extrapolation from thescological risks (284).
physiological host range (revealed in the lab) to Many difficulties complicate the task of quan-
the ecological host range (revealed in the field}ifying the relative risks posed by a BBT release
needs improvement. Further development anénd those posed by taking no action against the
testing of host specificity protocols may betterpest or using other control methods. Benefits and
establish what fraction of the potential host rang&osts may be uneven|y distributed Socia”y, geo-
is likely to be expressed in the field (219,73).  graphically, or across generations, and excessive
Host-specificity and hostnge testing are no yncertainty or questionable valuation techniques
guarantees of environmental safety. The harmfuhay undercut the analysis (219). A qualitative,
effects of the biological control organism canmyiti-factoral comparison of BBTs with other
include not only eating, parasitizing, or infecting control methods, however, might serve to eluci-
a nontaget organism, but alsindirect effects gate some important differences montarget
from interfering with shared natural enemies oreffects, impacts on groundwater, residues on
shared hosts (219). There is also the risk of inteferops, and occupational exposures, as well as

species mating, especially with threatened Oknort- and long-term effectiveness and resis-
endangered species. tance.

The relative specificity of BBTs requires that
they be weighed on a case-by-case basis, ea
situation reflecting a unique set of potential inter-(/‘n‘klz)l:)l:{ESSING THE RISKS
actions among the control organism, targefl'his section examines the regulatory structure
organism, and potential nongget organisms. No for most BBTs. The agencies that regulate BBTs
standard set of indicator species or single reprehave a difficult dual mission: facilitating the
sentative sample of nontarget speciesg.(e development and registration of biologically
rodent or other model organisms) or nontargebased technologies while minimizing the risk of
ecosystems will apply to all proposed agentsharmful environmental andpublic health
Moreover, when potential harm to ecosystems ignpacts. The incongruous nature of these direc-
weighed, there may be no easily defined endtives suggests that neither will be satisfied com-
points to the analysis, a factor that makes devepletely. The challenge is to incorporate a

opment of protocols problematic (219). reasonable degree of ecological scrutiny into a
more streamlined and efficient regulatory pro-

Evaluating the Risks and Benefits cess.

of BBTs and Alternatives Although there is no federal statute that

Risk-benefit assessment of BBTs is excaghyi ~ directly deals with  biologically  based
difficult, given the lack of accurate quantitative approaches, several federal agencies regulate
data on either risks or benefits. To date, much oBBTs. EPA oversees the commercial sale and
the available information is unsubstantiated andise of microbial pesticides and pheromones.
anecdotal. USDA’s APHIS regulates the introduction and
Moreover, risk implications may differ with dissemination of biological control agents
the purpose of the BBT release. Natural areancluding arthropods, mites, nematodes, slugs,
managers usually focus on protecting a largenails, and other macroorganisms. FDA monitors
number of valued native species, and thus prefdhe use of BBTs that could become components
narrowly targeted pest control methods. By conof stored or prepared food, such as microbial
trast, an individuafarmer, rancher, forester, or products and fragments of insect natural enemies
other producer focuses on the productivity of jusin stored grain. The U.S. Department of Inte-
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rior's Fish and Wildlife Service (FWS) evaluates as biological control agents. Such agents histori-

potential impacts of certain biological control cally have posed some of the greatest risks, yet

organisms on threatened and endangered specid¢isey are subject teery little scrutiny by federal

Some states regulate BBTs as well (box 4-2). agencies. Instead, most authority resides with the
This section does not cover in detail regulastates (box 4-3).

tions for the use of vertebrate animals and fishes

BOX 4-2: Regulation of BBTs by Hawaii and Other States

Importation or interstate movement of biological control agents requires filing of APHIS’s Application
and Permit to Move Live Plant Pests and Noxious Weeds (PPQ form 526). Before APHIS issues a permit,
state regulatory officials have the opportunity to review the APHIS recommendation. In addition, state offi-
cials may indicate special conditions of entry, containment, and release. In general, however, states lack
resources to enforce additional requirements.

Seven states have statutes or regulations governing the entry, distribution or release of biological con-
trol organisms into or within their territories: California, Florida, Hawaii, Indiana, Nebraska, North Carolina,
and Wisconsin. All of these states will accept PPQ form 526 in lieu of their own permit applications. Many
of the specific state provisions are similar to those required by PPQ; California has explicit lists of biologi-
cal control agents not subject to state permit requirements.

At least one state, Hawaii, imposes requirements more restrictive than federal APHIS regulations.
Hawaii's special efforts to keep out certain species stem from that state’s history of ecologically harmful
introductions to its unique and vulnerable island ecosystems. Hawaii maintains lists of prohibited,
restricted, and conditionally approved organisms.2 Biological control agents not yet listed may be eval-
uated for host specificity and other characteristics in the state quarantine facility. Advisory subcom-
mittees (on entomology, invertebrate and aquatic biota, land vertebrates, microorganisms, or plants)
review applications for introduction of nondomestic animals and microorganisms for biological con-
trol and other purposes. The Advisory Committee on Plants and Animals holds bimonthly public
meetings to decide whether to permit particular agents for biological control or other purposes.

Although Hawaii has instituted elaborate screening procedures, the state is unable to fully enforce its
laws. The Alien Species Prevention and Enforcement Act? provides that USDA will inspect mail entering
Hawaii from the mainland United States to prevent the entry of plant materials subject to U.S. quaran-
tine laws. APHIS carries out inspections of incoming domestic mail for two hours each day; during
the rest of the day, however, the mail just enters the state uninspected. Under the Fourth Amendment
to the Constitution, APHIS can open first class mail only with a search warrant; to get one requires
probable cause. If the inspectors feel or hear (by shaking the parcel) something that seems like plant
material, they can use specially trained dogs to sniff it out. If the dogs react to something, that consti-
tutes probable cause to obtain a search warrant.

The impetus behind the act was Hawaii's desire to keep out lizards, snakes, and other organisms from
the mainland United States that could disrupt Hawaii's island ecosystem. Yet the act does not actually
apply to these organisms, but only to those listed on U.S. quarantines for interstate commerce. The non-
indigenous species of concern to Hawaii damage forests and other natural ecosystems, while U.S. quar-
antine lists focus on risks to agricultural crops. As a result, virtually none of the species of concern to
Hawaii are included under the Alien Species legislation. APHIS lacks the legal authority to prevent the
entry of these organisms.

(continued)
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BOX 4-2: Regulation of BBTs by Hawaii and Other States (Cont'd.)

Hawaii’s inability to enforce its inspection and quarantine laws illustrates a problem that is universal
among the states: Although the laws are on the books, biological control agents may be shipped across
the border illegally. Hawaii's situation underscores also the difficulties that any state might face in trying to
enforce laws more restrictive than federal requirements for the importation and release of biological con-
trol agents.

2 Chapter 4-71, Hawaii Administrative Rules.
b public Law 102-393 (1992).

SOURCES: J. Levy, Operations Officer, Operational Support, Plant Protection and Quarantine, Animal and Plant Health Inspection
Service, U.S. Department of Agriculture, Riverdale, MD, personal communication, April 5, 1995; W.W. Metterhouse, Cream Ridge,
NJ, “The States’ Roles in Biologically Based Technologies For Pest Control,” unpublished contractor report prepared for the
Office of Technology Assessment, U.S. Congress, Washington, DC, November 1994; “Plant and Non-Domestic Animal Quaran-
tine” Title 4, Subtitle 6, Chapter 71 (Non-Domestic Animal and Microorganism Import Rules), Hawaii Administrative Rules, 1995;
G. Takahashi, Maritime Supervisor, Plant Quarantine, Department of Agriculture, Hawaii, letter to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC, May, 26, 1995; 39 USCA Section 3015.

BOX 4-3: Oversight of Vertebrates as Biological Control Agents

A number of the most harmful past introductions for biological control have involved vertebrate ani-
mals. The small Indian mongoose (Herpestes auropunctatus), for example, is renowned for devastating
ground-nesting bird populations, chickens, and lizard predators of insects when it was introduced to the
West Indies, Puerto Rico, and Hawaii during the late 1800s. Its importation into the continental United
States has been banned. Other vertebrate animals introduced for biological control in the past, including
giant toads, ducks, geese, mynah birds, and water buffaloes, have likewise inflicted harm on native spe-
cies, and many of these examples would probably not be repeated today.

Several species of fishes continue to be released regularly for biological control, with serious ecologi-
cal impacts. The grass carp and common carp (Ctenopharyngodon idella and Cyprinus carpio) that have
been introduced throughout the United States for weed control also destroy habitats for young fish and
increase water turbidity. Introduction of mosquito fish (Gambusia affinis) not only results in the suppres-
sion of mosquitoes, but also has been associated with a decline in populations of certain native fishes.

The standards and mechanisms for regulation of vertebrate introductions differ markedly from those
for arthropods and pathogens covered in most of this chapter. Under current law, the states retain almost
unlimited power to make decisions about which vertebrate animals to import or release. Federal incur-
sions in this area have been few and controversial. The state fish and game departments vary greatly in
the rigor and comprehensiveness with which they regulate introductions of vertebrates.

A 1993 review of state laws and regulations revealed that although every state except Mississippi has
laws governing fish releases, at least 15 states lack any legal standards for evaluating species prior to
release. No state ties its releases to any scientifically based protocols, such as those produced by the
American Fisheries Society and other organizations, in part because of the costs involved. A number of
states, however, do specifically prohibit releases of grass carp, and many other states allow only releases
of grass carp that have been sterilized to prevent their reproduction and spread. These provisions, of
course, do not address the risks of the more than a half-dozen other fish species used for aquatic weed
control in the United States.

SOURCES: Office of Technology Assessment, U.S. Congress, 1993; J.R. Coulson and R.S. Soper, “Protocols For the Introduction
of Biological Control Agents in the U.S.,” Plant Protection and Quarantine, Volume Ill, (R.P. Kahn, CRC Press, 1989); D. Simberloff
and P. Stiling, Department of Biological Sciences, Florida State University, Tallahassee, FL and University of Southern Florida,
Tampa, FL, “Biological Pest Control: Potential Hazards,” unpublished contractor report prepared for the Office of Technology
Assessment, U.S. Congress, Washington, DC, January 1994.
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[J Animal and Plant Health Biological Control Institute developed protocols
Inspection Service based on its two years of discussions with partic-
ipants in the biological control community.

Past oversight of introduction of biological con- . o
trol agents by APHIS was unbalanced, incom_Although, according to the APHIS Administra-

o tor’'s Office, this preliminary work was acknowl-
plete, poorly documented, and difficult to . . .

. : edged in the rulemaking (216), it appears that
understand for those seeking permits. Th ; ;
agency has taken some promising initiatives inc" of the recommendations were actually incor-

gency P g rated into the final proposal. Following with-

recent years, however; these include increas
y rawal of the proposed rule, APHIS formed a

attention to the environmental impacts of biolog- ) . .
. P i 9 new task force that includes the National Biolog-
ical control agents of arthropod pests; an effort to

consolidate the agency’'s multiple sources ofcal Control Institute as a member.
jurisdiction; an attempt to centralize and make o
sense of the meager, vague, mixed-up records statutory Responsibilities
past permitting decisions; the implementation ofAPHIS regulates the importation of biological
genus-level permitting; and an ongoieffort to  control macroorganisms into the United States
adapt and clarify the permit system for environ-and their movement between states under the
mental releases to better meet the requirementeederal Plant Pest Atand the Plant Quarantine
of the National Environmental Policy Act. Act* (box 4-5) (360). Reliance on these plant
APHIS staff deserve praise for these initiatives pest statutes for jurisdiction often puts APHIS in
Less successful, however, have been receitiie position of having to justify its interven-
attempts to impose regulatory structure wherdion—or avoid action altogether—in matters of
none existed before (box 4-4). APHIS’s pro-direct import to the use of dibgical control
posed rule on the introduction of nonindigenousagents. Ongoing jurisdictional questions concern
organisms attempted to screen out harmfuthe granting of permits foeleaseto the environ-
organisms, but many people felt that the screement because the acts only cover thevement
imposed was so fine-meshed as to be virtuallpf agents; the control of “beneficial” organisms
impenetrable, thwarting the continued produc-that are not generally considered “plant pests” or
tion, distribution, use, or research obloigical “noxious weeds” yet maindirectly cause harm-
control organisms. ful impacts; and the labeling and quality control
Outside observers have commented tha®f natural enemies. In addition, the statutes
APHIS should not both regulate and promoteappear to suggest a zero-risk standard for intro-
biological control. It is difficult to know the sig- ductions of biological control agents—a standard
nificance ofthis dualrole, although clearly it thatis unrealistic and provides APHIS with little
may lead to internal tensions and inconsistenguidance.
missions within the agency (see chapter 5). The Jurisdictional uncertainties arise also in the
debate over the proposed rulemaking revealedase of microbial pesticides based on nematodes.
some of these different perspectives. In 1992 thén accordance with the Federal Plant Pest Act,
former APHIS Administrator asked the agency’sAPHIS regulates the introduction and movement
National Biological Control Institute texamine of nematodes in the United States. In light of
the agency’s authority in biological control, meetAPHIS’s official role, EPA retains no jurisdic-
with interested parties, and propose guidelinesion over these products; the Federal Insecticide,
for the importation, interstate movement, andFungicide and Rodenticide Act authorizes the
release of biological control agents. The Nationahgency to exempt pest control products that are

37 U.S.C. §147at seq(1957).
47 U.S.C. §15%t seq 46 U.S.C. §102t seq (1967).
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BOX 4-4: The Proposed APHIS Regulation for the Introduction of Nonindigenous Organisms

USDA'’s Animal and Plant Health Inspection Service (APHIS) currently grants permits for biological
control agents under regulations that cover plant pests. Scientists and natural enemy companies have
criticized APHIS’s approach for years because it lumps “beneficial” natural enemies into the same cate-
gory with agricultural pests. In 1992 the agency’s Administrator instructed APHIS’s National Biological
Control Institute to meet with interested stakeholder groups to develop badground information that
would help in constructing a regulation more specific to biological control. But such a regulation never
appeared.

Instead, in January 1995, APHIS published a much broader proposed rule that applied generally to
nonindigenous species and superseded the agency’s earlier development of a biological control rule.
The proposed regulation was APHIS’s attempt to address problems identified in the 1993 OTA assess-
ment Harmful Nonindigenous Species in the United States. That report summarized the harmful economic
and environmental impacts of organisms that enter the country or spread and then become agricultural
pests, degrade parks and federal lands, or displace native species. The OTA report further specified that
the piecemeal federal system for screening the importation or release of nonindigenous organisms con-
tributed significantly to these continuing harmful impacts.

Unfortunately, APHIS’s proposed rule did not do a good job of regulating both biological control (an
area that is actively promoted by the agency and has little firm documentation of past harmful impacts)
and other types of potentially harmful introductions. Furthermore, the agency’s abandonment of its effort
to write a regulation specifically addressing biological control aroused the ire of scientists and industry
members who had participated in the earlier process. Such feelings were only compounded by the
implied challenge in the rule to the deeply felt belief among many members of the biological control com-
munity that theirs is a benign practice with little if any potential for causing harmful environmental impacts.

Response to the nonindigenous organism regulation was swift and almost uniformly negative.
Responses could be tracked by interested observers via an Internet listserver constructed solely for this
purpose. A total of 252 responses came from biological control researchers, producers, practitioners,
and distributors; university entomologists; farmers; weed control committees and districts; local, state
and federal agencies; members of Congress; commercial laboratories; and industry associations. Most
objected to how the regulation categorized biological control along with other potentially harmful intro-
ductions. Many also felt that the permit requirements would place unacceptable financial burdens and
time constraints on the natural enemy industry, which already operates with a low profit margin.

Although most respondents expressed similar sentiments, they did not necessarily reflect an unbiased
sampling of expert or public opinion. The vast majority were in some way affiliated with the practice of
biological control, and the content of the regulation had been rapidly communicated throughout this
group by way of several listservers and bulletin boards on the Internet. Jeffrey Lockwood, a scientist
known for his concern about the potential ecological risks of biological control, was one of the few to
express the opinion that the regulation was not strict enough. This view might have been better repre-
sented had other groups, such as conservation biologists, known about the regulation.

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.
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BOX 4-5: Pest Control Acts

» The Federal Plant Pest Act of 1957 prohibits the movement of any plant pest from a foreign country
into or through the United States without a permit from USDA. The definition of plant pest includes any
living stage of “any insects, mites, nematodes, slugs, snails, protozoa, or other invertebrate animals,
bacteria, fungi, other parasitic plants or reproductive parts thereof, viruses, or any organisms similar to
or allied with any of the foregoing, or any infectious substances, which can directly or indirectly injure
or cause disease or damage in any plants or parts thereof, or any processed, manufactured, or other
products of plants.” [7 U.S.C. 88150 aa et seq. (1957)].

= The Plant Quarantine Act of 1912 bars the entry into the United States, without a permit, of any nurs-
ery stock—and under certain conditions, any other class of plants, fruits, vegetables, roots, bulbs,
seeds, or other plant products—in order to prevent the introduction of any tree, plant, or fruit disease
or any injurious insect not widely prevalent in the United States. The act also authorizes the Secretary
of Agriculture to forbid importation of plants from particular areas and to quarantine any U.S. localities
to prevent the spread of a dangerous plant disease or insect infestation. [7 U.S.C. 88151 et seq.
(2967)].

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.

adequately regulated by other federal agenciesnany have a relatively broad host range. It is
Although APHIS claims to regulate these prod-unclear whether the advantages from regulating
ucts, and indeed the agency has processed a fevematodes would outweigh the costs, but this
nematode applications over the years, in practiceatter deserves more explicit deliberation and
most of these products go unregulated. Majoresolution.

nematode production companies contacted by APHIS proposed the Plant Protection Act and
OTA said they neither apply for APHIS permits the Animal Health Protection Act in 1990 and
nor interact with the agency in any other way.2gain in 1995 to consolidate the provisions from
Among the states, moreover, only Hawaii con-28 statutes under two laws (144). Although they
trols the entry of incoming nematode productsdo not completely resolve the mismatch between
which are allowed into the state only under speStatutory authority and regulatory needs, these
cific research permits for greenhouse trialsPillS take steps to clarify certain jurisdictional
Hawaii is evaluating nematode products in lightduestions. Specifically, the recently proposed

of the state’s long history of ecological harm byPIant Protection Act adds 'to the definitiqn of
nonindigenous species (209). “plant pest” vertebrate and invertebrate animals,

The lack of oversight concerning nematodesb'omg'cal control organisms, and undesirable

has had benefits as well as potential drawbackg.lam species (358). This last term replaces “nox-

. ) , ibus weeds,” liberalizing current noxious weed
It has contributed to the nematode industry’s suc: . : )
. . . “laws by enabling port inspectors to quarantine
cess in getting products on the market, particu- . .
o : . unlisted plants even if those plants are not new to
larly in light of the very low profit margins.

What limited inf tion has b ¢ dsr widely prevalent in the United States. The law
at limited nformation has been generatecy,oq ot gefine “biological control organism,”

about these organisms suggests that they are refa;: |aaves this term to be decided at a later date
tively innocuous and unlikely to cause harmfulby rulemaking with public input (144)

environmental impacts. At the same time, how-
ever, the taxonomy of these organisms is poorly
understood; some are ubiquitous in nature; and
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APHIS’s Permit System organisms that attack a wide range of nontarget
The Plant Protection and Quarantine (PPQ) diviplants and animals). Rather, APHIS categorizes
sion serves as APHIS’s principal regulator ofapplications in accordance with the purpose of
biological control agents. Through its permittingthe introduction (movement or release), the
system, PPQ seeks to protect U.S. agricultur@urity of the organism, and, eventually, the out-
from the introduction and interstate dispersal ofcome of the environmental assessment. Data
harmful plant pests. APHIS includes biologicalrequirements vary depending on whether the
control agents among these regulated pests, @ganism is to be imported from another country
source of contention because arguably most berato quarantine, moved between containment
eficial natural enemies do not fit that characterfacilities, or relased to the environment (box 4-
ization. Enforcement by PPQ takes place af). APHIS plans soon to address som©3A’'s
major U.S. ports of entry, while pertting is car- concerns about setting priorities; in particular,
ried out by APHIS headquarters in consultatiorthe agency is posting on the World Wide Web
with the states. and APHIS gopher a list of arthropods com-
PPQ grants several thousapermits each monly used for biological control of pest arthro-
year for introduction and interstate movement ofods for which permits will be expedited (360).
pathogens, invertebrate animals, and weeds. Pin- Unprecedented releases of biological control
ning down exact information about types andorganisms require the preparation of an environ-
numbers of permits for biological control and mental assessment. As part of this process,
level of technical review is difficult; in response APHIS’s Biological Assessment and Taxonomic
to OTA'’s inquiry regarding numbers of applica- Support (BATS) division is required to deter-
tions evaluated by agency entomologists eacmine whether the candidate control agent “may
year, for example, APHIS supplied figures rang-affect” endangered or threatened species. Some-
ing from eight to 2,500 applications. In truth, times BATS contacts FWS, although some
most of the applications are processed by clericaibservers suggest that communication and coor-
staff, but the inconsistency of information sup-dination between the two agencies is not always
plied to OTA illustrates APHIS’s recordkeeping adequate.
problems and raises questions about its sense of Some researchers have complained that issues
accountability. regarding endangered and threatened species do
It appears that most of the first-time (“unprec-not enter early enough into the decisionmaking
edented”) applications are reviewed either byprocess. When they were about to release their
one of APHIS’s two entomologists or by the test organisms, researchers at the University of
agency’s plant pathologist. Each year these sci€alifornia had their APHIS permits challenged
entists evaluate about 10 (and sometimes dsy local FWS field officers, leading to long,
many as 20) applications fophytophagous costly and counterproductive delays (24).
(plant-eating) biological control organisms and aAnother example involved APHIS’s evaluation
roughly comparable number for entomophagousf permits for five types of insects to be used for
(insect-eating) agents. Numbers of unprecethe control of purple loosestrife (two beetles to
dented applications appear higher in 1995 than ieat the flowers, two to eat the leaves, and one
some of the previous years (143). Each applicaroot weevil). APHIS approached FWS concern-
tion is usually reviewed by one scientist, whoing three of these agents in June 1995, just two
consults occasionally with colleagues whenweeks before the intended release date. APHIS
guestions arise. was completing the final stages of its assessment,
PPQ has no process by which to expedite thand the beetles were unlikely to survive much
permitting of unprecedented, taxonomicallylonger, putting FWS in the difficult position of
promising species over those that may carnhaving to confirm, on very short notice, the intro-
heightened capacity for ecological harm (such aduction of biological control agents against a
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BOX 4-6: Categories of Pest Organisms

APHIS divides permit applications into categories as follows:
= A—Foreign plant pests new to or not widely distributed in the United States; domestic plant pests of
limited U.S. distribution, including program pests; state regulated pests; and exotic strains of
domestic pests;
» B—Biological control agents and pollinators;

B(1)—High risk: weed antagonists; shipments accompanied by prohibited plant material or Cate-
gory A pests;
B(2)—Low risk: pure cultures of known beneficial organisms; and

» C—Domestic pests that have attained their ecological range, nonpest organisms and other organ-
isms for which courtesy permits may be issued.

All biologically-based pest control agents fall under category B, biological control agents and pollina-
tors. APHIS has yet to examine the environmental impacts of organisms in subcategory B(1). Some of the
B(1) organisms may include hyperparasites or other impurities; they may come from a particular strain
never before introduced or from a new field site. Those organisms designated in subcategory B(2) are
pure cultures that have been cleared for release to the environment; most of these have undergone some
form of environmental assessment or administrative determination. Some were previously imported into
quarantine as subcategory B(1) organisms.

SOURCES: D. Knott, Plant Protection and Quarantine, Animal and Plant Health Inspection Service, U.S. Department of Agricul-
ture, Riverdale, MD, personal communication, May 4, 1995 and August 2, 1995; M. Royer, Biological Assessment and Taxonomic
Support, Animal and Plant Health Inspection Service, U.S. Department of Agriculture, Riverdale, MD, personal communication,
April 20, 1995; U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Safeguard Guidelines For Contain-
ment of Plant Pests Under Permit, June 1993.

high-priority pest of natural areas. FWS scien-on the same permit conditions and facilities.
tists had many concerns, including spible Often these repeated releases have been taking
effects on endangered or threatersshtarget place for 10 or 20 years. According to the Asso-

species; the beetles’ lack of native natural eneciation of Natural Bio-control Producers, a dis-
mies, and the fact that, once released, the beetlgshytor selling 20 different products to

would not be readily controllable. In July 1995, - ;stomers in 40 states would need 800 permits
FWS ?cceded- to the release of the beetlegynich would have to be reviewed every two

A'.DHISS har_1dl|ng of these IS|tuat.|ons, ho""_e"er’ ears (11). APHIS has somewhat simplified the
raises questions about the timely incorporation oi;‘pproval process for pure cultures of precedented

threatened and endangered species issues into the

permittingprocess and the adequacy of coordina’'92Msms, but further streamlining or permit

tion with EWS. waivers may be warranted.

. Rather than waste time and resources renew-
According to members of the natural enemy. d i - 4 that APHIS q
industry, much of the permitting process'ng old permits, critics contend that needs

involves redundancy, delay, and unnecessar tiered, risk-based system with built-in waivers

paperwork at both state and federal levels. Mang7r repeated biological control releases, so that
of the permit applications are precedented, whick€ agency can concentrate on the more high risk
means they concern the same biological controRgents. Greater scrutiny may also be called for
organism that was granted a permit previouslywhen the previous release has not become self-
coming from the same state or country of origin,sustaining and was cleared before the agency
imported under the same conditions, and baseidstituted its data requirements (299).
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In response to such criticism of its permit pro-by granting genus-level permits fAphytis(Sep-
cess, APHIS says that the agency has many inntember 1994),Encarsia (February 1995) and
vations under development. These include nevieretmocerugApril 1995).
instruction sheets for preparing permit applica- APHIS’s review of applications for insect-
tions and environmental assessments, a customifeding (entomophagous) biological control
satisfaction questionnaire, guidelines for containorganisms has been particularly lax; APHIS had
ment facilities,optional electronic submission of virtually no data requirements for such agents
application data, and plans to formulate categountil 1991. Even today, the agency is struggling
ries of organisms excluded from pettimg. to develop scientific protocols for testirgpst
APHIS hopes to offer some of these materials ospecificity and other characteristics of the ento-
the Internet, and eventually to adopt a computermophagous agents. APHIS’s environmental
ized system, enabling customers to track theissessment f@celio parvicornisin April 1994,
progress of their permit applications (360). Thesavas considered a milestone in denying a permit
changes might address some of the problemfor an entomophagous agent (299).
identified by OTA. APHIS should be com-
mended on these planned initiatives and encoufrechnical Advisory Group

aged to follow through with these improvements.APHIS has a Technical Advisory Group on the

Introduction of Biological Control Agents of

APHIS’s Data Review Weeds (TAG) but lacks a similar body for bio-
APHIS began doing rudimentary environmentallogical control of insects. This independent vol-
assessments on biological control applications imntary committee was formed in 1957 primarily
1970, upon passage of the National Environmento provide advice to researchers. Today, TAG
tal Policy Act. These early thninistrative deter- reviews applications fobiological control of
minations” were often poorly documented andweeds and advises PPQ on whether to grant per-
based on incomplete information. The systenmission for quarantine or release.
continued in place throughout the 1980s. Chaired by a member of the U.S. Army Corps

The new leaders at APHIS in the early 19902f Engineers, TAG has up to 16 members, half of
inherited an arbitrary and nontransparent permitthem from USDA and the U.S. Department of
ting system. In 1991 they revised the outline forinterior (box 4-7). Usually TAG convenes with-
prerelease environmental assessments. The newat complete participation; only abofive to
form requested much more extensive datanine representatives consistently participate in
including host specificity, hyperparasites, threat-TAG recommendations (360,51,299). No partic-
ened native species, and effects on natural enedar number constitutes a quorum. Although for-
mies. In 1993, APHIS again rewte its eigners are barred from voting, the Canadian
requirements for environmental releases. Thiseviewers participate actively, and there is inter-
so-called “NIDR” format, which continues in use est in making them voting members (51).
today, asks for a detailed description of the proAccording to APHIS representatives, however,
posed action, biology of the target (host) organthe Federal Advisory Committee Acprohibits
ism and of the organism to be released (idilg  voting membership by nonfederal members on
both field and laboratory host range), status iffederal advisory committees like TAG. In fact,
North America, and expected environmental andederal advisory committeesnhave nonfederal
human health impacts (359). While adding to themembers so long as they follow the Act’s proce-
data requirements, PPQ has tried to streamline idural requirements, such as announcement of
permitting process in other ways, for exsle, meetings in theFederal Registerand formal

5 Federal Advisory Committee Act, title 5, U.SAC, appendix 2, susections 1-15 (1972), as amended.
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BOX 4-7: Technical Advisory Group on the Introduction of Biological Control Agents of Weeds

Membership of TAG Committee
U.S. Army Corps of Engineers, Chair

U.S. Department of Agriculture:

= Animal and Plant Health Inspection Service

= Agricultural Research Service

» Cooperative State Research, Education and Extension Service

= Forest Service

U.S. Department of Interior:

= Bureau of Land Management

= Bureau of Reclamation

= Fish and Wildlife Service

= National Park Service

U.S. Environmental Protection Agency

Weed Science Society of America

National Plant Board

Members-at-Large

= Canada (nonvoting)

= Mexico (nhonvoting)

Executive Secretary: (APHIS/PPQ employee)
Reviews by TAG

From 1987 through 1994, TAG reviewed 86 petitions for release or quarantine of organisms. Annual
tallies varied from a high of 19 in 1989 to a low of seven in 1993. There were 71 different agents (some
went through TAG as applications for quarantine and again for release) petitioned on 28 target plant spe-
cies, mostly rangeland weeds. Four of the targets, leafy spurge (Euphorbia escula), diffuse knapweed
(Centaurea diffusa), spotted knapweed, and yellow starthistle (Centaurea solstitialis), accounted for 43
percent of these petitions. Some 77 percent of the petitions received favorable recommendations from
TAG.

SOURCE: A. Cofrancesco, U.S. Army Corps of Engineers, Vicksburg, MS, letter to the Office of Technology Assessment, U.S.
Congress, Washington, DC, May 12, 1995; U.S. Department of Agriculture, Animal and Plant Health Inspection Service, “Charter
for the Technical Advisory Group on the Introduction of Biological Control Agents of Weeds,” unpublished draft guidelines, 1990.

recording of meeting minutes. Thus, any deciimail; an annual meeting provides a forum to
sion to restrict TAG membership to federal agentesolve controversial issues and to meet with
cies should carefully weigh the desirability of weed control researcher§AG is funded by
broader representation against whatever costmember agencies, with APHIS paying only for
these procedural requirements impose. the nongovernmental participation (51).

When PPQ receives petitions for the biologi- Although TAG is set up in an informal advi-
cal control of weeds, it sends them to the TAGsory capacity, in practice PPQ virtually always
secretary, whoidtributes them to the TAG rep- follows TAG’s recommendations. Formally,
resentatives for comment. TAG reviews oftenPPQ makes the final decision, however, as is
take about three to four months because ofequired by the Federal ddisory Committee
scheduling difficulties of the TAG representa- Act. TAG reviews only about 10 petitions annu-
tives. TAG conducts most of its business byally (50). Apparently this represents all of the
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unprecedented petitions received by APHIS each These guidelines and other information about
year for biological control of weeds. Pre-quaran-TAG are not available to researchers in printed
tine review is less stringent than that for releasdéorm, although experts in the biological control
but enables TAG to advise and monitor biologi-of weeds generally know what TAG expects. A
cal control activities in the early stages of devel-more formal review document could help
opment rather than first confronting ftieiners researchers gauge where to focus their attention
years into their research (51). Pre-quarantin@nd resources. TAG recognizes this problem and
review is done only if requested by a researcheis awaiting the development of a final rule by
(366). PPQ. At that time TAG will review the incoming
Despite the fact that the representatives oftePPQ applications for biological control of weeds.
consult with outside sources (51), criticlsarge
that TAG lacks scientific expertise, particularly Proposed Rule
in plant taxonomy, pathology, ecology and evo-As mentioned earlier, APHIS’s proposed rule on
lution (58). Another complaint is that, as strongthe introduction of nonindigenous organisms
proponents of biological control technologies,encountered widespread criticism and eventu-
TAG members traditionally have disregardedally was withdrawn. Although biological control
some of the negative repercussions ofdgical  practitioners considered the proposal heavy-
control introductions. For example, TAG review handed, conservation biologists applauded cer-
may not always screen against harmful impactsain of its provisions.
on abundant species of native plants. Compared with current protocols, the pro-
Although PPQ follows the TAG recommenda- posed rule paid more explicit attention to genetic
tions, TAG does not use the exact data requirevariation in the control organism, recognizing
ments developed by PPQ. Nevertheless, PP@at different genotypes may require independent
generally accepts the TAG decision in lieu of itsassessment of their potential for ecological harm.
own data requirements (299). In the early 1980Kather than focusing solely on weeds, the pro-
TAG informally issued to researchers its ownposal called for the careful appraisal of biologi-
internal guidelines, which differeidom the PPQ cal control agents of arthropod pests. Idiéidn,
requirements in some important ways. TAGit recognized that there are potential hazards
asked petitioners to submit, for example, “dollarfrom movement of control organisms between
figures concerning crop or other losses caused hyifferent biogeographic regions of the United
the weed and costs of its control, versus, if appliStates. Finally, the proposal acknowledged that a
cable, dollar figures concerning its beneficialcontrol agent can harmreontaget organism not
qualities” (177), something never required byonly by eating or parasitizing it, but also by inter-
PPQ. TAG no longer requests such informatioracting via intermediate organisms (219).
from petitiones. Nonetheless, researchers com- Although many of the data elements in the
monly submit economic data, which is then conproposal have been required on a more informal
sidered by TAG in its deliberations (51). basis since 1991, the proposal extended the
TAG has discontinued its use of publishedagency’s regulatory control in a number of
data requirements. Instead, the group loase realms. Its broad definition ohonindigenous
guidelines indicating its main areas of review: organism included any organism proposed for
introduction into an area of the United States

* taxonomy of the target weed; beyond its established range. list of species

- testplantlist; subject to the rule included organisms which
* host-range testing and impact on nontargets; have long been in widespread use as biological
= taxonomy of the agent; control agents throughout the United States.

= biology of the agent; and The proposed rule combined an odd mix of

= other issues raised by the researchers. management approaches. On one extreme was
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the micromanagement of such features as th&he new Biopesticides and Pollution Prevention
thickness of plastic bags (0.1270 millimeters) forDivision (BPPD) has consolidated the agency’s
seeds, the particular taxonomic grodis¢ed to BBT-related activities, streamlined the data
be regulated, and specifications for the submisrequirements, and provided registrants with
sion of samples to three museums. Other provifaster, less costly, more accommodating registra-
sions, however, suggested a much looser, morgon services. Critics charge, however, that the
fluid approach to APHIS’s regulatory oversight agency is waiving too many environmental data
responsibilities; examples are the lackatéar yequirements and should pay closer attention to
standards on purity; the lack of specific protocolshe effects on ecosystems and on insects and
for host-specificity testing, and the absence ofyiher nonteget organisms. EPA’s protocols for
any reference to pre- and postrelease monitoring,st_specificity testing, moreover, focus almost
of nontarget effects. . _ _ entirely on commercial species such as agricul-
That the proposed regulation failed to incor-y, 5| crops and honeybees, with little regard for
porate any provisions for postrelease monitoring,, e organisms. Finally, a major challenge lies

evlentforh|gtt1)erpr\|Psllf|Iréel?ses, ?uggze:;ts _asmbl:a fahead for the agency as genetically engineered
refuctance by 0 contront In€ IMpacts ot ;- o pig| pesticides raise unprecedented risk

Its pgrrr_uttlng activities. Qver tlme_, mhout_gny considerations that may require different regula-
monitoring, standards for successive appiloret
etory approaches.

cannot benefit from knowledge gained about th
impact of prior releases (235). Until now PPQ o

did not even maintain in a usable form the basi®tatutory Responsibilities

records and databases on past releases. The PRthough EPA oversees the use of pesticides
form 526 database was unable to locate precanarketed in the United States, the agency has
dented permitting decisions except by the appliexempted from its jurisdiction all BBTs except
cant's name (299). The computerized NIDRthose derived from microbes used in pesticide
system instituted in earfi994 for environmental formulations (eg., bacteria, algadyingi, viruses,
assessment data was redesigned in suri®®%  and protozoans) or biochemicals (including pher-
to enable PPQ to locate precedented permittingmones). A further exemption covers phero-

decisions by organism (360). mones used in traps. BBTs remaining within
EPA's jurisdiction are shown in table 4-2.
O Environmental Protection Agency This arrangement derives from section 25(b)

In the early 1980s EPA developed special dat&f the Federal Insecticide, Fungicide and Roden-
requirements for biologically based products, buticide Act, which authorizes EPA to exempt pes-
not until fall 1994 did the agency separate out itdiCides that are adequately regulated by other
regulatory review of microbial pesticides andfederal agencies or are of a character not requir-
biochemicals from that for conventional chemi-ing regulation under FIFRA Detailed testing
cal pesticides. protocols to accompany the regulatory require-
Today the regulated community generallyments listed in 40 CFR Part 158 have been
gives EPA high marks for its actions on the reg-spelled out by EPA in its nonregulatory Pesticide
istration of microbial pesticides and pheromonesTesting Guidelines, Subdivision M (393,394).

61n 40 CFR Part 152, Subpart B, EPA exempts all BBTsgixeucaryotic and procaryotic microorganisms (cellular organisms with and
without a distinct nucleus, respectively) and viruses.
7 Biologically based pesticides are alsmulated under the food additive provisions of Fesleral Food, Drug and Cosmetic Act
(FFDCA). Section 402 designates as adulterated any food or feed that contains residues of any pest control agent unless such residue is cov-
ered by a tolerance under sections 408 or 409 oxempgtionfrom tolerance. To dateplvever, all microbial pesticides and most biochem-
ical pesticides registered for use on food crops have been exempted from the requirement of a tolerance (223).
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TABLE 4-2: Categories Regulated by EPA cess. By speeding the availktlyi of pesticide

— - alternatives, BPPD could play a key role in the
Microbial pesticides Clinton Administration’s currentinitiative to

Natural andaengineered: expand use of integrated pest management and
= Algae - reduce reliance on conventional pesticides.
. saCtt?:a As of April 27, 1995, EPA had registered 43
s Fungi

biochemicals (mostly pheromones) and 45

a
= Protozoans microbial pesticides (more than half of them bac-

H a
= Viruses teria). Seven of these were registered by BPPD in
Biochemical products its first six months of operation, and the others
= Enzymes by the Office of Pesticide Programs in present
= Hormones and past years. According to BPPD, its turn-
= Natural plant and insect regulators around time for registering pheromones and
= Semiochemicals (including pheromones)? other biochemicals is 30 to 50 percent less than

the time required by other EPA divisions for
equivalent processing (47). Whether the registra-
tion of microbial pesticides will be similarly
Biopesticides and Pollution expedited remains unclear. In general the regis-
Prevention Division tration of microbial pesticides is much faster than
Within EPA’s Office of Pesticide Programs, that of chemicals because of substantially differ-

BPPD coordinates the registration, develop£nt data requirements and frequent use of data
ment, and promotion of biologically based pesti-Walvers.
cides. Formed in November 1994, BPPD aims to Like the new administrators in APHIS's PPQ
expedite the registration process for microbialdivision, EPA’s BPPD staff have inherited a dif-
and biochemical pest control products, serve aficult recordkeeping task. EPA’s prior deoiss
an advocate for the use of safer pesticides, ar@re scattered among multiple offices in a variety
facilitate cooperative programs with state andof formats. At the same time, only rarely does
federal agencies, universities, and agriculturaEPA require pre- and postrelease monitoring of
groups. In creating BPPD, EPA brought togetheeffects on nontarget organisms (305). This fail-
from otherdivisions scientists experieed with  ure to evaluate impacts, combined with the chal-
the evaluation and registration of biologically lenge of consistent recordkeeping, suggests that
based products. BPPD has established two multthe agency may not adequately build on past
disciplinary teams whose staffs work together indecisions and learn from prior mistakes. This
a shared office and are authorized to skip somehortcoming will become increasingly important
of the many bureaucratic steps that normally adés the number of BBT products submitted for
weeks to the registration process of pest contralegistration grows. Rather than require that regis-
products (402). trants take affirmative steps to evaluate impacts,
Although BPPD was created as a one-yeaEPA relies on FIFRA section 6(a)(2)vhich
pilot division, the White House recently states that if pesticide registrants come across
approved EPA’s decision to make BPPD a perinformation on unreasonable adverse effects,
manent division. The division is serving as thethey must submit that information to EPA. This
model for the restructuring of the Office of Pesti-directive may sometimes prove counterproduc-
cide Programs as a whole. IHustrates the tive: Legally bound to notify EPA of negative
advantages of bringing together into a singleresults, producers may be disinclined to thor-
group those responsibfer the multiple scien- oughly investigate risks from registered prod-
tific and regulatory steps in the registration pro-ucts.

2 These categories are included in OTA’s scope of BBTs.

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.
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Registration Requirements EPA requires registrants to submit data on
BPPD is working to revise and update EPA’sefficacy for pesticide products used to control
data requirements for microbial pesticides andgests that threaten the public healthg(edis-
biochemicals. The agency first developed its pesease-carrying mosquitoes). The agency retains
ticide testing guideline$or “biorational” pesti- authority to order additional data where neces-
cides in 1982; those guidelines were rewritten fo%ary. Some of the data aomly conditionally
the microbial products in 1989. Guidelines forrequired; others are waived in specific circum-

the biochemicals remain outdated and not "stances. For example, the use of microbial prod-

keeping with current EPA practices. . . .
. . . ucts in packinghouses and other indoor spaces
Producers of microbial pesticides and phero_commonl triggers an exemption to the nontarget
mones contend that compliance with the full ytngg P 9

product testing requirements can be prohibitivel)}es'[Ing requirements because no outdoor expo-

expensive. Although costs of testige much SUre is expected (224).

lower than those for chemical pesticides, the rev-

enue generated by BBTs is much smaller as wel’heromones and other biochemicals

BPPD waives many tests, however, and someEPA is about to publish in théederal Register
times some of its fees. Tally test and register a new exemptions for pheromone products. All
BBT today costs between several hundred dolstraight-chained lepidopteran  pheromones,
lars and a half-million dollars. EPA’s annual regardless of application mode, are now exempt
maintenance fees are $700 for the first prOdUCﬁ'om the requirement of a tolerance and may
and $1,400 for subsequent products; the maxigndergo field testing on up to 250 acreshwit

mum limits or “caps” on the total annual mainte- 5, experimental use permit. Past testing on small

hance fees payable by any registrant are usual eld plots hasbeen extremely difficult because

between $55,000 and $95,000 (less for smal . o .
businesses) (404). Tolerance fees for food-uscca)f the high volatility and specificity of the phero-

BBTs generally range from $20,000 to $25,000 mones. This measure allows for testing of broad-
most of which is refunded if EPA granté ancast and sprayable applications of pheromone

exemption (274). products over a wide area. Similar regulatory
BPPD has been seriously investigating thdelief measures were provided earlier for all
possibility of waiving both the maintenance andarthropod pheromones in polymeric dispensers
the tolerance fees for microbial pesticides and274).
pheromones. The laws currently allow EPA to Registrants of pheromones and other bio-
reduce or waive these fees for minor crop regisehemicals must submit data on product identity,
trations where the fee is likely to significantly analysis, and manufacture; chemical residues;
affect the availability of the pesticide. EPA hopesyoxicology, and impacts on nontarget organisms
that the elimination of fees for BBT registration (3g9) Often EPA waives most of these require-

will spark an increase in applications (274). ments. As in the case of microbial products, the
BPPD calls for a customized data package fo[oxicology and nontarget organism data are

each active ingredient registered, based on ﬁlered; if the initial testing yields significant

multi-tier system of data requirements; in con- . .
y q adverse effects, additional dataifts are aded

trast, a full set of data are usually required for )
conventional pesticides (217). EPA requires(218)' Testing only rarely moves to subsequent

approval also for all large-scale field tests (mordi€rs (305). Moreover, in light of the low toxicity
than 10 acres, or 250 acres for certain pherc@nd minimal expected human exposure to phero-
mones) of BBTs. In addition, the agency requiregnone products, EPA, in 1986, waived certain
notification before small-scale field testing of requirements for mammalian toxicology studies
genetically engineered organisms. on pheromones (218).
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Microbial pesticides may well take a back seat to other agency priori-
Testing for microbial products covers the samegjes.

general areas: product analysis, toxicology, resi- gpa focuses heavily on the effects on nontar-
due analysis on food crops, and ecologicalet agricultural crops, an approach developed

gffects. In calculatllng experimental dosage’ "€3vith APHIS for the 1982 Subdivision M repdt.
istrants must take into account that environmens

tal levels of the microbial a . Jhe agency rationalizes that cultivated crops are
gent and associated .
toxins often increase after application, at Ieas{Jnlquely vuIne-rabIe.beca-luse they. are monocul-
temporarily—unlike environmental levels of tures, nonmobilgunlike birds and insects), and
chemical pesticides, which decrease over tim&ommonly nonindigenous. Although such think-
(394). Toxicology data are set forth in three tiersing may have been fashionable 14 years ago, the
but EPA has never required data beyond the firgeotential harmful impacts on nontarget insects
tier (217), which involves short-term tests forand other organisms have since come to be
toxicity, infectivity, and pathogenicity. Ecologi- appreciated. Moreover, declines in native natural
cal effects testing is tiered as well, with the firstenemies ultimately may affect agricultural plants
tier consisting of maximum-dose, single-speciesgy enabling pest populations to grow.
hazard testing onontaget organisms (394). FOr A rejated concern focuses on the lack of eco-
gengtlcally engineered mlcrobes,_S|m|I_ar data ar8ystem testing for microbial and biochemical
required on both the complete microbial prOdUCtproducts. EPA relies primarily on observed

and the inserted DNA construct (224). . : .
impacts (such as unusual persistence in host

organs) following administration to the isolated

EPA'’s principles for review of microbial pesti- test organism of massive ?uantltles (the “maxi-
num hazard dosage level”) of the pest control

cides emphasize the importance of selecting su i
ceptible, nontarget species (including insects29€nt. Such focused testing protocols have pro-

plants, wildlife) when testing for host specificity c@dural advantages, but they overlook the com-
(394). In its actual testing protocols, however,Plexity of natural systems and the possibility for
the agency points to the specific organisms to bearmful ecological repercussions beyotbse
tested, chosen by EPA in part for their sevigy immediately apparent from short-term laboratory
to the test products (304) but mainly for theirtesting on isolated specimens. EPA is sjiegn
economic importance, commercial availability, $1,224,000 in fiscal year 1995 researching eco-
laboratory experience with the organisms, andsystem approaches for testing effects of bio-
the fact that researchers “know how to run apemicals and microbial pesticides.

good experiment” with them (223,305,394). This

approach contrasts with the more unstructure

approach employed by APHIS in its host-speci-%(-"nem{JIIIy Engineered Products

ficity requirements. Although EPA officials BPPD deals with genetically engineered micro-
emphasize the flexibility of their system and thePial pesticides on a case-by-case basis. Agency
ease with which data requirements may be adde@Vview resembles in most respects that for other
or subtracted, the extra effort needed to desigficrobial products but places increased attention
customized lists of nontarget species and t®n exposure and effects on nontarget species
develop new testing methods for these organism&05).

