CAN SEMIOCHEMICALS ALTER THE USE OF PARASITES IN IPM PROGRAMS?'

S. BRADIEIGH VINSON?

ABSTRACT - Semiochemicals are increasingly found to play a significant role in host location
and acceptance by parasitic hymenoptera. The roles of these chemicals range from stimulating
parasites to search for hosts to influencing the-species of hosts attacked. The source of these
compounds also ranges from plants, hosts and associated organisms. In plants they comprise an
important part of a plant’s resistance to pests that may be overlooked. These semiochernicals can
attract and retain parasites in select environments and can influence the levels of parasitism that
occur, The result is that one of the major problems in the use of parasitic insects for biological
control in IPM (Integrated Pest Management) systems, that is the lag in response of parasites to
a host population increase can be overcome. Although the premise is that semiochemicals can
attract, retain and stimulate parasites to function in cropping systems before the pest population
begins to increase, what is our state of knowledge and where do we stand in the use of
semiochemicals for biological pest management? This issne will be discussed, however,
significant progress towards the practical use of semiochemicals may well depend on the
availability of mass produced parasitic species. Rapid progress in in vitre production of
parasitic insects is also being made. The status of in vitre production and how the combined
efforts of these two areas (in vitro production and behavioral manipulation) provide the
technology to significantly alter our use of parasitic insects for IPM will be presented.

Index terms: Hymenoptera, hosts, plant resistance, in vitro production, behaviour manipulation.

PODEM SUBSTANCIAS SEMIOQUIMICAS ALTERAR O USO DE PARASITAS
EM PROGRAMAS DE MANEJO DE INSETO-PRAGAS?

RESUMO - Os semioquimicos estio sendo cada vez mais fadados a desempenhar um papel im-
portante na localizagdo e aceitagio de hospedeiros pelos himenépteros parasitas. Os papéis des-
sas substincias variam desde o estimulo aos parasitas a procurarem hospedeiros, até a influéncia
em espécies de hospedeiros atacados. A fonte desses compostos varia em relagdo a plantas, hos-
pedeiros, e organismos associados. Em plantas, os compostos semiogquimicos compreendem uma
parte importante da resisténcia vegetal a pragas, a qual pode ser injustamente, desprezada. Esses
compostos podem atrair e reter parasitas em ambientes selecionados, e podem influir no nivel de
parasitismo. O resultado € que um dos maiores problemas no uso de insetos parasitas em siste-
mas de manejo de insetos-pragas (MIP), que ¢ a demora na resposta de parasitas ao crescimento
da populacio hospedeira, pode ser superado. Embora a premissa seja de que as substincias se-
mioquimicas podem atrair, reter ¢ estimular, parasitas a agirem em sistemas de cultivo antes que
a populagdo de pragas comece a cresce, perguntamos: Qual € o posso estado de conhecimento, e
onde estamos, no tocante ao uso de compostos semioquimicos em manejo de pragas? Este assun-
to € aqui discutido; perém, o progresso significativo na diregio do uso pritico desses compostos
pode bem depender da viabilidade de produgdo, em massa, de espécies parasitas. Est4 sendo al-
cangado progresso répido na produgdo in vitro de insetos-parasitas. E apresentado, aqui, o es-
tado da produgio in virro e o modo pelo qual os esforgos combinados das duas dreas (produgio
in vitro e manipulagio de comportamento) fornecem a tecnologia meios para alterar significati-
vamente o nosso uso de insetos-parasitas para o manejo de insetos-pragas.

