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Research Challenges and Needs for

Safe Use of Microbial Organisms

Microsporidia as Classical Biological Control Agents:
Research and Regulatory Issues

L.F. Solter and J.V. Maddox

llinois Natural History Survey, 607 E. Peabody Dr., Champaign, IL 61801 USA

Nonindigenous organisms are a seri-
ous problem in most biological systems.
The majority of these organisms were
unintentionally introduced and many
have become significant pests. The
problems caused by nonindigenous
pests have been extrapolated to the
extent that the practice of introducing
exotic biological control agents (insect
parasites and predators), often to con-
trol introduced pests, has received in-
creasing criticism over the past few
years. Although there is little docu-
mented evidence that the introduction
of exotic insect natural enemies for
biological control programs has pro-
duced serious negative effects, the crit-
ics of classical biological control make
some valid points which should be
carefully considered by biological con-
trol specialists.

Few attempts have been made to use
protists as biological control agents. In
this paper we attempt to address some
of the major difficulties associated with
utilizing this group of pathogens. Our
discussion will be limited to the ento-
mopathogenic microsporidia because
they are the most ubiquitous of the
protistan pathogens in insect popula-
tions and the most promising of the
protists for manipulation as biological
control agents.
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CONCEPTS FOR THE USE
AND REGULATION OF
PARASITES AND
PREDATORS

Most nonindigenous parasites and
predators are intended for use as “clas-
sical” biological control agents. The
usual aim is to reunite a nonindigenous
pest with a natural enemy from the
native home of the pest. The natural
enemy is introduced into the nonindig-
enous pest population with the inten-
tion of permanently establishing the
natural enemy in the new habitat of the
introduced pest. Some of the most
successful biological control programs
in the United States have involved clas-
sical biological control introductions.

All biological control agents are by
definition pesticides and are regulated
under the Federal Insecticide, Fungicide
and Rodenticide Act of 1947 (FIFRA) by
the Environmental Protection Agency
(EPA) (U.S. Environmental Protection
Agency, 1986). The EPA has exempted
parasitoids and predators from regula-
tion under FIFRA for the reason that
they are adequately regulated by the
USDA Animal and Plant Health Inspec-
tion Service (APHIS) under the Plant
Pest Act (U.S. Dept. of Agriculture, 1991),
although the basis for this authority is
somewhat arbitrary. APHIS considers
beneficial insects “indirect plant pests,,
because they directly affect plant pests.
In addition to the regulations enforced
by APHIS, biological control agents are
also subject to regulation under the
Endangered Species Act, the National
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Environmental Policy Act of 1969
(NEPA), and the Environmental Protec-
tion Agency (EPA).

CONCEPTS FOR THE
REGULATION OF INSECT
PATHOGENS

The populations of many species of
insects are moderated or controlled by
naturally occurring pathogens. Ento-
mopathogens have been utilized as
biological control agents using at least
three different approaches; 1) microbial
insecticides (inundative applications),
2) augmentation, manipulation, and/
or conservation of naturally occurring
insect pathogens (usually inoculative
introductions) and 3) introduction of
exotic entomopathogens (usually inoc-
ulative introductions).

Regulators and IPM specialists usu-
ally regard insect pathogens as poten-
tial microbial insecticides. Environmen-
tal Protection Agency guidelines for the
regulation of insect pathogens used as
microbial insecticides have evolved
since the registration of Bacillus popii-
liae in 1948 (Caltagirone, 1981). The
attempted use of acute toxicity evalua-
tions, appropriate for chemical insecti-
cides, have gradually been replaced by
more logical and more appropriate bi-
ological questions; nevertheless, most
of these guidelines were developed for
the purposes of evaluating the safety of
indigenous insect pathogens applied in
an inundative manner. The safety ques-
tions are quite different for exotic insect
pathogens applied using inoculative
procedures, probably similar if notiden-
tical to those posed for exotic parasites
and predators. Exotic insect pathogens
intended for use as classical biological
control agents should be evaluated and
regulated in a similar manner.