Environmental Effects

8 pesticide Assessment Guidelines, Subdivision M: Biorational Pesticides (1982) (393). This document proviues guideveloping
data on biochemical and microbial pest control agents. Many pftivésionsareobsolete. EPA has reitten subdivision Monly for micro-
bial pesticides (1989) (394).
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Recent developments also to nonindigenous microbial pesticides not
The first field testing of genetically engineeredacted on by USDA (390).
products took place a decade ago with release of Some scientists criticize the rule for targeting
the *“ice minus” variant of the bacterium genetic modification techniques rather than high-
Pseudomonas syringadesigned to prevent frost risk organisms or outcomes. They argue that the
damage on potatoes and strawberries (234).  new molecular techniques that manipulate DNA

To date, EPA has registered two types ofand transfer genes are potentially even safer and
genetically engineered microbial products, onemore precise and predictable than their tradi-
involving Bt genes inserted into Bt, and the othettional counterparts. This view ignores the fact
involving Bt placed in a killed bacterium (305). that many efforts to genetically engineer micro-
Raven, registered in January 1995, is a strain djial pesticides have thus far focused on expand-
Bacillus thuringiensiskurstaki into which the ing target range, altering kill level and rate, and
Ecogen Company has incorporated genes gbrolonging field persistence—characteristics that
another Bt strain. With respect to environmentakould affect environmental impacts in important
implications, EPA views the product as an insig-ways. The critics also say that EPA should worry
nificant departure from standard Bt products, andnstead about agents manipulated by other
hopes in the future to exempt from notificationmeans, such as chemical or radiation mutagene-
requirements similar Bt products with inserted Btsis, transduction, transformation, or conjugation,
genes. The other products, registered in 199lwhich pose greater environmental risks and
use Bt in killedPseudomonas fluoresceriBhe could pollute vaterways (234).
Mycogen Corporation killed th®seudomonas, Other scientists counter that gene-splicing
which can survive in a wide range of conditions,techniques are a valid trigger for EPA review;
to prevent it from spreading the Bt genes to nevelevated risks stem from the introduction of new
locations. The killed bacterium protects fromliving forms that have never had an opportunity
ultraviolet radiation the encapsulated Bt toxin,to evolve any checks and balances in nature. Sci-
allowing for longer field persistence (239). entists’ understanding of microbial menurities
EPA’s main concern is to ensure that all the bacand of the full import of particular species in the
teria are dead; the agency requires the monitorfunctioning of ecosystems is limited. Conse-
ing of every batch produced (305). qguently, genetically engineered microbial pesti-

Other genetically engineered products arecides may have wide-ranging consequences that
undergoing testing. For example, the agencynay be difficult to evaluate (172).
recently approved the field testing of a geneti- Whatever the outcome of this debate, a pru-
cally engineered baculovirus containing andent response by EPA requires scrutiny and flex-
inserted scorpion toxin gene that facilitates ability, given the types ofcharacteristics being
faster kill rate. The scorpion toxin used is only aengineered into microbial products and the pau-
fraction of the full toxin and does naiffect city of information on potential environmental
mammals. It may affect some Lepidoptera and:ffects.
other insects.

Resistance

Notification requirements One of the most significant challenges facing
EPA's final rule for field testing of genetically BPPD is the prevention of resistance to Bt. Some
engineered microbial agents, published in Sepscientists believe that large-scale squandering of
tember 1994, amends 40 CFR Part 172 to requirthis microbial pesticide may result from the
notification of EPA, and preliminary data sub- widespread use of crops engineered to contain
mission, prior to small-scale environmental testthe genes for Bt toxin. The use of these trans-
ing of microbial agents modified through genic plants is expected to create tremendous
recombinant DNA technology. The rule appliesselection pressure among lepidopteran and other
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pest species, resulting in the rapid developmerdagainst this pest, hastened by its use in transgenic
of resistance to Bt. The suscejitth of Bt to  crops, will not create a major new gap in the pest
resistance has already been documented, wittontrol arsenal. Because the beetle has already
early evidence emerging from certain regions ofleveloped resistance to many chemical pesti-
New York, Florida, and Asia. Potential loss of cides, however, it is important to try to jwog
microbial Bt products poses a serious threat téhe effectiveness of every control method avail-
agriculture in locations where pests have evolvedble.

resistance to chemical controls. In parts of Mex- Resistance management for Bt field corn—

ico, for example, Bt products are among the onlyand eventually for transgenic sweet corn and cot-
options left against the tomato pinworm; the peston plants—will present greater challenges for
has become resistant to other pesticides (40EpPA. The pests that feed on cotton and sweet
Campbell and other growers in that region relycorn, and to a lesser extent on field corn, attack a
on the availability of effective Bt-based pesti- number of vegetable crops and ornamental plants
cides. as well (404). Therefore, pest resistance induced
Although EPA is working with manufacturers by large-scale use of Bt in transgenic cultivars of
to develop strategies to manage resistance, it ihese crops may make ineffectual the use of Bt-
unclear that any of these ad hoc attempts wilbased pesticides against pests that attack not only
actually work. Clearly, resistance has not beerorn and cotton but also a range of other crops
successfully prevented in the case of chemical156).
pesticides (see chapter 2); EPA has no real track The resistance management plan for Bt field
record in this eena (156). Some scientists argue:qrn includes: a Bt dosage meant to figh
that the effective management of resistance to Bénough to kill all susceptible pests; annual moni-

will require the concerted efforts of multiple par- toring for development of resistance; farmer edu-
ties. A recent article irBcience,for example, ation programs; and, once use of Bt corn

urges development of a national research agendgecomes widespread in three to five years, the
with full cooperation of industries, universities, required planting of non-Bt corn as a certain per-

and government, to develop and implement resis.c-entage of acreage on each farm that uses Bt
tance management strategies for conventionall{y., "The effectiveness of these approaches
applied and transgenic Bt toxins (221). ~ remains uncertain. EPA’s agreement requires the
To date, EPA has registered onlarisgenic vycogen and Ciba-Geigy corporations to carry
potato (May 1995) and field corn (August 1995),4yt research on many related issues; their resis-

although other crops genetically engineered fofgnce management strategies are likely to change
pesticidal properties are coming through thess new evidence emerges (404).
research and registration pipeline (182,156). As

part of the registration process for these product . .

EPA has developed cooperative agreements Wi'j:l] Food and Drug Administration

producers dealing with tactics to manage resisU.S. Food and Drug Administration (FDA), a

tance (156,214). relative newcomer to the regulation of BBTSs, has
Exactly how Monsanto will prevent the devel- Y€t to identify exactly what roles it will play. The

opment of resistance to Bt from its potato prod-agency may face increasing responsibilities in

uct remains unclear; thus far, the company'she future, however, as BBTs become more

resistance management strategy includes feWwrominentin food-related industries and posthar-

clearly defined elements (402). In some respecty/est uses.

however, EPA views the Bt potato resistance FDA has authority to regulate the BBT uses

management activities as a test case: Inasmuchat are not subject to EPA or USDA jurisdiction.

as Bt is only partially effective against the Colo-To date, however, the agency has chasdg to

rado potato beetle, loss of the microbial pesticidadvise state and local health officials; to enforce
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grading standards for natural enemy and otheAdulterated products are seized by FDA and, if
insect fragments in stored grain; and to contemthey cannot be cleaned by further processing,
plate possible oversight of the use of BBTs, spedestroyed.

cifically, insects and nematodes in food service

establishments and other food-handling institu£qod Service Areas

tons. .. .. The release of parasitic and predatory insects and
F.DA could assume a grea}ter role if it nematodes into food service establishments and
desied. q It WOUI_d need t?esugnqte EPA{ food-handling institutions has alsweated con-
Zézm\%es inB(:Ba-I:('as,(lﬁr.]’ezatLueraB;?:Tcl)islzi Ezcgr?]%sion over statuto-ryjurisdiction. Unlikg the con-
roversy surrounding postharvest grain storage,

?JScl;),;n?;:l?snf'eotjl:\:g;equﬁ; d?gﬁg??:dD;\oggu%n his issue has been only partly resolved despite
9 ) ) extensive discussions among USDA, EPA, FDA,

then establish and enforce tolerances for BBTS nd members of Conaress
under section 409 of the Federal Food, Drug anceil 9 '

Cosmetic Act (FFDCA). Although authorized to After 11 mor_\ths of indecision, the agencies
develop standards for BBTs (195), however,dec'ded that neither EPA nor USDA would regu-

FDA would prefer to remain rpsnsible only for late BBTs when used in food preparation areas.

enforcement of the BBT-related regulations sefl "€ t@sk of how or whether to regulate BBTS for
by EPA. these uses has been left to FDA. FDA, however,

Two recent controversies may help elucidatd@s no formal policy or procedure to date (147)
FDA's current and future roles in regulating and has not assumed responsibility for conditions
BBTs. in restaurants and other institutions with food

preparation areas (195). FDA restricts its activi-
Postharvest Grain Storage ties to the manufacturing side of food products

Until 1993, FDA, EPA, and USDA struggled to and leaves food preparation areas to state and
resolve thé ques’tion o,f which agency had statul-OCaI he_alth officials. The agency i§sues recom-
tory jurisdiction over BBTs used fqrostharvest mendations, for the sake of uniformity, which the

grain storage (195). Previously, EPA had prohib-local and state offices can in_depender_mtly choose
ited such BBT use. Following extensive inter-©0 @dopt. On the assumption that introduced

agency discussion, FDA was chosen to shoulddPSects might find their way into food, putting
the responsibilities. the consumer at risk, FDA has recommended

FDA has determined that nematodes and preda;gainst the use of insects and nematodes as a pest
atory and parasitic insects released into grai§ontrol practice in food preparation areas (195).
storage areas for pest control purposes are The agency is now considering whether to
unlikely to become a component of food. Therelegulate these insects and nematodes as food
fore FDA, in conjunction with USDA'’s Federal additives under section 409 of the FFDCA or to
Grain Inspection Service, will continue gradingleave the decisions up to state health depart-
grain according to the existing standards forments. Under section 409 (104) any substance
whole insects, fragments, parts and other resimust be an approved food additive or generally
dues, without special requiremefds BBTs (1).  recognized as safe (GRAS) for its intended use,

In setting these maximum allowable levels,if its intended use results in its becoming a com-
commonly referred to as defect action levelsoonent of food. FDA does not consider these
(DALs), FDA recognizes that some foods will insects to be GRAS for their intended use and
contain insects and insect parts at low levels thaherefore has the authority to regulate them as
are not hazardous to the consumer. FDA desigood additives (148). It may decide to do so if
nates as adulterated, however, those productiata show that the insects may become a compo-
found to exceed the DAL for insect fragments.nent of food.
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FDA is currently reviewing itposition and is agency will take. In all probability, FDA will not
willing to receive and review any valid data assume a greater role unless forced to do so,
showing that there is no reasonable expectatioanabling state or local health officials to make
that the insects will become a component of theheir own decisions (box 4-8).
food (147). It is unclear what further action the

BOX 4-8: Chronology of the Praxis Company’s Experience with FDA

For two years, Praxis Integrated Biological Cybernetics, a small company in Allegan, Michigan, has
been corresponding with local, state, and federal officials in hopes of obtaining permission to resume its
use of parasitic wasps and nematodes for cockroach control in food service areas (restaurants, schools,
nursing homes). Despite congressional intervention on behalf of Praxis, an agreeable solution has come
only with considerable difficulty, years of delay, and great expense to the company.

In 1993, a Detroit bakery solicited Praxis’s help in controlling cockroaches. Uncertain about regulatory
requirements, the bakery contacted the Michigan Department of Public Health. Knowing little about these
natural enemy products but concerned about their potential effects, the department director prohibited
Praxis from any further releases of wasps and nematodes as of October 1993 and recommended that an
advisory group be assembled with representatives from EPA and USDA to determine the appropriate
regulatory response.

Weary of the inability of state and local officials to come to a conclusion, Praxis's owners sought the
help of their representative in the U.S. Congress, the Honorable Peter Hoekstra, who wrote to EPA
requesting its assistance in resolving the issue. In response to Congressman Hoekstra's letter, EPA
replied that while “EPA registers pesticides and regulates their use, parasites, predators, or macrobiolog-
ical agents (including nematodes) are not required to be registered.” Because EPA considered these
organisms to fall under APHIS’s jurisdiction, EPA would not make a determination as to their safety. Con-
gressman Hoekstra proceeded to contact both USDA and FDA requesting an expedited determination
on the safety of Praxis’s products.

In a letter to the Michigan Department of Public Health dated January 13, 1994, FDA stated that while
eating establishments are principally regulated by local and state agencies, FDA felt that the EPA exemp-
tion did not cover use in retail food establishments—thus implying that EPA was responsible for making
the decision. The letter also stated that FDA would not recommend or condone the use of biological con-
trol agents in a public eating facility. The following month, USDA-APHIS responded to Congressman
Hoekstra’s inquiry, concluding that APHIS, like EPA and FDA, was not responsible for regulating the bio-
logical control agents for these specific uses.

In March 1994, FDA reiterated its belief that EPA was responsible and that, if so requested, FDA would
assist EPA in making the determination. The contradictory agency responses prompted Congressman
Hoekstra to request a telephone conference with the appropriate individuals at EPA, FDA, and USDA. In
May, Praxis was notified that these agencies were holding preliminary conferences to decide how to han-
dle the situation. By October 1994, however, neither Praxis nor Congressman Hoekstra had been con-
tacted regarding a solution. Congressman Hoekstra sent a letter in October and a fax in December of
1994 expressing his concern about the delay.

In January of 1995, FDA responded to Praxis in a letter stating that “extensive discussions” had been
held to determine statutory authority. It was decided that neither EPA nor USDA-APHIS would regulate the
wasps and nematodes. The letter concluded that FDA would be willing to review data supporting the
safety claims made by Praxis, but that any action on the part of FDA would not override regulatory actions
by the state or other local agencies.

(continued)
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BOX 4-8: Chronology of the Praxis Company’s Experience with FDA (Cont'd.)

Although frustrated by the 16-month delay, Praxis agreed to send FDA copies of information that had
previously been provided. Praxis’s owners made another request for the phone conference that had been
promised 10 months earlier. In February, after several delays, the phone conference was held. Praxis was
asked to provide additional data to enable FDA to determine the safety of the products. At the conclusion
of the meeting, FDA promised a final decision within 90 days.

The state of Michigan, meanwhile, convened an advisory group (Michigan Human Living Environment
Pest Management Advisory Group) in the summer of 1994 to examine possible human health risks and to
recommend safety procedures for the indoor use of biological control agents. In the absence of an FDA
ruling, the group submitted its findings and recommendations in June of 1995. The group decided in
favor of Praxis, resolving that the Michigan Department of Public Health should allow the use of biological
control agents in food service establishments as part of an IPM plan.

FDA's final decision in August of 1995 also supported Praxis. FDA decided not to recommend that the
State of Michigan prohibit Praxis from marketing parasitic wasps and nematodes for cockroach control.

Praxis is now free to move forward with its parasitic wasps and nematodes, but the two year delay has
considerably drained the company’s resources. The company continues to struggle to market its prod-
ucts. According to Praxis representatives, Cooperative Extension agents and university scientists insist
that if the company wishes to gain their support, Praxis not only must submit to them proprietary informa-
tion but also must allow them to publish that material. Convincing Extension Agents to recommend the
company'’s biological control products—or at least not to dissuade potential customers—may prove to be
another uphill battle for Praxis.

Source: Office of Technology Assessment, 1995.

REGULATING THE RISKS FROM BBTS: ing, APHIS needs to give more complete cover-

ISSUES AND OPTIONS age to albiological control introductions, and to
develop better documentation of nontarget

[J Regulatory Structure for Natural Enemy  impacts from past introductions.

Industry and Biological Control Research Significant environmental risk issues exist

The current regulatory system under APHIS haghat APHIS needs to identify and evaluate. The
a number of important flaws. Its requiremts agency’s recently proposed (and subsequently
and permitting process for the natural enemywithdrawn) regulation on the introduction of
industry lack balance, transparency, and effinonindigenous species, however, was clear evi-
ciency. Small companies must comply with oftendence that APHIS has not yet succeeded in
useless paperwork and critical delays in shippingssigning priorities and addressing these risks.
organisms that have a long history of repeatedhe proposal was exceedingly stringent in some
introduction and widespread use. areas and overly lax in others.

Past permitting of classical biological control Congress could, through its oversight
introductions by researchers has been unevemstruct APHIS to streamline its permitting
with the greatest focus on biological control process and to design a more balanced regulatory
agents targeting weeds, and relatively little scrusystem for biological control. Components of these
tiny of agents affecting insect pests. The existchanges might include the following:
ence of an advisory group (TAG) only for weeds
demonstrates the varying levels of evaluation. To
improve the agency’s regulatory decisionmak-

Developing a more even-handed regulation
for biological control with broader input from



all stakeholders (researchers, natural enemy
companies, farmers and other users, wildland
managers, state agencies, conservation biolo-
gists, etc.).

Formulating an explicit policy concerning the =
regulation of nematodes. Although formally
within APHIS’s jurisdiction, nematode prod-
ucts rarely go through APHIS review. The
agency needs to carefully consider whether
this leaves any significant risk issues unad-
dressed. Potential impacts on companies pro=
ducing nematode-based products must weigh
into the development of a more formal policy.
Instituting a technical advisory group (TAG)
to evaluate proposed introductions of unprec-
edented biological control agents targeted at
insect pests (entomophagous agents), an
improving the science underlying the regula-
tory decisionmaking for these agents by devel-
oping appropriate host-specificity
protocols. Thedifferent standards of review
for biological control agents targeting plant
and insect pests are based on historical cons
cerns about agricultural crop protection and
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funding such research, so as not to place
undue burdens on a low-profit industry that
produces a valuable set of low-risk pest con-
trol tools.

Maintaining clearer records of permitted
releases, the basis for these decisions, and any
subsequent impacts, to improve future deci-
sionmaking. According to APHIS, some of
these changes are already in progress; these
efforts deserve support and encouragement.
Convening a panel of scientific experts to
evaluate APHIS'gast regulatory precedents
as a basis for future permitting decisions. This
review could help APHIS identify some of the
high-risk releases and facilitate agency
streanlining of otherpermitting activities.

An opportunity to address some of the

flaws in APHIS’s regulatory system may present itself
- in the agency’s efforts to consolidate all of its plant
testing protection statutes into a single package.

[J EPA’s Regulation of Microbial
Pesticides and Pheromone Products

ignore our scientific understanding of the Recent actions by EPA’s Biopesticides and Pol-

importance of native biodiversity and the lution Prevention Division to expedite the per-
value to agriculture of conserving native natu- Mitting of pheromones and microbial pesticides

ral enemies. Enhanced review of entqma-

have received high marks by the regulated indus-

gous species may provoke objection fronfry- The division’s strides in streamlining BBT

entomologists who are not used to thigeleof
scrutiny.

registrations will need to retain some balance in
the long run, especially regarding granting of

Developing mechanisms through which to includévaivers for environmental testing. Microbial

input from a cross section of nongo\,emmen»[aproducts_that have b_een gene_ti(_:ally engineered to
organizations, including those concerned withbehave like c;onventlonal pesticides (se(_e chapters
environmental risk and conservation issues, i @nd 6) will ne(_ad to be_hand!eq with care,
APHIS's decisions about biological control because some will pose risks similar to those
agents. The Federal Advisory Committee Ac@ssociated with conventional pesticides rather
allows membership on advisory committees b§han_ having the_relativgly benign_ environmental
nonfederal agencies so long as the committedrofile of microbial pesticides registered to date.
adhere to certain procedural requirements. If Congress could, either by amendment
APHIS chooses not to expand TAG membershi FIFRA or through its oversight functions, instruct
other channels may be available for nonfederaBrPPD to pay closer attention to possible nontarget
input. impacts on native insects and other noneconomic
Requiring post-release monitoring of the non-species, and to begin considering how it will deal with
target impacts from the highest risk introduc- microbes genetically engineered for broader spec-
tions as a condition of theermitting process. um impacts and faster and higher kill rates. (One

The challenge is to develop a mechanism fopption would be to pass these on to other EPA divi-
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sions to be dealt with as conventional pesticides, but
such action could substantially thwart development of
genetically engineered microbial pesticides by
removing the cost incentive to produce such prod-
ucts—see chapter 6.)

lel=hsle]Yll "he problem of managing resistance to
Bt is exacerbated by the lack of clear understanding

of its scientific underpinnings and the paucity of dem-
onstrated successes in countering this phenomenon.
EPA is requiring the development of resistance man-
agement plans as a condition for its registrations of
Bt-containing crops, but the effectiveness of these

O Consistency in the Regulatory ! ‘ :
provisions remains uncertain. To prevent the loss of

Structure ) . ] this valuable tool in the pest control arsenal, Congress
Some analysts have identified as an importanignt consider funding research on mechanisms to

problem the lack of consistency among APHIS, hait or reduce the development of resistance (e.qg.,
EPA, and FDA in the agencies’ regulatory over-specific use patterns for the transgenic plants), possi-
sight of natural enemies and microbial pesticidesbly as part of a cost-sharing program with potentially
They suggest that both types of BBTs pose simiimpacted commodity groups.

lar questions of nontarget effects and other envi- Reacent deliberations in Congress have cen-
ronmental risks (., 235). They argue that these tgred on whether EPshould keep or transfer to
two categories of BBTs need an overall regulaapHIS its regulatory oversight of plants geneti-
tory umbrella, a single law or a single agency tacally engineered for pesticidal properties. OTA
give microbial pesticides and natural enemiesas identified several technical and institutional

equal coverage.

lol=hsle]YBl Congress could pass a new law
embracing uses of natural enemies and microbial

pesticides that would give more similar coverage to
these two categories, but OTA does not find sufficient
Jjustification for this option. EPA, FDA, and APHIS all
have expertise in different areas, which corresponds
at least roughly with their current regulatory responsi-
bilities. It is important, for example, that EPA continue
toxicity studies on certain microbial products; the
other agencies are unequipped to take over that func-
tion. Certainly regulatory gaps exist, but these can be
addressed within the current institutional framework
(see previous options).

O Anticipating the Occurrence of
Pest Resistance to BBTs

factors that favor retention of jurisdiction by
EPA. Crops that are manipulated to express the
Bt toxin raise many of the same issues (resis-
tancetoxicology, etc.) that EPA has addressed in
the context of microbial pesticides. Only EPA
has the experience, scientific capacity and infra-
structure with which to tackle these difficult
problems with any hope of success. Moreover,
the agency has the necessary authority to desig-
nate specific use patterns, labeling requirements,
and training programs that could help prevent
resistance and thus the loss of Bt-based pest con-
trol tools. APHIS lacks the relevant experience
and statutory authority to adequately address the
Bt resistance problem.

[ Adjusting Regulatory Requirements

Scierntists believe that resistance is probable fofor Chemical Pesticides

bacteria- and virus-based microbial peSt'C'deﬁntegrated pest management (IPM) involves the
and possiblefor several other categories Ofcompined use of multiple pest control

BBTs. The rates at which resistance appears aigproaches. Conventional pesticides often are
||k9|y to be slower than those for Conventionalused in concert with augmentation or conserva-
pesticides. Of particular concern, however, is th&jon of natural enemies. However, many pesti-
threat of more rapid development of resistance teides kill the natural enemies as well as the pests.
Bt-based microbial pesticides from the antici-Information on such effects could enable pesti-
pated large-scale use of crop plants geneticallgide applicators to reduce or eliminate applica-
engineered to contain the Bt toxin. tions of certain conventional pesticides to protect

populations of natural enemies.



lol=hsle]Yll Congress could amend the Federal
Insecticide, Fungicide and Rodenticide Act to include

product labeling requirements that alert users to the
impacts of pesticides on populations of natural ene-
mies. Currently, Germany requires that pesticide
labels indicate the level of harmfulness to beneficial
arthropods. A U.S. system could incorporate similar
provisions. For example, a German label reads:

This product is ‘harmful’ for populations of
Aphidius rhopalosiphi (parasitic wasp), ‘slightly
harmful’ for populations of Coccinella septem-
punctata (ladybird beetle), ‘not harmful’ for pop-
ulations of Poccilus cupreus (carabid beetle).

The species listed are chosen based on such factors
as sensitivity to the product and likelihood of expo-
sure (106). Although no other countries presently
require such a labeling system, the European Union
may consider adopting a similar program as part of its
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efforts to harmonize requirements. (For other regula-
tory examples from abroad, see box 4-9)

O Anticipating Food Safety Issues

Pressures on FDA to play a role in BBT regula-
tion will grow as applications of these technolo-
gies to control postharvest diseases in food-
related industries increase. Current baguity
about the agency’s role has had negative reper-
cussions for at least one BBT company and its
clients, who need a more predictable and work-
able system.

lel=sle]YMl Congress could instruct FDA to analyze
and firm up its current and future role in this area. In

view of FDA’s recent experience with the state of
Michigan and the Praxis Company, a small invest-
ment of resources into workshops or policy sessions
to review the important issues now would preclude
significant bureaucratic entanglements and the
resources they consume down the line.

BOX 4-9: Other Regulatory Systems

ing for biological control agents in other countries.

Regulation of BBTs Down Under

threatened but never executed.

The Australian Biological Control Act and the draft code of conduct of the United Nations’ Food and
Agriculture Organization (FAO) are often cited as regulatory models deserving consideration or emulation
by policymakers in the United States. These systems are described here. Also included is the Interna-
tional Convention on Biological Diversity, which raises ownership issues that may affect future prospect-

Australia relies on a combination of BBT-related laws. The Quarantine Act (1908) and the Wildlife Pro-
tection Act (1984) control the importation of exotic organisms into quarantine and for release. The Genetic
Manipulation Advisory Committee, which lacks legal authority but wields considerable power regardless,
oversees the release of genetically modified BBTs (a mandatory rule is under development). And the
National Registration Authority has responsibility for approving commercial biological pesticides such as
Bt, in addition to chemical products. The use of non-exotic organisms is not regulated unless they are
genetically modified or they merit examination in a manner similar to that of agricultural and veterinary
chemicals. The Australians invoke their widely acclaimed Biological Control Act (1984) only as a last
resort, when the choice of a target or the use of a particular control agent is likely to be controversial. To
date, the act has been summoned only for two programs, controlling the annual weed Paterson’s curse
(Echium planatagineum) and the blackberry (Rubus fruticosus). In the latter case the use of the law was

(continued)
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BOX 4-9: Other Regulatory Systems (Cont'd.)

Australia’s Biological Control Act is the only biological control legislation ever adopted by a national
government. Several features of the act deserve attention. First, the act directly addresses biological con-
trol, unlike laws in the United States which apply to BBTs only secondarily in the context of noxious
weeds, conventional pesticides, or other concerns. Second, compliance with the act is not mandatory. It
is there to be invoked only if needed. Third, the act places considerable emphasis on the inclusion of all
issues and public comments, but where a decision to proceed is then made, the individuals or organiza-
tions involved are freed from liability. Fourth, although the Biological Control Act offers a valuable mecha-
nism on certain occasions, it may be used only rarely in light of the substantial time and expenditure
involved. Fifth, in contrast to U.S. approaches, the Biological Control Act includes serious consideration
of the target organism. When the Agriculture and Resource Management Council of Australia and New
Zealand recommends declaration of a target pest, the Biological Control Authority must publish its inten-
tion in widely circulating newspapers and journals, giving relevant information and inviting comment. If
further information is needed, the Biological Control Authority may initiate an inquiry by the Industries
Commission or under the Environmental Protection Act or a specially constituted body, depending on the
issues at stake. Decisions on individual biological control agents with which to control the target organism
follow much the same course, although publication in the Commonwealth Gazette (Federal Register) is
deemed sufficient.

FAO Draft Code of Conduct for the Import and Release of Biological Control Agents

The U.S. government is participating in the completion of the FAO code of conduct, a voluntary set of
standards for the importation of BBTs capable of self-replication—parasites, predators, nematode para-
sites, plant-eating arthropods, and pathogens. The code will cover agents imported for research as well
as for field release, including those used in classical biological control and those packaged or formulated
as commercial products. The recommendations of the code do not distinguish between different kinds of
BBTSs, in contrast to the U.S. regulatory approach which addresses separately biological control importa-
tions and the use of microbial pesticides. Pheromones and resistant host plants fall outside the scope of
the code. Toxic products of microbes that are used as pesticides, which cannot reproduce and which
behave like conventional pesticides, are covered instead by the International Code of Conduct on the
Distribution and Use of Pesticides (1990). In the future, the biological control code may apply also to
genetically engineered BBTSs.

The FAO code describes the responsibilities of governments and of importers and exporters of BBTs
before, during, and after importation. Its provisions include, for example, the designation by each govern-
ment of a competent authority to oversee BBT imports and releases; the use of precautions against the
export of BBTs adulterated with their own natural enemies or with other contaminants; and the prepara-
tion of dossiers on the pest to be controlled (to justify the importation of a control agent) and on the candi-
date biologically based control agent (to document its identity and potential human and environmental
risks). The draft code emphasizes that every effort should be made to transport the BBT at a life-cycle
stage during which it can survive without its host pest (the entry of which could present an additional
quarantine risk). The code also stresses the importance of proper labeling, post-release monitoring, dep-
osition of voucher specimens, education and training of users, and other procedures.

(continued)
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BOX 4-9: Other Regulatory Systems (Cont'd.)

Convention on Biological Diversity

The United States is a signatory to the Convention on Biological Diversity, an international agreement
promoting the conservation of biological diversity and the equitable sharing of benefits arising from the
use of genetic resources. The convention does not specifically mention biological control, but it touches
upon related issues such as the commitment of countries to control alien pests (Article 8.h) and the cre-
ation of conditions facilitating access to genetic resources for environmentally sound uses (Article15.2).

Several countries, most notably China, India, Brazil and Mexico, have interpreted the convention to
suggest that the nation importing the biological control agents from abroad must reimburse the country of
origin. Article 15.7 calls for “sharing in a fair and equitable way the results of research and development
and the benefits arising from the commercial and other utilization of genetic resources with the Contract-
ing Party providing such resources.” Article 19.2 addresses specifically the benefits arising from biotech-
nologies based upon genetic resources, and emphasizes developing countries’ special need for access.
Article 15.1 acknowledges state sovereignty over resources: “...the authority to determine access to
genetic resources rests with the national governments and is subject to national legislation.” These pas-
sages could imply the development of a fee system for the collection of natural enemies from abroad.
Undoubtedly this option is controversial, however, particularly because the pests themselves commonly
originate from those same countries and because the international exchange of natural enemies can be a
mutually beneficial enterprise.

At least 98 countries worldwide have been the source of biological control agents for one or more pro-
grams, and 121 countries have introduced at least one agent. Countries in the developing world have
been the source of 57 percent of all biological control introductions against alien insect pests worldwide
and the recipient of 52 percent of all such biological control introductions.

SOURCES: Office of Technology Assessment, U.S. Congress, 1995, compiled from Centre For Agriculture and Biosciences Inter-
national, Using Biodiversity to Protect Biodiversity: Biological Control, Conservation and the Biodiversity Convention (Wallingford,
Oxon, UK: 1994); J.M. Cullen and T.E. Bellas, Division of Entomology, CSIRO, Canberra, Australia, “Australian Laws, Policies and
Programs Related to Biologically-Based Technologies for Pest Control,” unpublished contractor report prepared for the Office of
Technology Assessment, U.S. Congress, Washington, DC, March 1995; United Nations Environment Programme, Convention on
Biological Diversity, June 5, 1992 (as of July 20, 1995: URL=gopher:\\Gopher.UNDP.Org:70/00/Unconfs/English/Biodiv.Txt, no
date); United Nations Food and Agriculture Organization, Draft Code of Conduct for the Import and Release of Biological Control
Agents (Rome, Italy: November 1994); J.K. Waage, Director, International Institute of Biological Control, Ascot Berks, UK, letter to
the Office of Technology Assessment, U.S. Congress, Washington, DC, July, 1995.
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Implementation ' 5

he federal government plays a large rolesubstantial contributions directly to the State

in the research, development, and imple-Agricultural Experiment Stations and to land

mentation of biologically based technol- grant universities.

ogies for pest control (BBTs). At least The public sector spends approximately $90
11 agencies are involved, and annual expendmillion each year on pest control programs based
tures amount to over $210 million. Despite theon BBTs (table 5-2). Of this, about $10 million
size of these efforts, BBTs do not move smoothlyepresents the biological control programs run by
from research to providing on-the-ground solu-28 state departments of agriculture. The precise
tions to pest problems (see also chapter 3). Thigmount that goes toward implementing BBT pro-
chapter explores some of the reasons for thgrams is difficult to determine because research
bottleneck. It begins by describing activities ofon classical biological control sometimes results
federal agencies related to BBT research anth significant suppression of a pest following
implementation and then examines how the fedtelease of an imported natural enemyhaiigh
eral government influences decisions of farmer§0 funds for implementation per se were
and other users to adopt BBTs. The chapter corfxpended.
cludes by identifying a series of issues and
options for improving the flow of research find- [1U.S. Department of Agriculture

ings into their practical applications. Four U.S. Department of Agriculture (USDA)
agencies conduct BBT-related work ranging
OVERVIEW from regulation to research, implementation, and

Several federal agencies conduct or fund BBTextension. Today, their activities fall under the

research. Total funds allocated to BBTs by theseéimbrella of policies set in place by the Clinton

agencies exceed $160 million annually, approxiAAdministration’s stated goals to reduce the use of
mately $30 million of which comes from the conventional pesticides and to implement inte-
state matching funds through the Cooperativegrated pest management (IPM) on 75 percent of
State Research, Education, and Extension Sel.S. agricultural lands by the turn of the century

vice (CSREES) (table 5-1). The states also makéox 5-1).
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CHAPTER 5 FINDINGS

= The federal government dominates research on biologically based technologies for pest control
(BBTSs). Total federal funds for research, which exceed $130 million annually, are dispersed among 11
agencies. Despite its size, this expenditure appears to be largely uncoordinated and to lack adequate
prioritization.

» Widespread agreement exists that basic research on BBTs is poorly linked to on-the-ground applica-
tions. One reason is a lack of research necessary to translate findings into practical field applications,
in part because no federal research agency takes responsibility for this function.

= The U.S. Department of Agriculture’s Animal and Plant Health Inspection Service (APHIS) now has a
group of scientists developing methods for applying BBTs to control widespread pest problems. The
group grew out of clear needs for applied research that were not being served by the Agricultural
Research Service (ARS). Its existence engenders considerable institutional conflicts within USDA,
however.

» According to some estimates, noxious weeds that degrade western rangelands are spreading at rates
of up to 4,000 acres per day. Federal land managers consider biological control to be one of the cor-
nerstones to a cost-effective solution. However, they lack the resources to support appropriate
research or programs, and no federal research agency has yet made a large effort in this area.

= Attempts have been made to coordinate biological control activities within and between the federal
agencies in the past. But, so far, research scientists say these efforts have been unsuccessful
because the coordinating committees and institutes have had inadequate institutional status, authority,
and funding.

= Use of BBTs generally requires a significant level of information and knowledge, and farmers often
lack clear-cut instructions or authoritative sources of advice on how to apply them. The Cooperative
Extension Service is the principal government provider of direct, hands-on services to growers, but
most extension agents have had little if any formal exposure to biologically based approaches.

» The Cooperative Extension Service’s role in shaping pest management practices is now secondary to
that of the more numerous private crop consultants, pest control advisors, and pesticide dealers and
applicators in most regions of the country. Like extension agents, many private advisors are not well
versed in BBTs or integrated pest management (IPM).
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TABLE 5-1: Funding for Research on BBTs

1996
1988 1989 1990 1991 1992 1993 1994 1995 (est.)

U.S. Department of Agriculture (USDA)
Agricultural Research Service (ARS)? 82 80 82 87 101 98 104 104 104

Cooperative State Research, Education and
Extension Service (CSREES)b

Federal 6 9 9 9 9 10 12 13 14
State 24 28 31 27 28 29 29 30 30
Animal and Plant Health Inspection Service 3 4 6 7 8 10 12 10 10
(APHIS)C
Forest Service 3 5 4 5 5 5 5 5 NAd
U.S. Environmental Protection Agency NA NA NA NA NA 1 1 1 0
(EPA)
U.S. Army Corps of Engineers 0.9 0.8 1.3 1.2 1.4 1.5 1.4 1.4 0
U.S. Department of Interior (Dol) NA NA NA 1 1 1 1 1 1
Total public spending 118 126 133 137 153 156 165 165 >159
Inflation-adjusted spending® =109 =112 =112 =113 =124 =125 =130 =129 NA

2 According to certain former and current ARS scientists, the ARS pest control budget has been declining since 1985. Data obtained by OTA do
not confirm this assertion. According to ARS, although the pest control budget has increased modestly in recent years, its purchasing power has
decreased; ARS consequently has been unable to fill biological control positions vacated by retirements.

b Numbers cover only biological control research and do not include microbial pesticides, pheromones, sterile insects or plant immunization.

¢ APHIS/PPQ Biological Control Operational program budget only.

9 NA = Not available.

€ The producer price index (PPI) was used to calculate inflation-adjusted research budgets. In 1982, the base year used, the PPl was 1.00; in
1988 it was 0.926; in 1993, 0.802; and in 1995, it is estimated to be 0.78.

NOTE: Data have been rounded to nearest million, except for the Army Corps of Engineers. This chart presents the best numbers available. The
agencies do not usually report their budgets in categories consistent with OTA’s scope. They and OTA'’s contractors exercised care in compiling
the numbers; each agency also reviewed and confirmed the budget estimates. Nevertheless, some errors of under- or overreporting may have
occurred. An additional complexity is that it is widely acknowledged that the Current Research Information System used to track funds and full-
time equivalents has technical flaws and inconsistent definitions.

SOURCES: Compiled by OTA from E.Z. Francis, Director, Toxics/Pesticides and Water Staff, Office of Research and Science Integration, U.S.
Environmental Protection Agency, Washington, DC, letter to the Office of Technology Assessment, U.S. Congress, Washington, DC, June 9,
1995; D.M. Gibbons, The EOP Foundation, Inc., Washington, DC, “Biologically-Based Technologies for Pest Control: Report on the Role of the
USDA in Biologically-Based Pest Control Research,” unpublished contractor report prepared for the Office of Technology Assessment, U.S. Con-
gress, Washington, DC, January 1995; W. Klassen, Tropical Research and Education Center, University of Florida, Homestead, FL, letter to the
Office of Technology Assessment, U.S. Congress, Washington, DC, 1995; K. Koltes, National Biological Service, U.S. Department of the Interior,
personal communication, June 1995.; D.E. Meyerdirk, Biological Control Operations, Plant Protection and Quarantine, Animal and Plant Health
Inspection Service, U.S. Department of Agriculture, Riverdale, MD, fax to the Office of Technology Assessment, U.S. Congress, Washington, DC,
August 3, 1995; R. Nechols and J. Obrycki, Kansas State University and lowa State University, “OTA Preliminary Assessment of Biological Con-
trol: Current Research,” unpublished report for the Office of Technology Asessment, U.S. Congress, Washington, DC, January 1994; S.J.
Rockey, National Research Initiative Competitive Grants Program, Cooperative State Research, Education, and Extension Service, U.S. Depart-
ment of Agriculture, Washington, DC, fax to the Office of Technology Assessment, Washington, DC, August 10, 1995.
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TABLE 5-2: Funding of BBT-Based Pest Control Programs

Agency Fiscal year 1994 dollars (millions)
Animal and Plant Health Inspection Service? 69.7
Forest Service 11.0
States 9.4
Bureau of Land Management 0.3

2 Includes all APHIS pest control programs having a major focus on BBTS.
NOTE: Table does not include technology transfer functions through ARS and CSREES or classical biological control research programs in which
researchers introduce a biological control agent.

SOURCES: D.M. Gibbons, The EOP Foundation, Inc., Washington, DC, “Report on the Role of the USDA in Biologically-Based Pest Control
Research,” unpublished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, January 1995;
W.W. Metterhouse, Cream Ridge, NJ, “The States’ Roles in Biologically-Based Technologies for Pest Control,” unpublished contractor report pre-
pared for the Office of Technology Assessment, U.S. Congress, Washington, DC, November 1994; D. Meyerdirk, Animal and Plant Health Inspec-
tion Service, U.S. Department of Agriculture, Riverdale, MD, fax to the Office of Technology Assessment, U.S. Congress, Washington, DC,
August 3, 1995.

BOX 5-1: USDA's Integrated Pest Management Initiative

On September 21, 1993, at a joint congressional hearing, the U.S. Department of Agriculture (USDA),
the U.S. Environmental Protection Agency (EPA), and the Food and Drug Administration called for a
national commitment to develop and implement Integrated Pest Management (IPM) on 75 percent of U.S.
crop acreage by the year 2000. The USDA announced an Integrated Pest Management Initiative in
December of the following year. Its goals include involving farmers and practitioners in the development
of IPM programs, increasing the use of IPM systems, and developing active partnerships between the
public and private sectors. To achieve these goals, the Administration budget for fiscal year 1996 recom-
mended a significant increase in funding for the IPM initiative’s principal programs. The budget requests
for 1996 include $7 million for a regional competitive grants program; $9.5 million for ARS’s areawide pest
management program; and $5 million to be passed through the Cooperative State Research Education
and Extension Service to the Cooperative Extension Service and State Agricultural Experiment Stations to
meet priorities identified on a regional and local level. As of August 1995, the Congress had appropriated
no increase to the Extension Service and only $360,000 to be used for regional programs.?

The Clinton Administration’s commitment to IPM is the third attempt to create a national IPM program
since the term /PM first came into use in the 1960s. Both the Nixon and the Carter administrations funded
multiagency research, training, and implementation programs. These programs inspired broad interest at
the state level but were unable to provide a similar sustained effort at the national level. Funding for IPM
programs was redirected after the 1980 election.

