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
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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).
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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).



Chapter 4 Risks and Regulations | 95

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.