At present there are no concrete
guidelines for regulating exotic patho-
gens used as classical biological con-
trol agents. Likewise, there has been
little attempt to distinguish between
inundative applications of insect patho-
gens and inoculative applications of
pathogens. [f insect pathogens are to
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be regulated, and used wisely and safe-
ly, these usage concepts must be con-
sidered.

Although there are no laws that spe-
cifically regulate biological control ac-
tivities, most of the regulations gov-
erning the importation and use of insect
pathogens as biological control agents
are dependent on the interpretation of
5 laws; The Plant Quarantine Act of 1912,
The Federal Plant Pest Act of 1957,
FIFRA, NEPA, and the Endangered Spe-
cies Act of 1973 (Coulson and Soper,
1989). Unfortunately, insect pathogens
used as classical biological control
agents are currently regulated as if they
were microbial insecticides (U.S. EPA,
1986).

WHERE DO MICROSPORIDIA
FIT INTO THESE
CONCEPTUAL SCHEMES?

Only one microsporidium, Nosema lo-
custae, is registered as a microbial in-
secticide. It is used for grasshopper
control in specific rangeland situations.
Like many other microsporidia, N. lo-
custae is a chronic pathogen, killing its
host slowly. Because most microspo-
ridia do not produce a rapid insecticidal
effect and many species have complex
life cycles involving more than one host,
there is widespread agreement that few,
if any, species of microsporidia have
potential for development as microbial
insecticides. Nevertheless, they have
great potential for use as classical bio-
logical control agents, fitting more close-
ly the paradigm for parasitoids and
predators than that of microbial insec-
ticides.

REGULATORY AND SAFETY
CONCERNS SPECIFIC FOR
MICROSPORIDIA

Host specificity is the overriding safe-
ty and regulatory concern for all bio-
logical control agents. It is a difficult
characteristic to evaluate largely be-
cause we must use laboratory data to
predict ecological host specificity. This




situation is especially problematic for
pathogens such as microsporidia be-
cause it is difficult to evaluate the im-
portance of a light atypical infection in
a nontarget host. In addition, many
species of microsporidia are transmit-
ted via the transovum route, and it is
not uncommon for insect parasites o
be involved in the transmission of patho-
gens.

Monitoring the establishment and
movement of introduced microsporidi-
an species may also be a concern.
Different species of microsporidia may
be indistinguishable using traditional
identification techniques and, although
many species of microsporidia are be-
ing evaluated using molecular charac-
ters, closely related microsporidia of-
ten cannot be positively identified. After
introduction, it is essential that the in-
troduced biological control agent can
be identified in subsequent collections.

EVALUATING HOST
SPECIFICITY OF
PATHOGENS USED AS
CLASSICAL BIOLOGICAL
CONTROL AGENTS

As we mentioned above, pathogens are
usually viewed as microbial pesticides,
and host specificity testing was initially
conducted using traditional methods
similar to those used to test chemical
pesticides. These methods for testing
host specificity are appropriate where
laboratory or physiological host range
approximates the ecological host range.
They are not appropriate for pathogens
which will be released inoculatively as
classical biological control agents be-
cause physiological host range is much
broader than, and may not be predic-
tive of the true ecological host range.

Pathogens used as classical biologi-
cal control agents are expected to cycle
in the host population and therefore
must be able to reproduce optimally in
the host (Onstad et al., 1990; Poulin,
1994) so that they will be transmitted
between conspecific hosts, vertically
from generation to generation and/or
horizontally between individuals (Ander-
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son and May, 1981). The complex ad-
aptations of a pathogen to its host al-
low it to exploit the host but may also
restrict the host range (Cate and Mad-
dox, 1994). These adaptations must be
compatible with temporal and spatial
availability and the ecology of potential
hosts (Onstad et al., 1990), and also
adapted to the particular tissues in
which the pathogen can reproduce (Ad-
amson and Caira, 1994). The "activa-
tion” of infectious forms of a pathogen
and the resulting invasion of host tis-
sues may be a nonspecific response by
the pathogen as a hedge against loss of
reproductive potential (Undeen, 1976;
Adamson and Caira, 1994). If a nontar-
get host is encountered, however, un-
usual responses of the pathogen in a
nontarget host may result in a “dead
end” infection and ultimate death of
the pathogen (Adamson and Caira, 1994;
Rohde, 1994).