The design and direction of the Clinton Administration’s IPM Initiative is based on years of thoughtful
planning and analysis at local, regional, and national levels. In June 1992, USDA and EPA jointly spon-
sored the National IPM Forum which brought together participants from all sectors involved in agricul-
ture—including 13 federal agencies—to examine constraints and obstacles to the adoption of IPM. The
following year, with partial funding from EPA, several regional workshops of growers were convened in
order to follow up on the national forum. In 1994, the Experiment Station Committee on Organization and
Policy and USDA jointly funded the Second National IPM Symposium.

(continued)
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BOX 5-1: USDA's Integrated Pest Management Initiative (Cont'd.)

Early in 1994, under the auspices of the Deputy Secretary of Agriculture, the planning for USDA’s IPM
initiative began. It was decided that USDA would approach IPM at state and regional levels to identify
and address the needs of growers. Essential to accomplishing this task are IPM teams composed of pro-
ducers, land-grant universities, crop advisers and consultants, and private industry. In 1995, 23 teams
involving 42 states were convened to identify important research and education needs and to establish
guidelines for evaluating the efficacy of USDA IPM programs. Equally important, the proposed competi-
tive grants program for funding IPM research would award grants (up to $500,000 per year for five years)
to similar multidisciplinary teams to ensure that the work addresses real-world concerns of growers and
that the results feed directly into field use.

The USDA's IPM initiative addresses a number of the criticisms raised in this chapter. It could encour-
age organization and cooperation among the federal government, states, growers, and researchers, and
improve the connection between IPM research and its implementation. Ultimately, the impact of the
USDA IPM initiative on pest management will depend on sustained commitments from USDA, the Admin-
istration, and the Congress. Whether support will be forthcoming from Congress is as yet uncertain.

2 This reflects wording of the agricultural appropriations bill for fiscal year 1996 from the House of Representatives; as of August
1995 the Senate had not put together its agricultural appropriations bill.

SOURCES: J.R. Cate, and M.K. Hinkle, Integrated Pest Management: The Path of a Paradigm, National Audubon Society, (Alex-
andria, VA: Weadon Printing, Inc., July 1994); L. Elworth, Special Assistant for Pesticide Policy, Office of the Assistant Secretary
for Science and Education, U.S. Department of Agriculture, personal communication, May 5, 1995; B. Jacobsen, U.S. Department
of Agriculture, Washington, D.C., fax to OTA, August 17, 1995; U.S. Department of Agriculture, Cooperative State Research, Edu-
cation and Extension Service, “Request for Proposal, National Integrated Pest Management Implementation Program, Fiscal Year
1995,” special projects guidelines, unpublished white paper, 1995; U.S. Department of Agriculture, Office of Communications,
“USDA's Integrated Pest Management,” (IPM Initiative, Release No. 0942.94, December 14, 1994).

Agricultural Research Service The agency also played a key role in the screw-
An estimated $104 million of the Agricultural worm (Cochliomyia hominivoraxprogram that
Research Service’s (ARS) annualidget goes eradicated this pest from the United States.
toward research on BBTs, supporting the effortngoing BBT research includes projects such as
of around 1,166 FTEs (table 5-1) (114). biological control of the rangeland weed yellow
Approximately 300 BBT-related projects were starthistle Centaurea solstitialls and suppres-
under way in 1993 (247). ARS represents the sinsion of diamondback motHP(utella xylostella
gle largest concentration of BBT research in thdn cabbage using a combination of pheromones,
United States. In some BBT research disciplinesparasitic wasps, anBacillus thuringiensis(Bt)
the majority of U.S. scientists work for ARS; for (20,88,430).
example, seven of the 11 U.S. specialists in bio- ARS researchers working on BBTs are dis-
logical control of postharvest plant disedses tributed throughout the agency’s 129 laboratories
work for ARS (161). across the country, with biological control activi-
ARS counts among its past accomplishmentsies occurring at 49 locations (349). The agency
complete economic control of 11 insect pests andlso has four laboratories abroad (Montpellier,
three weeds by classical biological control (58).France; Buenos Aires, Argentina; Tuxtla-Gutier-

L Full-time equivalent employees. Any given FTE in the count may represent an overall summatiortiofepafforts by a number of
employees.
2Such diseases cause decomposition or rot on fruits, vegetables, andwotimerdiies after they have been harvested.
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rez, Mexico; and Panama) that conduct foreign The major criticisms of ARS are that, despite
exploration for classicalbiological control the agency’s accomplishments, it has difficulty
agents, as well as worksites in Australia, ltaly,responding in a timely fashion to externally iden-
and Greece (320). No other federal or statdified research goals and priorities, and too much
agency possesses this capability for foreigrof its BBT research does not find its way into
exploration; although some state agencies, uniapplications on the ground. A number of factors
versities, and private organizations conduct formay contribute to these problems. In general,
eign exploration, and other federal agencies (th&éRS does not seem to have found a satisfactory
Animal and Plant Health Inspection Service, thevay to set research goals and at the same time
Forest Service, and the U.S. Fish anddWe  €nable creativity and productivity among its sci-
Service) sometimes contract with international€ntific staff in accomplishing these goals. A sur-
organizations to help identify potential biological Prisingly large number of former and current
control agents. Nevertheless, ARS's effortARS staff reported their concerns about the
underlies numerous high-priority U.S. efforts in 29€Ncy’s internal management to OTA during
classical biological control (188,246,416). the course of this assessment.

ARS's pest research focuses on certain cate- | "€ Process by which ARS allocates funds to
gories of pests more than others. Projecti€Search, on paper, seems to provide a clear

addressing insect pests account for approximechanlsm for focusing efforts on national

mately 75 percent of its BBT research (247). Théesearch goals through involvement of the

o b National Program Staff (figure 5-1). The scientist
remaining 25 percent is divided among plan
g P 9 plant the role of a National Program Leader is sup-

zzfjh\?vgeirzjz 82 Es:g::s),(zleYTatodes (2 percentg]osed to provide national leadership for a spe-

. cific topic area. At least three National Program
Federal land managers believe that rangelanfleyqerg geal with BBTS. However, in practice,

weeds are Important _peStS and_ that BBTs COUIﬂecause the National Program Leaders lack fund-
play an integral role in controlling them (388). i,y 5y thority, their influence on the overall

ARS's approximately $6 million weed-related oqearch agenda—based on consultation and
work takes place primarily at the Rangeland;onsensys building among ARS  scientists
Weeds Laboratory at Bozeman, Montana (280)jpcated in laboratories across the country—is
The laboratory is relatively small, with a staff of |5rgely voluntary and sometimes ineffectual.
four ARS scientists. The Forest Service has alsgongress has with some regularity set de facto
assigned a scientist to the laboratory and proresearch goals by targeting appropriations for
vides $300,000 annua“y to fund the researCher’Work on certain key pests1 and ARS solicits
work. The Clinton Administration’dudget pro- related research proposals from staff séssit
posal for fiscal year 1996 would end funding forAccording to agency critics, the quality of
ARS’s other long-standing California-based pro-research can suffer when symtiitical pressures
gram for biological control of weeds, although itsrun high (200).

past successes in weed control have been highly Eyven when clearly identified goals emerge,
valued by state officials and others (26). Despitehe agency’s structure imparts an inflexibility
the relatively small allocation of resources by thethat can make it difficult to reallocate resources
agency, federal land managers give ARS scienand staff to newly identified priorities.xisting
tists high narks for their collaborative efforts to resources are usually tied up in ongoing projects,
address rangeland weeds. For example, ARfeflecting the long periods of time required for
recently compiled a comprehensive summary otertain types of research. However, this also
findings on weed natural enemies for use by fedleaves little funding for nevinitiatives. In addi-
eral, state, county and other rangeland managet®n, ARS managers say scrutiny by members of
(348). Congress can strongly deter attempts to move
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FIGURE 5-1: General Schematic of the Decision Processes by which the Agricultural Research
Service and State Agricultural Experiment Stations Award Research Funds
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NOTE: Dashed line represents influences of the National Program Leaders (NPL) or the Experiment Station Committee on Organization and Pol-

icy (ESCOP).

projects from one congressional district to
another even when warranted by changing pest
problems (349). Experience with the silverleaf
whitefly, Bemisia argentifolii, (formerly known
as the sweetpotato whitefly strain B, Bemisia
tabaci) demonstrates ARS’'s limitations in
responding rapidly to emerging pests (box 5-2)
(200). The agency was unable to mobilize a sig-
nificant research effort until after the five-year
USDA program was put into effect. By that time,
the pest had risen to the top of the political
agenda and funds were directed to the Animal
and Plant Health Inspection Service (APHIS) for
its control.

Perhaps in part because of such delays, ARS's
research does not always match the needs of
operations agencies involved in pest manage-
ment. For many years APHIS, the agency with

principal responsibility for control of agricultural
pests, annually submitted a prioritized list of
research needs to ARS (364). APHIS representa-
tives say the agency was unable to identify tangi-
ble results that supported their operational
responsibilities (364) and consequently in 1992
moved to less formal methods for communicat-
ing their needs (428). According to ARS, how-
ever, virtually all of APHIS's ongoing biological
control programs are based on research accom-
plished by ARS; the role of APHIS' s methods
development staff (discussed later) has been to
scale-up the findings from ARS research (320).
The differing views suggest that, although ARS
research does support APHIS operations, it
requires significant adaptation to be put into
practical use. The differing views also seem
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BOX 5-2: Case Studies of USDA Pest Control Programs

Involving Biologically Based Technologies

Eradication of the screwworm

The screwworm (Cochliomyia hominovorax, the larval stage of the screwworm fly) is a parasite that
consumes the live flesh of cattle, hogs, horses, mules, sheep, goats, dogs, other domestic and wild ani-
mals, and humans. During the first half of the century, this pest caused significant damage in the south-
ern United States. For example, between 1932 and 1934, 1.3 million livestock animals were infested by
the parasite, and over 200,000 animals died in the Gulf states.

In 1951 USDA began a program to eradicate the screwworm from the United States by releasing ster-
ile male screwworm flies into wild populations. Poor management of the production and distribution of the
flies and misunderstandings of the pest's behavior and ecology led to setbacks in the Southwest between
1972 and 1976. Program scientists identified the main causes of the problems, and, by 1982, the screw-
worm became the only pest to be eliminated from the United States.

The screwworm program began prior to the separation of APHIS and Agricultural Research Service
into two distinct agencies. After the separation, these two agencies worked together on the program until
the mid-1980s. APHIS continues the program today in Mexico and Central America.

The scientists involved in the program attribute its success to several factors, including USDA'’s long-
term commitment and sustained funding. Staff for the eradication program devote 100 percent of their
time to it; in contrast, other USDA scientists work on several projects at once. Other contributing factors
include regulations to control the movement of infested cattle, and cooperation among veterinarians,
farmers, and federal officials. The eradication program in Mexico has been less successful partly
because of the continued movement of contaminated cattle.

The boll weevil eradication program

Since 1892 the boll weevil (Anthonomus grandis) has caused considerable damage to the U.S. cotton
industry. Aggregate losses amounted to $12 billion as of 1990. Losses per year in the mid-1970s were
estimated at $200 million to $300 million. In the 1960s ARS began a program to eradicate the boll weevil
from the southeastern United States. The main objectives were to reduce economic damage from the
pest, to reduce the use of pesticides, and to conserve the natural enemies of the other pests in cotton
fields such as the beet armyworm (Spodoptera exigua), fall armyworm (S. frugiperda), and bollworm, also
called the corn earworm and the tomato fruitworm (Helicoverpa zea). To date, the boll weevil eradication
program has succeeded in eight of the cotton belt states, while four others are engaged in on-going pro-
grams. Farmers have gained $12 for every dollar they have spent on this program. Because of
decreased pesticide sprayings against the boll weevil, the beet armyworm and fall armyworm are now
controlled by their natural enemies in many cotton fields.

Success of this program has been attributed to the strong coordination among federal agencies, state
governments, and farmers. APHIS coordinates the overall program with the Boll Weevil Eradication Foun-
dation, organized by the farmers who provide a majority of the funding. Farmers usually supply over 70
percent of the program funds, while the remainder comes from USDA (mainly APHIS) and the state gov-
ernments. Although areawide spraying of pesticides is the main control method, a pheromone trap for
monitoring boll weevil abundance, developed by ARS, is an essential component of the program. After
the areawide sprayings, traps allow fieldworkers to detect and take action against each new infestation
before the pest becomes abundant and spreads to uninfested fields.

(continued)
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BOX 5-2: Case Studies of USDA Pest Control Programs

Involving Biologically Based Technologies (Cont'd.)

Russian wheat aphid

The Russian wheat aphid (Diuraphis noxia) first appeared in the United States in 1986 and has since
spread to 15 states and caused more than $850 million in losses to wheat farmers. In 1988, scientists
from APHIS, the Agricultural Research Service, and CSREES began research to identify classical biologi-
cal control agents for the Russian wheat aphid.

APHIS has received a majority of the congressional line-item funds for the control of this pest—
between $1 million and $2.5 million annually from 1990 to 1995. The agency'’s biological control program
has not yet succeeded in establishing any natural enemies that provide adequate control. Scientists criti-
cize APHIS for putting too much emphasis on the introduction of potential biological control agents while
neglecting to carry out effective followup studies tracking the agents’ impacts. Little is known about the
effects, good or bad, of the introduced species on the Russian wheat aphid, on other introduced natural
enemies, or on native species and ecosystems. Of the 24 species and over 100 geographic strains
released, only four of the imported parasites are suspected of having become established in the wheat-
fields, and their effectiveness against the Russian wheat aphid remains unknown. Field workers and sci-
entists are unable to correctly identify the released parasites because of their close resemblance to
native strains and to other parasites released by ARS for control of different aphid pests. Some aphid
predators (which are mainly lady beetles) released by APHIS prior to the Russian wheat aphid program
have also become established, although their effectiveness against the pest is uncertain.

Scientists involved in the program feel it is too early to judge its success because establishing an
effective biological control agent can take years. Others argue, however, that the program has been
rushed because of APHIS’s responsibility to suppress pest outbreaks. The result has been the release of
numerous natural enemies without correct identification of their taxonomy or adequate knowledge of their
ecological effects. Biological control programs lacking such information are less likely to succeed. For
this reason, biological control is not often the best route for quick suppression of a pest, unless adequate
knowledge is available at the project’s inception about the ecology of both the pest and its natural ene-
mies.

The silverleaf whitefly

The silverleaf whitefly (Bemisia argentifoli—initially identified as strain B of the sweet potato whitefly
(Bemisia tabaci—first appeared in Florida in 1986. It attacks at least 600 different crops, including
melon, cotton, tomato, lettuce, and many ornamental plants. The spread of the silverleaf whitefly across
the country caused extensive crop losses estimated at $200 million to $500 million between 1991 and
1992. The Imperial Valley of California has been one of the hardest hit areas; from 1991 through 1994, an
estimated 9,000 local jobs disappeared and crop losses exceeded $300 million due to the pest.

The initial response of scientists and federal agencies to the silverleaf whitefly was uncoordinated and
lacking in focus. Scientists who began studying the problem were working in isolation, and thus their work
was unlikely to yield rapid solutions. Despite warnings in the late 1980s by its own scientists, ARS began
to mobilize a significant response to the pest only when damage skyrocketed during the 1991 outbreak in
the Southwest. And according to numerous critics, APHIS and ARS had difficulty cooperating during
early phases of the outbreak. USDA officials attribute the early inaction to the lack of an official mecha-
nism for USDA agencies to jointly address new pest problems.

(continued)
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BOX 5-2: Case Studies of USDA Pest Control Programs

Involving Biologically Based Technologies (Cont'd.)

Actions by grower organizations and commodity groups played a significant role in improving the
focus of efforts to control the silverleaf whitefly. These groups lobbied for congressional action, resulting
in direct appropriations in fiscal year 1993 of $2.6 million to APHIS for the development of a biological
control program. The Office of the Secretary of Agriculture stepped in to provide guidance in develop-
ment of a cooperative USDA program; in 1992 the five-year action plan was put in place to coordinate the
efforts of ARS, APHIS, CSREES. The grower and commodity groups also supplied direct funding to local
extension scientists, which supported the essential research for developing local and regional control
methods.

To date, the most effective measures for controlling the silverleaf whitefly are cultural practices, chem-
ical insecticides, and a microbial pesticide based on the fungus Beauvaria bassiana. APHIS’s biological
control program has not yet yielded a successful natural enemy. As in the case of the Russian wheat
aphid, the agency has been criticized by outside scientists for releasing multiple biological control agents
with too little forethought or post-release monitoring.

SOURCES: S.L. Birdsall and D. Ritter, Imperial Valley Agricultural Commissioner and Whitefly Program Coordinator, respectively,
unpublished data on the economic impact of the silverleaf whitefly in Imperial Valley, Imperial Valley, CA, 1994; H. Browning,
State Agricultural Experiment Station, University of Florida, Gainsville, FL, personal communcation, August, 1995; W. Dickerson,
Plant Pest Administrator, North Carolina Department of Agriculture, Raleigh, NC, personal communication, July, 1995, and August
1995; T. Engle, Budget and Accounting Office, Animal and Plant Health Inspection Service, U.S. Department of Agriculture, River-
dale, MD, fax to the Office of Technology Assessment, U.S. Congress, Washington, DC, August 21, 1995; M.J.R. Hall and W.N.
Beesley, “The New World screwworm fly in North Africa,” Pesticide Outlook 1(2):34-37, 1990; P. Karieva, Department of Zoology,
Univeristy of Washington, Seattle, WA, fax to the Office of Technology Assessment, U.S. Congress, Washington, DC, August,
1995; E.S. Krafsur, Department of Entomology, lowa State University, Ames, IA, personal communication, July, 1995; W. Lambert,
extension entomologist, Univeristy of Georgia, personal communication, August, 1995; N. Leppla, Assisstant Director, National
Biological Control Institute, Animal and Plant Health Inspection Service, U.S. Department of Agriculture, Riverdale, MD, personal
communication, August, 1995; R.L. Metcalf and R.A. Metcalf, Destructive and Useful Insects: Their Habits and Control 5th Ed.
(New York, NY: Mcgraw-Hill Inc., 1993); S.K. Narang, National Program Staff, Agricultural Research Service, U.S. Department of
Agriculture, Beltsville, MD, fax to Offfice of Technology Assessment, U.S. Congress, Washington, DC, August 17, 1995; J.R.
Nechols, Department of Entomology, Kansas State Univerisity, Manhattan,KS, personal communication, July 24, 1995, August 21,
1995; D. Prokrym, Project Leader, Russian Wheat Aphid Biological Control Project, Animal and Plant Health Inspection Service,
U.S. Department of Agriculture, Niles, MI, personal communication, August 10, 1995, letter to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC, August 11, 1995; D. Stanley, “Whitefly Causes Bleak Times for Growers,” Agricultural
Research 16(2), January, 1991; N. Toscano, Department of Entomology, Univeristy of California-Riverside, Riverside, CA, per-
sonal communication, August, 1995; U.S. Department of Agriculture, Animal and Plant Health Inspection Service, “Biological Con-
trol of the Russian Wheat Aphid,” APHIS Pub. No. 1507 (Washington DC: December 1993); U.S. Department of Agriculture,
Animal, and Plant Health Inspection Service, Plant Protection and Quarantine, National Biological Control Laboratory, Russian
Wheat Aphid Biological Control Project—FY 1993 Project Report, prepared by D.R. Prokrym, J.R. Gould, D.J. Nelson, L.A. Wood
and C.J. Copeland (Niles, MI: 1993); U.S. Department of Agriculture, Economic Research Service, Economic Returns to Boll Wee-
vil Eradication, prepared by G.A. Carlson, G. Sappie and M. Hammig, AER Pub. No. 621 (Washington, DC: September 1989); R.
Van Driesche, et al. Department of Entomology, Univeristy of Massachusetts, Amherst, MA, “Report on Biological Control of Inver-
tebrate Pests of Forestry and Agriculture,” unpublished contractor report prepared for the Office of Technology Assessment, U.S.
Congress, Washington, DC, December 1994.

characteristic of the lack of good communication The working environment fondividual sci-
and cooperation between ARS and APHISentists within the agency may also affect the ease
According to outside observers, even ARSwith which ARS'’s research on BBTs moves into
research results that might be relevant tgractical applications. Agency sciets com-
APHIS’'s programs do not consistently filter plain that the funding environment is highly
through to APHIS because of poor communicacompetitive, and that funds get siphonzt at
tion between the agencies (114,176). several levels, leaving only a minimum amount
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for actually conducting the research. Some lowthe emphasis changed back to Biological Control
profile areas central to the development of BBTsjn 1995 (349). Whether this action will help pro-
such as taxonomy and systematicseiree rela- vide the focus and coordination ARS scientists
tively little support (58). According to some ARS desire in the area of biological control is uncer-
scientists, the necessary work to take research dain.
BBTs “out of the laboratory and into the field” is  Overall, ARS as a researdhstitution has
discouraged. Instal, performance isidged by great capabilities in the area of BBTs. Imying
the number of scholarly publications—a criterionthe flow of research findings into the field to
usually applied to academic scientists whosesolve real-worldpest problems poses a number
work is supposedly less mission oriented. of challenges, however.

One mechanism for converting research
results into practical applications is the CooperaAnimal and Plant Health Inspection Service
tive Research and Development Agreementghe Animal and Plant Health Inspection Service
(CRADAs) through which outside institutions (APHIS) has significant responsibilitider pro-
help to fund federal research and obtain 8889  tecting American agriculture from pests under
rights to research discoveries in return. ARS hage Plant Pest Act, the Federal Noxious Weed
supported numerous collaborative researcizct, and the Plant Quarantine Attts functions
projects with private industry (320). As of July re|ated to the regulation of natural enemies are
1994, ARS had a total of 16 ongoing agreementgiscussed in further detail in chapter 4. This sec-

related to BBTs. However, only five of thesetion focuses on APHIS’s pest control responsi-
involved private sector companies or organizahijlities.

tions;the rest were agreements with other federal ApH|S’s pest control programs incorporate a

agencies, states, foreign governments, or univefyymper of BBTs (table 5-3). The agency has
sities (300). ARS recently began to developpjaced special emphasis bivlogical control. In
another new program for transferring technolo-1992 the APHIS Administrator issued an agen-

gies to the private sector that might provide addizywide policy directive (the APHIS Biological
tional opportunities for companies to help fundcontrol Philosophy) stating:

ARS research; the program is expected to start in
fiscal year 1996 (417A) (semptions in chapter 6
for additional discussion of cooperative agree-
ments with the private sector).

APHIS believes that modern biological con-
trol, appropriately applied and monitored, is an
environmentally safe and desirable form of
long-term management of pest species. APHIS

ARS scientists working on classical biological
control express specific dissatisfaction with the
organizational structure of the agency and how it
affects their ability to do timely work. They point
to the 1972 restructuring of the agency as a major
blow because it destroyed the previous tight
coordination of related research within the
agency (58). ARS had a National Program

believes that biological control is preferable
when applicable; however, we also recognize
that biological control has limited application to
emergency eradication programs. Where possi-
ble, biological control should replace chemical
control as the base strategy for integrated pest
management (222).

In 1994, the North American Plant Protection

Leader for Biological Contrountil 1992 when Organizatiof adopted a similar philosophy
the program was changed to Pest Managementased on APHIS’s model (197). University and
Coincident with a switch in senior managementstate scientists outside the federal government,

3Federal Plant Pest A(t957), asamended (7 U.S.C. 14@aseq), the Federal Noxious Weed Act (7 U.S.C. 280%eq(1974)) and the
Plant Quarantine Act (7 U.S.C. 1Biseq(1967)).

4The North American Plant Protection Organization is part of the International Plant Protection Group that is comprised of representa-
tives from Canada, Mexico, and the United States.
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TABLE 5-3: Technologies Used in Pest Management Programs

of the Animal and Plant Health Inspection Service (USDA)

Sex pheromone  Sterile insect

Pest Biological control trap technique Other
Insects

Apple ermine moth (Yponomeuta malinella) X P
Boll weevil (Anthonomus grandis) X X P,C,F

Brown citrus aphid (Toxoptera citricida)

Cereal leaf beetle (Oulema melanopus) X

Cherry ermine moth X P
Euonymus scale (Unapis euonymi) X

Fruit fly detection X P,F, M
Grasshopper/MC X, MD P
Gypsy moth (Lymantria dispar) X, MD X MD P
Imported fire ant (Solenopsis invicta, S. richteri) MD P
Japanese beetle (Popillia japonica) X X P
Medfly (Ceratitis capitata) MD X X P,F,M,C,E
Mexfly (Anastrepha ludens) MD X P,F,C,E
Pine shoot beetle (Tomicus piniperda) X P,MT,C,E
Pink bollworm (Pectinophora gossypiella) X X X P.C,E
Russian wheat aphid (Diuraphis noxia) X

Sweet potato whitefly (Bemisia tabaci) X

Weeds

Common crupina (Crupina vulgaris) X

Diffuse and spotted knapweed (Centaurea diffusa, C. X

maculosa)

Leafy spurge (Euphorbia esula) X C
Purple loosestrife (Lythrum salicaria) X

Catclaw mimosa (Mimosa pigra) P
Onionweed ( Asphodelus fistulosus) P
Goatsrue (Galega officinalis) P
Hydrilla (Hydrilla verticillata) X P
Little bell morning glory (Ipomoea triloba) P
Liverseed grass (Urochloa panicoides) P
Mediterranean saltwort (Salsola vermiculata) P
Branched broomrape (Orbanche ramosa) P
Small broomrape (Orbance minor) P

(continued)
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TABLE 5-3: Technologies Used in Pest Management Programs

of the Animal and Plant Health Inspection Service (USDA) (Cont'd.)

Witchweed (Striga spp.) Cs

Plant pathogens

Black stem rust (Puccinia graminis) C,RV
Chrysanthemum white rust (Puccinia horiana) P, RV
Golden nematode (Globodera rostochiensis) C,RV
TABLE KEY:

X = Used

C = Cultural control

CS = Chemical stimulant

E = Environmental (hot or cold air treatment)

F = Food bait trap

MD = Methods under development

MT = Mechanical Trap (traps of a particular shape , size, or color)
P = Pesticide

RV = Resistant varieties

Sterile Insect = Use of sterile insects

SOURCE: U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Plant Protection and Quarantine, Biological Control Oper-
ations, unpublished 1994 data provided by D. E. Meyerdirk, Senior Staff Officer, April 1995.

however, are somewhat skeptical about th&he APHIS program for leafy spurgéyphorbia
extent to which APHIS adheres to the policyesuld, for example, covers 17 western states and
(338A). cost $1.8 million in fiscal year 1994 (356).
Although APHIS has identified 10 criteria for ~ One measure of the agency’s commitment to
selecting target pests for biological control, thebiological control was the creation of the
agency says that advice from the National Planiational Biological Control Institute in 1990 in
BoarcP and political considerations often emergeresponse to a perceived need to increase the
as the most significant factors (365). APHIS cur-prominence of and coordinate biological control
rently funds 14 pest control programs based omithin APHIS, between APHIS and the other
biological control at a total annual cost of USDA agencies, and between APHIS and orga-
approximately $11 million (230). Half of this nizations outside the government. Tihstitute’'s
money is committed in designated budget linesgnission is “to promote, facilitate and provide
to only two pests. The agency has long comieadership for biological control” (363).
plained that such a precise designation of funds APHIS created the National Biological Con-
for specific pests decreases its ability to responttol Institute the same year the USDA established
to newly emerging pest threats. However, thehe Interagency Biological Control Coordinating
designation also ensures that the money goes ommittee (“IBC’) by a memorandum signed
the specific pest problem and is not diffusedjointly by the administrators from ARS, the
among several programs. Biological control pro-Cooperative State Research Serficeand
grams often affect several states and, consédPHIS. Two other USDA agencies, the Forest
guently, involve significant allocations of funds. Service and the Extension Service, also partici-

5The National Plant Board is composed of federal agriculture officials and inalisittom state departments of agriculture.
6The Cooperative State Research Service (CSRS) has since been merged with the Extension Smruive théd Cooperativeede
Research, Education, and Extension Serf@®REES). CSREES is disgsedater in this chapter.
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pated. The committee’s purpose—*“to providevarious agencies in the USDA IPM Initiative.
leadership inbiological control within USDA This oversight is unfortunate because it perpetu-
and in proposing uniform departmental policiesates the historical separation of biological control
in such matters” (119)—was similar to that of theand IPM pest control disciplines (see chapters 2
National Biological Control Institute. Unlike the and 3 for discussions of the relationship between
institute, howeer, the committee never had any biological control and IPM).
direct funding. In 1993, the committee attempted To support its implementation programs,
to makebiological control a top USDA priority APHIS has a methods development staff which
by proposing a National Biological Control Pro- conducts applied research on how to get BBT
gram to enhance biological control research, edumethods into the field to solve widespread pest
cation, and implementation efforts in the federalproblems. About $5 million is expended annually
government. That program called for an increasen biological control research, and $10 million
of $53 million over three years. Both the Cooper-overall on all BBTs (230). APHIS created the
ative State Research Service and APHISVethods Development because ARS and other
received small allocations of funds in 1994 assoresearch agencies were not adequately address-
ciated with the proposed program, but the proing APHIS’s pest control development needs,
posal was never fully acted upon (75,324). As okspecially the scale-up necessary to apply meth-
1995, the Interagency Biological Control Coordi-ods more broadly. The existence of the e
nating Committee had lapsed into inactivity. development staff ithin APHIS is a source of
Reviews of APHIS’s National Biogical some tension with the USDA research agencies,
Control Institute’s impacts are mixed. The insti-however. In 1991, when the Secretary of Agri-
tute is effective at outreach beyond the beltwayulture initiated the silvéeaf whitefly program,
and is highly respected by scientists in state goweritics argued that APHIS should not have
ernment, universities, and othenstitutions. received funding for implementing a control pro-
Over the past four years, thmstitute has gram until more basic research by other agencies
awarded approximately $1.5 million in grants forand scientistead demonstrated that technologies
implementation projects, educational and infor-were available to control the pest (78). The criti-
mational materials, postdoctoral fellehips, cism perhaps reflects an inherent overlap
meetings and workshops, publications and théetween research and implementation programs
development of databases (363). However, thén classical biological control. The desired end-
institute’s highly regarded staff and expertise argpoint of both is the establishment of a natural
not always paid attention to within APHIS. For enemy that provides widespread, lasting, and
example, efforts by the National Biological Con- effective suppression of a pest; in national pest
trol Institute to involve stakeholders in the devel-control programs the respective roles of research
opment of biological control regulations were by ARS and implementation by APHIS in
not incorporated into the broader proposed rul@chieving this goal have not yet been well delin-
that APHIS issued fomonindigenous species eated.
(see chapter 4). That rule was later withdrawn A related concern is whether APHIS can oper-
because of negative public comment. APHIS isate objectively in regulating its owndbbgical
now starting a new rulemaking process in whichcontrol programs (82). Critics point to what they
the agency again will seek out extensive publicclaim are fast-paced and sloppy attempts to put
input (353). Moreover, the institute has not beerbiological control in place when a new pest rises
incorporated into the working group representingo the top of the political agenda. Because of a

7In addition to Methods DevelopmertPHIS’s Animal Damage Control Divisiospends about $1.3 million annually developing BBTs
for vertebrates, specifically immunocontraceptives and genetically engineered vaccines for coyotes (225)



Federal programs based on the release of sterile insects have
eliminated the screwworm (Cochliomyia hominivorax) from the
United States.

Agricultural Research Service, USDA

lack of communication, these efforts sometimes
interfere with those of scientists in ARS or the
State Agricultural Experiment Stations, eroding
their relationships with APHIS (246). Experience
with the Russian wheat aphid (Diuraphis noxia)
and silverleaf whitefly tend to support this view
(box 5-2). Regulatory, research, and implementa-
tion functions related to biological control all
coexist in the same organizational unit of APHIS
called Plant Protection and Quarantine. This situ-
ation creates significant potential for internal
pressuring of regulators to expedite permitting of
new biological control introductions, especially
when thereis great political urgency to find solu-
tions to existing pest problems.

APHIS has statutory authority to conduct pest
control programs and to regulate biological con-
trol introductions. The agency also has a legiti-
mate role in developing methods to apply BBTs
in the field, because these needs are not currently
met by any other agency. Better insulation of
each of these functions from one another, how-
ever, would perhaps ensure the best performance
of al three. The current trend within APHIS may
run in the reverse direction, however. The
agency recently downgraded its operational bio-
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logical control program (including the laborato-
ries) and placed it under authority of the methods
development staff. State agriculture departments
hoping to increase the level of coordination of
biological control activities worry that APHIS's
action will result in a loss of identity, effective-
ness, and funds for biological control operations
(229).

Forest Service

The Forest Service manages the 191.5 million
acre National Forest System (roughly 8 percent
of the U.S. land area and 29 percent of all feder-
aly administered lands). The system encom-
passes 156 national forests, 19 national
grasslands, and 98 other units (334). In addition,
under the Cooperative Forestry Assistance Act,
the Forest Service controls insect pests and dis-
eases on other forested areas in the country (pub-
lic and private, some throu%h various cost-share
arrangements). *To fulfill these responsibilities,
the agency has units for pest management
research, Forest Insect and Disease Research
(FIDR), and for pest suppression, Forest Health
Protection (FHP).

FIDR received $24 million in fiscal year 1994
for pest management research, of which approxi-
mately $4.5 million was used to fund work on
BBTs (114,324). The latter amount was divided
between biological control (approximately $3.1
million) and behavioral chemicals ($1.4 million)
(114). Among funded projectsin fiscal year 1995
are two new biological control studies for range-
land weeds ($300,000) and hemlock woody adel-
gid (Adelges tsugae) ($150,000), with foreign
exploration for natural enemies being conducted
out of the ARS laboratory in Europe (320,324).
The Forest Service established a quarantine facil-
ity in Ansonia, Connecticut, in 1992 to facilitate
and accelerate the agency’s research and devel-
opment of biological control (58). Research on
BBTs is likely to increase as a result of the
agency’'s 1993 strategic plan, “Healthy Forests
for America’'s Future,” which emphasizes eco-

8 Cooperative Forestry Assistance Act of 1978, as amended (7 U.S.C A. 2651-2654; 16 U.S.C.A. 564 et seq.”)
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National programs to suppress the gypsy moth (Lymantria dis-
par) are based largely on Bt and the gypsy mothNPV virus.

system management and calls for increases in the
research, development, and use of biological
control, microbial pesticides, and pheromones
(381A).

FHP conducts a wide array of pest control
programs. Those programs targeting insect pests
rely to a significant extent on BBTs. In fisca
year 1994, BBTs were used for over half of the
almost 14,000 acres of National Forests treated
for insect pests (383). The diverse methods
involved include pheromones and microbial pes-
ticides based on Bt, fungi, viruses, and nema
todes (383). The largest pest management effort
targets the European gypsy moth (Lymantria dis-
par), relying primarily on Bt, gypsy moth NPV
virus, and pheromones to monitor distribution. In
1995 the Forest Service plans to use Bt to control
the gypsy moth on 505,603 acres and the NPV
virus on 2,263 acres of federal and cooperative
lands. Total cost of the gypsy moth program in
fiscal year 1994 was $11 million, of which $8.3
million went to Bt applications.

Conventional pesticides remain FHP's method
of choice for other pest categories, however. In
fiscal year 1994 more than 54,000 acres of
National Forests were treated for plant pathogens
with chemical fungicides and fumigants, and
almost 38,000 acres were treated for weeds with
chemical herbicides (383). Use of natural ene-
mies against weeds that same year occurred on
6,400 acres (383).

According to Forest Service insiders, the
research unit, FIDR, has not always been able to
provide the solutions required by the agency’s
operations unit, FHP. Part of the problem is that
the research timetable does not always match the
needed expediency for pest control because some
techniqgues may require significant, and time-
consuming, basic research before they can be put
into practice (a problem similar to that experi-
enced by ARS). Moreover, athough FHP and
FIDR conduct joint programs, the researchers at
FIDR rarely communicate with the land manag-
ers, leading to the criticism that FIDR is not con-
nected to the field. Like APHIS, FHP has begun
conducting research on field applications
because FIDR cannot fulfill all of its needs.
Researchers worry, however, that the quality of
biological control work will decline as the num-
ber of people involved increases. Some of these
problems may dissipate somewhat as the Forest
Service moves increasingly toward trying to
manage forests to prevent pest problems (i.e.,
maintaining “forest health”) rather than reacting
to pest outbreaks.

The Forest Service has only recently begun to
address problems with rangeland weeds on fed-
eral lands. One Forest Service scientist has been
assigned to the ARS Biological Control of
Weeds Laboratory in Bozeman, Montana (280).
The Forest Service is dso a member of the Fed-
era Interagency Committee for the Management
of Noxious and Exotic Weeds that was estab-
lished in 1994 to coordinate federal efforts
related to the identification and management of
weed problems.

Cooperative State Research,

Education, and Extension Service

The Department of Agriculture Reorganization
Act of 1994 combined the mission and functions
of the Cooperative State Research Service with
those of the Extension Service (the Federa part-
ner in the Cooperative Extension Service) to cre-
ate the Cooperative State Research, Education,
and Extension Service (CSREES) (98). The goa
of reorganization was to pull together the
research and higher education funding of the
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Cooperative State Research Service and the tecRepresentatives budget proposal; its ultimate fate
nology transfer and education program responsiwas uncertain as of August 1995 (291).
bilities of the Extension 3eice in order to Within the National Research Initiative, BBT
improve the movement of research findings taesearch is identified as ssion oriented,
application and use via education. The completalthough funded projects range from more basic
integration of the two former agencies has noto more applied. The application for funding asks
yet been accomplished; most notably, their budfor information about how results will relate to
gets remain sepate. This section describes the development of IPM programs (371). According
research-related functions of CSREES. The roleo Sally Rockey, division dior of the National
of CSREES in education and technology transfeResearch Initiative, this applicability to pest con-
will be discussed later in the chapter in the sectrol programs does influence research funding
tion dealing with educating and influencing usersdecisions. CSREES can increase scientists’ will-
of pest control. ingness to consider applications of their work
CSREES administers federal research fundg¢hrough specific calls for more mission-oriented
through the the National Research Initiativeresearch in announcements of funding opportuni-
(NRI) and through formula funds and specialties (292). Funding recommendations are made
grants directed to land grant universities by wayy a panel of researchers who rank submitted
of the State Agricultural Experiment Stations.proposals following external review and then
The National Research Initiative is a conifpeg = make recommendations to the Chief Scientist of
grants program that funds more fundamentathe National Research Initiative. A Scientific
research. These characteristics separate it frofdvisory Committee provides additional advice
other sources of agricultural research fundingon programmatic issues (292).
The program was established in 1991 following The Land Grant Universities and the State
release of the 1989 National Research Councigricultural Experiment Stations are research
report “Investigating Research: A Proposal toinstitutions established within the states by the
Strengthen the Agricultural, Food, and Environ-Land Grant Act (also known as the Morrill Act)
ment System.” The study concluded that fundaand the Hatch Ad, respectively. The Land
mental research in agriculture is underfundedGrant University System was designed to pro-
Although 70 percent of funds go to the land granvide higher education, especially to the children
universities, grants from the National Researclof farmers andridustrial workers, and to apply
Initiative also support s=arch of academic sci- research knowledge to the stibn of society’s
entists not associated with land grant universitieproblems through outreach and extension pro-
and of ARS scientists (247,292). Grants totalinggrams (337). The Hatch Act created a research
approximately $13 million were awarded to bio- partnership between the federal government and
logical control and IPM research in fiscal yearthe states by providing funding for the State
1994 (291). Of the 31 ésting National Rsearch  Agricultural Experiment Stations. These kias
Initiative programs, BBT research may beare the sites of much of the nation’s agricultural
funded by any of seven programs (depending onesearch. Formula funds are provided under the
the focus), including Entomology, Nematology, act and then matched by the states. These funds,
Weed Science, and Plant Pathology (292,371). As well as other competitive grants, are funneled
separate funding program specifically for biolog-through CSREES. For fiscal year 1995, CSREES
ical control began in 1994 (371). The moneydirected $13 million in federal funds towards
came from a congressional line item for regionabiological control research through the National
IPM that was eliminated in the 1996 House ofResearch Initiative and the State Agricultural

9Hatch Act of 1887, as amended (7 U.S.C. 361H)36
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Experiment Stations. States provided an addiment at Berkeley, which included the oldest bio-
tional $30 million in matching funds (114,292). logical control program in the country.

In comparison with the role of the directors of
the State Agricultural Experiment Stations, [] State Agriculture Departments
CSREES has a minor role in allocating formulathe states arénvolved in BBT research and
funds to specific research projects (figure 5-1)implementation through several routes. They
Sciertists submit research proposals to the staproyide research matching funds for the State
tion directors for internal review; the directors agricultural Experiment ~ Stations  through
have a good deal of discretion in their fundingCSREES and also directly fund experiment sta-
decisions (265). Proposals that are endorsed atgns and land grant universities for BBT work.
submitted to the CSREES headquarters in Wastprecise estimates of the direct funding are
ington, D.C., for final approval. Each station unavailable, but the amounts are probably signif-
director then designates funds from that agriculicant; state and private-sector contributions made
tural station’s budget to approved projects (265).up 86 percent of total funding for the State Agri-

Directors of the State Agricultural Experiment cultural Experiment Stations in 1990 (154). In
Stations make their decisions within the contexgddition, a number of state departments of agri-
of broad strategic plans (90). Since 1986, thesgulture have developed their own programs to
plans—national guidelines setting the vision and€search and implement biological control
mission for the State Agricultural Experimentagai”St important pests affecting their states.
Stations—have been set in place every four yearsnNese state government programs are the focus
and periodically updated by the Experiment Sta®f this section. _
tion Committee on Organization and Polid.  In recent years, state departments of agricul-
The broad nature of these plans and the siiffu _ture have been increasing their use of BBTs in
of funding authority regionally among station Ntégrated pest managemesystems beause of

directors, however, means that the State Agriculgoncems about  groundwatepollution, - food

tural Experiment Station System, like ARS, Iackssafety’ and pest resistance (228). Biological con-

. . . trol, in particular, now plays a key role. Cur-
effective mechanisms to address national goals . ;
(316) rently, 28 states have biological control

dditional £ th ‘ programs, at a total annual cost of almost $10
An additional aspect of the system of state.,; o (figure 5-2) (228). Several states main-

agricultural experiment stations and land graniain insect-rearing facilities as part of these
universities is how it reflects state trends. Seniogqrtg although budget constrairttave caused
faculty at some of the nation’s universities com-some to close over the past four years; total state
plain that as the state priorities shift (from agri-fynding declined by $2 million from 1990 to
cultural to urban), allocations of faculty slots and1994. California has the largest program; it is
research funds at land grant universities and stajgart of an overall movement within the state to
agricultural experiment stations devoted to suclieduce reliance on conventional pesticides (box
practical matters as pest control are declining-3).

(66,307). Within the University of California  State-funded BBT programs (most are applied
system, for example, administrators recentlyclassical biological control) generally work
moved to consolidate pest management proeooperatively with APHIS, the Agricultural
grams at the Davis and Riverside campusesResearch Service, the Land Grant Universities,
They began dismantling the agriculture departand the U.S. Fish and Wildlife Service (228). A

0The Experiment Station Committee on Organization and Policgidh@mmittee of a CSREES committee with representation from
every State Agricultural Experiment Station.
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SOURCES: Compiled byOTA from W.W. Metterhouse, Cream Ridge, NJThe States’ Roles in Biologically-Based Technologies for Pest Control,”
unpublished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, November 1994.

close relationship with APHIS results from com-
mon regulatory responsibilities and the location
of APHIS operationa staff within each state to
assist with implementation programs. States
depend on APHIS to provide educational ser-
vices and deliver materials for field implementa-
tion (228). Once a released hiological control
agent becomes established, however, it usualy
becomes the state's responsibility to distribute
the agent further, although sometimes APHIS
continues distribution when a state cannot (320).

Since 1966 there have been a number of suc-
cessful federal-state biological control programs.
Of the 28 states with biological control pro-

grams, 22 have cooperative efforts with federal
agencies. Successful programs include cereal
leaf beetle (Oulema melanopus), involving
USDA, ARS, APHIS, and the states of Michigan
and Indiana; Colorado potato beetle (Leptino-
tarsa decemlineata), involving ARS and the state
of New Jersey; and the gypsy moth programs,
involving ARS, APHIS, the Forest Service and
several states (228).

0U.S. Department of the Interior

Historically, the resource management agencies
of the U.S. Department of the Interior (Dol) con-
ducted their own research to support manage-
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BOX 5-3: California Takes an Active Role in Changing Pest Management Practices

California is perhaps the nation’s leader in changing pest control practices and the adoption of BBTSs.
The state supports a diverse agricultural mix, with a significant emphasis on minor crops. Thus regulatory
restrictions on pesticides and declining availability of minor use chemicals are expected to hit the state
especially hard. Innovations in pest control practices have also been driven in part by its health-con-
scious population. California has a long history of involvement with biological control and IPM; it was the
site of many of the most significant developments in the field, including the widely cited successful intro-
duction of the vedalia beetle (Rodolia cardinalis) to control cottony cushion scale (Icerya purchasi) in cit-
rus.

The changes occurring in California reflect an overall effort within the state to shift away from a reli-
ance on conventional pesticides. They are not haphazard; California has actively sought to develop stra-
tegic goals and policies to accomplish them.

The California Environmental Protection Agency’s program to regulate pesticides parallels that of the
U.S. EPA. Its policies have an important influence on the decisions of pesticide manufacturers because of
the size of California’s potential pesticide market. The state now requires extensive reporting of pesticide
use. It also licenses pest control advisors, who must be college-educated in an agriculture-related field,
fulfill course requirements, and participate in continuing education. State regulators are currently consid-
ering a proposed requirement that pest control advisors undergo four hours of training in the use of bio-
logical control and natural enemies.

The California Department of Food and Agriculture has the largest state program for biological control.
It maintains an insectary for rearing natural enemies, and programs to implement biological control, cost-
ing about $1.3 million annually. Recent projects have addressed euonymus scale (Unapis euonymi),
grape leafhopper, and water hyacinth (Eichhornia crassipes).

The University of California is home to an active statewide IPM program that is perhaps the best in the
country at promoting pesticide alternatives, including BBTs. Funded partly through USDA, this program
sponsors hundreds of IPM research projects. It has been particularly effective at getting research results
into the field: Of the 180 research projects funded between 1979 and 1988, about 43 percent resulted in
pest control products or information that are now in use. A disproportionate number of the nation’s
experts in BBTs are on the faculty of the University of California, and many have collaborated with private
consultants and growers to develop innovative approaches using BBTs.

Farmers within the state have developed their own ways of promoting pesticide alternatives. The pub-
lication Farmer to Farmer, written by and for farmers to share success stories in sustainable farming prac-
tices, originated in California. Regional organizations such as the Community Alliance with Family
Farmers Foundation have worked with growers to develop biologically intensive farming practices such
as the use of natural enemies and other BBTs in almond orchards. Not surprisingly, many of the biggest
natural enemy companies are located in California.

SOURCES: C.M. Benbrook and D.J. Marquart, Challenge and Change: A Progressive Approach to Pesticide Regulation in Califor-
nia, contractor report prepared for the California Environmental Protection Agency, Department of Pesticide Regulation (Sacra-
mento, CA: April 1993); Community Alliance with Family Farmers Foundation, “BIOS: A New Project Promoting Biological Almond
Farming,” Davis, CA, 1995; J.I. Grieshop and R.A. Pence, “Research Results: Statewide IPM’s First 10 Years,” California Agricul-
ture 44(5): September-October 1990; M.L. Flint, et al., Annual Report, University of California Statewide IPM Project (Davis, CA:
University of California, September 1993); M.L. Flint and K. Klonsky, “IPM Information Delivery to Pest Control Advisors,” California
Agriculture March-April, 1989; T.L. Jones, Special Assistant to the Director, Department of Pesticide Regulation, California Envi-
ronmental Protection Agency, Sacramento, CA, personal communication, U.S. Congress, Washington, DC, July, 1995; W.W. Met-
terhouse, Cream Ridge, NJ, “The States’ Roles in Biologically-Based Technologies For Pest Control,” unpublished contractor
report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, November 1994.
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ment functions. This arrangement changed withechnologies’ potentially high compatibility
the formation of the National Biological Service, with management of environmentally sensitive
the newly consolidated research arm of theareas. It may, in part, reflect the historical lack of
department that was established in Novembeemphasis on pest management among federal
1993 by an order of the Secretary of Intefibr.  land management agencies (338). The result has
The National Biological Service inherited a been a growing belief among many managers
somewhat mixed portfolio of BBT-related that pests of natural and less managed areas—
research programs. Most of these had grown owpecifically nonindigenous species that kill, con-
of specific concerns of federal land managersume, parasitize, or compete with native spe-
rather than any overarching program or stateg¢ies—are now significant threats to the
goal to implement BBTs. For example, thebiodiversity and continued value of these natural
National Biological Service is studying insectsresources (338).
and fungi as potential controls for non-native A number of Dol agencies are members of the
invasive plants for the National Park Service and-ederal Interagency Committee for the Manage-
the Fish and Wildlife ServiceRast efforts have ment of Noxious and Exotic ¥&ds mentioned
included working with USDA and the National earlier in the chapter (303,388). This group arose
Park Service to evaluate bacteria for control oin response to new requirements in the 1990
gypsy moth (427). Other related researchFarm Bill2 that all federal land managers
projectsare evaluating waterfowl and fish preda-develop programs for control of “undesirable
tion as potential controls for zebra musdatg-  plants.” In addition, concern had been growing
issenaspp.), several species of flea beetle forfor some time among staff within the Bureau of
control of leafy spurge, and several weevil speLand Management that noxioussed problems
cies for control of purpldoosestrife Lythrum  were rapidly outstripping the Bureau’s ability to
salicaria) (427). Expenditures by Dol on BBT manage them with conventional methods. The
research totalled around $1 million in fiscal yearinteragency group has representatives from four
1994 (181). This figure includes $85,000 toagencies in the USDA: the Forest Service, ARS,
$100,000 in funds from the Bureau of Land Man-APHIS and CSREES; six agencies in Dol: the
agement “passed through” to help support thé\ational Park Service, the Bureau of Land Man-
ARS weeds lab in Bozeman, Montana (290). agement, the Fish and ildlife Service, the
The Department of the Interior has only a fewNational Biological Service, the Bureau of Rec-
pest control programs using BBTs. These prolamation, and the Bureau of Indian Affairs; the
grams are scattered haphazardly throughout DdPepartment of Defense; and several other agen-
within at least four resource management agergies. Among this group’s stated goals is to
cies. The Bureau of Land Management uses bigncrease the necessary research to discover and
logical control on weeds in nearly all of the develop biological control agents for weed con-
Western states. The weed targets include fiel&rol (388).
bindweed Convolvulus arvensjs gorse Ulex Dol initiated severaltelated efforts in 1995.
europaeul poison hemlock Gonium macula- The Secretary of the Interior designated a new
tum), diffuse and spotted knaped Centaurea task force to address noxious weeds specifically
diffusg C. maculosg yellow starthistleCentau- on Dol lands and issued a csetarial order
rea solstitialig, leafy spurge, and purple loose- requesting that Dol bureaus develop coordinated
strife. The lack of greater emphasis on BBTsweed prevention and management strategies
within Dol is somewhat surprising, given the (290,303). The departmental manual’s guidance

1 CFR Vol.. 58, No 229 Deember 1, 1993, 63387.
12The Food, Agriculture, Conservation and Trade Act of 1990, R1-6R4.
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on weed control was revised, and now specifiespecific weeds, constraints on the use of these
incorporation of integrated pest managementmethods, and their effectiveness.

including biological control, into weed control
programs. The revised guidance also establish
a committee to coordinate Dol weed control
activities and instructed the National Biological
Service to provide scientific information and
researchsupportfor the Dol weed programs,
including development of integrated weed man
agement systems (303).

00 Army Corps of Engineers

The Army Corps of Engineers has had a resear
program on biological control of noxious and
nuisance aquatic weeds since 1959, funded
around $1 million for the past few years. In COOp-The Army Corps of Engineers program for biological control of
eration with USDA.. the Corps conducts researcl,fquatic weed, such as water hyacinth (Eichornia crassipes) is

R . ! i R one of two weed control programs slated for elimination in the
to identify natural enemies for weeds that impede., ent round of federal budget proposals.

navigation, restrict water flow, and dominate the

natural system by the formation of single species The clinton Administration proposed elimi-

stands. In the 36 years of joint research, thgating the approximately $10 million budget for
Corps believes that the program has beeghe Corps's aquatic weed program in its fiscal
extremely successful. Scientists have released Jyar 1996 budget proposal. As of August 1995,

biological control agentfor the management of the fate of the program was as yet undecided in
four plant species, including alligator weed Congress.

(Alternanthera philoxeroidgs water hyacinth,

(Hydrilla verticillata). These programs cover 15 .
states. Corps scientists have dt@en involved The Office of Research and Development of the

in evaluating three potential pathogens for Wee(!iJ'S' Environmental Protection Agency (EPA)

control. Aside from ARS collaborators, no Oneadministers a mearch program 1o _prqvide risk
. ..~ assessment tools. These researcliviies are
else in the federal government conducts similar . . ) .
work to address aquatic weeds. undertal_<en in par_t -to assist the EEAS Office of
, Prevention, Pesticides, and Toxic Substances
Thr.ou.gh the Department of Defenseg mem'during pesticide registration, special review, and
bership in the Federal Interagency Committee fof.,iaw of premanufactureotices submitted by
the Management of Noxious and Exotic Weedsinqystry (107). EPA’s research focuses primarily
scientists from the Corps's aquatic weed proun microbial pesticides. Its purpose is to assist in
gram have recently become involved in developmaking sound evaluations of the risks and bene-
ing systems to enae implementation of weed fits of microbial pesticides, including those based
control programs using BBTs and other methodn bacteria, fungi, and viruses, and certain genet-
(51). One project under way is the constructiorically modified organisms (398). Funding for
of a database of ongoing research on weed comicrobial pesticide research at three EPA labora-
trol. The other is development of an expert systories totaled $684,600 for fiscal ye&895. It
tem that will eventually provide users with included cooperative field studies with universi-

information on various options for controlling ties regarding the potential fate of microbial
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agents and their effects on terrestrial environon 13 microbial agents (130). BBTs represent
ments, food web interactions, ecosystem funcenly a minor component of the program; most
tions, freshwater populations, and nontargefunds go to research on conventional pesticides
marine and estuarine animals (107). (247).

[ Other Federal Sources of Funding EDUCATING USERS

The National Science Foundation and theln addition to direct administration ogsearch
National Institutes of Health provide a smalland implementation programs, federal and state
amount of funding for BBT research, primarily agencies affect the adoption of BBTs by farmers
on the natural enemies of arthropods and behawnd other users. The majarstitutions involved

ior modifying chemicals (247). Betweel989 are the Cooperative Extension Service and Land
and 1993 the National Science FoundatiorGrant University system. Decisions of users to
awarded an average of $1.5 million annually foradopt BBTs also may be influenced by produce
research orbiological control, and a total of standards, and other legal and financial mecha-
$388,000 for research on behavior-modifyingnisms. Today, private consultants play an
chemicals. The agency also provided severdncreasingly important role in pest control deci-
grants for studies of the systematics of parasiti§ions, sometimes far surpassing that of govern-
Hymenoptera (a taxonomic group that contains &nent programs. This section begins by exploring
number of biological control agents). In 1993,farmers’ perspectives and then examines some of
the National Institutes of Health awardedthe factors that influence their adoption of BBTSs.
$500,000 for biological control esearch and

close to $1 million for research on behavior mod-[] The Farmers’ Perspective

ifying chemicals (247). Most farmers have little or no information on the
Funds from several small programs of USDAefficacy, quality, economic fedulity or other
also are potentially available for BBT researchaspects of BBTs (141,270). Even farmers who
although researchers have been somewhat disagse these technologies often lack clear-cut
pointed in the level of BBT work supported by jnstructions on how to apply them. Many BBTs
these programs (247). The Small Business Innogre |abor-intensive and their optimal use requires
vation Grants program funded one to three biog sjgnificant amount of information (59) (see
logical control programs per year betwekd89  chapter 3). Few farmers will embrace technolo-
and 1992. The Alternative Agriculture Researci‘gies that seem to involve many inexact proce-
and Commercialization center, whose charge iglures and unknown consequences (6,240).
to aid in the commercialization of agricultural Farmers also lack information on their spe-
products forindustrial use, contributed $170,000 cijfic pest control options (271). Growers need
to develop a microbial pesticide based on Bt innformation on what BBTs are available and how
1993. That same year, USDA’s Sustainableg optain the best results using the technologies.
Agriculture Research and Education programsych information—custom-designed for the tar-
funded two biological control projects. get audience and specific to the local crop, pest,
The Interregional Research Project No. 4and environmental conditions—is usually
(“IR-4"), funded by CSREES and ARS, carriesunavailable (79,253). In a survey of organic
out the necessary research to supply datfarmers,about 60 percent said existing informa-
required for registration of pesticides (imding tion sources failed to meet their needs (260). In
microbial pesticides and pheromones) for use omany cases such information has never been
minor crops. Over the 10-year period following developed (292). Implementation of even the
the program’s expansion in 1982 to cover “biora-most effective BBTs suffers when the base of
tional” products, it supported research projectgesearch on their application is inadequate.
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Some of the well-known advantages of BBTsfrequently for trapping pests given the high costs
(e.g., superior environmental profiles, and lowerof this technique. Roughly 30 to 40 percent of
susceptibility to resistance) accrue to the broadédflorida strawberry farmers release predatory
agricultural conmurity rather than to the indi- mites to control spidermites, and many citrus
vidual grower. Farmers may wonder whether it isgrowers rely on parasitic wasps to control citrus
truly in their personal best interest to switch tosnowscalenaspis citr) (213).

BBTs. Of more immediate concern to most farm- In California nearly 300,000 acres of citrus
ers are the effectiveness, cost, and alesirated with low pest abundance have been set aside as
success of the product, as well its ease of applicdiological control zones. Growers follow crop
tion, safety, compatibility with natural enemies, management practices that conserve the native
and other factors (49,114,135,179,213nlike  natural enemies, and they also augment the bio-
conventional pesticides, many BBTs cannot bdogical control populations when necessary.
applied across wide areas with the expectation ohccording to the California Citrus Research
consistent results (see also chapter 3) (253).  Board, such orchards can be highly cost-effec-

Despite their pragmatic concerns about costtive, relying on natural enemyopulations built
effectiveness, many farmers would prefer to useip over many decades (18). But they are precari-
less chemical-dependent technologies (101l)ous arrangements; for example, natural enemy
They are prompted in part by consumer demandyopulations that had been built up over half a
the development of pesticide resistance, theentury in one Corona (California) orchard were
declining array of registered pesticides, ecodestroyed by mass-spraying of malathion against
nomic considerations, and the growing awarethe Mediterranean fruit flyGeratitis capitata.
ness of the effects of chemical pesticides on localhe growers subsequently abandoned the
groundwater supplies. Environmental and occuerchard (18).
pational health concerns play a role as well. A Even a number of more prominent firms are
1992 study of 297 fruit growers in Michigan, for interested in diversifying their pest control tech-
example, found that less than 1 percent plannedologies (see figure 3-1 in chapter 3). The Dole
to increase pesticide use, while 61 percent saidompany rears predatoryxspotted thrips $co-
they would decrease pesticide use in the futuréthrips sexmaculatyswhile the Gallo Wineries
by adopting IPM or organic techniques (231). Inuse Trichogrammawasps, green lacémgs, and
some cases the use of BBTs and other IPMyredatory mites (270). The goal of Fetzer Vine-
approaches has resulted largely from economigards is to produce or buy 100 percent organi-
considerations. These practices sometimes provgally grown grapes by the year 2000 (94).
economically ~ superior  to  conventional Campbell Soup Company has nearly eliminated
approaches (238), for example, when pestte use of synthetic insecticides on its preaes
become uncontrollable due to resistance or whefpmatoes in Sinaloa, Mexico, using pheromones,
pesticide use (and therefore costs) can berichogrammawasps, and Bt (38). Campbell’s
reduced through IPM. IPM efforts (box 5-4) show that IPM is feasible

Use of some BBTs has become widespreadnd even profitable on a crop for which some
practice in certain crops and geographic regiongsompanies consider non-conventional methods
(see chapter 3). In Florida a majority of cabbageeither promising nor practical (137).
growers use Bt rather than conventional pesti- For some crops and pest control needs, how-
cides against diamondback moths, because thewer, few BBT options exist. According to one
want to conserve natural enemies such as ladylueberry growers’ marketing cooperative in
beetles and lacewings (213). Floridg@gowers Michigan, commercial buyers do not toleratgy
often use pheromones as a scouting tool, but lesvidence of pest activity—a standard that few
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BOX 5-4: Campbell Soup Company

Campbell Soup Company has dramatically reduced its reliance on conventional pesticides in certain
regions by adopting IPM systems that incorporate BBTs, field scouting, and disease monitoring. The
company employs its own in-house IPM specialists who conduct field research and put the programs in
place.

Campbell’'s most active IPM efforts take place in tomato farming. The company has nearly eliminated
synthetic insecticide usage and has reduced fungicide application by more than 50 percent in its pro-
cessed tomato operations in Sinaloa, Mexico. Growers use Bt to control armyworm; Trichogramma wasps
to control tomato fruitworm (Helicoverpa zea); and synthetic sex pheromones to disrupt the mating of
tomato pinworms (Keiferia lycopersicella). Other IPM techniques include: selecting fields and planting
times to minimize risks of virus diseases that are transmitted by whitefly pests; monitoring pest and natu-
ral enemy abundance using pheromone traps and scouting; and using a computerized disease forecast-
ing system that tracks hourly temperature and leaf-wetness to pinpoint when to spray fungicides to
control late blight. Taken together, the IPM programs in Sinoloa save an estimated $400 per hectare
when compared to conventional pesticides.

Campbell Soup encourages its U.S. tomato growers to use IPM, but the level of adoption trails its Mex-
ico operations. Comparison of the company’s operations in Sinaloa and California illustrates how loca-
tional differences—such as labor costs, infrastructure, and pest pressures—can affect adoption of BBTs
and IPM. In Mexico, the company conducts monitoring and other IPM activities for the grower, while in
California, the choice of pest control method rests with the individual farmer. The company encourages
California growers to reduce pesticides and offers education programs. Campbell Soup also demon-
strates BBTs and other IPM techniques in growers’ fields, with the company assuming all financial risks
for drops in yield during the experimental period. In Mexico, low labor costs make more labor-intensive
techniques cost effective, such as those involving pheromone dispensers, natural enemies, and scout-
ing. Also, the absence of native natural enemies in Sinaloa makes augmentative releases essential; in
northern California the native natural enemies partially protect tomatoes against fruitworm and other
regional pests.

Campbell Soup Company relies heavily on land grant universities and extension in developing its IPM
programs and educating California growers. The company actively seeks out researchers whose work is
relevant and provides small grants to direct their attention to particular issues.

SOURCES: H.A. Bolkan, “Campbell Soup Company Integrated Pest Management,” IPM Monitor, Summer, 1994; Campbell Soup
Company, Integrated Pest Management Research and Implementation, “Economic Profitability and Environmentally Compatible
Alternatives,” Products and Progress Report 1994-1995; R.K. Curtis, Campbell Soup Company, Sacramento CA, letter to Edu-
ardo Martinez Curiel, Consul of Mexico, February 1, 1994; R.K. Curtis, Campbell Soup Company, Sacramento, CA, personal com-
munication, Summer 1995; P. Marrone, President, Novo Nordisk Entotech, Davis, CA, personal communication 1995.

BBTs can attain (see also chapter 3) (331). Con:] Technology Transfer to End Users
sequently, the only suitable BBT presently avail-
able is Bt for use against cranberry fruitworm
(Acrobasis vaccin)i and leaf rollers. Growers

The Government’s Role Through Extension

The principal governmental provider of direct,

) i ; hands-on assistance to growers is the Coopera-
would like more BBT options, particularly for e Extension Service. The system is made up of
major pests such as blueberry magdtftdgole-  federal personnel at the USDA Cooperative State
tis mendak Japanese beetle®dpillia japon- Research, Education, and Extension Service
ica), and the many diseases affecting blueberrieqCSREES), as well as state and county-level
(331). agents. These components are often loosely
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coordinated through the land grant collegespipeline that fails to deliver effective, ready-to-

Extension is represented in nearly all of theuse technologies (180).

nation’s 3,150 counties (342). However, private This inadequacy helps explain the lack of

pest control consultants seeking assistance idetail found in most of the educational materials
solving difficult pest problems frequently bypassproduced by the 27 states that support biological
county agents in favor of the more technicallycontrol as part of their IPM programs (97). A

educated state specialists (412). Each state rug§hall, informal survey of randomly selected

its extension program differently. In Vermont, states in the Northeast, North Central, South and

for example, all extension is closely tied to theWest found tremendous variation among the
state university, while in New York State eachstates in their extension publications’ educational
county runs its own program, even though all ar¢/alué to growers regarding BBTs (247). Of the
officially under the umbrella of the Cornell 13 states sampled, New York consistently topped
Although extension programs historically manuals devoted solely either to natural enemies
played a key role in farmers’ pest control deci-O" 1© Pheromones (247). Another small survey
sions, today this role is minimal in most Statesthat evaluated extension publications from the
(114)’ In general, the Cooperative Extension seVorth Central states concluded that the coverage

vice is financially strapped and the workforce ' usually too perfun'ctory. to provide tisills
spread thin among multiple mansibilities necessary to adopt biological control (207).

ranging from programs aimed at preventing, In fiscal year 1995, CSREES received approx-

reanancy and drug use. to nutrition educatioﬁmately $14 million in appropriations for exten-
?or glow-ia/come far?ﬂlies’ Despite the recentSion work in IPM research and implementation.

. " i . It is uncertain whether increases in this area pro-
retirement of many “old guard” extension agents,

who entered the land grant colleges after WorIcPOsed under the USDA IPM Initiative for fiscal
grant ges ¢ year 1996 will occur (see box 5-1). In contrast, at
War Il and were trained in conventional pest

trol. th tv educated and. i least in certain regions of the country, extension
controf, the more recently educated and, In SOMg e ytists expect increased respbitises in this
cases, IPM-oriented agents may have only lim

. ) . ) " area; according to a 1994 survey of 38 esi@m
ited opportunity to bring nonchemical praCt'CeSentomologists in North Central states, most
to the field (98,166).

spend slightly more than 10 percent of their time

Most extension agents have had little if anyon classical biological control programs, but they
formal exposure to biologically based expect this percentage to triplver the next
approaches (207). The relationship be#w the decade. Most of the agents also reported an
Agricultural Research Service and Cooperativancrease in questions from growers about biolog-
Extension is a distant one (114), and many of thgal control and pesticide reduction (207).
extension-affiliated land grant colleges offer at

most minimal training in BBT use. Private Pest Control Advisors

Moreover, in many parts of the country, the|n most regions, the Cooperative Extension Ser-
limited amount of research on applications ofyice now plays a role that is secondary or inter-
BBTs provides little locally gemated and mediary to that of the private information
regionally relevant information (97,207). Conse-sources such as pesticide dealers, pest control
quently extension specialists often do not haveidvisors, crop consultants, and pesticide applica-
many “field-ready” BBT options. They also lack tors (253). Extension agents may develop dem-
the resources to do the applied research needeghstration projects and training activities for
for implementation. Many extension personnelgrowers and commercial crop consultants, and
feel caught in the middle between a clientele wh&ometimes they validate private sector recom-
asks for pesticide alternatives and a researcimendations or investigate unusual pest out-
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breaks. But most growers rely far more onextension personnel than from pesticide com-
private sector advisors than on government agripany representatives or other information
cultural experts (253). The lack of funding for sources (102). A 1994 nationwide survey of the
extension activities at universities has strengthfarmers under contract with independent consult-
ened the private pest management businesmts found that 20 percent of the vegetable grow-
(270). Often the Extension agents are far outers were releasing beneficial insects and 39
numbered by private advisors (291). Large farmpercent were using pheromones (340)—rates of
operations, which can spread the cost of obtainuse substantially higher than the national aver-
ing information over moreunits of production, ages (e.g., ref. 377).
depend particularly heavily on private consult- Few states have licensing requirements for
ants and can afford to hire the very best (see boxrivate pest control advisors (309). Many advi-
5-4) (141). sors are, however, certified by professional soci-
Most private advisors have been educategties such as the American Society of Agronomy
with an orientation toward conventional pesti-and the National Alliance of Independent Crop
cides. Most are not well versed imologically  Consultants (7,16,166). The societies have devel-
based methods—around 5 percent, according teped certification standards to eliminate the need
some natural enemy companies (269). The extemigr government intervention. These standards
to which advisors use BBTs varies tremen-yary among states. No state government requires
dously; some are eager to embrace these techn@est control advisors be trained specifically in
ogies but do not have adequate information OBBTs (5), although such training has been pro-
find that fewbiological approaches suit their pestposed in California (see box 5-3). Likewise EPA
control needs. Some advisors lack confidence ifias no certification requirements for private pest

the BBT options and do not want to harm theircontrol advisors and offers no guidance to the
reputations by recommending a technology thagtates in this area (431).

they themselves question (282). _ EPA does annually pass through about $2
Moreover, most private pest control advisorspijllion to CSREES for development of model
are affiliated with the chemical industry. There cyricyla for training pesticide applicators (370).
are also about 3,500 “independent” consultant§pese curricula suggest including a section on
who do not work for chemical suppliers (340). In|pp;, although very little specificity is included
California, for example, about ZOQ (less than 10regarding what techniques might be cadbrThe
percent) of the pest control advisors who ar&yrricyjum, with modifications related to state
active in agriculture are considered independenfy s is used by the Cooperative Extension Ser-
the rest work for chemical companies, distribu-ice in all states to annually train over 500,000
torships and applicators (141). In a few States{Jrivate, commercial, and urban pesticide applica-
such as California, Arizona and Florida, some Ot 5 (370). Under the Federal Insecticide, Fungi-
the pest control advisors specialize in BBTS;jje and Rodenticide Act. however. EPA is
(435). Independent consultants charge growers gy rred from requiring IPM training for licemg
fee, averaging from $3.75 per acre for wheat Q¢ negticide applicators. Pesticide applicators
$17.40 per acre for vegetables (340), whereagntamiliar with BBTs might pose an obstacle to

those affiliated with pesticide companies offery o ers interested in experimenting with these
free advice as an incentive for product purChase?echnologies

Independent consultants may be more inclined
than industry-affiliated advisors to recommend .
nonchemical technologies. A study of pest con-D Other ,FaCtor.S Affecting
trol advisors in California found that those notthe User’s Choice
involved in the sale or application of pesticidesA number of institutional factors and market-
were much more likely to seek help from theplace forces may also affect farmers’ pest control
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decisions. The precise influence of most has natonsumers. Cosmetic standards for these markets
been rigorously documented. For example, thare far higher than those in the United States,
market for foods grown with reduced or no pesti-making use of conventional pesticides almost

cide use, and the prices consumers are willing tpnavoidable for produce intended for export
pay for these foods, may affect whether and ho"(18).

great a cost farmers are willing to incur in

. - : The extent to which growers use conventional
switching to pesticide alternatives. Bankers who . . . .
are unfamiliar with IPM or BBTs and who per- pesticides to meet cosmetic standards remains

ceive the methods as presenting a higher risk o(%ont.roversml, however (189_’298’380)' Some
crop failure may be unwilling to approve agricuI-StUdIes suggest that a grading system which

tural loans to farmers who use these hogs €Mphasizes external appearance may leave
(435). Some growers worry that use of IPM anddrowers and packers little choice but to apply
BBTs may be impeded by the new Worker Prolarge amounts of conventional pesticides. Some
tection Standards recently issued by EPA thasurveys of apple and citrus growers report, for
increase the amount of time after pesticide appliexample, that for a majority of growers at least
cation during which agricultural workers are half of their pesticide usage is to attain a suitable
barred from reentering fields. The required delayosmetic appearance (298). Although citrus is a
will prevent growers and crop consultants fromerop that lends itself well to BBTs (18), in parts
reentering fields shortly after spraying to scoutpt california no BBT can fully control the thrip
for remaining or fresh pest populations; SOMe, 4 red scale pests respible for cosmetic

growers argue the lack of immediate monitoringblemishes. Fruit going to the processed market

\(/él!)force them back to calendar spray S'Che‘jL"e“':éometimes has been treated with the same

. . ., amount of conventional pesticide as that going to
Perhaps the most commonly discussed influ-
. . the fresh market by growers hopeful that most of
ence is cosmetic standards. Federal, state, and . ) ) i
private grading standards for specific attribute§he'r fruit crop will be accepted in the fresh mar-
such as the shape, color, and surface defects B?t (92,298).
fruits or vegetables may also drive certain pest Production arrangements vary in the extent
control decisions. USDA grades for fresh fruitsto which they direct the grower to use
and vegetables, commonly specified in businesparticular pest management approaches; most
contracts, are required under some federal maenly require that the final product meets certain
keting orders establishing minimum standards, astandards, although some arpite specific
well as for produce sold to the federal govern{21,83). In general, processors are makely
ment and for certain conwdities imported and than fresh commodity buyers to specify the
exported (380). Most retailers buy only produceqesjred pest control method in a grower agree-
of the highest USDA grad-e.s to ensure adequatﬁ]ent or contract (213). However, the degree of
appearance (297). In addition, some states haVeroducer control can vary greatly, even within a

standards for certain crops, and many firms, sucR . . o
articular crop for a particular use. The variation

as Sunkist, have private standards for fresh pro[-)

duce. The failure to meet particular grading Stan_reflects differences among growers and firms in

dards can lead to downgrading or to loss off@nagement skills, access to dredand risk
access to the fresh market altogether, and consBLeferences (435). For example, three California
quently a substantial loss of income (298). firms handle more than 75 percent of US fresh
Produce standards in many fruit, vegetablecarrot production. Their production arrange-
and nut crops are also affected strongly by expoihents with growers range from some that give
markets. For example, about 40 percent of Calivirtually complete control over pest control, to
fornia citrus is destined for Asian and Europearothers that cover only the purchase of output.
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FROM RESEARCH TO IMPLEMENTATION this chasm and suggests options that might help

Chapter 5 has shown that the federal governmeffovide solutions.

supports sizable efforts on the research and

implementation of BBTs, funded annually (J Coordination Is Needed to Enhance

around $210 million. Despite these efforts, appli-[)e|ivery to the Field

cations of BBTs in the field are relatively few L
L . A lack of necessary coordination between

(chapter 3). And a&ignificant gap lies between . i

the research on BBTs and its use—a gap referre_r(ﬁEsearCh and mplementatmn was the most prom-

to by some long-time observers as the “valley ofnent problem identified by every workshop and

death.” The problem characterizes BBTs in othedvisory panel convened during the OTA assess-

countries as well (e.g., box®- Here OTA iden- ment, and by dozens of scientists and representa-

tifies some of the major reasons fortives of federal agencies. The issue is not simple;

BOX 5-5: Connection between Research and Implementation in Australia

U.S. scientists often point to Australia as a potential model for the United States to emulate in the reg-
ulation of biological control. It is unclear, however, whether differences between the U.S. and Australian
regulatory systems have had a significant impact on the relative adoption and success rates of biological
control or other BBTs. Although Australia is thought to be several steps ahead of the United States, both
its research and its implementation efforts appear to confront many of the same obstacles plaguing U.S.
programs—most notably, low rates of success, adoption, and commercialization. Despite regulatory
developments, discontent about the screening and approval process for introductions remains prevalent.

The Australian government has instituted several national policy initiatives that have removed some of
the regulatory obstacles that American scientists and natural enemy companies claim inhibit the success
of biological control in the United States. The result, however, has not been greater use or commercializa-
tion of BBTs. A series of complete and partial successes have kept BBTs in the public eye and in
demand, but private-sector involvement remains minimal. Research results are not getting into the com-
munity for widespread use, and the Australian government has been ambivalent in its attempts to
improve the situation.

In 1989 the Australian government spent only a small percentage of its pest control research budget
on BBT research and implementation—$20 million, an amount equivalent to approximately 2 percent of
the funds spent on chemical research. Although there is widespread acceptance of the need to encour-
age BBTSs, there is little in the way of explicit directives, and resources are still limited. The government
does not give any subsidies to encourage BBT use, and support for redistribution of biological control
agents and implementation projects and resources is still inadequate. The only potential government
incentive for growers to adopt BBTs is the increasing restriction on conventional chemical pesticides.
This incentive may eventually become strong, but it has not yet had much impact on growers.

The Australian government has several policies that help link research to implementation. One of the
conditions of government funding is that recognition be given to the importance of long-term research
and research for public benefit. Consequently, Australian scientists often integrate the implementation
phase with the initial research. Both the central government and the state governments encourage
research agencies to promote their work on BBTs more publicly. Nevertheless, farmers and researchers
alike realize that the results are not getting out to the field.

SOURCE: J.M. Cullen, and T.E. Bellas, Division of Entomology, CSIRO, Canberra, Australia, “Australian Laws, Policies, and Pro-

grams Related to Biologically Based Technologies for Pest Control,” unpublished contractor report prepared for the Office of
Technology Assessment, U.S. Congress, Washington, DC, March 1995.
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this need for coordination occurs on several levprovide guidance for the funding decisions of
els. In general, ad hoc interactions among scienesearch agencies.

tists from various government agencies and; pecember 1994, Argonne Laboratories, under
universities working on BBTs have beeuite  contract with the Cooperative State Research, Educa-
good. Problems arise, however, when institution, and Extension Service began developing the
tional coordination is necessary. software for a database that would incorporate state
information on the use of various pest control methods
and EPA data on pesticide reregistration (289).

Interdepartmental Coordination CSREES h the datab I oy inolu
In the 1990 Farm Bill, Congress directed EPA to opes [he database will one aay Inciuae

dinat ith USDA in identifvi . information on pesticide resistance and USDA
coordinate wi In 1aentifying pressing research, and that it will eventually be supported by

national needs where shortages in pest Contrgltates and users. Should Congress decide to desig-
methods are likely to occur through the 10Ss Ofnate this database as the national repository of infor-
conventional pesticides. The most obviousmation on pending pest control needs, some early
causes of such shortages are the lack of reregisejustment might be needed to make sure it fulfills the
tration of chemicals for minor use crops and peseriteria just discussed. For example, CSREES should
ticide resistance (see chapter 2). USDA wasonsult with the Agricultural Research Service and
instructed to address these priorities through it§ther agencies to ensure that the database is con-
research and extension progra:m$n 1994, the structeq so that it cafn .i/.vform their decisionmaking
Secretary of Agriculture and the Administratorregard'ng research priorities.

of EPA signed a memorandum of understandin - .
belatedly agreeing to collaborate in exchanginirovIdlng for Follow-Through in the Research

necessary information on upcoming pesticide heAgnchturaI Researgh Serwce_(ARS) and the
losses (403). State Agricultural Experiment Stations fund most

OTA has not been able to identify any clearOf the researc_:h on BBTs. Iﬂn both cascis, th.e SCl-
ence usually is generated “bottom up.” National

mechanism by which such priorities are consis- oal-setting mechanisms lack funding authority
tently identified and acted upon in the develop-g g g

f th folio of USDA-funded hand therefore have little direct influence over the
ment of the port olio 0 -tunded research o search agenda. The decision processes of ARS
on BBTs. The first step would be to improve the

) > and the State Agricultural Experiment Stations
information exchange between USDA and EPA. h5ye the advantage of keying research to region-
eIl Congress could, through its oversight  ally identified problems. Where they fall down,
functions, encourage USDA and EPA to act on their ~ however, is in theiability to address externally
recent memorandum of understanding. identified strategic needs. This is particularly a

oISkl Congress could specify and provide problem for work on BBTs. A vast array 01_‘ pest_
direct appropriations (perhaps as a proportion of the ~ Management questions deserve scientific investi-

funds requested for the USDA IPM Initiative) for USDA gation. The _diffuse meCha_niS_'mS for genergting
and EPA to collaborate in developing and maintaining ~ fesearch projects and the limited funds available

a database on upcoming pest control needs (result-  cannot help but result in a research portfolio that
ing from pesticide loss and resistance) and available IS dispersed and lacks coordination.

alternatives for filling these needs. Careful consider- One consequence of the scatter is that some of
ation would need to be given to the appropriate insti- the research components necessary to enable the
tutional site for this function; the database would practical uses of BBTs are not addressed. The
require sustained support. It should be constructed to  gpplication of any given BBT against a specific
ensure universal accessibility and also so that it can pest problem results from research ranging from

13Under the Conservation and ResedFittes ofthe 1990 Farm B.
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fundamental aspects of the pest problem t@fforts with EPA. This has special significance
details of how the BBT is applied. for BBTs because these technologies are most
The latter has consistently been underemphdikely to be adopted where conventional pesti-
sized. OTA fully acknowledges the value of cides disappear (see chapters 3 and 6).

more fundamental research and is not aciings Experience has shown that research flows
whether the current allocation here is approprimore expeditiously into applications of BBTs
ate. But it is clear that not enough attention hasvhen directed funds circumvent the normal,
been given to the essential research to take BBTghly structuredjnstitutional processes. OTA's
out of the hands of scientists and into those obptions attempt to build on this experience.

farmers and other users. ditirically,

. o . . m Congress could direct the Agricultural
no research agency has identified this function as ilS ¢ ch Service to allocate a proportion of its BET

responsibility. Extension scientists might have bee,nqs 1o a targeted competitive grants program within
logical candidates but have not assumed this rolge agency. These funds would be available for col-
(84). laborative research projects that provide the follow

Another consequence of the funding processesirough into field applications. Evaluation of the
of the ARS and the State Agricultural Experi- needs of farmers or other users at the inception of the
ment  Stations is that the agenciesresearch and of ways in which the BBT would meet
have difficulty responding to  exter- this need would be essential to ensure real-world
nally generated research needs, suchthase applicability. The size of this effort would need to be
identified by operations agencies. Despite clearbalanced against its potential effects on the agency’s
cut institutional responsibiles, ARS has not capability to conduct longer-term studies.

always delivered solutions that are field-ready t Proposed research funding for fiscal
APHIS; as a result, APHIS has developed it%&?pmvided through CSREES under the USDA
own research capabilitiefor adapting BBTS py initiative has taken this approach to ensure “buy
originally identified by ARS and others for in” py researchers, farmers, and others involved in all
larger-scale field use. Similarly, the needs of thephases of the development and implementation of
land management agencies for BBTs to use imPM programs (see box 5-1). Congress could fund
weed control have been met only by a small scalenis research initiative. Its potential influence on BBT
effort at ARS, even though weed-infested landsesearch is unclear, however, because the role of
are extensive and represergignificant national BBTs in the IPM Initiative has not been explicitly
problem. In partthis reflects the fact that agen- stated. Hence, funding of the research component of
cies within the Department of the Interior the IPM Initiative would affect BBTs only if Congress
(Dol)—the Bureau of Land Management in par_instructed USDA to identify the role of BBTs or to allo-
ticular—lack pass-through funds that they couldcate a proportion of the program for IPM research that
allocate to ARS for the related work. Futureincorporates biologically based approaches (i.e., bio-
needs of the Dol agencies may be particularlye"s/ve M)
acute because their research agency, the NatiorgeyzgjfeIyllj Congress could increase the account-
Biological Service, lacks support in the currentability of the Agricultural Research Service to the
Congress and has been targeted for downsizingperations and land management agencies by desig-
elimination, or merger. nating funds within these agencies for pass-through
The difficulty that USDA’s major research to ARS for meeting their operational needs. Because
agencies have in responding to externally identiaew funding is unlikely in the current fiscal climate,
fied prioriies does not bode well for these funds would have to be derived from the current
how the agencies will deal with impending pesti-Pudgets of these agencies.
cide losses through reregistration or pesticidm Alternatively, Congress could allocate
resistance, even if this information is madeto the operations and land management agencies
readily available through better coordinated“redeemable credits” toward research that targets
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their needs by the USDA research agencies. These
credits would obligate the research agencies to con-
duct a specified amount of research to meet the
needs of the operations and land management agen-
cies, but no exchange of funds would occur (i.e.,
funds would remain in the research agencies). The
research agencies would have to be informed, during
their appropriations processes, of their obligations,
and some tracking mechanism might be necessary to
assure accountability for conducting the work and
producing results according to the agreed priorities.

lel=hsle]Yll Congress could improve the match
between ongoing research and the needs of farmers

by requiring research agencies to seek input from
farmers and other users into funding decisions. For
example, representatives of user groups, commodity
groups, etc., could sit on funding panels or make rec-
ommendations to the Deputy Administrator of the
National Program Staff of the Agricultural Research
Service.

lel=hsle]Yll Congress could create a competitive
grants program specifically targeted toward BBTs

that are well researched but not yet in practical use.
The goal would be to invest in bringing research dis-
coveries that currently lie unused into the field, partic-
ularly those of high technical merit but likely to yield
profits too low to be of commercial interest. Such
funds might be administered through CSREES, per-
haps as a part of its extension functions. Although
new money would be required to set up the program,
it would be very cost-effective, because only technol-
ogies on the verge of application would be funded.
The same type of targeted funding mechanism cur-
rently underlies the Cooperative Research and Devel-
opment Agreements under which private-sector
companies invest in government research (see also
chapter 6 for further options related to CRADAS).
However, those agreements primarily address
research that is amenable to commercial develop-
ment.

Coordination of Biological Control

Coordination of biological control research pose
separate but related problems. Researchers poi
to dwindling resources andstitutional obstacles
as significant reasons why current rates of su
cess in classical biological control are low (58)t
(see chapter 3). At the same time, the numbers @f;ioq (see chapter 6 options).

S

C-

people and organizations conducting biological
control are growing ever larger. Numerous small
companies also rear and sell natural enemies (see
chapter 6). In the past, scientists at the Agricul-
tural Research  Service and universi-

ties conducted most biological control
introductions. Today, federal, state, andirmty
government agencies responsible for pest control
carry out their own programs, often in the rush of
addressing a new, high-cost pest, such as the
Russian wheat aphid.

Research scientists worry that the quality of
biological control work will suffer as it becomes
increasingly dispersed. The conse-
guences might include increased
introduction of ineffective agents, greater poten-
tial for introduced agents to interfere with one
another, and a further lack of adequate monitor-
ing to evaluate effectiveness ambntarget
impacts. Moreover, poor coordination of biologi-
cal control programs among government agen-
cies can result in replication of effort;
conversely, the agencies sometimes end up
working at cross purposes (see box 5-2 ).

Better coordination of biological control work
would increase the potential for success and
reduce the costs and risks (82). Biological con-
trol is worth supporting because of tlégh
potential payoffs when it succeeds. By coordina-
tion, researchers usually mean disseminating
information about ongoing work, enabling col-
laborative efforts, making research fings
readily available, and maintaining good data-
bases of biological control introductions and
their results. Good databases are essential to
develop biological control into a more predictive
science (see chapter 3). In additiogpod
research in iplogical control requires support
over a period of years, far longer than is the norm
in most funding cycles. Whdtiological control
workers seek is a centralized administration that
would coordinate the various sequential and
therdependent activities required for a biological
control program, including assistance with satis-
fying regulatory requirements. Such coordination
could incorporate private sector involvement in
he production and dissemination of natural ene-
It might also deal
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with use of biological control in non-agricultural agencies, in many cases related directly to their pest
habitats, such as in wilderness preserves anebntrol responsibilities.
aquatic ecosystems. The coordinating mechgg Congress could strengthen and stabilize

nism mlght fa”ge from "’_m organization that .Slm'the new biological control program within the National
ply coordinates information and needs 10 a singl&esearch initiative, and also make provisions so that
entity responsible fO!‘ all aspects of biological csrees could fund some projects of long duration
control research anq_|mp|ementa“0n- rather than the five-year grants the agency says are

The harshest critics say that the necessafangated by current law. Note that the National

coordination is virtually nonexistent today (58). research initiative program on biological control has
In fact, two USDA entities, the National®ogi-  not received strong support from the current Con-
cal Control Insitute (in APHIS) and the Inter- gress and might be eliminated in fiscal year 1996.
agency Biological Control Coordinating
Committee (IBS) were designed fothis func- [elialelNll Should Congress choose to fund the
tion. Neither fulfills it perfectly—theinstitute ~YSPA IPM Initiative, it could stipulate that the desig-
because it is locatedithin an operations agency nated orgfar.uzat/on for co'ord/nat/ng. b/o/gg/cal contrql
and lacks funds and authority; the committeg”® & Participant. Even without designating a coordi-
because it has largely ceased to function nating organization, Congress could require that the
Representatives of the Agricultural ResearchNét.'of'al B'Ologlcél Control I'T'smu.t e be involved in the
Service suggest that their agency, through iténlt/atlve to help integrate blolog/ca( contr'o/ and IPM
National Program Staff, should be the coordinat? °9"4ms (see also chapter 3.f0r Fﬂscussmn of P rob-
ing site (320). However, ARS has not shouldere lems related to a lack of coordination between biolog-
: - T . ical control and IPM).
this responsibility under its existing structure,
and this option would suffer the samedlr or |NelzEaIe]NIll Congress could direct USDA to maintain
perceived) problem as the NationaloRigical a consistent and comprehensive database on biologi-
Control Institute—it would place responsibili- cal control introductions. Several different institutional
ties for coordination whin a single agency hav- sites might be possible. Previous attempts at develop-
ing its own vested interests. ing such a database in the Agricultural Research Ser-

vice suffered from erratic support. The history of poor

O TION " angress could ) select  either  the documentation and recordkeeping by the APHIS reg-
National Biological Control Institute, the Interagency

Biological Control Coordinating Committee, or a new
unit (perhaps incorporating both organizations) as the
institutional site for national coordination of biological
control. Selection of the National Biological Control
Institute would require its elevation to a higher level
within USDA, because its current position makes it
accountable to the priorities of one agency (APHIS).
Selection of the Interagency Biological Control Coor-
dinating Committee would require revitalizing the now
inactive committee. Specific coordinating responsibil-
ities and appropriations would need to be assigned to
whatever organization is selected. [J Addressing Currently Unmet

lel=sle]Yll A/ternatively, Congress could create a Research Needs
centralized agency responsible for all federal activi-  Although this report does not seek generally to
ties related to biological control. This option seems  address details of what specific BBT research

only remotely feasible today, because biological con- should be conductejcﬁ gaps in two areas have
trol programs are dispersed throughout at least eight

ulatory unit that permits biological control introduc-
tions (see chapter 4) makes it seem an equally
problematic site at this time; although whatever data
are developed by APHIS via the permitting process
should be incorporated into the biological control
database. Other possibilities include the National
Agricultural Library or the National Germplasm Pro-
gram. Development of a biological control database
could occur even if no coordinating structure for bio-
logical control is designated.