Whether exotic pathogens can infect
indigenous nontarget hosts is a ques-
tion of paramount importance but there
are few extensive data sets that include
the host range of introduced insect
pathogens. Because physiological host
specificity data, generated in the labo-
ratory, may not accurately reflect the
true ecological host specificity of a
pathogen, a major dilemma emerges.
How can the ecological host specificity
of an exotic pathogen be determined
before the irreversible release of a non-
indigenous entomopathogen into the
environment?

EVALUATING HOST
SPECIFICITY OF
MICROSPORIDIA:

We used two approaches to address
questions about the methods used in
laboratory host specificity questions.
First, we designed a traditional series of
experiments to test the host specificity
of a group of exotic microsporidia, can-
didates for release into North American
gypsy moth, Lymantria dispar, popula-
tions. A second set of experiments were
designed to utilize existing data sets of
microsporidia and their North Ameri-
can lepidopteran hosts.
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Exotic microsporidia and native non-
target hosts: We tested five biotypes of
microsporidia which are pathogens of
L. dispar in Europe (Weiser and Novot-
ny, 1987; McManus et al., 1989) but do
not occur in populations of L. dispar in
North America (Campbell and Podg-
waite, 1971; Podgwaite, 1981; Andrea-
dis et al., 1983). Characteristics such as
morphology, life cycle, and host tissues
infected suggest that these microspo-
ridia are different from each other,
minimally at the subspecies level. We
examined the susceptibility of 49 non-
target indigenous North American
Lepidoptera, selected for ecological
overlap with L. dispar, to the five mi-
crosporidia {Solter et al., 1997) and di-
vided the responses of the nontarget
hosts into three categories, 1. the non-
target host was refractory to the mi-
crosporidium, 2. atypical responses
occurred in the nontarget host tissues,
including severely reduced or no pro-
duction of infectious propagules, and
3. one or more individuals of the non-
target host species produced spores that
appeared morphologically to be mature
environmental spores which are respon-
sible for horizontal transmission. We
predicted that no horizontal or vertical
transmission could occur in nontarget
hosts we placed in categories 1 and 2,
and that additional nontarget studies
should be conducted for category 3
nontarget hosts before making a final
decision about the suitability of mi-
crosporidia for introduction into the
North American L. dispar population.

We found that lepidopteran microspo-
ridia have a relatively broad physiolog-
ical host range. Nevertheless, field data
for the pathogen compliments of many
native and introduced insect hosts sug-
gest that microsporidia are ecologically
host specific (Nordin, 1971; Roberts et
al., 1977; Siegel et al., 1988; Maddox
and Lewis, unpublished data sets). We
could not release the microsporidia into
North American populations of L. dis-
par to experimentally evaluate our
predictions about ecological host spec-
ificity, nor is an efficient, cost-effective
method available for determining
whether a microsporidium recovered
from a nontarget host is specific to the
nontarget population or is one of the
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released exotic microsporidia. Even if
release were permitted, the accumula-
tion of a long-term data base on the
susceptibility of nontarget hosts would
be expensive and time consuming.

Exotic hosts and native microsporid-
ia: An introduced (nonindigenous) in-
sect species is exposed to microsporid-
ia that infect native insects with which
it overlaps ecologically. If physiologi-
cal host specificity equals ecological
host specificity, and if the introduced
nontarget host is susceptible to the
microsporidia from indigenous hosts in
the laboratory, the nontarget host
should be capable of acquiring these
same microsporidia in the field. L. dis-
par was introduced into the United
States over 120 years ago. Extensive
pathogen surveys have never recovered
microsporidia in L. dispar, despite eco-
logical overlap of L. dispar with many
lepidopteran species known to host
microsporidia.

Although knowledge of the field sit-
uation was actually the ultimate test of
the risk to L. dispar by native microspo-
ridia, we wanted to determine at what
levels the barriers to infection between
species occurred. We conducted a study
in which we considered L. dispar as a
nontarget host with a known field his-
tory (no microsporidia). We tested the
laboratory response of L. dispar larvae
to microsporidia from sympatric indig-
enous North American Lepidoptera and
Coleoptera to evaluate the predictive
value of laboratory host specificity test-
ing (Solter and Maddox, 1998). If L.
dispar was susceptible to a microspo-
ridian species in the laboratory, we then
increased the ecological complexity of
new host specificity exposure experi-
ments to determine whether the para-
sites could be transmitted between
conspecific nontarget hosts.