14|n part this is because the upcomingamirom the National Research Council should do a thorough analysis of this topic.
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become particularly obvious during the course of
the assessment. First, examination of the propor-
tion of federal funds going to research on various
categories of pests shows an obvious slant
towards insect pests (figure 5-3), Weeds receive
a disproportionately small allocation, even
though herbicides represent the single greatest
category of pesticide use in the United States,
accounting for approximately 59 percent of pes-
ticides used in agriculture and 57 percent of
overal pesticide use” (399). The emphasis on
insects may be a historical artifact of when BBT
research developed, because the widespread use
of herbicides is a relatively recent practice in
U.S. agriculture. Nevertheless, it means that a
significant category of pests currently receives
relatively little attention. In the absence of any
action, this pattern is likely to continue; the exec-
utive branch’s budget proposal for fiscal year
1996 eliminated funding for the ARS biological
control of weeds project in California and the
Army Corps of Engineers program for biological
control of aguatic weeds.

A second major gap is the followup and moni-
toring of BBTSs, especialy biological control.
Very little of this type of work is conducted in
the United States. According to biological con-
trol workers, such research will be essential to
develop better predictive capabilities and there-
fore streamline biological control projects (see
chapter 3). The lack of followup has another
important consequence. It makes evaluation of
the potential nontarget impacts of BBTs excep-
tionally difficult to assess, resulting in a regula-
tory system based more on assumptions about
safety rather than on documentation to that effect
(see chapter 4).

opriokongress could direct the Agricultural
Research Service and the Cooperative State
Research, Education, and Extension Service to allo-
cate a greater proportion of their research funding
toward control of weeds,

OPFTION Congress could direct all federal agen-
cies that conduct or fund biological control programs

15 Percentages calculated according to weight of active ingredient.

FIGURE 5-3: Distribution of Federal BBT

Research According to Pest Type (1994)

Nematodes
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SOURCES: D.M. Gibbons, The EOP Foundation, Inc., Washington,
DC, Report on the Role of the USDA in Biologically-Based Pest Con-
trol Research, " unpublished contractor report prepared for the Office
of Technology Assessment, U.S. Congress, Washington, DC, January
1995; J.R. Nechols and J.J. Obrycki, Kansas State University and
lowa State University, “OTA Preliminary Assessment of Biological
Control Current Research, ” unpublished contractor report prepared
for the Office of Technology Assessment, U.S. Congress, Washing-
ton, DC, January 1994,

NOTE. EPA, APHIS, and states are not included because research
and development could not be identified by pest type

to initiate or fund monitoring projects, especially for
higher risk categories (see chapter 4 for discussion of
risk categories). One way this might be accomplished
is to give higher priority to research projects that
include a monitoring component.

oMaintaining the Necessary
Level of Technical Expertise

At anationwide scale, technical expertiseis lack-
ing in certain key areas for the development and
implementation of BBTs. For example, two sig-
nificant obstacles to increased use of BBTs are
the lack of adequate incorporation into 1PM pro-
grams (see chapter 3) and the paucity of related
information about BBTs available to users. Part
of the problem lies with the lack of staff ade-
guately trained in BBTs and 1PM within the
Cooperative Extension System.
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A second area where adequate exgelit dis-

of conventional approaches. Today, extension’s

appearing is the field of taxonomy and systematelirect role in educating farmers about pest con-
ics. The number of qualified taxonomists istrol has been dwarfed by that of private consult-
shrinking; yet the discovery and development ofants. Congress could help improve access of

new biological control agents, tsese of their

private consultants to information on BBTs and

specific nature, relies on accurate taxonomy—PM in several ways.

the IdGﬂtlfleilgl‘lg%;dF Cl?jSSIflcgtlon of IIVI?g lel=hsle]YMl "he Federal Insecticide, Fungicide, and
organisms ( ’ - FUNds and resources 101 oo qenricide Act prohibits the federal government

taxonomy and biosystematics are difficult to g requiring training in 1PM for certification of pesti-
obtain, and critics say the science is consideregige appiicators. Congress could amend the act to
to have relatively low priority among ARS reciify this situation and require that pesticide appli-
administrators (58). écording to the natural cators be knowledgeable in the full range of pest con-
enemy industry, only one U.S. scientist can identrol options, including BBTs.

tify various species of richogrammawasps that m Several different types of consultants
are among the most commonly sold natural ene?

. . ) ) o affect pesticide use decisions. Several professional
mies in the United States. Incorrect Identmca'associal‘ions influence the types of information these

tions can lead to a mismatch of biological control.onsyitants provide through training programs and
agents with their pest targets, or to poor controkeriification standards. Extension has worked with at
agents unintentionally being sold as natural enefast one society, the Agronomy Society, to help inte-
mies. Moreover, an accurate and knowledge-rictyrate 1PM into their certification program. Congress
classification is essential to enable a more preeould encourage similar efforts through the Coopera-

dictive approach to biological control (186).

lel=xalo]Yll Congress could support education in
IPM through the Land Grant University system. Vari-

ous approaches might be possible, for example,
funding graduate fellowships in IPM.

lel=hsle]Yll Congress could direct the Agricultural
Research Service to increase resources and staff

slots allocated to the Biosystematics Laboratory for
work related to biological control.

lol=hsle]YMl Postdoctoral fellowships from APHIS’s
National Biological Control Institute have been used

successfully to support U.S. taxonomic work. Con-
gress could direct APHIS to allocate a larger share of
its biological control funding for this purpose.

[J Educating and Influencing Users

A significant weak link in the implementation of

tive Extension System, perhaps by providing targeted
competitive funds for projects that involve collabora-
tion between extension personnel and professional
societies to integrate BBTs and IPM into training pro-
grams or certification standards.

Certain financial incentives are thought to
sway farmers’ decisions in favor of conventional
pesticide-based methods, such as cosmetic stan-
dards. In addition, constraints on the availability
or cost of conventional pesticides affect the array
of affordable pest control options available to
farmers. Several agricultural economists have
suggested that markets for BBTs could be
expanded by creating incentives for farmers to
use these approaches or disincentives to use con-
ventional approaches .(g, taxing conventional
pesticides).

One problem with this approach is it assumes

BBTs is getting farmers to experiment with thesethe availability of BBTs is directly driven by
technologies. Many lack sufficient information market forces. However, BBT research, espe-
to make informed decisions, and the availablesjglly in certain areas, is primarily publicly

technical support may be strongly biased in favofynded at this time. OTA has found thalear

16Taxonomy is part of the larger field of biosystematics that examines &spadts of the relationshipmongliving organisms (species

and higher taxonomic categories like families).
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mechanisms have not existed to match thisnight be a set-up for failure. djusting the
research to the needs of farmers omresearch agenda to better ensure that BBTs make
other users. Policy changes that increase thie into the hands of farmers and other users will
demand for BBTs, but neglect to improve thebe an important part of policies that seek to
supply of BBTs coming through the pipeline, decrease pesticide use.



Commercial
Considerations 6

ndustry involvement in the production of direct andindirect influences that the federal
biologically based pest control products isgovernment exerts over producers of biologically
something of a mystery to outsiders. Misin-based technologies for pest control (BBTs) prod-
formation—especially gross under- anducts and by suggesting ways that the government
overestimates of the current and potential futurgould encourage commercial activity in this area.
significance of the private sector role—abounds. Only certain biologically based technologies
For example, some researchers unrealisticallyang themselves to commercial production of a
expect that the private sector will pursue every, xetable product. These include: augmentative
promising technology, ignoring the fact that g ases of natural enemies: deployment of pher-

nlveztmtent rlr<1akes Sfiniftonly '_1; a iompan%mone-based traps and mating disrupters; and
stands to make a promt. fopposite extreme, applications of microbial pesticides. In contrast,

others equally incorrectly believe that biologi- o . .
no commercial involvement occurs in classical

cally based pest control should be left entirely tqbiological control vhere the agent becomes

the public sector—that there is no appropriate . . .
. o established, reproduces itself, and provides con-
role for the private sector. This view ignores the

tremendous vested interest of the private sectdfuing pest control without further intervention

in conventional pesticides, which must be incor-(Options to contract out production of natural

porated into planning for the future of the enemies to commercial insectaries, however, are
nation’s pest management practices. discussed later in this chapter). Only government

This chapter explores the commercial produc®gencies thus far have used sterile male
tion of biologically based pest control products.@PProaches; some companies that have examined
It identifies the size and structure of the industrythe commercial potential of the method have
its relationship to the production of conventionalconcluded that there are significant technical
pesticides, industry trends, and the ways that aimpediments. Conservation of natural enemies
of these elements influence the extent of futuréhrough cultural practices or choice of pesticide
adoption of biologically based methods. Thetype also occurs without purchase of any biologi-
chapter concludes by discussing the numerousally based product (317).

| 145
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Chapter 6 Findings

= Biologically based products now make up about 2 percent of the market for pest control in the United
States and 1 percent or less of the international market, with annual worldwide sales of $180 million to
$248 million. These products, however, represent one of the fastest growing sectors of the pest control
industry.

= Almost all of the biologically based products sold commercially to date have been for control of insect
pests. Because only about 29 percent of the conventional pesticide market is aimed at insect control,
however, biologically based technologies for pest control (BBTs) are likely to capture a significant pro-
portion of this market in the near term.

= The industry that produces natural enemies for pest control is small but growing, with annual U.S.
sales estimated at $8 million and worldwide sales at $40 million. The industry faces substantial hurdles
to expanded sales. Some reflect technical aspects of product development, manufacture, quality con-
trol, and distribution. Others occur because natural enemies do not fit easily into conventional pest
control systems or measure up to farmers’ expectations for product efficacy based on their experience
with conventional pesticides.

= Venture capital is the foundation of the midsize biotechnology companies that have been the nation’s
laboratories for the discovery of new microbial pesticides. Because companies have been slow to real-
ize profits from biologically based pest control products, their future is somewhat uncertain. The finan-
cial instability has contributed to numerous mergers and acquisitions or agreements with larger
agrochemical companies.

= The conventional pesticide industry has shown some interest in biologically based pest control prod-
ucts, with even the largest companies like Ciba-Geigy developing related product lines. Overall invest-
ment for research in this area, however, remains only a small fraction of that devoted to conventional
pesticides. Big agrochemical and pharmaceutical companies seek products with large markets and
sizable returns on investment—criteria satisfied by none of the BBTs now sold commercially. Some
believe that genetically engineered microbes hold the greatest promise. The big companies are
poised to acquire smaller biotechnology and natural enemy companies if technical breakthroughs or
other factors should result in significant market growth for BBTSs.

= Today's pesticide industry has developed around the research, development, and marketing of con-
ventional pesticides, and biologically based products do not move smoothly through this structure.
Various other factors, some having little relationship to federal policies or programs, also will influence
the commercial future of BBTs. Development of favorable federal policies could enhance R&D of BBT
products and speed up growth of their markets, but even under the most favorable conditions, biolog-
ically based products will not replace a significant proportion of conventional pesticides over the next
10 to 15 years.

STRUCTURE OF THE BBT INDUSTRY also are diverse, although various Bt-based
insecticides account for the majority of sales at

Biologically based products are a small but
present.

growing part of the pest control industry in the
United States and worldwide. The market for
BBTs is unevenly distributed geographically andl] Market Share

also across pest control sectors. The companidBTs currently command only minute fraars
involved range from small owner-operated firmsof the $6 billion to $7 billion U.S. market and the
to large multinational corporations. The products$24 billion to $25 billion worldwide retail mar-
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ket for crop protection (table 6-1). The availableexperts predict that growth of BBT sales in the
estimates of market share for BBTs are imprecisemmediate future will be unevenly distributed
and probably err on the side of optimism. Never-across the pest control market, occurring prima-
theless, even the most conservative analysts preity in the insect control sector where product
dict that the market for BBTs will grow more R&D and a track record of field efficacy are best
rapidly than the market for conventional pesti-gstaplished for Bt (149). Others assert that the Bt
cides which is expected to expand only 2.5 10 3parket has reached a plateau and that future

percent annually over the next five yearsgoih will result from types of products based
(149,150). Estimated annual growth rates for gIo-on viruses and fungi (e.g., the use of fungi to

bal sales of BBTs n gen.eral and for each MAJOL sntrol household pests like termites and cock-
category of BBTs in particular (natural enemies,
oaches) (233).

pheromones, microbial pesticides) range from é h hic distributi f | |
to 30 percent, with most predictions around 10 The geographic distribution of BBT sales also

percent (301,14,150,294,413) is uneven. North America and Europe accounted
Almost all sales to date have been of productgOr approximately 60 percent of the total Bt mar-
to control insect pests (figure 6-1) (149). Accord-Ket in 1991 (287). The United States accounted
ing to some sources, Bt-based productgor an estimated 55 percent of all worldwide
accounted for more than 90 percent of worldwidesales of microbial pesticides and natural enemies
microbial pesticide sales in 1990 (294). All pher-(294). The Far East represents a potentially sig-
omone-based products and most natural enemyificant but poorly understood market of about
products currently on the markate for control $47 million annually (287,149). While natural
of insect pests. BBTs now account for 2.5 to 3.32nemy sales occur primarily in North America
percent of worldwide insecticide sales. Someand Europe, augmentative uses in developing

TABLE 6-1: Estimated Market Value of Biologically Based Pest Control Products

(millions of dollars annually: 1990, 1991, or 1992)

Natural enemies Pheromones? Microbial pesticides All BBTs % Total market?
United States $8 $30 to $42 $56.7 to $97 $94.7 to $147 1.3% to 2.4%
Worldwide $40 $60 $104.5 to $147.5 $180 to $247.5 0.7% to 1.0%

2 Pheromones may include some products for pest monitoring as well as control. Sources do not report the data in a way that would allow this
level of discrimination.
b Percentage of total worldwide market for pest control products based on an estimated total retail market of $24 to $25.2 billion.

SOURCES: Compiled from M.G. Banfield, An Analysis of the Semiochemical Industry in North America, 1991; J. Houghton, Houghton and Asso-
ciates, St. Louis, MO, “The View of Biological Pest Control From the Pesticide Industry,” unpublished contractor report prepared for the Office of
Technology Assessment, U.S. Congress, Washington, DC, 1993; J. Houghton, “Biologically-Based Technologies For Pest Control: Workshop on
the Role of the Private Sector,” unpublished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington,
DC, September 20-21, 1994; P.B. Rodgers, “Potential of Biopesticides in Agriculture,” Pesticide Science, 39(2): 117-129, 1993; “Sales of Biope-
sticides Expected to Rise at the Expense of Chemically-Based Pesticides,” Pesticide Outlook, 4-5, February 1994; K.R. Smith, Henry A. Wallace
Institute for Alternative Agriculture, Hyattsville, MD, “Biological Pest Control: An Assessment of Current Markets and Market Potential,” unpub-
lished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, January 1994; G. Voss and B. Mif-
lin, “Biocontrol in Plant Protection: CIBA's Approach,” Pesticide Outlook 29-34, April 1994.

NOTE: Numbers presented are composites of annual data for 1990, 1991, or 1992 and show the full range of estimated values obtained by OTA.
Estimated market values for biologically based pest control products are difficult to obtain, vary greatly with the source, and should be viewed
with skepticism. Those involved in the developing or producing of biologically based pest control products tend to provide optimistic numbers.
The most widely cited estimates come from consulting firms that summarize market trends and then sell their analyses to the private sector.
Accuracy of these analyses is difficult to judge because the sources and data are proprietary. Despite the inexactitude, experts agree that the
relative magnitudes of commonly reported numbers are correct.
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FIGURE 6-1: Comparison of BBT and

Conventional Pesticide Sales According
to Type of Pest
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SOURCES: Office of Technology Assessment, 1995; (data on pesti-
cide sales) A. Aspelin, “Pesticide Industry Sales and Usage: 1992
and 1993 Market Estimates, ” U.S. Environmental Protection Agency,
EPA Report No. 733-K-94-001 (Washington, DC: June 1994).

‘Levels for BBTs estimated by OTA based on known product types
and relative sales,

countries like Colombia and China are thought to
be high but traditionally supplied by government
rather than sources in the private sector. How-
ever, South and Central America have witnessed
rapid movement toward privatization of the
industry within the past three to five years, some
7 to 10 percent of the natural enemies produced
in the United States are sold in Latin America
(28). The Japanese government has also taken a
noncommercial approach to control of Fusarium
wilts (plant diseases) by distributing a microbial
control agent (22).

Most sales of BBT are to users in agriculture
and forestry; only asmall fraction of sales are for
gardening and other uses (317). Mgjor arable
crops like corn and cotton account for only a
small proportion of the market (e.g., 7 percent of
the Bt market in 1992) (294).

[JCompanies and Products

Companies that produce biologically based pest
control products have total annual sales that
range from less than $50,000 to billions of dol-
lars (including non-BBT product lines). The
companies roughly break down into those mar-
keting natural enemies, those marketing phero-
mone-based products, and those marketing
microbial pesticides. However, the growing fre-
guency of various acquisitions, partnerships, and
agreements among companies increasingly blurs
these distinctions. A few of the largest compa-
nies have entered markets for all types of prod-
ucts.

Natural Enemies

As many as 132 companies in North America
produce or supply natural enemies (155);
approximately 25 to 30 of these companies are
commercia insectaries (37). A relatively few
large companies dominate worldwide produc-
tion. The two largest are Koppert, B. V., in the
Netherlands which has annual revenues of about
$20 million and distributors in more than 20
countries, and Bunting and Sons in Great Britain
(317). Ciba-Geigy, the world’s largest producer
of agrochemicals, bought Bunting in 1993 (413).
About half of al natural enemy companies are
located in North America, where most are small
and family operated. Only about a half-dozen
U.S. companies have annual sales exceeding $1
million. Although the total number of North
American companies is small, it is large relative
to current market demand, and thus competition
is intense (317).

The Association of Natural Bio-Control Pro-
ducers (ANBP), founded in 1990, is a trade asso-
ciation of about 100 members representing the
interests of North American natural enemy com-
panies. Some 22 of the members of this organiza-
tion are commercial producers, representing
approximately 85 percent of North American
commercia insectaries and more than 90 percent
of the North American wholesale market of natu-
ral enemies (317). But only one-fifth of the
roughly 100 distributors of natural enemies in



Chapter 6 Commercial Considerations | 149

North America belong to ANBP (37). The Inter- the products that appear to be marketed most fre-
national Organization of Biological Control quently.

(IOBC) is an active and long-standing interna-  Sales of natural enemies in the United States
tional association that represents the industry agportedly grew apidly over the past five years
well as others engaged in researching or implecogy put significant hurdles to expansion exist.

menting biological control programs (317). These are related to the nature of natural enemy

Ngtural enemy products marketed World.w'de#)roducts, production methods, and the industry’s
consist of more than 100 species, primarily o

) ) ... stage of development.
insects and mites that prey upon or parasitize Natural . hioped as || |
pests (317). In addition, a handful of companies atural enemies are shipped as live €ggs, ar-

supply snails or vertebrate animals, such as th2€, Or adults. These living products have a short
mosquito fish,Gambusia affinisfor biological shelf life and require attentive (temperature-con-

control. The most widely used natural enemiedrolled) handling. Applications in the field must
are various species of the wapchogramma be carefully timed according to weather, pest
that parasitize caterpillar pests (317). No industryabundance, and pesticide spray schedules. Cur-
analyses compile data on production or salegsent production techniques are hands-on, labor
according to type of product (317). Box 6-1 listsintensive, and expensive because natural enemies

BOX 6-1: Biologically Based Products for Pest Control

Types of natural enemies sold most frequently
Lacewings (Chrysoperla carnea, Chrysoperla rufilabris)
= Primarily for aphid control, but also for mealybugs, thrips, scales, and various other insects in fields
or glasshouses
The parasitic wasp Encarsia formosa
» For control of whitefly
Various species of parasitic wasps in the genus Trichogramma
= For control of caterpillar pests such as European corn borers, corn earworms, boll worms, bud-
worms, armyworms, and hornworms
Predatory lady beetles (primarily Hippodamia convergens and Cryptolaemus montrouzieri)
Various predacious and parasitic mites
= Primarily for control of thrips in glasshouses and spider mites
The aphid gall midge (Aphidoletes aphidimyza)
= For control of aphids in glasshouses
Pheromone products currently marketed or under d evelopment
For Disruption of Pest Mating:
= Products targeting 16 different insect pests
Lure and Kill (pheromone and insecticide combinations):
» 10 different products targeting five different insect pests
Microbial pesticides currently sold commercially
For Insect Control:
» Bt (Bacillus thuringiensis), at least eight different varieties of bacteria marketed under more than 17
different trade names
= One genetically engineered Bt product

(continued)
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BOX 6-1: Biologically Based Products for Pest Control (Cont'd.)

s Three genetically engineered products consisting of Bt toxin genes inserted into a killed
Pseudomonas fluorescens

= Bacterial milky spore disease of the Japanese beetle (Bacillus popolliae, B. lentimorbus)

= One fungal pathogen for cockroach control (Metarhizium anisopliae)

= Two fungal products for control of turf and ornamental pests (Beauvaria bassiana)

= Two viruses (gypsy moth NPV and beet armyworm NPV)

= A protozoan pathogen of grasshoppers (Nosema locustae)

= Four nematode species in the families Steinermatidae and Heterorhabditidae

For Weed Control:

= Two fungi that cause plant disease (both were taken off the market, but one has recently been rein-
troduced; see chapter 3)

For Control of Plant Diseases:

= Eight microbial antagonists of plant diseases, including: Gliocladium virens for use in soiless plant-
ing mixtures; Trichoderma harzianum for use in potting mixtures and as a golf course inoculant;
Agrobacterium radiobacter for control of crown gall: Bacillus subtilis for seed treatment; Candida
oleophila and Pseudomonas syringae for control of postharvest plant disease

SOURCES: J.0. Becker and F.J. Schwinn, “Control of Soil-Bourne Pathogens with Living Bacteria and Fungi: Status and Outlook,”
Pesticide Science 37:355-363, 1993; B. Cibulsky, Manager, Licensing and Business Development, Abbott Laboratories, letter to
the Office of Technology Assessment, U.S. Congress, Washington, DC, August 18, 1995; G.E. Harman and C.K. Hayes, Cornell
University, Geneva, NY, “Biologically-Based Technologies for Pest Control: Pathogens that are Pests of Agriculture,” unpublished
contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC, October, 1994; K. Smith,
Henry A. Wallace Institute for Alternative Agriculture, Greenbelt, MD, “Biological Control: An Assessment of Current Maikets &
Market Potentials,” unpublished contractor report prepared for the Office of Technology Assessment, U.S. Congress, Washing-
ton, DC, January 1994; and R.G. Van Driesche et al., University of Massachusetts, Amherst, MA, “Report on Biological Control of
Invertebrate Pests of Forestry and Agriculture,” unpublished contractor report prepared for the Office of Technology Assessment,
U.S. Congress, Washington, DC, December, 1994.

NOTE: Table primarily reflects products marketed in the United States.

are reared on live hosts (commonly referred to as Because most natural enemy companies are
in vivo production). small and operate with a low profit margin, few
Great interest centers on the development ofan afford to invessignificantly in R&D (317).
better production, packaging, storage, shippingThe industry would like to see far greaperblic
application, and quality control techniques tojnvestment in research, for example, to develop
reduce cost, enhance shelf life, and improveytificial diets for rearing natural enemiei (
product efficacy (317). Industry analysts say thairo production). They assert that the current

Zgggﬂ;mgég\r’g:sgr&]deuCctc'g,[] gfnﬂs?r?gndr:gt%r;\iog:]derelationship between the industry and the USDA
mies (table 6-2). Another lesser interest of theAg”CUItural Research Service (ARS) has much

industry is improvement of breeding stock to"09M for |mprovement (34). MUCh of the ground-
enhance compatibility with conventional pesti-WOrk for commercial production of natural ene-
cides. Some companies already do this by selecflies was laid by past federal research that
ing stock from regions where pesticide use ideveloped production techniques and identified
high, and academic researchers have begupPtential biological control agents. Producers
experiments to select or to genetically engineegomplain that this technology transfer pipeline
certain natural enemies (mites) for herbicidebegan drying up some time ago and has hardly
resistance. existed at all for the past six to seven years (270).
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TABLE 6-2: Projection: How Improved Production and Handling Technologies Would Incrementally

Increase the Scale and Decrease the Costs of Trichogramma Production

Increase in production capacity Reduction in cost
Improvement (hectare per season) per hectare
University R&D — —
Industrial pilot plant (to scale-up production techniques) x 15 50% reduction
Longer shelf life x5 No change
Improved techniques for field application x 24 96% reduction
Artificial diets x 22 88% reduction
Total change with all improvements x 40,000 99.8% reduction

SOURCE: Adapted from G. Voss and B. Miflin, “Biocontrol in Plant Protection: CIBA's Approach,” Pesticide Outlook 29-34, April 1994.

Although improved products and productionamong companies (59A). Some companies fear
methods might help natural enemies compet¢hat poor products with improper use will destroy
more effectively against other pest control prodthe industry’s public imagé285). The industry
ucts in the marketplace, other obstacles remairhas been moving toward voluntary quality con-
Most important, natural enemies drighly spe- trol standards through activities of the ANBP in
cific, andsuppress but do not locally eliminate athe United States and of the IOBC internationally
pest. Their performance profile differs signifi- (12,157). Companies fear that the federal gov-
cantly from that of conventional pesticides (seeernment will move to regulate the industry if
chapter 3). Industry representatives believe thahey do not institute such voluntary controls.
better education of farmers—through exiem The USDA Animal and Plant Health Inspec-
personnel and pest control advisors with specifigion Service (APHIS) recently published draft
training in BBTs—will be essential for the devel- regulations for the importation, interstate transit,
opment of larger markets (see chapter 5). and use of biological control ageh{see chapter

Perhaps equally important, the effectivenesgl). These eégulations, which would have put sig-
of commercially available natural enemies undemnificant new requirements in place, were with-
field conditions remains hotly debated, withdrawn following negative public comment.
some academic scientists claiming that the prodNatural enemy producers now consider future
ucts have little utility except in glasshouse horti-federal regulation of theindustry to be among
culture. The sources of differing views ontheir greatest challenges and wish to participate
effectiveness are difficult to untangle. There isin the development of any new rules.
too little information about how natural enemies Finally, the market for natural enemies is
should be applied to maximize their impact onhighly volatile (317), fluctuating with production
pests (i.e., when, where, how, and how many pedevels of those crops for which natuetemies
acre). Nor has the effectiveness of most naturalre most commonly deployed. The market also
enemies—and the extent to which that effectivedepends on pest abundance, which, in turn, is
ness is affected by care in product handling angreatly affected by the weather and other envi-
use—been adequately evaluated (12). ronmental variables. These problemsould

Some scientists believe that the quality controdiminish if markets and types of crops serviced
of natural enemy products fluctuates widelyincreased. For nowhough, producers have great
among producers, although adequate documentaifficulty predicting the market for certain prod-
tion of this problem is lacking. Instructions on ucts and increasingly are turning to narrower
appropriate application rates also vary greathyproduct lines that have more consistent sales.

1 Federal Register 60(116):31647, June 16, 1995.
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Although this move reduces the companies’ ecodisrupt mating by the codling mothCydia

nomic exposure, it provides fewer options forpomonella in apple and pear orchards (259).

farmers and other users to experiment with natufhey also play an integral part in integrated pest

ral enemies for suppressing a variety of pests. management (IPM) systems as tools for monitor-
ing pest abundance.

Pheromones Like natural enemies, pheromones used for

Pheromone-based insect traps or mating disrupguppressing pests are highly target specific and
ers are produced by 14 North American compagenerally reduce, but do not locally eliminate,
nies, including Ecogen, Consep Membranespests. Some have proven very effective at sup-
Hercon Environmental, and Troy Biosciences.pressing pests of high densities, however (39).
Only two or three companies in the United Statedoreover, they are “adult-based” strategies and
actually synthesize the pheromones used in phefre most effective when deployed in concert with
omone-based products. These chemicals are th@ther pest control tools that attack larvae as well.
incorporated into dispensers and traps by thdhe need to use pheromones as one of several
companies marketing those products. components in a pest control systeam confuse
Producers of semiochemicals banded farmers more accustomed to “stand alone” pesti-
together in 1992 to form the American Semio-cide products, leading to failures in the field and
chemicals Association (ASA). In part as a resul@ lack of confidence in pheromone-based
of the association’s efforts, the U.S. Environ-approaches.
mental Protection Agency (EPA) moved to relax Pheromone products vary in the amount and
regulatory oversight of pheromone registrationtype of information included to instruct the user
and sales in 1994, and the industry seems to haw# proper use—for example, whether they
few complaints about the federal regulatory sysaddress product strength, recommended han-
tem currently in place. dling, or expiratiorﬁ Research scigists worry
Pheromone products include devices for monthat such inconsistent instructions can further
itoring pest populations, mass trapping ofundermine consumer confidence by contributing
insects, mating disruption, and bait-and-kill com-to incorrect use and poor performance. The Ento-
binations also containing a conventional pesti‘nological Society of America (ESA), an organi-
cide or viral or fungal based pesticides. Matingzation of professional entomologists from
disruption products have been developed foacademia, industry, and gawenent, is working
such well-known pests as the pink bollwormon a paper recommending that the industry adopt
(Pectinophora gossypielja Oriental fruitmoth voluntary standards for includinthis type of
(Grapholita molesty and tomato pinworm information on the labels of monitoring products
(Keiferia lycopersicellp Current bait-and-kill (87). Someindustry representatives, hewer,
products target the American cockroachquestion the need for such standards, arguing that
(Periplaneta americana and the boll weevil poorly performing products will eventually be
(Anthonomus grandjs eliminated through diminished sales. In addition,
Pheromone products can be easily incorposome of the technical information that scientists
rated into current pest management practicewould like to see displayed is proprietary infor-
because they are compatible with any pesticidéation for the companies.
spray schedule. For example, pheromones are The federal research systdnstorically was a
now used widely in the western United States taignificant source of new information on phero-

2 Semiochemicals refers more generally to naturally occurring chemicals that mediate behavior between living organisms. Pheromones
are a type of semiochemical.

3 such information would be in addition to the standard data required by EPA for labels of pestprodiiik. No fedeal labeling
requirements exist for phemmne prodats intended for monitoring pests.



mones. Industry representatives complain that
the level of federal research in this area has
declined substantially over the past 10 to 15
years, and that federa researchers have conse-
guently ceased to provide enough new discover-
ies of potential commercial merit (126). The cost
of such research is too high for the companies to
shoulder on their own (116). The specific areain
which federal scientists could now make the big-
gest contribution isin evaluating the field perfor-
mance of formulations (persistence and rate of
pheromone release) (39,1 16).

The Federal Technology Transfer Act of 1986
permits federal scientiststo patent their discover-
ies and sell limited licenses for their use. This
legislation has had mixed results. Whereas the
licensing process has provided incentives for
cooperation between federal researchers and
industry, some discoveries have been lost when
they have been licensed to companies that cannot
or do not develop the product (126). In addition,
some smaller companies have difficulty meeting
the financial requirements for obtaining licenses
for the products of federal research.

The gap in the discovery and development of
new products also means that the industry is now
crowded by a large number of companies com-
peting for a small number of product types and
uses (23). Industry representatives predict the
ultimate result to be a reduction in the number of
companies involved because of company merg-
ers, acquisitions, and failures (23). This process
is aready under way; a number of pheromone
companies have recently been purchased by agri-
cultural biotechnology companies, for example,
Agrisense by Biosys (136). Some pheromone
producers worry that this consolidation may ulti-
mately destabilize the industry because many of
the biotechnology companies are not themselves
in sound financial condition. The situation in
Europe-where a number of large companies,
like BASF, are involved in developing phero-
mone products-offers an interesting contrast.
There, strong government policies to reduce the
use of conventional pesticides have stimulated
the involvement of larger companies (39).

Chapter 6 Commercial Considerations 153

Microbial Pesticides

More than 20 companies develop or produce
microbial pesticides worldwide (317). A few are
small companies that market only one or a few
products with annual sales of less than $1 mil-
lion. Some are midsize biotechnology companies
like Biosys, Ecogen, and EcoScience, which pro-
duce a diverse mix of products. Numerous larger
agrochemical and pharmaceutical companies,
like Ciba-Geigy, Abbott Laboratories, and San-
doz also are involved. For these, microbia pesti-
cides account only for a fraction of annual sales
(317). The interest of the pharmaceutical compa-
nies has been driven by their easy access to the
large-scale fermentation equipment necessary for
production of microbial pesticides (150).

Most U.S. producers of microbial pesticides
are members of the Washington-based Biotech-
nology Industry Organization (BIO). This trade
association serves as both alobbyist and a source
of educational seminars for members of the bio-
technology industry. In addition, BIO holds con-
ferences five times a year where industry
representatives gather to discuss the latest tech-
nologies and future directions for the industry
(333).

Microbial pesticides are formulations of bac-
teria, fungi, nematodes, protozoa, or viruses for

Several new microbial pesticides based on fungi, like thi8eau-
veria bassiana on whiteflies, have just become commercially
available.

Agricultural Research Service, USDA



154 | Biologically Based Technologies for Pest Control

pest control. Although researchers have exploretb control plant pathogens. These provide a
a large number of species from more than 20 taxenger period of control than similar chemical
onomic families of plant or animal pathogen fortreatments (138A).

potential commercialization, far fewer species Some industry representatives believe that the
are available for commercial sale (box 6-1 pregreatest opportunitiefor microbial pesticides
sented earlier) (317). A total of 43 strains/speciesvill result from genetic engineering to correct
and 245 products are now registered with thehese flaws. feld tests of microbial pesticides
Environmental Protection Agency (396). Thecreated by genetic engineering have begun, and
industry’s greatest focus, by far, has been on thfour products are currently on the market: Eco-
identification and development of strains of thegen’s Raven and Mycogen’s M-trak, MVP and
bacteriumBacillus thuringiensigBt) which con-  M-Peril. Genetically engineered microbes have
tain insect toxins. As many as 40,000 differenthe additional advantage of being clearly patent-
strains have been identified and archived. able. Whether naturally occurring strains are pat-

Microbial pesticides may have achieved theentable is more ambiguous; the ability to obtain a
greatest market share of BBTs today because Btatent depends on whether the strain has unique
is easy to use and compatible with conventionahnd novel qualities, such as the cdliybof pro-
pesticides. Farmers use the same equipment addcing a different protein orilking a different
methods to apply Bt-based products and converkind of insect (250).
tional pesticides, and thus do not require substan- Whether genetic engineering will provide a
tial retraining to use them (317). Consequentlyquick route to cheap, highly efficacious, micro-
farmers’ acceptance of Bt has been relativelybial pesticides remains to beese Because R&D
high. An exception is fresh-produce farmers;and registration costs are higher for genetically
some believe that use of Bt results in fruits with aengineered microbes than for naturally occurring
lower quality appearance (99). ones, genetically engineered products must be

Other microbial pesticides vary in ease of usdargeted at bigger markets to recover the R&D
and compatibility with conventional chemicals. costs. But competition from conventional pesti-
For example, unlike most fungal agents, mostides is likely to be most intense in those bigger
bacterial agents for plant pathogen control aranarkets. Moreover, the regulatory environment
compatible with fungicides (22). When Oceanis ambiguous, and future public acceptance of
Spray Cranberries personnel sought to use nemaemmercial use is uncertain. Some of the very
tode products to control insect larvae in crancharacteristics most desirable to engineer into a
berry bogs, they had to work closely with themicrobial pesticide—increased breadth of activ-
producer to adapt the nematode for applicationty, faster kill rate, longer field persistence—are
because the standard methods were too difficuthose most likely to generate greater ecological
(67). risks (see chapter 4).

According to industry analysts, the market for In any case, expanded use of microbial pesti-
microbial pesticides today remains modestides will depend on their providing cost-effec-
largely because of inherent deficiencies in thdive pest control. Currently, the cost of using
products. Most microbial pesticides have a shorthese products is relatively high. Companies
shelf life. Bt, for example, has a shelf life ranginghave had difficulty achieving economies of scale
from six months to two years, compared with aby expanding production. Nevertheless, accord-
shelf life of two to four years for conventional ing to some estimates, biopesticide use costs are
pesticides (211). They also have a short field perfalling. For example, from 1990 to 1993, the cost
sistence, a narrow spectrum of iaity, and a of using Bt to control Colorado potato beetle
slow rate of action relative to conventional pesti-(Leptinotarsa decemlineatan the United States
cides (150). An exception here may be some ofeportedly dropped from $20 to $10 per acre
the new seed treatments coming onto the marké294). And Bt products currently used for forest
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insect control are comparably priced to convenUniversity of California at Davis has just started

tional pesticides registered for this use (49). a new area of study in fermentation engineering,
Economic factors may play the greatest role iran integral technology in the production of

determining the future of microbial pesticides.microbial pesticides (211).

Biotechnology companies have been laboratories

for the discovery of diverse microbes with com-VIEW FROM THE CONVENTIONAL

mercial potential, and venture capital has beefPESTICIDE INDUSTRY

their foundation. However, most of the biotech--l-he conventional pesticide industry has an

nology c_ompanies have yet to make any prOfiLo\mbivalent view obiologically based pest con-
from their products. Some have had dlfflcultytrol_ Most major agrochemical companies have

breaking into the Bt market because of thelnvested to some degree in BBTs, but this
intense competition and domination of larger:

. ) . nvolvement generally is small and somewhat
companies like Abbott. Even the biggest andt

best-k biotechnol . ke E entative. The ambivalence derives from several
est-known biotechnology companies, like Eco- ourcesjncluding the companies’ perceptions of
gen and EcoScience, require continuous capit

. f h ital is beai e positive and negative attributes of biologi-
::E;t ttg Ztre;yt?p OZ:éZtir?gvigmree \‘;‘;‘.;;air:sthsgm'cally based products as well as the larger forces
industry and a pullback from R&D investment. at play within the pesticide indusiry.
In the past 10 years, venture capitalists hav C .
develop?ad a neé]/ative view of thep agricultural(:D Part|C|_pat|on by Agrochemical
biotechnology industry because it has spent larg&Ompanies
amounts of money on research with very littleThe top 10 companies within the agrochemical
return. Few venture capitsis now fund biotech- industry are responsible for approximately 72
nology, except in the area of medicine (211). Thepercent of worldwide agrochemical sales (150).
result is a series of mergers and consolidationd\ll of these companies have supported R&D of
such as the recently announced purchase of Crdgologically based pest control products over the
Genetics International by Biosys (53). past decade through either internal programs or
A number of biotechnology companies haverelationships with smaller biotechnology compa-
also formed alliances with larger agrochemicalnies (150). Worldwide R&D investment by the
companies (150). Through these, the larger comndustry is estimated at $2l6illion annually,
pany may provide R&D funding in exchange for with approximately $100 million of this allo-
marketing rights and thereby gain entry to BBTscated to BBTs (149). Although agrochemical
without the expense, time, and long-term com-<companies typically put only a fraction of the
mitment required to develop an in-house pro-R&D money into BBTS, this amount is large rel-
gram. The biotechnology company, in return,ative to the R&D budget of midsize biotechnol-
may obtain much-needed cash and perhaps assisgy companies (233).
tance with formulation, manufacturing, market- A number of the top companies currently mar-
ing, or other areas in which the company lackket biologically based products (table-3).
expertise. Despite their dominance of the pest control mar-
The shortage of people with the appropriateket, agrochemical companies do not account for
training in production and formulation engineer-the lion’s share of worldwide BBT sales. For
ing is one of the factors that make such arexample, about 70 percent of global Bt sales are
arrangement desirable. Industry members believattributable to Abbott Laboratories and Novo
that this problem needs to be tackled by universiNordisk? producers primarily of pharmaceuti-
ties. Some are already doing so; for example, theals and industrial enzymes (150,423).

41n 1995, Novo Nordisk began to s microbial pesticide division.
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Company

TABLE 6-3: Examples of Biologically Based Products

Marketed by Major Agrochemical Companies or Their Partners

Product

Description

Ciba Geigy Agree

Design
Through Ciba Bunting Ltd. markets:

12 natural enemies (including mites)

Bunting Steinernema feltiae
Bunting Steinernema carpocapsae
Bunting Heterorhabditis megidis

Bunting Bacillus thuringiensis

Bt aizawai and Bt kurstakiin a combined formulation for
vegetable, fruit, corn, soybean, and tobacco uses

Bt aizawai formulation for cotton and soybean uses

e.g., Trichogramma brassicae wasps, Encarsia formosa,
Phyoseiulus persimilis for fruit, vegetable, and ornamental uses

Nematode formulation for ornamental uses
Nematode formulation for fruit and ornamental uses
Nematode formulation for ornamental uses

Bt formulation for vegetable and ornamental uses

Sandoz Javelin WG Bt kurstaki formulation for vegetable, fruit, and field crop uses
Thuricide Bt kurstaki formulation for ornamental, shade tree, and forest
uses
Vault WP Bt kurstaki formulation for vegetable, fruit, and field crop uses
Teknar Bt israelenis for mosquito larvae control
Dupont by agreement markets:

Novo Nordisk's Biobit

Bt kurstaki formulation

Crop Genetics International Gypcheck NPV virus formulation for forestry uses produced on contract for
the U.S. Forest Service

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.