Each of the nine species of microspo-
ridia from native Lepidoptera fed to L.
dispar produced infections. We con-
ducted horizontal transmission studies
and found that only three microsporid-
ian species were transmitted and, even
in a “maximum challenge” situation
(5 healthy larvae held for 15 days in a
6 oz diet cup with five infected larvae),
those three species were transmitted at




significantly lower levels than between
individuals of the natural hosts of the
microsporidia. We then increased the
ecological complexity of the cages by
placing the larvae on sleeved host plant
foliage. No transmission occurred. In
ongoing studies, we are testing other
model nontarget hosts, the European
corn borer, Ostrinia nubilalis, and alfal-
fa weevil, Hypera postica, as well as
looking at the possibility of vertical
transmission in nontarget hosts. Thus
far, only one of seven orally infective
microsporidian species in O. nubilalis
is transmitted horizontally and vertical-
ly. We will be using molecular tech-
niques to determine if it is the same
species as Nosema pyrausta for which
O. nubilalis is the natural host. This is
a possibility since the original spores
were obtained from a laboratory colony
of the closely related host Eoreuma
loftini, the Mexican rice borer.

Because we were able to discern dif-
ferences in infections between the nat-
ural hosts and many nontarget hosts
that were meaningful in terms of trans-
mission success, we are now studying
microsporidian infections of nontar-
get hosts in the aboriginal habitat of
some of the Central European L. dispar
microsporidia. We chose three sites in
Bulgaria where three genera of mi-
crosporidia, one genus in each site, have
been recovered from L. dispar in long-
term monitoring studies. We made
intensive collections of nontarget hosts
feeding on the same trees at the same
time as L. dispar in three sites in 1997
and 1998. More than 10 isolates of
microsporidia have been recovered
from the nontarget hosts. Feeding back
sporesto L. disparlarvae, we have found
one microsporidium that produces a
host-like infection in L. dispar. We will
also use molecular techniques to deter-
mine if it is a shared parasite.

POTENTIAL USE AS
CLASSICAL BIOLOGICAL
CONTROL AGENTS

We believe the major regulatory goal(s)
should be the development of regula-
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tions that distinguish between ento-
mopathogens used as microbial insec-
ticides and those used as classical
biological control agents. These regu-
lations should insure the safe use of
inoculatively introduced nonindigenous
pathogens and should focus on the
ecological host range of the candidate
pathogens. Regulatory concerns ger-
mane to microbial insecticides are usu-
ally not appropriate.

The difficulty in developing regula-
tions that insure safe use of exotic
pathogens as classical biological con-
trol agents is accurately estimating
ecological host specificity. It is relative-
ly simple to conduct laboratory exper-
iments on the host specificity of insect
pathogens but interpretation of the
experimental results is difficult. How
do we develop laboratory studies that
accurately predict ecological host
range? We are accumulating data sets
from both laboratory and field on the
same microsporidian species in the
same host species, and we believe these
data allow us to make much more ac-
curate predictions about the ecological
host specificity of microsporidia. Stud-
ies such as these should be considered
when developing regulatory require-
ments for exotic insect pathogens in-
troduced as classical biological control
agents. How do we incorporate these
concepts into specific regulations?
Although we have not dealt directly with
taxonomic issues in this paper, identi-
fication and selection of appropriate
species is a universal and continuous
topic. How should this issue be ap-
proached?

Microsporidia are important regula-
tors of many species of insects because
they are efficiently transmitted and are
moderately pathogenic to their hosts;
two of the most meaningful character-
istics of pathogens that are known to
regulate host populations (Anderson
and May, 1981). Microsporidia are
known to occur in the native popula-
tions of many exotic pest species and
could provide an excellent source of
classical biological control agents if we
can resolve safety and regulatory ques-
tions.
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