Sandoz, ranked about number 12 in globahtode-based biopesticides for turf and
sales of crop protection products, is the agroernamental applications in 1992 (413). The U.S.
chemical company that is most closely associcomponent of that agreement was terminated in
ated with biologically based pest control both in1995 (79). As mentioned earlier, Ciba-Geigy
the United States and worldwide (423). Sandozo,ght Bunting and Sons, one of the world’s
has almost 25 years experience in this area. Sal?irgest producers of natural enemies, in 1993.

doz currently markets pheromone-based prod-rhe natural enemy company has not yet been

UCtTS and microbial pesticides; it hOIdS. anintegrated with Ciba’'s other crop protection
estimated 25 percent of the global market in the . . .
latter (150). units. Ciba attempted another entry into produc-

The more recent movement of Ciba-Geigytlon of natural enemies in 1989 through a joint

into BBTs provoked considerable interestVeNture with the govgrnment ,Of Ontario to
because of the company’s status as the world'd€Velop a rearing facility forTrichogramma
largest agrochemical producer (its sales of globalasps to control spruce budwornChoristo-
crop protection products in 1991 were abouteura fumiferanp However, the compangold
$12.2 billion) (150). Ciba produces a Bt productits interests in the project in 19%cause it
and a pheromone product. It entered an agrealecided the venture was unlikely to provide a
ment with Biosys to market that company’s nem-ufficient return to justify further funding (413).
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O Industry Perceptions about Biologically =~ Some agrochemical companies believe that
Based Products microbial pesticides genetically engineered for
enhanced efficacy, broader spectrum effects, or

BBTs appeal to agrocheml_cal_ ComloanlesIonger field persistence might attain markets
because of the lower costs of bringing such prod-:

ucts to market, swifter and cheaper registrationrlvallng those —of ~conventional  pesticides

; " (149,317). Such companies concentrate what
apparent environmental safety, grasitive pub- R&D resources they allocate to BBTs on genetic
lic relations value (150). Recent efforts by the Y g

EPA to streamline and speed registration of lowSn9INeEnng, anticipating greatgr retur_ns over the
. long term than would be possible by investment

risk pest control _products have- resulted i o the types of BBTs on the market today.
reduced data requirements and quicker process- _. X i i
Biologically based products do not fit easily

ing of registration applications for BBTs. Bring- . h , hed ¢ _
ing a microbial pesticide to market now takes"'t0 the extensive entrenched system for pesti-

roughly three years and costs an estimated $(i'de CI|IS'[I’IbutI0n, sale, ar(;d usem(yzle49).hc_onlse—
million to $2 million, in comparison with eight to quently, even some pro UCFS t i tehnica

10 years and $25 million to $80 million for an SUCCESSES gnd up being failures N the market-
agrochemical. Costs of meeting registrationplace' Pesticide sales representatives who are

requirements of $20 million for the agrochemicalunf‘n’lm'“"’Ir with BBTs do not adequately promote

versus $200,000 for the microbial pesticide coniNem, and users who have insufficient informa-

tribute significantly to the differential, as do the tT'?]n ab.ct)uttt_hese products a_r(-‘-i hesg?nt o kt)ry them.
rising costs of new agrochemical discovery 'S sltuafion poses speclal problems because,
(294.317). according to industry representatives, some

rowers rely on sales representatives for advice
BBTs generally do not fare well when held upg y : P
more than on extension personnel (149).

to the performance standards set by conventional ) . . .
Paradoxically, certain especially effective

pesticides, however (table 6-4). Most biologi- . .
cally based products generally are effectiveBBTS have proved to be commercial failures

against only a few pests, whereas many Chem{gega:gsefthey do not ga\\//g the nfecessal;y cha}rac—
cals are “broad spectrum”—providing simulta- Erstics for success. LeVIne, a fungus formula-

neous control of a wider pest array.t'on for weed control produced by Abbott

Environmental conditions and methods of appli-i‘aboiatonftsh’ EJrowde:j (jsuchlgoczd control of its
cation can affect the efficacy of somelogical arget pest that repeated applications were unnec-

products. Finally, many BBTs have shorter shelfSSany- It could not sustain a large enough market

lives and field persistence than most convenEo justify the company’s production and sales

tional pesticides. Agrochemical companiesCOStS’ and the product was eventually withdrawn

believe that farmerare acustomed to the ease from the market. The product was brought back

of use and effectiveness of conventional pestipnto the market ir1995 through support of EPA

cides and will be reluctant to try biologically (49).
based products if they cannot offer similar quali-
ties (149,150). [ Other Influences on the Industry

Industry expectations for returns on new prod-A number of well-performing, low-priced prod-
ucts have been set by conventional pesticidesicts dominate the relatively stagnant market for
revenue from a single product can re®¥00 conventional pesticides (413). Market growth is
million annually in the largest markets.de  slow, and profitability declined from 1980 to
corn, soybean, wheat, and cotton) (150). Current991 (150). New products have not been forth-
biologically based products cannot compete ircoming despite significant growth in the indus-
this arena; with the possible exception of Bt,try’s total R&D; major pesticide manufacturers
their typical marketsre minute in comparison. spent an estimated $1bdllion on research into
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TABLE 6-4: Comparison of Biologically Based Products and Conventional Pesticides

Natural enemies

Pheromones

Microbial pesticides

Conventional pesticides

Shelf life

Field persistence

Spectrum of activity

Ease of use

Compatibility with
conventional
pesticides

Cost of application

Effectiveness
Adverse effects on
human health and
environment

Short (hours to days)?
Short®

Narrow® (one pest
per product)

Low (careful handling
and planning of use
required)

Low (only in certain
combinations)

High

Low to moderate

Low

Moderate (1 to 2
years)

Short to moderate
(days to weeks)

Narrow (one pest per
product)

Moderate to high

High (not affected by
conventional
methods)

High"

Moderate to high

Very low

Short to moderate
(months)b

Short (less than one
Week)d

Narrow to moderate’
(one to several pests
per product)

High9 (same as for
conventional
pesticides)

High
Low to moderate

Moderate to high

Low

Long (years)

Variable (days to
years)

Moderate to broad
(diverse classes of
pests for certain
products)

High

High

Variable, but generally
low

High

Variable, but
sometimes high

@ Some insects can be kept for months if conditioned to remain dormant.

b Some Bt products are stable for more than three years if frozen or formulated in oil.
¢ Generally a season or less, although release of certain insects into a new area can last for years.

d Field persistence of microbial pesticides is usually considered to be short relative to that of conventional pes-
ticides. Some, however, such as seed treatments, which will persist until the crop is harvested, provide more
lasting control than comparable conventional pesticides.
€ Certain predator species, however, may be effective against a variety of pests.
f Some newer viruses have a broader spectrum.
9 Some viruses are harder to apply.
h Low to moderate, if cost is compared with the cost of custom pesticide application (equipment use and depre-
ciation, labor, worker protection training, etc.).
| Effectiveness as judged against performance criteria of conventional pesticides.

SOURCE: Office of Technology Assessment, U.S. Congress, 1995.

new products in 1992, up 88 percent from six In this context, the rapid market growth and
years earlier (294). Few newly discovered chem®green” aspects of BBTs have appeal. However,
istries have matched the desired levels of envithe declining profitability within the agrochemi-
ronmental and toxicological safety (150). Also,cal industry has generated a trend toward consol-
between 1973 and 1993, rates of discovery ofdation of companies, and these typically target
new agrochemical molecules dropped from onanew products at the largest major-use markets,
in 5,000 to one in 20,000 (294).

5Major userefers to larger pesticide markets (e.g., those serving corn or wheat).
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rather than the smaller markets usually served bgiloz Corporation. Such companies are struggling
BBTs. with whether to continue investment in tlaisea
Some analysts predict that the appeal of BBT&vhen significant profits are not yet forthcoming.
will diminish further when the new chemicals Overall, agrochemical companies have come
currently poised for commercialization cometo see BBTs as having their greatest—perhaps
onto the market, for some will compete directlytheir only—potential in niche markets not well
with Bt (33). The agrochemical industry’s annualserved by conventional pesticides (413). Oppor-
R&D investment of more than $2.6 billion is not tunities exist vimere conventional pesticides are
insignificant, especially in comparison with the lacking, market size cannot justify the expense of
estimated $100 million that goes to private sectoehemical R&D, highly selective pest control is
R&D on BBT products (149). Some in the agro-desired, or consumers ask for pesticide-free agri-
chemical industry believe that they aresitg  cultural products (413). These are not compara-
the gap with newer chemicals that are more envible to the “big ticket” markets afforded by
ronmentally acceptable and have betico- conventional pesticides used in corn, wheat, and
logical profiles. One example is Bayer/Miles’ other major-use crops.
Imidicloprid described by company representa- Industry analysts do not expect BBTs to com-
tives as a “Goldilocks compound. It's not too pete directly with chemicals, but instead to sup-
hard, not too soft, but just right” (237). Another port their “prudent use” (413). These products
new product, fipronil (a nervepoison), was allow companies to maintain a market presence
developed by analyzing soil for components thatvhere their chemical product sales and distribu-
tend to deter pests. tion networks are already strong (150). Resis-
Agrochemical companies are pursuing othef@nce management is one of the leading reasons
new avenues to crop protection as well. Plant§grochemical companies have moved to Bt prod-
genetically engineered for pest, pathogen, or hetCcts (150). Alternation of BBTs with chemical
bicide resistance are perhaps the best exampl&anagement, which slows the rate at which
Many of these will be targeted at major crops'esistance develops, can prolong the useful life
that provide a potentially large market, such asPan of the chemical. For this reason, some pro-
cotton (96). Metabolites derived from microbes,ducers of natural enemies optimistically predict a

like Avermectin, are another promising areagdrowing interest among agrochemical companies
(33). in the marketing of “pest control systems” that

Some representatives of the agrochemica‘i:ombine various pest control tools to achieve the

industry thus believe that the opportunity fordesired level of pest suppression (28). However,

BBTs to enter the market in the 1980s and earl)f/ew major agrochemical producers have yet

1990s was somewhat artificial (150). Farmersdevewpelij r_esistance rr;ang%grmegt aZ ; s;%nifi-
were pushed by a lack of alternatives to adop‘fam marketing strategy for s (box 6-2) (79).

“next best” methods for pest control, allowing Bt MOst agrochemical companies have hedged

and other BBTSs to flourish under unique circum-their bets by forming alliances with smaller bio-
stances. They believe, moreover, that this oppor€chnology companies rather than developing
tunity will disappear when the BBT products "€ own R&D programs for BBTs. Through

have to compete with the new chemicals an&hese relationships they will realize the benefits

genetically engineered plants that are coming offiforded by developing BBT products without
line making large-scale investments in the technolo-

gies. This approach also puts the agrochemical
. companies in a good position to take advantage
[ Implications of any major breakthroughs that would bring
The ambivalent view of BBTs has not been losBBT performance profiles into line with conven-
on long-time participants in the area like the Santional products. Such developments could greatly
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BOX 6-2: How Ciba-Geigy Markets a Microbial Pesticide

Ciba-Geigy has targeted marketing of its Agree Bt-based product to address today’s problems in pest
management: pest resistance, environmental impact, and development of IPM systems. According to
Ciba-Geigy’s advertising material on Agree:

Use of Agree will allow the farmer to reduce the amount of neurotoxic insecticides used on a particular
crop. Alternating Agree with neurotoxic insecticides will prolong the effectiveness of both in a resistance
management strategy.

As a natural biological, Agree conforms to all IPM objectives: 1) it is host-specific and will not affect
other biotic systems, thus preventing an increase of previously non-threatening pests, while maintaining
the presence of beneficial insects; and 2) it is compatible with most other control methods as a resistance
management tool.

SOURCE: Ciba-Geigy, “All about Agree,” Greensboro, NC, 1995.

expand BBT markets and significantly changeFor example,individual citizenshave already
the cost equation for companies deciding wheréried to halt the spraying of Bt by the Maryland
to invest their resources. Industry representativeBepartment of Agriculture to control European
believe the result would be rapid acquisition ofgypsy moths I(ymantria dispay on their prop-
smaller biotechnology companies by agrochemierty, despite attempts to educate the public about

cal companies (149). the virtual nonexistence of any risk to human
health (329).

ISSUES AND OPTIONS Genetically engineered microbial pesticides
are a wild card in commercial involvement. The

[ Forces Shaping the Future most important issue is whether genetic engi-

Future commercial involvement with biologi- neering will bring microbial pesticides within the

cally based pest control will depend on whethePerformance standards of conventional pesti-
products placed on the market are effective an@ides. Public response to the technology also will
cost-competitive and whether they match thePlay an important role. The release of genetically
needs of growers and other users. Within theséngineered ice-inhibiting microbes in California

basic constraints, a wide array of factors willin 1987 caused a furor that has not been forgot-
shape the future. Some are more predictable thdgn. Some industry analysts see the lack of pub-

others, and some are influenced by the federdicity in response to the release of genetically
government (table 6-5) (317). engineered Bt in California in 1994, similar field

Growth in the public’s demand for organic €StS in qther states, and now marketing of Raven
produce would probably increase the use ofa genetically engineered Bt), as a bellwether of
BBTSs, because BBTs are allowed under currengPating public concern (95). Should scientists
organic produce certification standards, such adiscover and widely publicize new risks of
those promulgated by the California Departmen@€netically engineered organisms, however, pub-
of Food and Agriculture Organic Program (37A). !|c opinion could ea§|Iy turn against use of genet-
The Organic Foods Association of North Amer-ically engineered microbes (317).
ica reported that sales of organic products totaled Changes in the scope and rigor of national and
$2.3 billion in 1994, with annual growth exceed-state environmental policies and pesticide regu-
ing 22 percent (226). Conversely, the public’slation could have significant impact. Increasing
basic fear of diseases and microbes could eruphe information requirements for pesticide regis-
into concern about use of microbial pesticidestration could drive up the cost of product regis-
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TABLE 6-5: Examples of Factors Potentially Affecting the Future of the BBT Industry

Predicted net Federal action that could cause
Potential trend, event, or action effect these effects

Public attitude or perception

Demand for organic foods increases Positive
Public becomes increasingly fearful of diseases and microbes Negative
Public’s suspicions of biotechnology diminish Positive
Media coverage of pesticide hazards increases Positive
Public’s demand for greater food safety grows Positive

Public’s demand for higher standards of environmental safety grows Positive
Industry changes

Natural enemies industry implements voluntary quality control Positive USDA technology transfer or
regulatory pressure

Agricultural biotechnology industry collapses under debt load Negative

New, environmentally safe, conventional pesticides are introduced Negative

Crop plants genetically engineered for pest resistance are widely Negative

successful

Farmers increase their reliance on pest control advisors or extension Positive Training of extension agents;
agents knowledgeable about integrated pest management and licensing/ training of pest control
BBTs advisors

Growing numbers of food processing companies require low or no Positive Changes in food labeling
pesticide produce from farmers

Farmers’ insurance costs for using pesticides increases Positive

Technology innovations

Cheap, reliable techniques are developed for rearing, packaging, Positive Research or funding via USDA
shipping, storing and applying natural enemies

Production costs for microbial pesticides drop Positive Research or funding via USDA
New pheromone formulations, cheaper methods of synthesis, Positive Research or funding via USDA
improved deployment strategies are developed

Genetic engineering of microbial pesticides results in broader Positive Research or funding via USDA
spectrum of activity, enhanced field persistence, or other

improvements

Rate of discovery of novel Bt strains slows down Negative

Natural phenomena

More pests develop resistance to conventional pesticides Positive

Pest resistance to Bt toxins becomes widespread Negative

Public policy

EPA pesticide reregistration process speeds up Positive Internal changes at EPA
Expense of registering or using conventional pesticides grows as a Positive Congressional action

result of provisions in reauthorized Federal Insecticide, Fungicide
and Rodenticide Act, Endangered Species Act, or Clean Water Act

More states institute California-type regulation of pesticide use Positive
Coordination between public-sector research and BBT industry Positive USDA or Congress moves to
increases increase coordination

SOURCES: Office of Technology Assessment, U.S. Congress, 1995; A.S. Moffat, “New Chemicals Seek to Outwit Insect Pests,” Science,
261(121):550-551, July 30, 1993; K.R. Smith, Henry A. Wallace Institute for Alternative Agriculture, Hyattsville, MD, “Biological Pest Control: An
Assessment of Current Markets and Market Potential,” unpublished contractor report prepared for the Office of Technology Assessment, U.S.
Congress, Washington, D.C., January, 1994.
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tration, and thereby further diminish the Under the Status Quo

agrochemical industry’s incentives to invest inThe consensus of OTA's workshop participants
new product R&D. Presumably, the result wouldwas that, in the absence of any changes to federal
be a further reduction in the number of convenfprograms or policies, biologically based products
tional pesticides on the market and a lack of pesWill experience a slow gain in number and uses.
ticide products for small-market crops like fruits T€chnical improvement in product formulation
and vegetables. Such changes would increa_@ﬁId efficacy is likely to result gradually in

opportunities for biologically based products. increased spectrum of efficacpetter handiing

Conversely, concern about the potential impactglnd use characteristics, and good incorporation

biodi ity f introducindiological into IPM programs. Nevertheless, the use of
on biodiversity from introducingiological con- commercially available BBTs will increase pri-

trol agents could translate into tightened regulamau,”y in high value crops such as fruits and veg-

tion of the natural enemy industry and have &sigples and other niche areas (e.g., turf,
dampening effect. ornamentals, lawn and garden) where current use
Industry trends also will playmle. Growth in is greatest. Members of the workshop estimated
greenhouse agriculture would probably stimulatehat BBTs might gain as much as 10 to 25 per-
increased use of BBTs, because this is one of theent of those markets wheréologically based
most successful applications of these productdroducts are effective (primarily in control of
Changes in the capital market thasjpiely or ~ certain caterpillar pests).
negatively affect the agricultural biotechnology ~Economic forces will cause agrochemical
industry could influence the development andCOMPanies to continue to work toward “stand
availability of new microbial pesticides, includ- alone” solutions rather than pest control systems.

. ; . onsequently, the successful conventional pesti-
ing genetically engineered ones (317). The exten? quenty, . alp

. cides remaining on the market will most likely be
to which farmers and other users adopt BB

i s ) Tbroad-spectrum chemicals that fit poorly into
products will be a major determinant of marketintegrated pest contreystems like IPMbecause
growth. Adoption of BBT products, in turn, may they may kill natural emsies as well as the tar-
be affected by tEChn|Ca| Innovations that |ncreasget pest_ Over time’ it will be ever more difficult
product efficacy and ease of use, or by the sudor BBTs to compete against the standards set by
cess of extension agents or pest control advisothese chemicals. This situation, coupled with the

in informing users about BBT products. incompatibility of the chemicals with integrated
pest management, will provide strong incentives

[] Visions of the Future from OTA’s for farmers tacontinue with conventional chemi-

Workshop cally based pest management, especially for

those crops where market size justifies R&D
On the theory that best predictions of the futurqnyestment (i.e., major use).

come from those with the most experience in the
field, OTA sought the opinions of 12 industry an Alternative Euture

representatives during a workshop held in SepgTa’s workshop participants also foresaw a
tember 1994 (see appendix C). The participantgossible alternative future in whichider adop-
represented the range of companies involved ifion of integrated pest management systems
the production of biologically based products.would increase use of BBTs and cause a corre-
OTA asked each workshop member to speculatgponding decrease in the use of conventional
about two views of the future—one under thepesticides. Simultaneously, a thriving BBT
status quo and another under the assumption thimidustry would be better able to support these
the federal government would take action to suptPM systems by bringing to market a greater
port the BBT industry. diversity of BBT products with improved charac-



Commercial development is well advanced for microbial pesti-
cides to combat fire blight, a destructive disease of pear and
apple trees caused by the bacterium Erwinia amylovora.

Agricultural Research Service, USDA

teristics, such as increased shelf life, ease of use,
and efficacy. The driving force behind these
changes to the status quo would be various fed-
era actions related to regulation, research, tech-
nology transfer, and extension.

The workshop’s aternative scenario did not
represent a radical departure from events under
the status quo. Although participants predicted as
much as a doubling of market growth rates,
under even the most optimistic scenarios BBTs
would still amount to only a fraction of the total
market by the year 2005 because their present
share of the pesticide market is so small. Also,
the greatest use of BBTs will continue to be out-
side the major use crops, which will remain well
served by the development of new conventional
pesticides.

Nevertheless, the workshop participants saw
such changes as an integral component of the
government’s role in expanded applications of
IPM. In the absence of change, incentives for the
pesticide industry will continue to be stacked in
favor of the development and marketing of
broad-spectrum chemicals that are incompatible
with IPM. And the future of the agricultural
biotechnology companies, whose R&D has
fueled development of diverse BBT products,
will remain uncertain.
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[JOptions to Enhance Commercial
Involvement

The essential choice before Congress, then, is
whether to nurture the BBT industry. Congress
could choose to do thisin a number of ways. The
federal government exerts many subtle and direct
effects on the BBT industry (table 6-5 presented
earlier). In this section, OTA identifies a wide
range of areas where Congress could adjust the
federal role. These options, by and large, are not
linked; most could be implemented indepen-
dently. Because each has an incremental impact,
the greatest effect would be felt if a number were
put in place simultaneously.

Regulation has a magor impact on
BBT companies; it determines which products
can be sold and for what uses, aswell astherela-
tive costs of BBT product development and mar-
keting. Chapter 4 of this report assesses and
presents options related to the appropriate level,
standards, and content of regulatory review. That
analysis incorporates considerations related to
the commercia impacts of the regulatory system.
Its critical features to the private sector are cost,
fairness, and predictability. Industry representa-
tives do not view all regulation as undesirable—
it can remove poor products from the market-
place and address legitimate public concern
about risks (121A,149). However, the current
system for BBTs fals down in a number of
places. Costs of meeting the information require-
ments of regulatory review have a significant
effect on the decisions or ability of companies to
pursue specific technologies, especially for small
companies that produce natural enemies and for
midsize biotechnology firms. In addition, future
regulatory requirements are uncertain with
respect to interstate distribution of natural ene-
mies and to registration of microbia pesticides
that have been genetically engineered.

Fashioning Public-Private
Partnerships in Research
A lack of dedicated in-house research capabilities
in the private. sector currently limits R&D of new
products, production and packaging technologies,
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and delivery systems for certain BBTs. The federatesearch. Rhough funding by the private sector
government supports significant related researcpartner is not required for a CRADA, companies
that historically has made important contributionsusually provide anywhere from several to over a
to the identification of technologies now marketechundred thousand dollaper agreement (300). In
by the private sector. The level of technology transaddition, representatives of the smaller compa-
fer has slowed, however, espdigian the areas of pjes assert that licensing of patented federal dis-
natural enemies and pheromone products. coveries has a significant drawback: Some

Some of the ongoing federal research thafjiscoveries have never been developed by the
might be of commercial merit seems cusly |icensees, although ARS does have the option of
out of sync with the structure of the BBT indus- revoking licenses when this occurs.

try. For example, the USDA Agricultural  ARS announces the availability of opportuni-
Research Service (ARS) and Department ofies to license new technologies in tRederal
Energy scientists recently collaborated on 8Registerand theCommerce Business Dailjhe
major research project to develop ways to meChagency has also just begun to post this informa-
anize the rearing of natural enemies (126). Thgon on the Internet. Nevertheless, small BBT
result was a series of designs for prototypgompanies say they have not had good access to
machinery that would cost millions of dollars gch information in the past (17). ARS has
more to produce than the total combined annu%cently begun to explore additional ways to
sales of all natural enemy companies in thencrease the frequency with which ARS discov-

United States. eries are commercialized by U.S. companies

Cooperative Research and Develc_)pmen(£417A)_ Posting announcements in information
Agreements (CRADASs) between companies andorces more directly connected to the industry

ARS are the major existing mechanism by whichyiqht improve dissemination to the widest range
the private sector buys into ARS efforts (see dISbf interested companies.

cussion of ARS in chapt®&). Companies usually ,
contribute funds for the research, while ARS pro-MeaUllell Congress could instruct ARS to make all
vides the scientists and the infrastructure. Unde‘_lj’sc_""‘s’”f‘:’S related to devg/’f’pme”t a”d_comme";l’a"
provisions of the Technology Transfer Act, 2ation of certain BBTs public property (i.e., not allow
A - . . ARS scientists to patent their discoveries). Areas of
ARS scientists can patent discoveries resultin ) — .
. . . %art/cular significance to industry are the develop-
from their work, including research conducted o .
ment of artificial diets for natural enemies and of new

und(_ar a CRADA. Patented dlscqve”es can the%heromone formulations. The ARS scientists involved
be licensed for a fee to companies for Commerfnight need additional incentives to continue research

Cialization_- ) in these areas. This approach would not be desirable
According to representatives of smaller BBT fo; microbial pesticides, however, because larger

companies, the system allows most benefits ofompanies view the licensing arrangement as vital
public-sector research to accrue to those compaorotection of intellectual property.

nies having the greatest financial resources. Parg. )
doxicallv. th | the bi hemi Congress could instruct ARS to encour-
oxically, these are aiso the big agroc emlcaa e the development of CRADAs even with compa-

companies haylng the best acces; to resear‘;ﬁes that cannot provide funding for the research. The
resources of biotechnology companies through %gency would need to provide internal incentives and

variety of contractual arrangements. Few pastupport for scientists that engaged in such projects.
CRADAs have involved the satler natural

enemy and pheromone companies (300) becaum Through its oversight functions, Con-

. . . . gress could encourage ARS to communicate discov-
they lack financial resources to invest in

6 Federal Technology Trafer Act, P.L. 99-502.



cries of relevant technologies and opportunities for
collaborative ventures more effectively to all members
of the BBT industry. Better communication, perhaps
via joint conferences or meetings, might have the
additional benefit of better informing ARS scientists of
the potential end uses of their discoveries (see chap-
ter 5).

Enhancing Opportunities for New Products
These are financially troubled times for many of
the companies that develop and sell BBT prod-
ucts. Many relatively small companies operate at
alow profit margin and have difficulty investing
in product discovery or production technologies.
Agricultural  biotechnology companies—the
originators of many innovations in microbia
pesticides--depend on a supply of venture capi-
tal that is rapidly dwindling. Some of these com-
panies are entering a critical period when their
need for funding will jump, as products long
under development reach the market. The invest-
ment algorithm of larger agrochemical compa-
nies works against BBT products, with their
niche markets and performance characteristics
that differ greatly from those of conventional
pesticides. Small-scale infusions of capital
through loans, grants, or tax credits might signif-
icantly enhance companies ability to profitably
bring new products to market.

OPTION Congress could support research,
development, and launching of new BBT products by
providing tax credits or targeted small-business
loans.

OPTION Congress could enhance market oppor-
tunities for BBT products by punitive regulation of
conventional pesticides or by progressive incentives
directed toward farmers and other users (see chapter
5). Note that the private sector views losses of con-
ventional pesticides through regulation and pest
resistance as “windows of opportunity” for entry of
biologically based products into the market. Members
of the industry, however, generally oppose artificial
inflation of these opportunities through overly strin-
gent regulation of conventional pesticides. They pre-
fer policy actions that would affect market size
through education and incentives for growers.
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) oY
Many microbial agents ha\‘;e been registered by EPA, but are
not presently on the market. The celery looper virus is one that
is effective against a number of pests like this cabbage looper
(Trichoplusia ni).

Agricultural Research Service, USDA

OPTION Congress could increase the options for
the industry to protect its discoveries as intellectual
property. Possibilities might include creating new stat-
utory mechanisms to patent microbial pesticides (sim-
ilar to the P/ant Variety Protection Act), changing the
timing of protection so that it starts at product regis-
tration rather than discovery, and financially support-
ing patent applications.

OPTION Congress  created the Inter-regional
Project No. 4 (IR-4) to support research that develops
data for registration of minor use pesticides. Since the
scope of IR-4 was expanded in 1982 to cover “biora-
tional” pesticides, only a small part of the program’s
funding has gone towards work on BBTs (see chapter
5). Congress could specify that a larger portion of the
IR-4 program funds should be designated to help
meet the data requirements for registration of micro-
bial pesticides and pheromone-based products.

To a significant extent, the instability of the
BBT industry stems from uncertain or volatile
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markets. Better education of users about BBTShe federal government itself could provide a
might help expand more predictable markets fomajor market for BBTs—especially natural ene-
biologically based products, as might greateimies—through its pest management programs.
consistency of product performance (especiallyRecent experience in Canada has shown that cre-
for natural enemies). @ions related to user edu- ation of significant potential markets can spur
cation are covered in chapter 5. private-sector investment. Banning of aerial pes-
ticide application in Ontario forests in 1986 may
have been the impetus for large companies to
invest in the development of Bts for spruce bud-
improve the consistency of product performance. worm control (Nova Nordisk, Zeneca) and mass

However, APHIS currently lacks jurisdiction to issue rez?mng fQCIIItIeS forTrichogrammaproduction
such standards. Industry organizations such as the (Ciba-Geigy) (318).

Association of Natural Bio-Control Producers and the Congress could provide market opportu-
International Organization for Biological Control have nities for the natural enemy industry by contracting
begun to examine issues related to quality control,  out the production of biological control agents used in
and the industry is moving toward voluntary stan-  federal pest control programs conducted by APHIS
dards. Congress could instruct APHIS to work with the and the land management agencies. These agents
natural enemy industry to develop such standards  are currently produced by federal laboratories.

and to further assist in these efforts by providing

access to the scientific resources of USDA.

[el=NITe]YM The quality and purity of natural enemy
products is thought to vary. Some scientists have sug-
gested that APHIS should regulate this area to



Appendix A:
List of Boxes,
Figures, and

Tables A

[l Chapter 2: The Context Box 3-2: How Changes in Available Pesticides
Affect Adoption of BBTs

Box 3-3: How Conservationists are Turning to
Biological Control to Help Save Biodiver-

Box 2-1: Scope of the OTA Assessment
Box 2-2: What Is Integrated Pest Management?
Box 2-3: Alar: A Case Study on the Influence of

Public Opinion ity
Box 2-4: Congress Anticipates Future Pest Con-BOXCi_;: The Areawide Pest Management Con-

trol Needs in the 1990 Farm Bill
Box 2-5: Technologies Not Covered in This
Assessment Also Receiving Increased

Box 3-5: The Message from Experts Remains the
Same, but Progress in Bringing BBTs into
i Use Has Been Slow
Attention ) Table 3-1: Available Data on the Use of BBTs in
Table 2-1: Roles of Federal Agencies Related to oy 5.

Biologically Based Pest Control and Loca- Table 3-2: Priority Research Needs ldentified by

tion of Discussion in This Report OTA’s Contractors

Table 2-2: User Expenditures for Pesticides i”Figure 3-1: Intervention is Not Always Necces-
the U.S. by Sector, 1993 sary to Prevent Unwanted Pest Damage

Table 2-3: Use of Integrated Pest Managemengtigyre 3-2: Adoption of Biointensive IPM by
on U.S. Crops . N Major Food Companies

Table 2-4: Critical Cases of MUIUpIe Insecticide Figure 3-3: Key Stages of BBT Research, Devel-
Resistance in the U.S. TOday opment, and |mp|ementation

Figure 2-1: Growth in U.S. Conventional Pesti-

~ cide Use, 1964 to0 1993 _ [ Chapter 4: Risks and Regulations

F'gufe 2-2: Approaches to Pest Control in Prac'Box 4-1: Controlling Public Health Scourges

tice Today with BBTs
. Box 4-2: Regulation of BBTs by Hawaii and

O Chapter 3: The Technologies Other States

Box 3-1: Outcomes of Biologically Based PestBox 4-3: Oversight of Vertebrates as Biological
Control Control Agents

| 167



168 | Biologically Based Technologies for Pest Control

Box 4-4: The Proposed APHIS Regulation forFigure 5-1: General Schematic of the Zémm

the Introduction of Nonindigenous Organ- Processes by which the Agricultural

isms Research Service and State Agricultural
Box 4-5: Pest Control Acts Experiment Stations Award Research Funds
Box 4-6: Categories of Pest Organisms Figure 5-2: Biological Control Expenditures and
Box 4-7: Technical Advisory Group on the Intro- Programs in State Departments of Agricul-

duction of Biological Control Agents of ture

Weeds Figure 5-3: Distribution of Federal BBT

Box 4.8 Chronology of the Praxis Company’s  Research According to Pest Type (1994)
Experience with FDA

Box 4-9: Other Regulatory Systems

Table 4-1: Examples of Potential Risks fromDChapter 6: Commercial Considerations

BBTs Box 6-1: Biologically Based Products for Pest
Table 4-2: Categories Regulated by EPA Control
Box 6-2: How Ciba-Geigy Markets a Microbial
O Chapter 5: From Research to Pesticide o
Implementation Table 6-1: Estimated Market Value of Biologi-

. , cally Based Pest Control Products (ioitls
BOX”?itilétieeSDAs Integrated Pest Management of dollars annually: 1990, 1991, or 1992)

Box 5-2° Case Studies of USDA Pest Controllable 6-2: Projc_action: How Improved Production
and Handling Technologies Would Incre-
mentally Increase the Scale and Decrease the
Costs ofTrichogrammaProduction

Table 6-3: Examples of Biologically Based Prod-

ucts Marketed by Major Agrichemical Com-

panies or Their Partners

Programs Involving Biologically Based
Technologies

Box 5-3: California Taking an Active Role in
Changing Pest Management Practices

Box 5-4: Campbell Soup Company

Box 5-5: Connection between Research and

Implementation in Australia Table 6-4: Comparison of Biologically Based
Table 5-1: Funding for Research on BBTs Products and Conventional Pesticides
Table 5-2: Funding of BBT-Based Pest ControlTable 6-5: Examples of Factors Potentially

Programs Affecting the Future of the BBT Industry

Table 5-3: Technologies Used in Pest ManageFigure 6-1. Comparison of BBT and Conven-
ment Programs of the Animal and Plant tional Pesticide Sales According to Type of
Health Inspection Service (USDA) Pest



Appendix B:
List of
Acronyms B

ANBP: Association of Natural Bio-Control Pro- FHP: Forest Health Protection (U.S. Forest Ser-

ducers vice)
APHIS: Animal and Plant Health Inspection Ser-FIDR: Forest Insect and Disease Research (U.S.
vice Forest Service)
ARS: Agricultural Research Service FIFRA: Federal Insecticide, Fungicide, and
ASA: American Semiochemicals Association Rodenticide Act
BATS: Biological Assessment and TaxonomicFWS: U.S. Fish and Wildlife Service
Support (APHIS) GRAS: Generally Recognized As Safe
BBTSs: Biologically Based Technologies (for pestIBC3: Interagency Biological Control Coordinat-
control) ing Committee
BIO: Biotechnology Industry Organization IOBC: International Organization of Biological
BPPD: Biopesticides and Pollution Prevention  Control
Division (EPA) IPM: Integrated Pest Management
Bt: Bacillus thuringiensis IR-4: Interregional Research Project No. 4
CRADA: Cooperative Research and Develop-NBCI: National Biological Control Institute
ment Agreement (APHIS)
CSREES: Cooperative State Research, EducaNPV: Nuclear Polyhedrosis Virus
tion, and Extension Service NRI: National Research Initiative
DALs: Defect Action Levels OPP: Office of Pesticide Programs (EPA)
Dol: U.S. Department of the Interior OTA: Office of Technology Assessment
EPA: U.S. Environmental Protection Agency  PPQ: Plant Protection and Quarantine (APHIS)
ESA: Entomological Society of America TAG: Technical Advisory Group on the Intro-
FACA: Federal Advisory Committee Act duction of Biological Control Agents of
FDA: U.S. Food and Drug Administration Weeds

FFDCA: Federal Food, Drug and Cosmetic Act USDA: U.S. Department of Agriculture

| 169



Appendix C:
Background Reports,
Workshops, and
Workshop Participants C

BACKGROUND REPORTS: J. M. Houghton, Houghton and Associates, St.

W. Cranshaw, Colorado State University Fort Louis, MO. The VIEV\{ _Of Biological Pest
Collins, CO.Biologically Based Technolo- Control From the Pesticide Industry
gies For Pest Control: Urban and SuburbanA- Kuris, University of California, Santa Bar-
Environments bara, CA.A Review of Rilogically Based

J.M. Cullen and T.E. Bellas, CSIRO, Canberra, lechnologies For Pest Control in Aquatic

Australia. Australian Laws, Policies and Habitats o
Programs Related to Biologically Based P-B. McEvoy, Oregon State University, Corval-

Technologies For Pest Control lis, OR. Testing Biocontrol Agents and
M.L. Flint, University of California, Davis, CA. Microbial Pesticides For Host Specificity
Biological Pest Control: Technology and W.W. Metterhouse, Cream Ridge, NIhe
Research Needs States’ Roles in Biologically Based Technol-
G. Georghiou, University of California River- ogies For Pest Control
side, CA Insecticide Resistance in the J.R. Nechols and J.J. Obrycki, Kansas State Uni-
United States versity and lowa State University, Manhat-
D.M. Gibbons, The EOP Foundation, Inc., tan, KS, and Ames, IAOTA Preliminary
Washington, DCReport on the Role of the Assessment of Biological Control: Current
USDA in Biologically Based Pest Control Research
Research P.J. Nowak, University of Wisconsin, Madison,
G.E. Harman and C.K. Hayes, Cornell Univer- ~ WI. Educating Users About Biologically
sity, Ithaca, NY.Biologically Based Tech- Base Methods of Pest Control
nologies For Pest Control: Pathogens ThatJ. Randall and M. Pitcairn, The Nature Conser-
Are Pests of Agriculture vancy, Galt, CA, and the Biological Control
J.M. Houghton, Houghton and Associates, St. Program, California Department of Food
Louis, MO. Biologically Based Technolgies and Agriculture, Sacramento, CA&iologi-
For Pest Control: Workshop on the Role of cally Based Technologies For Pest Control
the Private Sector in Natural Areas and Other Wdlands

| 171



172 | Biologically Based Technologies for Pest Control

K. Reichelderfer Smith, Henry A. Wallace Insti- Katherine Reichelderfer Smith
tute for Alternative Agriculture, Hytville, Henry A. Wallace Institute for Alternative
MD. Biological Pest Control: An Assess- Agriculture
ment of Current Markets and Market Poten-Greenbelt, MD
tial
D. Simberloff and P. Stiling, Florida State Uni- Daniel Simberloff -
versity, Tallahassee, FL, and University ofFIo”da State University
Southern Florida, Tampa, FLBiological Tallahassee, FL

Pest Control: Potential Hazards 0 Role of the Private Sector in Biologicall
R.G. Van Driesche, T.G. Bellows, O. Minken- ole oTthe Frivale Sector In blologically

burg, M. Adang, B. Federici, C. McCoy, J. Based Technologies for Pest Control,

Maddox, H. Kaya, J. Lewis, R. Cardé, andSeDtember 20-21,1994
E.S. Krafsur, University of Massachusetts
Ambherst, MA (Van Driesche, onlyReport
on Biological Control of Invertebrate Pests
of Forestry and Agriculture Jake Bleh.m
] i ) Buena Biosystems, Inc.
A.K. Watson, McGill University, Quebec, Can- Ventura, CA
ada. Biologically Based Technologies For
Pest Control: Agricultural Weeds Robert Cibulsky
D. Zilberman and C. Yarkin, University of Cali- Abbott Laboratories
fornia, Berkeley, CA.The Economics of North Chicago, IL
Development and Adoption of Pest Control
Products With Emphasis on Biologically Stephen Dumford

Based Controls Ciba-Geigy Corporation
Greensboro, NC

'Participants:

WORKSHOPS:

Janice Gillespie

.. . Technology Concep, Inc.
O Preliminary Planning Workshop, Bend Ong P

December 20-21, 1993

Louie T. Hargett
Participants: Sandoz Agro, Inc.
Des Plains, IL
Mary Louise Flint
Callifornia Statewide IPM Program William Heilman
Davis, CA American Cyanamid Co.
Princeton, NJ

John Houghton

Houghton Associates Paul Koppert

Koppert B.V.

St. Louis, MO The Netherlands
James Nechols _ . Pamela G. Marrone
Kansas State University Novo Nordisk Entotech, Inc.

Manhattan, KS Davis, CA



John Mclntyre
Ecogen, Inc.
Doylestown, PA

Sinthya Penn
Beneficial Insectary
Oak Run, CA

Appendix C: Background Reports, Workshops, and Workshop Participants | 173

Edwin Quattlebaum
Biosys
Palo Alto, CA

Todd Taylor
Crop Genetics International
Columbia, MD



REVIEWERS OF THE FULL ASSESSMENT

Janet Anderson
U.S. Environmental Protection Agency
Alexandria, VA

David Andow
University of Minnesota
St. Paul, MN

Paul A. Backman
Auburn University
Auburn, AL

Ring T. Cardé
University of Massachusetts
Amherst, MA

Robert J. Cibulsky
Abbott Laboratories
North Chicago, IL

Ernest S. Delfosse

Animal and Plant Health Inspection Service
U.S. Department of Agriculture

Hyattsville, MD

Appendix D:
Reviewers D

Willard A. Dickerson
North Carolina Department of Agriculture
Raleigh, NC

Patricia J. Durana
Office of Technology Assessment
Environment Program

Roger C. Funk
The Davey Tree Expert Company
Kent, OH

Harry J. Griffiths
Entomological Services Inc.
Corona, CA

Judith A. Hansen

Cape May County Mosquito Extermination
Commission

Cape May, NJ

Dennis L. Isaacson
Oregon Department of Agriculture
Salem, OR

Tobi L.Jones
California Environmental Protection Agency
Sacramento, CA

| 175



176 | Biologically Based Technologies for Pest Control

Peter M. Kareiva
University of Washington
Seattle, WA

Allen E. Knutson
Texas Agricultural Extension Service
College Station, TX

David W. Miller
EcoScience Corp.
Northborough, MA

Timothy L. Nance
Gro Technics Consulting
Naples, FL

Katherine Reichelderfer Smith

Henry A. Wallace Institute for Alternative
Agriculture

Greenbelt, MD

David O. TeBeest
University of Arkansas
Fayetteville, AR

Jeffrey K. Waage
International Institute of Biological Control
Ascot, Berks, UK

Michael E. Wetzstein
University of Georgia
Athens, GA

David M. Whitacre
Sandoz Agro, Inc.
Des Plaines, IL

REVIEWERS OF A PORTION OF THE
ASSESSMENT OR BACKGROUND
REPORT

Janet Anderson
U.S. Environmental Protection Agency
Alexandria, VA

David Andow
University of Minnesota
St. Paul, MN

Gregory H. Aplet
The Wilderness Society
Washington, DC

William Beck
Novo Nordisk Bioindustrials, Inc.
Danbury, CT

Fred Betz
Jellinek, Schwartz & Connolly, Inc.
Washington, DC

Tom Bewick
University of Florida
Gainesville, FL

Larry G. Bezark
California Department of Food and Agriculture
Sacramento, CA

Jake Blehm
Buena Biosystems
Ventura, CA

Neal J. Briggi
Novo Nordisk Bioindustrials, Inc.
Danbury, CT

Ring T. Cardé
University of Massachusetts
Amherst, MA

Gerald A. Carlson
North Carolina State University
Raleigh, NC

James R. Cate

Cooperative State Research Service
U.S. Department of Agriculture
Washington, DC



Robert J. Cibulsky
Abbott Laboratories
North Chicago, IL

Whitney Cranshaw
Colorado State University
Fort Collins, CO

James Cullen
CSIRO
Canberra, Australia

Donald L. Dahlsten
University of California
Berkeley, CA

Ernest S. Delfosse

Animal and Plant Health Inspection Service
U.S. Department of Agriculture

Hyattsville, MD

Willard A. Dickerson
North Carolina Department of Agriculture
Raleigh, NC

L.E. Ehler
University of California
Davis, CA

Raymond Eid
Wilmington, DE

David A. Fischhoff
Monsanto Company
St. Louis, MO

Mike Fitzner

Cooperative State Research, Extension, and
Education Service

U.S. Department of Agriculture

Washington, DC

Mary Louise Flint
University of California
Davis, CA

Appendix D: Reviewers | 177

Lyle B. Forer
Pennsylvania Department of Agriculture
Harrisburg, PA

J. Howard Frank
University of Florida
Gainesville, FL

James R. Fuxa
Louisiana State University
Baton Rouge, LA

Ramon Georgis
Biosys
Palo Alto, CA

Harry J. Griffiths
Entomological Services Inc.
Corona, CA

Philip J. Hamman
Texas A&M University
Austin, TX

Judith A. Hansen

Cape May County Mosquito Extermination
Commission

Cape May, NJ

Louie T. Hargett
Sandoz Agro, Inc.
Des Plaines, IL

Gary Harman
Cornell University
Ithaca, NY

Peter Harris
Agriculture and Agri-Food Canada
Lethbridge, Alberta, Canada

William P. Heilman
American Cyanimid Company
Princeton, NJ



178 | Biologically Based Technologies for Pest Control

Michael Hoffman
Cornell University
Ithaca, NY

John M. Houghton
J.M. Houghton and Associates
St. Louis, MO

Francis G. Howarth
Bishop Museum
Honolulu, HI

Charles R. Howell
Agricultural Research Service
College Station, TX

Marjorie A. Hoy
Unversity of Florida
Gainesville, FL

John W. Impson

Cooperative State Research, Education, and
Extension Service

U.S. Department of Agriculture

Washington, DC

Dennis L. Isaacson
Oregon Department of Agriculture
Salem, OR

Barry Jacobson
U.S. Department of Agriculture
Washington, DC

Wojciech Janisiewicz
Agricultural Research Service
U.S. Department of Agriculture
Kernsville, WV

Tobi Jones
California Environmental Protection Agency
Sacramento, CA

Erik D. Kiviat
Husonia
Annandale, NY

W. Klassen
University of Florida
Homestead, FL

Allen E. Knutson
Texas Agricultural Extension Service
College Station, TX

Karen Koltes
National Biological Service
Washington, DC

James L. Krysan

Agricultural Research Service
U.S. Department of Agriculture
Beltsville, MD

P.J. Kuch

Agriculture Policy Branch

U.S. Environmental Protection Agency
Washington, DC

Armand Kuris
University of California
Santa Barbara, CA

Norman Leppla

Animal and Plant Health Inspection Service
U.S. Department of Agriculture

Beltsville, MD

Anne R. Leslie

Office of Prevention, Pesticides and Toxic
Substances

U.S. Environmental Protection Agency

Washington, DC

Hiram Li
Oregon State University
Corvallis, OR

Jeffrey A. Lockwood
University of Wyoming
Laramie, WY



Michelle C. Marra
North Carolina State University
Raleigh, NC

Pamela G. Marrone
Novo Nordisk Entotech, Inc.
Davis, CA

Arthur H. Mason
Minnesota Department of Agriculture
St. Paul, MN

Peter McEvoy
Oregon State University
Corvallis, OR

John Mclntyre
Doylestown, PA

Robert L. Metcalf
University of California
Riverside, CA

William Metterhouse
Cream Ridge, NJ

Dale Meyerdirk

Animal and Plant Health Inspection Service
U.S. Department of Agriculture

Beltsville, MD

David W. Miller
EcoScience Corp.
Northborough, MA

James R. Nechols
Kansas State University
Manhattan, KS

John J. Obrycki
lowa State University
Ames, IA

Eldon E. Ortman
Purdue University
West Lafayette, IN

Appendix D: Reviewers | 179

Sinthya Penn
Beneficial Insectary
Oak Run, CA

Carol G. Peterson

Office of Pesticide Programs

U.S. Environmental Protection Agency
Washington, DC

P.C. Quimby, Jr.

Agricultural Research Service
U.S. Department of Agriculture
Bozeman, MT

John Randall
The Nature Conservancy
Davis, CA

Tom Roberts

Bureau of Land Management
U.S. Department of the Interior
Washington, DC

Sally J. Rockey

Cooperative State Research, Education, and
Extension Service

U.S. Department of Agriculture

Washington, DC

Matthew Royer

Animal and Plant Health Inspection Service
U.S. Department of Agriculture

Beltsville, MD

J. Thomas Schmidt
Novo Nordisk Bioindustrials, Inc.
Danbury, CT

Esther Schneider

National Biological Service
U.S. Department of the Interior
Washington, DC

Milton N. Schroth
University of California
Berkeley, CA



180 | Biologically Based Technologies for Pest Control

Jeffrey G. Scott
Cornell University
Ithaca, NY

Daniel Simberloff
Florida State University
Tallahassee, FL

R.D. Sjoblad

Office of Pesticide Programs

U.S. Environmental Protection Agency
Washington, DC

Robert D. Sjogren
Meridian Precision Release Technologies
Minneapolis, MN

Katherine Reichelderfer Smith

Henry A. Wallace Institute for Alternative
Agriculture

Greenbelt, MD

Judith B. St. John

Agricultural Research Service
U.S. Department of Agriculture
Beltsville, MD

David O. TeBeest
University of Arkansas
Fayetteville, AR

Jay Troxel

Fish and Wildlife Management Assistance
U.S. Fish and Wilife Service

Arlington, VA

Charles E. Turner

Agricultural Research Service
U.S. Department of Agriculture
Albany, CA

Roy G. Van Driesche
University of Massachusetts
Ambherst, MA

Mike Wallace
Texas Pest Management Association
Austin, TX

William S. Wallace

Animal and Plant Health Inspection Service
U.S. Department of Agriculture
Washington, DC

Lewis Waters

Bureau of Land Management
U.S. Department of the Interior
Washington, DC

Pat W. Weddle
Weddle, Hansen and Associates, Inc.
Placerville, CA

David M. Whitacre
Sandoz Agro, Inc.
Des Plaines, IL

H. Alan Wood

Boyce Thompson Instituter Plant Research,
Inc.

Ithaca, NY



10.

“Adulterated Food” (342(a)(3)),Title 21
(Food and Drugs 1 to 800) U.S. Cod®72
ed.

“Agricultural Experiment Stations” (361(a)
to 361(i)), Title 7 (Agriculture 281 to 1099)
U.S. Code1980 ed.

“Agricultural Research Program” (450(i)), 12.

Title 7 (Agriculture: 281 to 1099) U.S. Code,
1980 ed.

Aldhous, P., “Malaria: Focus on ddquito
Genes,"Science261(121):646—648, July 30,
1993.

Alms, M.J., National Alliance of Indepen-
dent Crop Consultants and Blue Earth Agro-

nomics, Inc., Lake Crystal, MN, personal 14.

communication, August 15, 1995.
Alms, M.J., “Challenges for IPM in the

Future: An Independent Crop Consultant’'s15.

Perspective,” Second National Integrated
Pest Management Symposium/Workshop—
Proceedings (Raleigh, NC: University
Graphics1994).

American Society of AgronomyNational
Certified Crop  Advisor—Performance
Objectives1995.

Andow, D., Associate Professor, Depart-
ment of Entomology, University of Minne-
sota, St. Paul, MNletter to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, August 14, 1995.

Andow, D., Associate Professor, Depart-
ment of Entomology, University of Minne-
sota, St. Paul, MNletter to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, March 9, 1995.

Aplet, G., Forest Ecologist, The Wilderness
Society, Washington, DC, letter to the

11.

13.

16.

17.

18.

19.

References

Office of Technology Assessment, U.S.
Congress, Washington, DC, Juzig, 1994.
Association of Natural Bio-control Produc-
ers, letter to U.S. Department of Agriculture,
Animal and Plant Health Inspection Service,
Washington, DC, March 7, 1995.
Association of Natural Bio-control Produc-
ers, “Draft Policy Statement on Quality Con-
trol,” 1995.

Baker, B., California Certified Organic
Farmers,CA, letter to the U.S. Department of
Agriculture, Animal and Plant Health
Inspection Service, Riverdale, MD, May
1995.

Banfield, M.G.,An Analysis of the Semio-
chemicallndustry in North Americanpub-
lished master’s thesis, 1991.

Barbosa, P., and Braxton, S., “A Proposed
Definition of Biological Control and Its
Relationship to Related Control
Approaches” Pest Management: Biologi-
cally Based TechnologieRR.D. Lumsden
and J.L. Vaughn (eds.) (Wdsbton, DC:
American Chemical Societ{993).

Barnes, R., Executive Vice President, Amer-
ican Society of Agronomy, Madison, WI,
personal communication, August 15, 1995.
Bassari, J., Vice Bsident, Rincon Vitova,
Ventura, CA, personal communication,1995.
Batkin, T., Manager, California Citrus
Research Board, Visalia, CA, personal com-
munication, August 16, 1995.

Beard, A., Acting Head, Emergency
Response and Minor Use Section, U.S.
Environmental Protection Agency, Wash-
ington, DC, personal communication, May
5, 1995.

| 181



182 | Biologically Based Technologies for Pest Control

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Beard, J.D., “Bug Detectives Crack the30. Bolkan, H.A., and Reinert, W.R., “Develop-

Tough Cases,Science254(38):1580-1582,
December 13]1991.

Beasley, C., Executive Vice President, Flor-

ida Citrus Processors’ Association, Winter31.

Haven, FL, personal communication,
August 16, 1995.

Becker, J.0., and Schwinn, F.J., “Control of
Soil-Bourne Pathogens With Living Bacteria

and Fungi: Status and OutlookPPesticide

Science37:355-363, 1993. 32.

Bedoukian, R., President, American Semio-
chemicals Association, Danbury, CT, letter
to the Office of Technology Assessment,
U.S. Congress, Washington, DC, August 15,
1994.

Bellows, T., Professor, Department of Ento-
mology, University of California, Riverside,

1993.

Benbrook, C.M., and Marquart, Q.Lhal-
lenge and Change: A Progressive Approach
to Pesticide Regulation in Californiagon-
tractor report prepared for the California
Environmental Protection Agency, Depart-
ment of Pesticide Regulation (Sacramento,
CA: April 1993).

Bengston, D., Agricultural Commissioner, 5

CA, personal communication, August 1, 34.

ing and Implementing IPM Strategies to
Assist Farmers: An Industry Approach,”
Plant Diseas€&/8(6): 545-550, June 1994.
Bonanno, A.R., “Grower Needs and
Involvement in IPM,”Second National Inte-
grated Pest Management Symposium/Work-
shop Proceedingf_as Vegas, NV: ESCOP
Pest Management Strategies Subcommittee,
ES IPM Task Force, April 19-22, 1994).
Bridges, D.C. (ed.)Crop Loses Due to
Weeds in the United States—19@zham-
paign, IL: Weed Society of America, 1992).
Briggi, N., Director of Marketing, Novo
Nordisk America, Davis, CA, letter to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, February 22,
1994.

Brooks, H., et al., Acting Associate Admin-
istrator, Agricultural Research Service, U.S.
Department of Agriculture, Washington,
DC, “Biologically Based Pest Control Prod-
ucts,” unpublished pzer prepared for H.
Brooks by industry representatives for a
meeting on cooperation between ARS and
the pest control industry and on ARS support
of related APHIS activities, Washington,
DC, August 8, 1994.

35. Browning, H., State Agricultural Experi-

County of Mendocino, Department of Agri-
culture, Ukiah, CA, letter to Richard
Rominger, Deputy Secretary of Agriculture,

U.S. Department of Agriculture, Washing- 3¢

ton, DC, February 21, 1995.
Birdsall, S.L. and Ritter D., Imperial Valley

Agricultural Commissioner and Whitefly 37

Program Coordinator, unpublished report
on the economic impact of the silverleaf
whitefly in Imperial Valley, Imperial Valley,
CA, 1994.

Blehm, J., President, Buena Biosystems,
Ventura, CA, personal communications,

August 3, 1993, October 13, 1994, and May38.

9, 1995.

Bolkan, H.A., “Campbell Soup Company
Integrated Pest Managemen&M Monitor,
Summer 1994,

ment Station, University of Florida, Gaines-
ville, FL, personal communication, gust
1995.

Bunn, D., et al., “Consumer Acceptance of
Imperfect Produce, The Journal of Con-
sumer Affair24(2):268-279, 1990.

Burt, M., Executive Officer, Association of
Natural Bio-control Producers, personal
communication, July 21, 1995.

37A.California Department of Food and Agricul-

ture, Organic Program, “Producing, Han-
dling, and Processing Organic Products in
California,” Sacramento, CA, 1994.
Campbell Soup Company, Integrated Pest
Management Research and Implementation,
“Economic Profitability and Environmen-
tally Compatible Alternatives,”Products
and Progress Repori,994—-1995.



39.

40.

41.

42.

43.

44.

45.

46.

47.

Cardé, R., Professor, DepartmentEafto-
mology, University of Massachusetts,
Amherst, MA, letter to the Office of Tech-

nology Assessment, U.S. Congress, Wash49.

ington, DC, July 16, 1995.

Cardé, R.T., Preksor, Department of Ento-
mology, University of Massachusetts,
Amherst, MA, remarks made at the Advi-

sory Panel meeting on Biologically Based50.

Technologies for Pest Control, Office of
Technology Assessment, U.S. Congress,
Washington, DC, July 13, 1995.

Cardé, R., and Minks, A., “Control dfoth
Pests By Mating Disruption: Successes and
Constraints,”Annual Review of Entomtogy
40:559-585, 1995.

Cardineau, G.A., Director, Molecular Biol-

ogy, Mycogen Corporation, San Diego, CA, 52.

letter to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
August 7, 1995.

Carruthers, R.l. and Onsanger, J.A., “Perb3.

spective on the Use of Exotic Natural Ene-
mies for Biological Control of
Grasshoppers (Orthoptera: Acrididae),”
Environmental Entomolog22(5): 885-903,
October 1993.

Cate, J.R., and Hinkle, M.Kntegrated Pest
Managenent. The Path of a Paradigm,
National Audubon Society (Alexandria, VA:
Weadon Printing, Inc., July 1994).

Centre For Agriculture and Biosciences56.

International,Using Biodiversity to Protect
Biodiversity: Biological Control, Conserva-
tion and the Biodiversity Conventidkivall-
ingford, Oxon, UK: 1994).

Charudattan, R., and Browning, H.W. (eds.),
Regulations and Guidelines: Critical Issues

in Biological Control—Proceedings of a 57.

USDA/CSRS National Workshdsaines-
ville, FL: University of Florida, 1992).

Chow, F., Supervisory Chemist, Biopesti-
cides and Pollution Prevention Division,
U.S. Environmental
Washington, DC, memorandum to the
Office Technology Assessment, U.S. Con-
gress, Washington, DC, May 19, 1995.

48.

51.

Pest 54,

55.

Protection Agency, 58.

References | 183

Ciba-Geigy Corporation, “All  Bout
Agree,” advertising brochure, Greensboro,
NC, 1995.

Cibulsky, R., Manager, Licensing/Business
Development, Abbott Laboratories, North
Chicago, IL, fax to the Office of Techlugy
Assessment, U.S. Congress, Washington,
DC, August 18, 1995.

Cofrancesco, A., Research Entoogst,
U.S. Army Corps of Engineers, Vicksburg,
MS, personal communication, May 12,
1995.

Cofrancesco, A., Research Entoogst,
U.S. Army Corps of Engineers, Vicksburg,
MS, fax to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
August 1995.

Community Alliance with Family Farmers
Foundation, “BIOS: A New Project Promot-
ing Biological Almond Farming,” Davis,
CA, 1995.

“Company News,” Biotech
12(1):8, January 1995.
“Control and Eradication of Plant Pests”
(147), Title 7 (Agriculture: 1 to 280)U.S.
Code,1980 ed.

Cooper, K., “Effects of Pesticides on Wild-
life,” Handbook of Pesticide Toxicology
Volume I,W.J. Hayes Jr. and E.R. Laws Jr.
(eds.) (San Diego, CA: Academic Press,
Inc., 1991).

Coulson, J.R., “The TAG: Development
Functions, Procedures, and Problénideg-
ulation and Guidelines: Critical Issues in
Biological Control: Proceedings of a USDA/
CSRS National WorkshofR. Charudattan
and H.W. Browning (eds.) (GaingBe, FL:
University of Florida, 1992).

Coulson, J.R., and Soper, R.S., “Protocols
For the Introduction of Rilogical Control
Agents in the U.S.'Plant Protection and
Quarantine, Volume IlI,R.P. Kahn (ed.)
(Boca Raton, FL: CRC Press, Inc., 1989).
Coulson, J.R., etl. (eds.),L10 Years of Bio-
logical Control Research and Development
in the United States Department of Agricul-
ture, 1883—-19938In press).

Reporter



184 | Biologically Based Technologies for Pest Control

59. Coxwell, M., Production Manager, 68
NTGargiulo L.P., Watsonville, CA, personal
communication, August 3, 1995.

59A.Cranshaw, W., Professor and Esiem
Entomologist, Department of Entahogy,

Colorado State University, Fort Collins, CO, 69.

personal communication, August 1994.
60. Cranshaw, W., Department of Entlagy,

Colorado State University, Fort Collins, CO, 70.

“Biologically Based Technologies For Pest
Control: Urban and Suburban Environ-

ments,” unpublished contractor report pre-71.

pared for the Office of Tecloogy
Assessment, U.S. Congress, Washingtonyo
DC, 1994.

61. Croft, B.A., Arthropod Biological Control
Agents and Pesticidgblew York, NY: John
Wiley and Sons, 1990).

62. Croft, B.A., Professor, Department of Ento-

mology, Oregon State University, Corvallis, 73.

OR, personal communication, May 1995.
63. Cullen, J.M., and Bellas, T.E. Division of
Entomology, CSIRO, Canberra, Australia,
“Australian Laws, Policies and Programs
Related to Biologically Based Technologies

For Pest Control,” mpublished contractor 74.

report prepared for the Office of Teallagy
Assessment, U.S. Congress, Washington,
DC, March 1995.

64. Curtis, R.K., Manager, Integrated Pest Man-
agement Programs, Campbell Soup Com-

pany, Sacramento, CA, personal 75,

communications, June 26, 1995; June 27,
1995 and August 18, 1995.

65. Curtis, R.K., Campbell Soup Company, Sac-
ramento CA, letter to Edurdo Martinez
Curiel, Consul of Mexico, February 1, 1994.

66. Dahlsten, D., Professor, Division of Biologi- 76.

cal Control, University of California, Berke-
ley, CA, personal aomunication, August 9,
1993.

67. Dapsis, L., Senior Agricultural Scientist,

Ocean Spray Cranberries, Inc., Lakeville-77.

Middleboro, MA, speech to the Entomologi-
cal Society of America’'s workshop on Natu-
ral Enemies, December 1993.

. Davies, W.P., “Prospects For Pest Resis-
tance to PesticidesPest Management and
the Environment in 2000A. Aziz, S.A.
Kadir and H.S. Barlow (eds.) (Wallingford,
Oxon, UK: CAB International, 1992).
Debach, P. (ed.)Biological Control of
Insect Pests and Weedslew York, NY:
Reinhold Publishing Corporation, 1964).
Defazio, S., Owner, Praxis Integrated Bio-
logical Cybernetics, Allegan, MI, personal
communication, December 12, 1994.
“Definitions” (150aa et seq.Jitle 7 (Agri-
culture 281 to 1099)).S. Code 1980 ed.

. Delfosse, E., Director, National Biological
Control Institute, Animal and Plant Health
Inspection Service, U.S. Department of
Agriculture, Riverdale, MD, letter to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, 1994.
Delfosse, E., Director, National Biological
Control Institute, Animal and Plant Health
Inspection Service, U.S. Department of
Agriculture, Riverdale, MD, letter to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, July 18, 1995.
Delfosse, E., Director, National Biological
Control Institute, Animal and Plant Health
Inspection Service, U.S. Department of
Agriculture, Riverdale, MD, fax to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, August 3, 1995.
Delfosse, E., Director, National Biological
Control Institute, Animal and Plant Health
Inspection Service, U.S. Department of
Agriculture, Riverdale, MD, personal com-
munication, July 18, 1995 and August 3,
1995.

Delfosse, E., Director, National Biological
Control Institute, Animal and Plant Health
Inspection Service, U.S. Department of
Agriculture, Riverdale, MD, unaddressed
letter, July 11, 1995.

Denholm, I., and Rowland, M.W., “Tactics
For Managing Pesticide Resistance in
Arthropods: Theory and PracticeAnnual
Review of Entomolog¥7:91-112, 1992,



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Dickerson, W., Plant Pest Administrator,
North Carolina Department of Agriculture,
Raleigh, NC, personal communication, July
1995, and August 1995.

Dumford, S.W., Director, New Tectiogy
and Basic Research, Ciba-Geigy Crop Pro-
tection, Ciba-Geigy Corporation, Greens-
boro, NC, personal communication,
February 13 and #égust 3, 1995.

Dumford, S.W., “IPM and the Plant Pest
Control Business,”Second National Inte-
grated Pest Management Symposium/Work-
shop ProceedingéLas Vegas, NV: ESCOP
Pest Management Strategies Subcommitte
ES IPM Task Force, April 19-22, 1994).
Eckert, J., “Role of Chemical Fungicides
and Biological Agents in Postharvest Dis-
ease Control,"Biological Control of Post-
harvest Diseases of Fruits and Vegetables—
Workshop Proceedings,(Shepherdstown,
WV: U.S. Department of Agriculture, Agri-
cultural Research Service, June 1991).
Ehler, L.E., “Revitalizing Biological Con-
trol,” Issues in Science and Technolog§¥%—
96, Fall 1990.

Elkins, R., Farm Advisor, CA, personal
communication, August 18, 1995.

Elworth, L., Special Assistant for Pesticide
Policy, U.S. Department of Agriculture,
Washington, DC, personal communication,
May 10, 1995.

“Engineered to Be Deadly, Bioscience 97.

43(10):674, 1995.
Engle, T., Budget and Accounting Office,

Animal and Plant Health and Inspection Ser-98.

vice, U.S. Department of Agriculture, River-
dale, MD, fax to the Office of Tecbiogy
Assessment, U.S. Congress, Washington,
DC, August 21, 1995.

Entomological Society of Americentomo-
logical Society of America Newslett€cto-
ber 1994,

Environmental SectionBiotech Reporter
11(8):10, August 1994.

Environmental Law InstitutdJsing Pollu-
tion Control Authorities to Protect Threat-
ened and Endangered Species and Reduce

90.

91.

94.

95

96. Fischhoff,

99.

References | 185

Ecological Risk, unpublished contractor
report prepared for the U.S. Environmental
Protection Agency, Washington, DC, 1993.
Experiment Station Committee on Organiza-
tion and Policy, Opportunities to Meet
Changing Needs: Research on Food, Agri-
culture, and Natural ResourcéBallas, TX:
January 1994).

Faust, R.M., National Program Leader,
Agricultural Research Service, U.S. Depart-
ment of Agriculture, Washington, DC, letter
to participants in Area-Wide Pest Manage-
ment Systems Meeting, November 17, 1993.

82, Faxon, G.R., Manager, Processing Straw-

berry Advisory Board, personal communica-
tion, August 16, 1995.

93. “Federal Alvisory Committee Act” (1 to

15), Title 5 (Government Organizations and
Employees 8501 to end)S. Code

“Fetzer Vineyards,” Tomorrow, Global
Environment Business, p. 12, November
1994.

. “First Engineered Microbe to Be Field

Tested in California in 7 YearsBiotech
Reporterl1(11):3—4, November 1994,

D.A., Manager, Technology
Assessment, Monsanto Corporation, St.
Louis, MO, letter to the Office of Technol-
ogy Assessment, U.S. Congress, Washing-
ton, DC, 1994.

Fitzner, M.S., “The Role of Education in the
Transfer of Biological Control Technolo-
gies,” American Chemical Sociefy993.
Fitzner, M.S. and Kopp, D.D., National Pro-
gram Leader for Integrated Pest Manage-
ment (MF), National Program Leader
Pesticide Impact Assessment (DK), Cooper-
ative State Research, Education, and Exten-
sion  Service, U.S. Department of
Agriculture, Washington, DC, remarks at a
briefing for the Office of Techrogy
Assessment, U.S. Congress, Washington,
DC, April 25, 1995.

Fleishman-Hillard, unpublished survey pre-
pared for Novo Nordisk Entotech, Davis,
CA, 1994.



186 | Biologically Based Technologies for Pest Control

100. Flint, M.L., University of California, Davis,
CA, “Biological Pest Control: Technology
and Research Needs,” unpublished contract11.
tor report prepared for the Office of Tech-
nology Assessment, U.S. Congress,
Washington, DC, November 1993.

Technology Assessment, U.S. Congress,
Washington, DC, July 8,994.

Gelertner, W.D., “Targeting Insecticide-
Resistant Markets: New Developments in
Microbial-Based Products,” Managing
Resistance to Agrochemicals: From Funda-

101. Flint, M.L., etal., “Potential Rsticide mental Research to Practical Strategies,
Losses in California and ldentification of M.B. Green, H.M. Lebaron, and W.K.
Alternative Pest Management Practices in Moberg (eds.) (Washington, DC: American
Broccoli,” 38@2), Summer 1992. Chemical Society]1990).

102. Flint, M.L., and Klonsky, K., “IPM Infor- 112. Georghiou, G., Department of Entomology,
mation Delivery to Pest Control Advisors,” University of California, Riverside, CA,
California Agriculture,March—April 1989. “Insecticide Resistance in the United

103. Flint, M.L., et al. Annual Report, Univer- States,” unpublished contractor report pre-
sity of California Statwide IPM Project pared for the Office of Technology Assess-
(Davis, CA: University of California, Sep- ment, U.S. Congress, Washington, DC,
tember 1993). 1995.

104. “Food Additives—Unsafe Food Additives; 113. Georgis, R., and Manweiler, S.A., “Ento-
Exception For Conformity With Exemption mopathogenic Nematodes: A Developing
For Regulation” (348)Title 21 (Food and Biological Control Technology,”Agricul-
Drug: 1 to 180)U.S. Code 1972 ed. tural Zoology Reviev:63—-94, 1994.

105. “Food, Agriculture, Conservation, and114. Gibbons, D.M., The EOP Foundation, Inc.,
Trade Act of 1990” (136a)litle 21 (Food Washington, DC, “Report on the Role of
and Drug: 1 to 180) U.S. Code the USDA in Biologically Based Pest Con-

106. Forster, R., Biologische Bundesanstalt Fur ~ trol Research,” unpublished contractor
Land-Und Forstwirtschaft, Fagruppe report prepared for the Office of Technol-
Biologische Mittelprufung, Braunschweig, ogy Assessment, U.S. Congress, Washing-
Germany, fax to the Office of Tecbiogy ton, DC, January 1995.

Assessment, U.S. Congress, Washington]115. GIC Agricultural Group,Biolnfo 2(16),
DC, August 2, 1995. November 21, 1994.

107. Francis, E.Z., Director, Toxics/Pesticides116. Gillespie, J.M., Vice President, Teclogy
and Water Staff, Office of Research and Concep, Inc., Bend, OR, personal commu-
Science Integration, U.S. Environmental nications, June 1 anduiyust 8, 1995.
Protection Agency, Washington, DC, letter 117. Ginsberg, H.S., “Conservation of Inverte-
to the Office of Technology Assessment, brates in U.S. National ParksAmerican
U.S. Congress, Washington, DC, June 9, Entomologis¥40(2):76—78, 1994.

1995. 118. Ginsberg, H.SEcology and Environmen-

108. Frank, J.H., Professor, Department of Ento- tal Management of Lyme Diseagblew
mology and Nematology, University of Brunswick, NJ: Rutgers University Press,
Florida, Gainesville, FL, letter to the Office 1993).
of Technology Assessment, U.S. Congress]119. Glosser, et al. U.S. Department of Agricul-
Washington, DC, January 30, 1995. ture, Washington, DC, letter to J.R. Cate,

109. Friederici, P., “The Alien SaltcedaAmer- N. Leppla, and R. Soper establishing the
ican Forests47, January/February 1995. Interagency Biological Control Coordinat-

110. Funk, R.C., Vice President of Human and ing Committee, August 14, 1990.

Technical Resources, Davey Tree Expertl20.

Company, Kent, OH, letter to the Office of

Glynn, C.J., et al., “Integrated Pest Man-
agement and Conservation Behaviors,”



Journal of Soil and Water Conservation
25-29, January—February 1995.

121. Goldberg, J., Congressional Science Fel-
low, U.S. House of Representatives Com-
mittee on Agriculture, personal

communication, June 25, 1995. 131.

121A.Goldhammer, A., Director of Technical
Affairs, BIO, Washington, DC, personal
communication, December 15, 1994.

122. Goodman, B., “Research @munity

Swats Grasshopper Control Triagtience, 132.

260:887, May 14, 1993.
123. Greathead, D.J., and Greathead, A.H.,

“Biological Control of Insect Pests By 133.

Insect Parasitoids and Predators: The Bio-
cat Database,Biocontrol News and Infor-
mation13(4):61N-68N, 1992.

124. Green, M., et al., “Public Health Implica-

tions of the Microbial Pesticid8acillus 134.

thuringiensis An Epidemiological Study,

Oregon, 1985-86,"’American Journal of

Public Health80(7): 848-852, July 1990.
125. Green M.B., LeBaron, H.M., and Moberg,

W.K. (eds.)Managing Resistance to Agro- 135.

chemicals: From Fundamental Research to
Practical Strategies (Washington, DC:
American Chemical Society, 1990).

126. Green Technologies For Pest Control,

unpublished proceedings of the Avoidancel36.

Technologies: Environmentally Conscious
Engineering Conference held by the Private

Enterprise-Government Interactions Task137.

Force, Arlington, VA, September 7-9,
1994.

127. Grieshop, J.l., and Pence, R.A., “Research3s.

Results: Statewide IPM’s First 10 Aes,”
California Agriculture 44(5), September—
October 1990.

128. Griffiths, H.J., Chairman, Entomological
Services, Inc., Corona, CA, remarks at the
meeting of the Office of Technology
Assessment’s Advisory Panel, Washington,
DC, July 13, 1995.

References | 187

Regulations and Guidelines: Critical Issues
in Biological Control,R. Charudattan and
H.W. Browning (eds.) (Gainesville, FL:
Institute of Food and Agricultural Sciee,
University of Florida, 1992).

Guither, H.D., et all).S. Farmers’ Prefer-
ences For Agricultural and Food Policy
After 1995 (Urbana, IL: North Central
Regional Extension Publication, Novem-
ber 1994).

Hall, M.J.R., and Beesley, W.N., “The New
World Screwworm Fly in North Africa,”
Pesticide OutlooK (2):34-37, 1990.

Haney, P.B., et alReducing Insecticide
Use and Energy Costs in Citrus Pest Man-
agemen{Davis, CA: University of Califor-
nia Statewide IPM Project, Publication 15,
1992).

Hansen, J.A., Superintendent, Cape May
County Mosquito Extermination Commis-
sion, Cape May, NJ, letter to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, July 18, 1995.

Hargett, L.T., Director, Product Develop-
ment, Sandoz Agro, Inc., Des Plaines, IL,
letter to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
February 23, 1995.

Hargett, L.T., Director, Product Develop-
ment, Sandoz Agro, Inc., Des Plaines, IL,
personal communication, May 3, 1995.
Harold, M., Plant Manager, American
Home Food Products, CA, personal com-
munication, August 17, 1995.

Harman, G.E., and Hayes, C.K. Depart-
ments of Horticultural Sciences and Plant
Pathology, Cornell University, Ithaca, NY,
“Biologically Based Technologies For Pest
Control: Pathogens That Are Pests of Agri-
culture,” unpublished contractor report pre-
pared for the Office of Techtapy
Assessment, U.S. Congress, Washington,
DC, October 1994.

129. Grisham, J., “Attack of the Fire AntBio-  138A.Harmen, G.E., Department of Plant Pathol-

science44(9):587-590, October 1994.
130. Guest, R.T., et al., “Role of the IR-4 in the
Registration of Biological Control Agents,”

ogy, Cornell University, Ithaca, NY, letter
to the Office of Technology Assessment,
U.S. Congress, Washington, DC, 1995.



188 | Biologically Based Technologies for Pest Control

139

140.

141.

142.

143.

144.

145.

146.

147.

148.

. Hasan, S., and Delfosse, E., “Host-Speci-
ficity of Uromyces hébtropii, a Fungal
Agent For the Biological Control of Com-
mon Heliotrope (Heliotropium europaeuin

in Australia,” Annals of Applied Biology 149,

121:697-705, 1992.

Hasan, S., and Delfosse, E., “Susibéjiy
of Australian Native Helioptropii crispa-
tum,to the Rust Fungusromyces heliotro-

pii, Introduced to Control Common
Heliotrope, Heliotropium europaeurh,
New Phytologistin press.
Hawkins, L., Senior

Research Scientist, Department of Pesticide
Regulation, Environmental Monitoring
and Pest Management, California Environ-
mental Protection Agency, Elksgrove, CA,
personal communicationJune 23, 1995.
Hawksworth, D.L.,
Biodiversity and Biosystematic Priorities:
Microorganisms and Invertebrate@Vall-
ingford, Oxon, UK:CAB International,
1993).

Hennessey, R., Entomologist, Plant Protec-
tion and Quarantine, Animal and Plant
Health Inspection Service, U.S. Depart-
ment of Agriculture, Riverdale, MD, per-
sonal communication, August 4, 1995.
Henstridge, A.P., Deputy Director, Legisla-
tive and Public Affairs, Animal and Plant
Health Inspection Service, U.S. Depart-

ment of Agriculture, Washington, DC, per- 15

sonal communication, May 10, 1995 and
August 3, 1995.

Linked to Reproductive Abnormalities,
Cancer,”Chemical and Engineering News
75(5):19-23, July 31, 1994.

cides,”New ScientisB4, August 28, 1993.
Hommel, C., Consumer Safety Officer,
Food and Drug Administration, U.S.

Department of Health and Human Services,156.

Rockville, MD, personal communication,
January 9, 1995.

Hommel, C., Consumer Safety Officer,
Food and Drug Administration, U.S.

Environmental 150.

and Ritchie, J.M., 151. Howarth,

152.

Hileman, B., “Environmental Estrogens154.

Holmes, R., “The Perils of Planting Pesti-155.

Department of Health and Human Services,
Rockville, MD, letter to the Honorable
Peter Hoekstra, U.S. House of Representa-
tives, Muskegon, Ml, January 5, 1995.
Houghton, J.M., Houghton and Associates,
St. Louis, MO, “Biologically Based Tech-
nologies For Pest Control: Workshop on
the Role of the Private Sector,” unpub-
lished contractor report prepared for the
Office of Technology Assessment, U.S.
Congress, Washington, DC, September 20—
21,1994,

Houghton, J., Houghton and Associates, St.
Louis, MO, “The View of Biological Pest
Control From the Pesticide Industry,”
unpublished contractor report prepared for
the Office of Technology Assessment, U.S.
Congress, Washington, DC, 1993.

F.G., Entomadist, Bishop
Museum, Honolulu, HlI, letter to theffixe

of Technology Assessment, U.S. Congress,
Washington, DC, February 22, 1994.

Hoy, M.A., “Genetic Engineering of Preda-
tors and Parasitoids For Pesticide Resis-
tance,”Proceedings of the SCI Symposium
Resistance ‘91: Achievements and Devel-
opments in Combating Pesticide Resis-
tance, |. Denholm and D.W. Devonshire
(eds.) (NY: Elsevier pplied Science, July
15-17, 1991).

3. Huffaker, C.B., and Messenger, P.S. (eds.),

Theory and Practice of Biological Control
(New York, NY: Academic Press, 1976).
Huffman, W.E., and Evenson, R.Bci-
ence For Agriculture: A Londerm Per-
spective(Ames, |A: lowa State University
Press, 1993).

Hunter, C.D., Suppliers of Beneficial
Organisms in North AmericéSacramento,
CA: California Environmental Protection
Agency, 1994).

Hutton, P., Biologist, Biopesticides and
Pollution Prevention Division, U.S. Envi-
ronmental Protection Agency, Washing-
ton, DC, personal communication, July 27,
1995 and August 14, 1995.



157.

158.

159.

160.

161.

162.

163.

164.

International Organization For Biological
and Integrated Control of Noxious Animals
and PlantsSymposium on Quality Control
in Natural Enemy ProductiorAscot Berks,
UK (MontFavet, France: Office of the Gen-
eral Secretariat, 1992).

Isaacson, D., Program Director, MNms

Weed Control Section, Oregon Depart-1g6.

ment of Agriculture, Salem, OR, letter to
the Office of Technology Assessment, U.S.
Congress, Washington, DC, August 17,
1994,

Isaacson, D., Program Director, s
Weed Control Section, Oregon Depart-
ment of Agriculture, Salem, OR, personal
communication, July 18, 1995.

Jacobsen, B., USDA IPM Coordinator,
Cooperative State Research, Education, and
Extension Service, U.S. Department of
Agriculture, Washington, DCfax to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, August 17,
1995.

Janisiewiczs, J., Group Coordinator, North

Station, Agricultural Research Service,
U.S. Department of Agriculture, Kerns-
ville, WV, letter to the Office of Technol-
ogy Assessment, U.S.
Washington, DC, January 9, 1995.

Jetter, K., and Klonsky, K., Department of
Economics, University of California,
Davis, CA, “Economic Assessment of the
Ash Whitefly Siphoninus phillyreaeBio-
logical Control Program,” unpublished
contractor report prepared for the Califor-
nia Department of Food and Agriculture,
Sacramento, CA, June 30, 1994.

Johnson, M.W., and Tabashnik, B.E., “Lab-
oratory Selection For Pesticide Resistance
in Natural Enemies,” Applications of
Genetics to Arthropods of Biological Con-
trol Significance,K. Narang (ed.) (Boca
Raton, FL: CRC Press, 1993).

Johnson, S.L., Acting Director, Registra-
tion Division, U.S. Environmental Protec-
tion Agency, Washington, DC, letter to

165.

167.

168.

Atlantic Area Appalachian Fruit Research 169.

Congress,l7o'

171.

172.

173.

References | 189

State Pesticide Agencies, Federal Agencies
and EPA Pesticide Regional Directors,
December 23, 1993.

Jones, A.H., National Alliance of Indepen-
dent Crop Consultants, fax to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, July 26, 1995.

Jones, T.L., Special Assistant to the Direc-
tor, Department of Pesticide Regulation,
California Environmental Protection
Agency, Sacramento, CA, personal com-
munication, June 23, 1995.

Jones, T.L., Special Assistant, Department
of Pesticide Regulation, California Envi-
ronmental Protection Agency, Sacramento,
CA, letter to the Office of Techimgy
Assessment, U.S. Congress, Washington,
DC, July 19, 1995.

Kareiva, P., Professor, Department of Zool-
ogy, University of Washington, Seattle,
WA, fax to the Office of Techdogy
Assessment, U.S. Congress, Washington,
DC, August 1995.

Kareiva, P., Professor, Department of Zool-
ogy, University of Washington, Seattle,
WA, personal communicationJuly 13,
1995.

Kareiva, P., Professor, Department of Zool-
ogy, University of Washington, Seattle,
WA, letter to the Office of Technology
Assessment, U.S. Congress, Washington,
DC, February 20, 1994.

Kauffman, W.C., and Nechols, J.R. (eds.)
Selection Criteria and Ecological Conse-
guences of Importing Natural Enemies—
Proceedings1992.

Kim, J., Ginzburg, L.R., and Dykhuizen,
D.E., “Quantifying the Risks of Invasion
By Genetically Engineered Organisms,”
Assessing Ecological Risks of Biotechnol-
ogy, L.R. Ginzburg (Boston, MA: Butter-
worth-Heinemann, 1991).

King, E.G., “Augmentation of Parasites and
Predators For Suppression of Arthropod
Pests,” Pest Management: Biologically
Based TechnologiesR.D. Lumsden and



190 | Biologically Based Technologies for Pest Control

174.

175.

176.

177.

178.

179.

180.

J.L. Vaughn (eds.) (Wamgton,
DC:American Chemical Society, 1993).
Kingsley, P.C., et al.,, “Alfalfa Weevil
(Coleoptera: Curculionidae)
Control: Spreading the BenefitsEnviron-
mental Entomolog®2:1234-1250, Decem-
ber 1993.

Kirsh, P. and Lingren, B., “Commercial

Advancement in Pheromone Related Moni-183.

toring Control Technology,Proceedings
of the Working Group, Use of Pheromones

and Other Semiochemicals in Integrated184.

Control, Chatham, UK|nternational Orga-
nization for Biological and Integrated Con-
trol
(Montfavet, France: General
IOBC/SROP, 1993).

Klassen, W., Center Director and Professor,
Institute of Food and Agricultural Sciences,
Tropical Research and Education Center,

Secretariat

University of Florida, Homestead, FL, let- 186.

ter to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
February 17, 1995.

Klingman, D., and Coulson, J., “Guidelines
For Introducing Foreign Organisms to the
United States For the 8logical Control of
Weeds,” Bulletin of the Entomological
Society of Americdsall 1983.

Knipling, E.F., Former Director of Insect
Pest Management Program, Agricultural
Research Service, U.S. Department of

Agriculture, Arlington, VA, personal com- 188.

munication, June 5, 1995.

Knott, D., Head, Permit Unit, &bgical
Assessment and Taxonomic Support, Plant
Protection and Quarantine, Animal and
Plant Health Inspection Service, U.S.

Department of Agriculture, Riverdale, MD, 189.

personal communication, May 4, 1995 and
August 2, 1995.

Knutson, A., Associate Professor and
Extension Entomologist, Texas Agricul-
tural Extension Service, Texas A&M Uni-
versity, Dallas, TX, letter to the Office of

Technology Assessment, U.S. Congress190.

Washington, DC, August 2, 1995.

Biological 182.

of Noxious Animals and Plants 185.

187.

181. Koltes, K., National Biological Service,

U.S. Department of the Interior, personal
communication, June 1995.

Kough, J., Biagist, Biopesticides and Pol-
lution Prevention Division, U.S. Environ-
mental Protection Agency, Washington,
DC, personal communication, August 8,
1995.

Kough, J.L., et alRationale For Mamma-
lian Toxicity/Pathogenicity Data Require-
ments For Microbial Pesticide4,994.
Krafsur, E.S., Department of Entomology,
lowa State University, Ames, IA, personal
communication, July 1995.

Krysan, J.L., National Program Leader For
Pest Management Systems, Agricultural
Research Service, U.S. Department of
Agriculture, Beltsville, MD, letter to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, 1994.

Krysan, J.L., Former National Program
Leader For Pest Management, Agricultural
Research Service, U.S. Department of
Agriculture, Beltsville, MD, letter to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, February 27,
1995.

Krysan, J.L., National Program Leader For
Pest Management, Agricultural Research
Service, U.S. Department of Agriculture,
Beltsville, MD, personalcommunication,
March 3, 1994.

Krysan, J.L., Former National Program
Leader, National Program Staff, Agricul-
tural Research Service, U.S. Department of
Agriculture, fax to the Office of Technol-
ogy Assessment, U.S. Congress, Washing-
ton, DC, July 31, 1995.

Kuch, P.J., Chief, Agriculture Policy
Branch, Office of Policy, Planning and
Evaluation, U.S. Environmental Protection
Agency, Washington, DC, letter to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, February 14,
1995.

Kulcher, F., “Changing Pesticide Policies,”
Choicesl5-19, Second Quarter 1994.



References | 191

191. Kuris, A., Department of Biological Sci- 199. Lee, G., “EPA Announces Plans to Review,

192.

193.

194.

195.

196.

197.

198.

ences and Marine Science Institute, Univer-
sity of California, Santa Barbara, CA,
“Biologically Based Technologies For Pest

Control: A Review of Biologically Based 200.

Technologies For Pest Control in Aquatic
Habitats,” unpublished contractor report
prepared for the Office of Tecblogy
Assessment, U.S. Congress, Washington,
DC, October 1994.

Kuris, A.,Professor, Department of Biolog-

ical Sciences and Marine Science Institute201.

University of California, Santa Barbara,
CA, personal communication, August 29,
1995.

Lafferty, K.D., and Kuris, A.M., “Potential
For Biological Control of Alien Marine

Species,” National Oceanic and Atmo- 202.

spheric Administration Report on Nonin-
digenous Estuarine and Marine
OrganismsD. Cottingham (d.) (Washing-
ton, DC: Department of Commerce, 1993).
Laird, M., et al.Safety of Microbial Insec-

ticides (Boca Raton, FL: CRC Press, Inc., 203.

1990).

Lake, R., Director, Policy and Public Plan-
ning, Center For Food Safety and Applied
Nutrition, Food and Drug Administration,
U.S. Department of Health and Human Ser-

vices, Wakington, DC, personal communi- 203A.Lockwood,

cation, February 16,995.

Lambert, W. Extension Entomologist, Uni-
versity of Georgia, personal communica-
tion, August 1995.

Lanterman, W.S.,

Lee, B.G., G., and

Zuniga, M.A.C. Executive Committee, 204.

North American Plant Protection Organiza-
tion, Orlando, FL, unaddressed letter, Octo-
ber 15, 1994.

Lebaron, H.M., and McFarland, J., “Herbi-

cide Resistance in Weeds and Crops: ArR05.

Overview and Prognosis,” Managing
Resistance to Agrochemicals: From Funda-
mental Research to Practical Strategies,
M.B. Green, H.M. Lebaron, and W.K.
Moberg (eds.) (Washington, DC: American
Chemical Society]990).

Phase Out Use of Cancer-Causing Pesti-
cides,”The Washington PosA20, October
13, 1994.

Leppla, N., Associate Director, National
Biological Control Institute, Animal and
Plant Health Inspection, U.S. Department
of Agriculture, Riverdale, MD, letters to
the Office of Technology Assessment, U.S.
Congress, Washington, DC, May 24 and
August 3, 1995.

Leppla, N., National Biological Control
Institute, Animal and Plant Health Inspec-
tion Service, U.S. Department of Agricul-
ture, Riverdale, MD, personal
communications, May 24, 1995 and August
1995.

Levine, R., “Recognized and Bitde
Effects of Pesticides in Humanskand-
book of Pesticide Toxicology Volume I,
W.J. Hayes Jr. and E.R. Laws Jr. (eds.)
(San Diego, CA: Academic Press, Inc.,
1991).

Levy, J., Operational Officer, Opdaatal
Support, Plant Protection and Quarantine,
Animal and Plant Health Inspection Ser-
vice, U.S. Department of Agriculture,
Riverdale, MD, personal communication,
April 5, 1995.

J.A., Associate Professor,
Department of Plant, Soil and Insect Sci-
ence, University of Wyoming, Laramie,
WY, letter to the Office of Technology
Assessment, U.S. Congress, Washington,
DC, December 19, 1994.

Lockwood, J.A., “Environmental Issues
Involved in Biological Control of Range-
land Grasshoppers (Orthoptera: Acrididae)
with Exotic Agents,”Environmental Ento-
mology,22(3):503-518, June 1993.

Lugo, G., et al., “A New Risk of Occupa-
tional Disease: Allergic Asthma and Rhi-
noconjuntivitis in Persons Working With
Beneficial Arthropods—Preliminary Data,”
International Archives of Occupational and
Environmental Health 65(5):291-294,
1994.



192 | Biologically Based Technologies for Pest Control

206. Lynch, S., and Jordan Lin, C.T., “Food216. McCammon S.L., Science Advisor to the

Safety: Meal Planners Express Their Con-
cerns,” Food Review 1714418, May—

August 1994.

207. Mahr, D., University of Wéconsin, Madi-
son, WI, “Implementing Biological Control
of Arthropods in the North Central States:
An Extension Perspective,” unpublished217.

report prepared for the NCA-15, 1990.

207A Mabhr, D., University of Wisconsin, Madi-
son, WI, “Biological Control in the United
States: A Survey of the Perceptions,
Resources and Needs of Extension Ento-
mologists,” unpublished report prepared for218.
the National Agricultural Pesticide Impact
Assessment Program, Cooperative State
Research, Education, and Extension Ser-

vice, 1995.

208. Mann, C.C., “Fire Ants Parlay Their
Queens Into a Threat to Biodiversity§ti-

ence,263:1560-1561, March 18, 1994.

209. Manweiler, S., Nematode Product Registra-
tion, Biosys, Palo Alto, CA, personal com-

munication, July 25, 1995.

210. Marrone, P.G., Davis, CA, “Biointensive
Integrated Pest Management For U.S. Agri-
culture,” unpublished white pa&r prepared 220.
for the National Institute of Science and
Technology, Advanced Technology Pro-

gram, 1994.

211. Marrone, P.G., Former President, Novo
Nordisk Entotech, Davis CA, personal 221.
communications, July and August 3, 1995.

212. Marshall, E., “A Is For Apple, Alar, and
Alarmist?,” Science254(28):20-24, Octo-

ber 4, 1991.

213. Matthews, C., #sistant rector, Environ-
mental and Pest Management Division,
Florida Fruit and Vegetable Association,

personal communication, August 16,995.

214. Matten, S., Chair, Pesticide Resistance
Management Workshop, U.S. Environmen-223.
tal Protection Agency, Environmental Fate
and Effects Division, personal communica-

tion, August 14, 1995.

215. May, R.M., “Resisting Resistancéyature

361:593-594, February 18, 1993.

Administrator, Animal and Plant Health
Inspection Service, U.S. Department of
Agriculture, Washington, DCfax to the
Office of Technology Assessment, U.S.
Congress, Washington, DC, August 3,
1995.

McClintock, J.T., Team Leader/Microbiol-
ogist, Biopesticides and Pollution Preven-
tion Division, Office of Pestide Programs,
U.S. Environmental Protection Agency,
Washington, DC, personal communica-
tion, April 21, 1995.

McClintock, J.T., Kough, J.L., and Sjoblad,
R.D., “Regulatory Oversight of Biochemi-
cal Pesticides By the U.S. Environmental
Protection Agency: Health Effects Consid-
erations,” Regulatory Toxicology and
Pharmacologyl9:115-124, 1994.

. McEvoy, P.B., Department of Entomology,

Oregon State University, Corvallis, OR,
“Testing Biocontrol Agents and Microbial
Pesticides For Host Specificity,” unpub-
lished contractor report prepared for the
Office of Technology Assessment, U.S.
Congress, Washington, DC, kta 1995;
McEvoy, P.B., Associate Professor,
Department of Entomology, Oregon State
University, Corvallis, OR, fax to the Office
of Technology Assessment, U.S. Congress,
Washington, DC, July 18, 1995.
McGaughey, W.H., and Whalon, M.E.,
“Managing Insect Resistance tacillus
thuringiensis Toxins,” Science
258(87):1451-1455, November 1992.

. Melland, R., Administrator, Animal and

Plant Health Inspection Service, U.S.
Department of Agriculture, Washington,
DC, letter to AMT members describing the
“APHIS Biological Control Philosophy,”
August 7, 1992.

Mendelsohn, M., U.S. Environmental Pro-
tection Agency, Washington, DC, personal
communication, May 25, 1995.

. Mendelsohn, M., eal., “Commercializa-

tion, Facilitation and Implementation of
Biological Control Agents: A Government



225.

226.

227.

228.

229.

230.

231.

232.

233.

Perspective,”Biological Control of Post
Harvest Diseases: Theory and Practice,
C.L. Wilson and M.E. Wisnieaskieds.)

(Boca Raton, FL: CRC Press, Inc., 1994). 234.
Mendoza, M., Staff Officer, Animal Dam-

age Control, Animal and Plant Health
Inspection Service, U.S. Department 0f235.

Agriculture, personal communication,
April 19, 1995.
Mergentime, K., and Emerich, M.,

“Organic Sales Jump Over $2 Bih Mark  236.
in 1994,” Natural Foods Merchandiser
16(6):74-76, June 1995.

Metcalf, R.L., and Metcalf, R.ADestruc-

tive and Useful Insects: Their Habits and 237.
Control 5th Ed.(New York, NY: Mcgraw-

Hill Inc., 1993).

Metterhouse, W.W., Cream Ridge, NJ,238.
“The States’ Roles in Biologically Based
Based Technologies For Pest Control,”
unpublished contractor report prepared for239.
the Office of Technology Assessment, U.S.
Congress, Washington, DC, November
1994.

Metterhouse, W.W., Executive Director, 240.
Interstate Pest Control Compact, National
Association State Departments of Agricul-
ture, Cream Ridge, NJ, letter to the Office

of Technology Assessment, U.S. Congress,
Washington, DC, July 31, 1995. 241.
Meyerdirk, D.E., Biological Control Opera-
tions, Plant Protection and Quarantine, Ani-
mal Health and Inspection Service, U.S.
Department of Agriculture, Riverdale, MD, 242.
fax to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
August 3, 1995.

Michigan State University, Agricultural 243.
Experiment StationMichigan Fruit Indus-

try Survey, Research Report 524, (East
Lansing, Ml, April 1992).

“Milky Spore Disease May Not Be Effec- 244.
tive Biological Control For Grubs,Turf

Grass Trend4.3, May 1994.

Miller, D.W., Vice President For Research
and Development, EcoScience Corpora-
tion, Northborough, MA, letters to the

References | 193

Office of Technology Assessment, U.S.
Congress, Washington, DC, March 2, 1995
and August 1995.

Miller, H.I., “A Need to Reinvent Biotech-
nology Regulation At the EPA,Science
266(192):1815-1818, Decédrar 16, 1994.
Miller, M., and Aplet, G., “Biological Con-
trol: A Little Knowledge Is a Dangerous
Thing,” Rutgers Law Review5(285):314,
1993.

Mills, N., Assistant Professor, Center For
Biological Control, University of Califor-
nia, Berkeley, CA, personal communica-
tion, August 22, 1995.

Moffat, A.S., “New Chemicals Seek to
Outwit Insect Pests,” Science
261(121):550-551, July 30, 1993.

Morgan, C.L., “Integrated Pest Manage-
ment Cuts Use of ChemicalsFarmline,
13-16, April 1992.

Mycogen Corporation, “MVP (R) Bioin-
secticide: The Persistent Solution to Resis-
tant Budworm and Bollworm in Cotton,”
information sheet, 1993.

National Foundation For Integrated Pest
Management EducationRegional Pro-
ducer Workshops: Constraints to the Adop-
tion of Integrated Pest Management
(Austin, TX, August 1993).

National Research CouncPesticides in
the Diets of Infants and ChildrefWash-

ington, DC: National Academy Press,
1993).
National Research CounciRegulating

Pesticides in Food: The Delaneyfrdox
(Washington, DC: National Academy
Press, 1987a).

National Research CounciRReport of the
Research Briefing on Biological Control on
Managed Ecosystem@Nashington, DC:
National Academy Press, 1987b).

Narang, S.K., National Program Leader,
Agricultural Research Service, U.S.
Department of Agriculture, Beltsville,
MD, fax to Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
August 17, 1995.



194 | Biologically Based Technologies for Pest Control

245

246.

247,

248.

249.

250.

251.

252,

253.

254,

255,

Nechols, J.R., Kansas State University, per-
sonal communications, December 2993
and August 21, 1995.

Nechols, J.R., Department of Entdogy,
Kansas State University, Manhattan, KS,
fax to the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
July 19, 1995.

Nechols, J.R., and Obrycki, J.J. Kansa257.
State University and lowa State University,
“OTA Preliminary Assessment of Biologi- 258.
cal Control: Current Research,” unpub-
lished report prepared for the Office of 259.
Technology Assessment, U.S. Congress,
Washington, DC, January 1994;

Neely, D., and Smith, G., “IPM Strategies
Used By Arborists,”Journal of Arboricul-

ture 17(1):8-12, 1991.

Nelson, E.B., “Biological Control of Turf- 260.
grass Disease,” Information Bulletin 220 of

the Cornell Cooperative Extension,
Geneva, NY, 1993. 261.
Nishimi, R., Senior Associate, Office of
Technology Assessment, U.S. Congress262.
Washington, DC, personal communica-
tion, June 201995.

“Nonmailable Plant Pests and Injurious
Animals” (3015),Title 39 (Postal Service) 263.
U.S. Code1980 ed.

Novak, T., “Swarms of Impostor Lady Bee-

tles Bug Oregon,” Statesman Journal,
November 4, 1993.

Nowak, P.J., Department of Rural Sociol-264.
ogy, University of Wisconsin, Madison,

WI, “Educating Users About Biologically
Based Methods of Pest Control,” unpub-
lished contractor report prepared for the265.
Office of Technology Assessment, U.S.
Congress, Washington, DC, April 1995.
Oack, C. et al., “Dismantling Government
Policy in Science and TechnologyJour-
nal of Irreproducible Government Agencies
R(1P):1972-1995, July 20, 1995.
O’Conner lll, C.A., “Registration of Phero-
mones in Practice,"Behavior-Modifying 267.
Chemicals For Insect Managemewtppli-
cations of Pheromones and Other Attracta-

256.

266.

nts, R.L. Ridgway, R.M. Silverstein and
M.N. Inscoe (eds.) (New York, NY: Marcel
Dekker, 1990).

Obrycki, J.J., Associate Professor, Depart-
ment of Entomology, lowa State Univer-
sity, Ames, IA, fax to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, March 24, 1994,

Oltman, D., “Ground Rules,California
Farmer6-7, 28, 1995.

Oltman, D., “A Lesson PlanCalifornia
Farmer10-11, 31-32, January 1995.
Oregon State University, Integrated Plant
Protection CenterAreawide Management
of the Codling Moth: Implementation of a
Comprehensive IPM Program For Pome
Fruit Crops in the Western United States
(Corvallis, OR: July 1994).

Organic Farming Research Foundation,
1993 National Organic Farers’ Survey,
Fall 1994.

Organic Farming Research Foundation,
“Bulletin 1,” Winter 1995.

Padgett, M., Agricultural Economist, Eco-
nomic Research Service, U.S. Department
of Agriculture, Washington, DC, personal
communication, June 26, 1995.

Parella, M.P., Heinz, K.M., and Nunney,
L., “Biological Control Through Augmen-
tative Releases of Natural Enemies: A
Strategy Whose Time Has Coméiineri-
can Entomaigist(38):172-179, Fall 1992.
Parkwood Research Associat&hopping
For Organic: Food Shoppers’ Views on
Organically Grown ProducéRodale Press,
Inc., March 1994).

Pass, R.C., Chairman, Department of Ento-
mology, University of Kentucky, Lexing-
ton, KY, personal communication, July 27,
1995.

Pearson, W., dunty Extension Agent,
Columbus, MT, letter to the Office of Tech-
nology Assessment, U.S. Congress, Wash-
ington, DC, May 27, 1994.

Pedigo, L.Entomology and Pest Manage-
ment(New York, NY: Macmillian Publish-
ing Company, 1989).



268

269.

270.

271,

272.

273.

274,

275.

276.

277.

278.

. Penn, S., President, Beneficial Insectary,
Oak Run, CA, personal communications,
June 23, 1993.

Oak Run, CA, letter to the Office of Tech-
nology Assessment, U.S. Congress, Wash-
ington, DC, June 19, 1995.

Penn, S., and Henke, R., Beneficial Insec-
tary, Oak Run, CA and Agricultura@dvi-

sors, Inc., CA, personal communication, 280.

August 7, 1993 and June 21, 1995.
Pennsylvania Department of Agriculture,
Development of Integrated Pest Manage-
ment Certification Guidelines For Agricul-

tural Crops: Results of Initial Focus Group 281.

Sessionfebruary 1994.

Pennsylvania State University, College of
Agricultural SciencesPennsylvania Tree
Fruit Production Guide, 1994-199%5tate
College, PA: 1995).

“Person’ Defined” (151 et seq.Jitle 7
(Agriculture 281 to 1099Y.S. Code 1980
ed.
Peterson,

C.G., Special Projects Staff,

Office of Pesticide Programs, U.S. Envi- 283.

ronmental Protection Agency, Washing-
ton, DC, fax to the Office of Tecbiogy
Assessment, U.S. Congress, Washington,
DC, August 4, 1995.

tine” Title 4, Subtitle 6, Chapter 7(Non-
Domestic Animal and Microorganism
Import Rules) Hawaii Administrative
Rules

Poinar, Jr., G.O.,Taxonomy and Biology
of Steinernematidae and Heterorhabditi-
dae,” Entomopathogenic Nematodes in
Biological Control, R. Gaugler and H.K.
Kaya (eds.) (Boca Raton, FL: CRC Press,
Inc., 1990).

“Policy and Purpose” (2101)Title 16
(Conservation: 1151 to 3100).S. Code,
1985 ed.

Prokrym, D., Project Leader, Russian

Wheat Aphid Biological Control Project, 286.

Animal and Plant Health Inspection Ser-
vice, U.S. Department of Agriculture,

Penn, S., President, Beneficial Insectary279.

282.

“Plant and Non-Domestic Animal Quaran-284.

285.

References | 195

Niles, MlI, letter to the Office of Technol-
ogy Assessment, U.S. Congress, Washing-
ton, DC, August 11, 1995.

Prokrym, D., Project Leader, Russian
Wheat Aphid Biological Control Project,
Animal and Plant Health Inspection Ser-
vice, U.S. Department of Agriculture,
Niles, MI, personal communication,
August 10, 1995.

Quimby, P.C., Research Leader, Rangeland
Weeds Laboratory, Agricultural Research
Service, U.S. Department of Agriculture,
Bozeman, MT, personal communication,
July 27, 1995.

Quimby, P.C., Research Leader, Rangeland
Weeds Laboratory, Agricultural Research
Service, U.S. Department of Agriculture,
Bozeman, MT, letter to the Office of Tech-
nology Assessment, U.S. Congress, Wash-
ington, DC, January 26, 1995.

Rajotte, E., Entomologist, Pennsylvania
State University Extension Service, State

College, PA, personal communication,
August 15, 1995.
Randall, J.M., Invasive Weed Specialist,

The Nature Conservancy, Davis, CA, letter
to the Office of Technology Assessment,
U.S. Congress, Washington, DQuly 24,
1995.

Randall, J., and Pitcairn, Mx@&ic Species
Program, The Nature Conservancy, Galt,
CA, and the Biological Control Program,
California Department of Food and Agri-
culture, Sacramento, CA, “Biologically
Based Technologies For Pest Control in
Natural Areas and Other Wildlands,”
unpublished contractor report prepared for
the Office of Technology Assessment, U.S.
Congress, Washington, DC, November
1994.

Ravenslrg, W.J., “Bological Control of
Pests: Current Trends and Future Pros-
pects,”"BCPB Pest and Diseases, Proceed-
ings 2:591-600, 1994.

Reichelderfer, K., “Economic Feasibility of
Biological Control of Crop PestsBiologi-

cal Control in Crop Production,G.C.



196 | Biologically Based Technologies for Pest Control

287.

288.

289.

290.

291.

292.

293.

294,

Papazizas (ed.) (Totowa, NJ: Allanheld,295. Rogers, M., “What's New: Biological Con-

Osmun,1981).
Ridgway, R.L., and Inscoe, M.N., U.S.

Department of Agriculture, Agricultural 296.

Research Service, “Biologically Based Pest
Control: Markets, Industries, and Product,”

unpublished special report, December 2.297.

1993.

Riechmann, D., “Ladybugs Bedevil Md.
Residents,”"The Wahington PostMd. 3,
March 30, 1995.

Riley, R., Cooperative State Research, Edu-
cation, and Extension Service, U.S. Depart-
ment of Agriculture, Washington, DC,
personal communication, August 23,995.
Roberts, T.C.,
Bureau of Land Management, U.S. Depart
of the Interior, Washington, DC, letter to
the Office of Technology Assessment, U.S.
Congress, Washington, DC, M2g, 1995.
Rockey, S.J., Division Director, National
Research Initiative Competitive Grants
Program, Cooperative State Research, Edu-
cation, and Extension Service, U.S. Depart-
ment of Agriculture, personal com-
munication, July 6, 1994, June 19, 1995,
and August 1995.

Rockey, S.J., Division Director, Nationals
Research Initiative, Cooperative State
Research, Education, and Extension Ser-
vice, U.S. Department of Agriculture,

Washington, DC, fax to the Office of Tech- 302.

nology Assessment, U.S. Congress, Wash-
ington, DC, August 10, 1995.

Rockey, S.J., Division Director, National 33

Research Initiative Competitive Grants
Program, Cooperative State Research, Edu-
cation, and Extension Service, U.S. Depart-
ment of Agriculture, Washington, DC,

letter to the Office of Technology Assess-304.

ment, U.S. Congress, Washington, DC,
March 29, 1995.

Rodgers, P.B., “Potential of Biopesticides
in  Agriculture,” Pesticide Science,
39(2):117-129, 1993.

298.

Range Conservationist,29

300.

trols,” Grounds Maintenance, 90-94,
March 1994.
Rosen, J.D., “Much Ado About Alar,”

Issues in Science and Technolog§5, Fall
1990.

Rosenblum, G.On the Way to Market:
Roadblocks to Reducing Pesticide Use on
Produce (Washington, DC: Public Voice
For Food and Health Policy, March 1991).
Rosenfeld, A.Cutting to the Core: Cos-
metic Quality and Pesticide Use on
Apples—A Survey of U.S. Apple Growers
(Washington, DC: Public Voic&or Food
and Health Policy, Septemb&®91).

Royer, M., Chief Operations Officer, Bio-
logical Assessment and Taxonomic Sup-
port, Animal and Plant Health Inspection
Service, U.S. Department of Agriculture,
Riverdale, MD, personal communications,
April 4, 1995; April 12, 1995; April 20,
1995 and May 11, 1995.

Ruff, M.D., Technology Transfer Coordi-
nator, Agricultural Research Service, U.S.
Department of Agriculture, Beltsville,
MD, letter to the Office of Technology
Assessment, U.S. Congress, Washington,
DC, July 26, 1994.

01. “Sales of Biopesticides Expected to Rise at

the Expense of Chemically-Based Pesti-
cides,” Pesticide Outlook,4-5, February
1994.

Sandoz AgriKey Findings: The 1994 San-
doz National Environmental Poll(Des
Plaines, IL: 1994).

Schneider, E., National Biological Service,
U.S. Department of the Interior, Washing-
ton, DC, fax to the Office of Techlogy
Assessment, U.S. Congress, Washington,
DC, August 4, 1995.

Schneider, W., Microbiologist, Biopesti-
cides and Pollution Prevention Division,
Office of Pesticide Programs, U.S. Envi-
ronmental Protection Agency, “158 Data
Requirements For Biological Pesticides,”
SAP Presentation, November 11, 1994.



305

306.

307.

308.

3009.

310.

311.

312.

313.

. Schneider, W., Microbiologist, Biopesti- 314
cides and Pollution Prevention Division,
Office of Pesticide Programs, U.S. Envi-
ronmental Protection Agency, Arlington,
VA, personal communications, May 30,
1995; July 27, 1998nd August 11995.
Schrimpf, P., “The Next Seed Revolution,”
Lawn and Landscape Maintenan88-34,
June 1995.

Plant Pathology, University of California,
Berkeley, CA, personal communication,
August 9, 1993.

ment of Plant Pathology, University of Cal-
ifornia, Berkeley, CA, letter to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, December 11, 1994.
Setting, M., Association of American Pest
Control Officials, personal communication,
August 15, 1995.

Shani, A., “Role of Pheromones in Inte-
grated Pest Managemenftroceedings of
the Working Group Use of Pheromones and

Other Semiochemicals in Integrated Con-319.

trol, (International Organization for Bio-
logical and Integrated Control of Noxious
Animals and Plants, 1993).

Microbial Insecticides to Vertebrates—
Humans,"Safety of Microbial Insecticides,
M. Laird, L.A. Lacey and W. Dadson
(eds.) (Boca Raton, FL: CRC Press, Inc.,
1990).

Simberloff, D., Professor, Department of

Biological Sciences, Florida State Univer- 321.

sity, Tallahassee, FL, letter to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, July 16, 1995.

Simberloff, D., and Stiling, P. Department
of Biological Sciences, Florida State Uni-
versity, Tallahassee, FL and University of

Southern Florida, Tampa, FL, “Biological 323.

Pest Control: Potential Hazards,” unpub-
lished contractor report prepared for the

Office of Technology Assessment, U.S.324.

Congress, Washington, DC, January 1994.

315.

Schroth, M., Chairman, Department of316.

Schroth, M.N., Professor Emeritus, Depart317.

318.

Siegel, J.P., and Shadduck, J.A., “Safety 0820.

322.

References | 197

. Sjoblad, R.D., McClintock, J.T., and
Engler, R., “Toxicological Considerations
For Protein Components of Biological Pes-
ticide Products,” Regulatory Toxicology
and Pharmacologyl5:3-9, 1991.

Sjogren, R., Meridian Precision Release
Technologies, Minneapolis, MN, letter to
the Office of Technology Assessment, U.S.
Congress, Washington, DC, 1995.

Smith, K.R., “Making Alternative Agricul-
tural Research Policy,American Journal
of Alternative Agriculture 10(1):10-18,
1995.

Smith, K.R., Henry A. Wallace Institute for
Alternative Agriculture, Hyasville, MD,
“Biological Pest Control: An Assessment
of Current Markets and Market Potential,”
unpublished contractor report prepared for
the Office of Technology Assessment, U.S.
Congress, Washington, DC, January 1994.
Smith, K.R., Director, Policy Studies Pro-
gram, Henry A. Wallace Institute For Alter-
native Agriculture, Hyattsville, MD,
personal communication, June 19, 1995.
Sorensen, A.A., “The Role of IPM
Reducing Environmental ProblemsPro-
ceedings of the Second National IPM
Workshop/Symposiut994).

St. John, J.B., Acting Associafzeputy

in

Administrator, National Program Staff,
Agricultural Research  Service, U.S.
Department of Agriculture, Beltsville,

MD, letter to the Office of Technology
Assessment, U.S. Congress, Washington,
DC, August 10, 1995.

Stanley, D., “Whitefly Causes Bleak Times
for Growers,” Agricultural Researchl6:2,
January, 1991.

Steiner, M.Y., and Elliott, E.PBiological
Pest Management For Interior Plantscapes
(Vegreville, Canada: Alberta Environmen-
tal Centre, March 1897).

Stevens, W.K., “Pesticides May Leave
Legacy of Hormonal Chaos,The New
York TimesC1, August 23, 1994.

Stewart, J.L., Director, Forest Insect and
Disease Research, Forest Service, U.S.



198 | Biologically Based Technologies for Pest Control

325.

326.

327.

Department of Agriculture, Washington, 335. U.S. Congress, Congressional Research

DC, personal cmmunication, Aril 6,
1995 and June 22, 1995.

“Summary of State Training Programs For
Pesticide Users,'North Carolina Insight
September 1994.

Tabashnik, B.E., “Evolution of Resistance
to Bacillus thuringiensis, Annual Review
of Entomology39:47—79, 1994.

Takahashi, G., Maritime Supervisor, Plan
Quarantine, Department of Agriculture,
Hawaii, letter to the Office of Techiogy
Assessment, U.S. Congress, Washington,
DC, May 26, 1995.

3

327A.TeBeest, D.O., Professor, Department of

328.

329.

330.

331.

332.

333.

334.

Plant Pathology, University of Arkansas, 338.

Fayetteville, AK, personal communication,
July 13, 1995.

TeBeest, D.O., Professor, Department of
Plant Pathology, University of Arkansas,

36.

37. U.S. Congress,

Service,CRS Issue Brief: Pesticide Policy
Issues in the 103rd Congregzepared by
J. Womach, 1B93082 (Washington, DC:
February 1, 1994).

U.S. Congress, General Accounting Office,
Pesticides: Pesticide Reregistration May
Not Be Completed Until 2006 CED-93-
94 (Washington, DC: May 1993).

Office of Techogy
Assessment New Technological Era For
American Agriculture OTA-F-474 (Wash-
ington, DC: U.S. Government Printing
Office, August 1992).

U.S. Congress, Office of Techogy
Assessmentdarmful Non-Indigenous Spe-
cies in the United StatesDTA-F-565
(Washington, DC: U.S. Government Print-
ing Office, September 1993).

Fayetteville, AK, letter to the Office of 338A.U.S. Congress, Office of Technology

Technology Assessment, U.S. Congress,
Washington, DC, May 18, 1995.

Assessment, unpublished proceedings of
the advisory panel meeting, July 13, 1995.

Tichenor, R., Maryland Department of339. U.S. Department of Agriculturéiologi-

Agriculture, Annapolis, MD, personal com-
munication, June 20, 1995.
Toscano, N., Department of Entogy,

University of California, Riverside, CA, 340.

personal coomunication, August]995.

Trinka, David, Horticulture Manager,
MBG Marketing, MI (formerly Michigan
Blueberry Growers’ Association), personal 3
communication, August 17, 1995

Turner, C., Agricultural Research Service,
U.S. Department of Agriculture, Albany,
CA, letter to the Office of Tecluhogy
Assessment, U.S. Congress, Washington;
DC, 1994.

Tyree, S., Biotechnology Industry Organi-
zation, personal communication, 1995.

U.S. Congress, Congressional
Service,Federal Land and Resource Man-
agement: A Primer93-787 ENR (Wash-
ington, DC: 1993).

41.

342.

Research43.

cal Agents for Pest Control: Status and
Prospects(Washington, DC:U.S. Govern-
ment Printing Office, February 1978).

U.S. Department of Agriculturégricul-
tural Resources and Environmental Indica-
tors Update: Crop Consultants
(Washington, DC, 1995).

U.S. Department of Agricultur&994 Spe-
cial Projects, Integrated Pest Management
Program, Extension Servic@Vashington,
DC: 1994).

U.S. Department of Agriculture, “Strategic
Directions of the Cooperative Extension
System,” as of May 5, 1995. URL=http://
www.esusda.gov/mission/commit&htm.
U.S. Department of Agriculture, “Pest Risk
Assessment of Biological Control Organ-
isms,” unpublished report prepared by P.
Lima, no date.



344

345.

346.

347.

348.

349.

350.

351.

352.

U.S. Department of Agriculture, Agricul-
tural Research ServiceStored-Product
Insects Workshop: Final Repoiay 46,
(Washington, DC:1992).

U.S. Department of Agriculture, Agricul-
tural Research ServicBrinciples of Insect
Parasitism Analyzed From New Perspec-
tives, E.F. Knipling (author), AHN 693
(Washington, DC: 1992).

U.S. Department of Agriculture, Agricul-
tural Research Servic8jological Control

of Postharvest Diseases of Fruits and Vege-
tables, Workshop Proceeding€,.L. Wil-
son and E. Chalutz (eds.), ARS-92 (June
1991).

U.S. Department of Agriculture, Agricul-
tural Research ServicARS National Bio-
logical Control Program, Proceedings of
Workshop on Research Prioritie4,988-
203-044 (Washington, DC: U.S. Govern-
ment Printing Office, August 1988).

U.S. Department of Agriculture, Agricul-
tural Research Service, “Biological Weed
Control, Rangeland Weeds, and Their Bio-
logical Control Agents,” unpublished
report provided by McNeel, H., Weed
Management Specialist, Bureau of Land
Management, U.S. Department of the Inte-
rior, Billings, MT, July 13, 1993.

U.S. Department of Agriculture, Agricul- 359.

tural Research Service, briefing for the
Office of Technology Assessment, U.S.
Congress, Washington, DC, Juzig, 1995.

U.S. Department of Agriculture, Animal

and Plant Health Inspection Service,360

Explanatory Notes: Fiscal Year 1996
(Washington DC, 1995).

U.S. Department of Agriculture, Animal
Plant Health Inspection Service, “Biologi-

cal Control of the Russian Wheat Aphid,

1993,” APHIS Pub. No. 1507 (Washington 3g1.

D.C.: Decembefl993).

U.S. Department of Agriculture, Animal

and Plant Health Inspection Service, “Intro-
duction of Nonindigenous Organisms,”

proposed rule and notice of public hearings

353.

354.

355.

357.

358.

References | 199

7 CFR Part 335, Federal Register
60(17):5288-5307, January 2695.

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service, “Intro-
duction of Nonindigenous Organisms,”
proposed rule; withdraal, 7 CFR Part 335,
Federal Registei60(116):31647, June 16,
1995.

U.S. Department of Agriculture, Animal
and Plant Health Inspection Servi&afe-
guard Guidelines For Containment of Plant
Pests Under Permitlune 1983.

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service, “Char-
ter for the Technical Advisory Group on the
Introduction of Biological Control Agents
of Weeds,” unpublished draft guidelines,
1990.

56. U.S. Department of Agriculture, Animal

and Plant Health Inspection Service, “Bio-
logical Control of Leafy Spurge,” PAN
1435, August 1992,

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service, “Bio-
logical Control of Spotted and Diffuse
Knapweeds,” PAN 1529, December 1994.
U.S. Department of Agriculture, Animal
and Plant Health Inspection Servi¢dant
Protection Actproposed bill, August 1995.
U.S. Department of Agriculture, Animal
and Plant Health Inspection Service,
Release of Nonindigenous Organisms:
Information Requested From Applicants in
Support of Permit Application§eptember
9, 1994.

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service, Bio-
logical Assessment and Taxonomic Sup-
port, Riverdale, MD, fax to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, August 3, 1995.

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service,
National Biological Control Institute, Ani-
mal and Plant Health Inspection Service,
Riverdale, MD, unaddressed letter, July 11,
1995.



200 | Biologically Based Technologies for Pest Control

362

363.

364.

365.

366.

367.

368.

369.

. U.S. Department of Agriculture, Animal
and Plant Health Inspection Service,
National Biological Control Institute,

Riverdale, MD, letter to the Office of Tech-

nology Assessment, U.S. Congress, Wash370.

ington, DC, July 13, 1994,

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service,
National Biological Control Institute,

“Draft Program Logic Model,” Riverdale,

MD, October 131994.

and Plant Health Inspection Service, Plant
Protection and Quarantine, Riverdale, MD,
unpublished proceedings of a briefing for
the Office of Technology Assessment, U.S.
Congress, Washington, DC, 1995.

U.S. Department of Agriculture, Animal

and Plant Health Inspection Service, Plant372.

Protection and Quarantine, Biological Con-
trol Operations, Riverdale, MD, unpub-
lished briefing report prepared for the
Office of Technology Assessment, U.S.
Congress, Washington, DC, 1995.

U.S. Department of Agriculture, Animal
and Plant Health Inspection Service, Plant
Protection and Quarantine, Biological
Assessment and Taxonomic Support,
Riverdale, MD, fax to the Office of Tech-
nology Assessment, U.S. Congress, Wash-
ington, DC, August 3, 1995.

and Plant Health Inspection Service, Plant
Protection and Quarantine, Biological Con-
trol Operations, unpublished 1994 data pro-
vided by D.E. Meyerdirk, Senior Staff
Officer, April 1995.

and Plant Health Inspection Service, Plant
Protection and Quarantine, National Bio-
logical Control Laboratory, Russian Wheat
Aphid Biological Control
1993 Project Report, prepared by D.R.
Prokrym, et al., (Niles, MI: 1993)

U.S. Department of Agriculture, Coopera-
tive State Research, Education, and Exten-

U.S. Department of Agriculture, Animal 371.

373.

U.S. Department of Agriculture, Animal 374.

U.S. Department of Agriculture, Animal 375.

Project—FY 376.

sion Service, “Request for Proposals,
National Integrated Pest Management
Implementation Program, Fiscal Year

1995,” special projects guidelines, 1995.
U.S. Department of Agriculture, Coopera-
tive State Research, Education, and Exten-
sion Service, “Summary Report:
Cooperative Extension System Educa-
tional Programs on Pesticides,” unpub-
lished report prepared by J.W. Impson,
March 1995.

U.S. Department of Agriculture, Coopera-
tive State Research Service, National
Research Initiative Competitive Grants
Program,The National Research Initiative
on Agriculture, Food and Environment:
Annual Report Fiscal Year 1993Wash-
ington, DC: 1994).

U.S. Department of Agriculture, Coopera-
tive State Research, Education, and Exten-
sion Service,Strategic Directions of the
Cooperative Extension Systelfwyashing-
ton, DC: 1995).

U.S. Department of Agriculture, Coopera-
tive State Research Service, Experiment
Station Committee on Organization and
Policy, Pest Management Strategies Sub-
committee, “Integrated Pest Management
For the 21st Century: A Blue Print For Sus-
tainable Pest Management,” (Washington,
DC, 1991).

U.S. Department of Agriculture, Coopera-
tive State Research Service National
Research Initiative Competitive Grants
Program, National Research Initiative
Competitive Grants Program: Program
Description,(Washington, DC: 1994).

U.S. Department of Agriculture, Economic
Research ServiceAgricultural Resources
and Environmental Indicators(Washing-
ton, DC: December 1994).

U.S. Department of Agriculture, Economic
Research ServiceAgricultural Resources
and Environmental Indicators Updates:
Crop Consultants,No. 3 (Washington,
DC:1995).



377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

U.S. Department of Agriculture, Economic
Research ServiceAdoption of Integrated
Pest Management in U.S. Agricultue-

pared by A. Vandeman, et al., Bulletin No. 387.

707 (Washington, DC: 1994).

U.S. Department of Agriculture, Economic
Research ServiceAgricultural Pesticide

Use Trends and Policy Issugeepared by 388.

C.D. Osteen and P.l. Szmerda, ABR2
(Washington, DC: September 1989).

U.S. Department of Agriculture, Economic
Research ServiceAgricultural Resources
and Environmental Indicators,AH-705
(Washington, DC: December 1994).

U.S. Department of Agriculture, Economic
Research ServiceFederal Grade Stan-

dards For Fresh Produce: Linkages to Pes-390.

ticide Use prepared by N. Powers and R.G.
Heifner, Agriculture Information Bulletin
275 (Washington, DC: August 1993).

U.S. Department of Agriculture, Economic

Research ServiceEconomic Returns to 391.

Boll Weevil Eradicationprepared by G.A.
Carlson, G. Sappie and M. Hammig, AER
Pub. No. 621 (Washington DC: September,
1989).

U.S. Department of Agriculture, Forest

Service,Gypsy Moth New35): September 392,

1994.

U.S. Department of Agriculture, Forest
Service, unpublished data on the Forest
Service's use of chemical pesticides for
1994, Washington, DC, 1995.

U.S. Department of Agriculture, Forest393.

Service, unpublished briefing report pre-
pared for the Office of Technology Assess-
ment, U.S. Congress, Washington, DC,
May 9, 1995.

U.S. Department of Agriculture, Forest
Service and Animal and Plant Health
Inspection ServiceGypsy Moth Manage-
ment in the United States: A Cooperative
Approach,(Washington, DC: April 1995).
U.S. Department of Agriculture, National
Agricultural Pesticide Impact Assessment
Program, The Biologic and Economic

389.

394.

395.

References | 201

Assessment of Chlorpyrifos and Diazinon
in Ornamentals and Sod Production
(Washington, DC: 1994).

U.S. Department of Agriculture, Office of
Communications, “USDA’s Integrated Pest
Management,” Release No, 0942.94,
December 14, 1994,

U.S. Department of the Interior, “Strategy
For the Containment of Proliferation of
Non-Indigenous Plant Species on Public
Lands,” unpublished white paper, Wash-
ington, DC, 1993.

U.S. Environmental Protection Agency,
“Biochemical Pesticides Data Require-
ments,”Code of Federal Regulation$ijtle
40, Sec. 158.690, 1994.

U.S. Environmental Protection Agency,
“Microbial Pesticides; Experimental Use
Permits and Notifications,” final ruldsed-
eral Register59(169):45612, September 1,
1994.

U.S. Environmental Protection Agency,
“Plant-PesticideBacillus thuringiensisCry
llI(A) Delta Endotoxin and the Genetic
Material Necessary for its Production in
Potato,” conditional registration, May
1995.

U.S. Environmental Protection Agency,
“Bacillus thuringiensis CrylA(b) Delta
Endotoxin and the Genetic Material Neces-
sary for its Production (Plasmid Vector
pCiB4431) in Corn, Significant New Use,”
August 10, 1995.

U.S. Environmental Protection Agency,
Pesticide Testing GuidelineSubdivision
M: Biorational PesticidesEPA 540/9-92-
028 (Washington, DC: Novener 1982).

U.S. Environmental Protection Agency,
Pesticide Testing Guidelin&ubdivision M
of the: Microbial and Biochemical Pest
Control Agents, H-7501C (Washington,
DC: July 1989).

U.S. Environmental Protection Agency,
Urban Integrated Pest Manageme®@PA
735-B-92-001 (Washington, DC: July
1992).



202 | Biologically Based Technologies for Pest Control

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

U.S. Environmental Protection Agency,
briefing package prepared for the Office of

Technology Assessment, U.S. Congress407.

Washington, DC, April 1995.

U.S. Environmental Protection Agency,
Pesticides Industry Sales and Usage: 1992
and 1993 Market Estimategprepared by

A.L. Aspelin 733-K-94-001 (Washington, 408.

DC: June 1994).

U.S. Environmental Protection Agency,
Biotechnology Research Program Over-
view, EPA 600/K-93/007 January 1994).

U.S. Environmental Protection Agency,4qg,

Pesticides Industry Sales and Usage: 1992
and 1993 Market Estimategprepared by
A.L. Aspelin 733-K-94-001 (Washington,
DC: June 1994).
U.S. Environmental
Office of Communications and Public
Affairs, EPA Journal: Pesticides and Food
Safetyl6(3):May/June 1990.

U.S. Environmental Protection Agency,
Office of Pesticide ProgramsAnnual
Report For 1994735-R-95-001 (Washing-
ton, DC: January 1995).

U.S. Environmental Protection Agency,
Office of Pesticide Programs, remarks at a
briefing for the Office of Techslogy
Assessment, U.S. Congress, Washington,
DC, Alexandria, VA, April, 27, 1995.

U.S. Environmental Protection Agency,
Office of Pesticide Programs, remarks at a
briefing for the Office of Techslogy
Assessment, U.S. Congress, Washington,
DC, Alexandria, VA, 1994.

U.S. Environmental Protection Agency,
Office of Pesticide Progmas, Fee Authori-
ties,May 1995).

U.S. Environmental Protection Agency,

Office of Prevention, Pesticides and Toxic 412.

SubstancesAnalysis of FY 1993 Emer-
gency Exemption Program(Washington,
DC: December 22, 1992).

U.S. Environmental Protection Agency and
U.S. Department of Agricultural, Extsion
Service, Applying Pesticides Correctly:
Private Applicator SupplementE-2472

4
Protection Agency,

411.

413.

(East Lansing, MI: Michigan State Univer-
sity Extension, Decembéi993).

U.S. Environmental Protection Agency and
U.S. Department of Agriculture, Extgion
Service, Applying Pesticides Correctly: A
Guide For Private and Commercial Appli-
cators,(Washington, DC: 1991).

United Nations, Environment Programme,
Convention on Biological Diversity June 5,
1992 (As of July 20, 1995: URL=gopher://
Gopher.UNDP.Org:70/00/Unconfs/Unced/
English/Biodv.Txt, no date.

United Nations Food Agriculture Organiza-
tion, Draft Code of Conduct For the Import
and Release of Biological Control Agents
(Rome, Italy: November 1994).

10. University of California, Division of Agri-

culture and Natural Resows, Beyond
Pesticides: Biological Approaches to Pest
Management in CalifornigOakland, CA:
ANR Publications, 1992).

410A.Van Driesche, R., Department of Entomol-

ogy, University of Massachusetts, Amherst,
MA, letter to the Office of Technology
Assessment, U.S. Congress, Washington,
DC, 1995.

Van Driesche, R., Bellows, T.S., Miken-
burg, O., Adang, M., Federici, B., McCoy,
C., Maddox, J., Kaya, H., Lewis, J., Cardé,
R., and Krafsur, E.S., Department of Ento-
mology, University of Massachusetts,
Amherst, MA (Van Driesche only),
“Report on Biological Control of Inverte-
brate Pests of Forestry and Agriculture,”
unpublished contractor report prepared for
the Office of Technology Assessment, U.S.
Congress, Washington, DC, December
1994.

Virginia Cooperative Extension Service, et
al., The National Evaluation of Extension’s
Integrated Pest Management Programs,
VCES Publication 491-010 (February
1987).

Voss, G., and Miflin, B., “Biocontrol in
Plant Protection: CIBA’s ApproachPesti-
cide Outlook29-34, April 1994.



References | 203

414. Waage, J.K., Director, International Insti-423. Whitacre, D.M., Vice President, Develop-

415.

416.

417.

tute of Biological Control, Ascot Berks,
UK, letter to the Office of Teclalogy

Assessment, U.S. Congress, Washingtor424.

DC, 1994.

Waage, J.K., Director, International Insti-
tute For Biological Control, Ascot Berks,
UK, personal communication, July 13,
1995. 4
Waage, J.K., Director, International Insti-
tute of Biological Control, Ascot Berks,
UK, fax to the Office of Techology
Assessment, U.S. Congress, Washington,
DC, July 13, 1995.

Waage, J.K., Director, International Insti-

tute of Biological Control, Ascot Berks, 427,

UK, letter to the Office of Teclalogy
Assessment, U.S. Congress, Washington,
DC, July 14, 1995.

417A.Walters, T.L., President, American Com-

418.

4109.

420.

421.

422.

petitiveness Enterprise, Altadena, CA, per-428.

sonal communication, May 2, 1995.
Wapshere, A.J., Delfosse, E.S., and Cullen,
J.M., “Recent Developments in Biological
Control of Weeds, Crop Protection8227—
250, 1989.

Warner, D., “The Food Industry Takes the
Offensive,”Nation’s Businesg9(7):42-45,
July 1991.

Watson, A.K., Department of Plant Sci-
ence, McGill University, Quebec, Canada,

Control: Agricultural Weeds,unpublished
contractor report prepared for the Office of
Technology Assessment, U.S. Congress,
Washington, DC, November 1994.

Weaver, R.D., Evans, D.J., and Luloff,433_

A.E., "Pesticide Use in Tomato Production:
Consumer Concerns and Willingness-to-
Pay,” Agribusiness3(2):131-142, 1992.
Whalon, M.E., and McGaughey, W.H.,
“Insect Resistance t8acillus thuringien-
sis;” Advanced Engineered Pesticidds,
Kim (New York, NY: Marcel Dekker, Inc.,
1993).

426.

429,

“Biologically Based Technologies For Pest 431

32. Young,

434,

ment, Sandoz Agro, Inc., Des Plaines, IL,
personal communication, March 1994.
Whitmore, R.W., et al., “National Home
and Garden Pesticide Use Survelpésti-
cides in Urban Environment¥.D. Racke
and A.R. Leslie (eds.) (Washington, DC:
American Chemical Society993).

25. Whitson, T.D., et alWeeds of the West

(Jackson, WY: Pioneer of Jackson Hole,
1992).

Wilson, C., Fruit Pathology Unit, Appala-
chian Fruit Research Station, Agricultural
Research Service, U.S. Department of
Agriculture, Kearneysville, WV, personal
communication, August 8, 1995.

Winfree, R.A., National Biological Service,
U.S. Department of the Interior, unpub-
lished NBS briefing sheet prepared for the
Office of Technology Assessment, U.S.
Congress, Washington, DC, 1995.

Witt, I., Animal and Plant Health Inspec-
tion Service, U.S. Department of Agricul-
ture, Riverdale, MD, fax to the Office of
Technology Assessment, U.S. Congress,
Washington, DC, March 30, 1995.

Wood, H.A., and Hughes, P.R., “Biopesti-
cides,” Science 261(119):227, July 16,
1993.

30. Wood, M., “Weed-Eating Insects Take the

Startistle Challenge,”
Researchl1, July 1993.
Wright, R., U.S. Environmental Protection
Agency, Washington, DC, personal com-
munication, August 15, 1995.

F.E., “Weighing Food Safety
Risks,” FDA Consumer23(7):8-14, Sep-
tember 1989.

Zalom, F.G., and Fry, W.E. (ed$dod,
Crop Pests, and the Environmg&t. Paul,
MN: APS Press, 1992).

Zilberman, D., Sunding, D., Dobler, M.,
Campbell, M. and Manale, A., “Who
Makes Pesticide Use Decisions: Implica-
tions For Policy Makers,Pesticide Use
and Product QualityW. Armbruster (ed.)
(Glenbrook, CA: Farm Foundation, 1994).

Agricultural



204 | Biologically Based Technologies for Pest Control

435. Zilberman, D., and Yarkin, C., Department Emphasis on Biologically Based Controls,”
of Agricultural and Resource Economics, unpublished contractor report prepared for
University of California, Berkeley, CA, the Office of Technology Assessment, U.S.
“The Economics of Development and Congress, Washington, DC, December

Adoption of Pest Control Products With 1994.



	Front Matter
	Foreword
	Advisory Panel
	Project Staff

	Table of Contents
	Chapters
	1: Summary
	2: The Context
	3: The Technologies
	4: Risks & Regulations
	5: From Research to Implementation
	6: Commercial Considerations

	Appendices
	A: List of Boxes...
	B: List of Acronyms
	C: Background Reports...
	D: Reviewers

	References