Termos para indexagio: Hymenoptera, hospedeiros, resisténcia vegetal, produgdo in vitro, ma-
nipulagio de comportamenlto.
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INTRODUCTION

The control of pest insects has utilized
many approaches including toxic chemicals,
host plant resistance, ecological manipulation,
and biological control. Presently, these
methods of insect control are being used in
various combinations to form part of what is
called integrated pest management (Flint &
Bosch 1981). Biological control forms an
integral part of the integrated pest
management strategy and itself relies on a
number of approaches including the utilization
of parasitic insects (parasitoids). Parasitoid
utilization involves: a) assessing the natural
parasitoid population, b) conservation, c)
augmentation, d) introduction of exotics, and
€) management (Vinson 1988a). Of these
techniques the introduction of exotic’s or “‘the
classical approach™ (Caltagirone 1981, Sailer
1976), has received most attention. While
management of beneficials in the past has not
received consideration separate from other
approaches, recent advances (Greany et al.
1984, Vinson 1986, Thompson 1986) are
beginning to provide researchers and
practitioners with the ability to manipulate the
behavior of adult parasitoids and to
inexpensively rear large numbers of adults for
use in new and exciting ways. These advances
are providing new approaches to biological
control that will allow for the agressive
management of parasitoids for pest control.

Presently, many species of parasitoids are
difficult and expensive to rear, often i
insufficient numbers to do much more than
conduct general biological studies or
inoculative releases. However, this situation is
changing with the development of in vitro
rearing techniques (Thompson 1986, Lu 1988,
Li et al. 1988, Greany 1986, Grenier &
Bonnot 1988, Xie et al. 1986, Rotundo et al.
1988, Strand et al. 1988). As the development
of in vitro rearing is perfected and gains
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acceptance, its use will become an essential
component of beneficial insect management.
However, more itmmediate beneficial insect
management can involve the use of the
behavioral chemicals,

The potential of utilizing behavioral
chemicals to manage parasitic hymenoptera
has been discussed by several authors (Gross
Junior 1981, Lewis & Nordlund 1985, Lewis
et al. 1976, Nordlund et al. 1986, Vinson
1977, 1988a). I will review the unique
opportunities that behavioral chemicals offer
to biological control, address some of the
concerns, and provide some insight into those
concerns.  Background concerning  the
behavioral aspects of host selection (Arthur
1981, Doutt 1959, Alphen & Vet 1986,
Vinson 1981, 1984a, b, 1985), the sources of
these chemicals (Vinson 1976, 1988b), and
the types of chemicals involved (Jones 1981,
Vinson 1985) will not be covered here.

Potential implications of semiochemicals
in biological control

The isolation and identification of
parasitoid behavioral chemicals over the last
decade offer the opportunity to manipulate the
behavior of parasitoids in ways that can lead
to new opportunities in biological control.
This potential depends not only on their
isolation and identification, the parasitoid
behavior these chemicals elicit, and the level
of the host selection chain in which these
chemicals are involved; but research in regard
to their use in the field. Few studies
investigating the use of behavioral chemicals
in the field have been conducted (Takabayaski
& Takahaski 1988, Gross 1981; Altieri et al.
1981). Such chemicals include pheromones,
synomones and kairomones, each of which
may be used to attract and retain parasitoids in
select locations, stimulate them to search, and
influence the particular hosts for which they
search (Table 1).
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TABLE 1. Potential of allclochemicals for beneficial insect management

Behavior Potential Method of use:
allelochemics crops
Attract parasitoid to crops synomones Application to:

(habitat)

Volatile kairomones
Aggregation pheromones

Stimulate and retain Kairomones
parasitoids in crop

Prerelease stimulation Synomones
and learning (imprinting, Kairomones
conditioning, asscciative Pheromones

learning).

Stimulate oviposition to
obtain eggs for in
vigro rearing

Contact kairomones and
physical factors

Genetic incorporation in:

Application to:
Application to:

Application to:

Influence behavior prior to
release of parasitoids to:

Provide parasitoids
for release to:

Attractants

a) Synomones - Plants play a pivotal role
in influencing the physiology and behavior of
third trophic level organisms (predators,
parasitoids, and parasites) (Price 1986), but
attention to what the plants role is and the
identification of the stimuli involved has
received relatively little concern until now.
Such a lack of information is a surprise since
the mutual beneficial interaction between
plants and insects that gather pollen and nectar
is well recognized (Kevan & Baker 1983).
Further it has also been recognized that plants
and insects have coevolved mutual
relationships where the insect (ants) obtains
food and shelter and the plant (Acacca) is
protected from herbivores (Janzen 1966). Data
has accumulated to demonstrate that plants
release volatiles that are attractive to
parasitoids (Elzen et al. 1984, Nettles 1979,
Lecomte & Thibout 1984, 1988, Reed et al.
1970, Williams et al. 1988) and within a few

species the attractive volatiles are known to
differ from the volatiles that attract the pest
species (Auger et al. 1987). Further, there is
increasing evidence that the plant may be
induced to release different chemicals when
attacked (Nadel & Alphen 1987) and that the
nature of the chemicals can depend on the
herbivore (Turlings et al. 1990). The literature
also suggests that plant syncmones are wide
spread (Vinson 1981) and, as found in cotton
(Elzen et al, 1987), consist of a blend of
attractive compounds that differ among
different cultivars. Different cultivars not only
cgiffer in their attractiveness to parasitoids
(Elzen et al. 1986) but may lack attractive
compounds. Such information is essential to
host plant resistence programs to insure that
plant cultivars remain attractive or to increase
their atractiveness to beneficials (Boethel &
Eikenbary 1986, Williams et al. 1988).
Understanding the role of volatile chemicals
as parasitoid attractants can be of value in
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explaining why some herbivores are under
control (attacked) by a parasitoid on one plant
but not another.

As the isolation, identification, and role
played by synomones in parasitoid biology
becomes better understood these compounds
will be used to increase the attractiveness of
plants to predators and parasitoids. This can
be accomplished in several ways. One is by
the direct application of these chemicals to
plants (Altieri et al. 1981, Nordlund et al.
1985). Selective plant breeding is another way
the levels of these attractants can be increased
in various cultivars. In the future,
bioengineering may prove ways to insert
genes into certain cultivars that result in the
production of attractive compounds.

How effective the use of synomones may
be in reducing pest populations and the impact
of synomone use on Dbeneficial insect
populations is unknown. We can speculate that
these compounds will attract beneficials to
treated plants, but whether the parasitoid
remains for a short or long period within the
plant habitat is at present unknown but likely
the retention of the beneficial within the plant
assemblage will be different for certain
species groups. If synomones attract and retain
the beneficial in a “less-than-optimal™ habitat
for reproduction, these compounds could have
a negative impact on the long range fitness of
the beneficial insect population (Vinson 1977,
1988b). If synomones only attract beneficials
to the habitat for a short period of time, unless
host traces are encountered, then the use of
synomones may not seriously impact the
beneficial insect population. In the later case
the use of synomones could have a major
impact on the pest population, particularly in
cases where the pest is escaping parasitic
mortality because the crop is not attractive
(Vinson 1981).

b) Kairomones - Some parasitoids are
attracted over meter distances by volatile
kairomones (Camors Junior & Payne 1971,
Aldrich et al. 1984). These compounds are
often host sex attractants or aggregation
pheromones which aitract parasitoids thar
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attack stages other than those that release the
kairomone (Aldrich et al. 1984, Vinson
1988b). Exceptions do occur of which the best
known involves the attraction of the parasitoid
to the sound of calling male crickets and
cicadas (Cade 1975, Soper 1976, Mangold
1978), although chemical exceptions also
occur (Aldrich et al. 1984). These compounds,
like synomones, may attract certain parasitoids
to treated locations, but how long the
parasitoid will be retained in such an area is
unknown. Because kairomones indicate the
presence of a host population and because the
long range volatile kairomones are often
released from stages preceding the stage to be
utilized (Vinson 1988b), these compounds
may cause parasitoids to allocate a significant
proportion of their reproductive life to such a
habitat, While this behavior, if true, would
likely be counter productive in the
manipulation of natural parasitoid populations
(Vinson 1977), it could be of significant value
in the manipulation of parasitoids in an
inundative release program.

The wuse of attractive semiochemicals,
particularly kairomones could also be of use in
attracting parasitoids to an area prior to a host
outbreak if accurate predictions are possible.
Thus, one of the major problems in biological
control, the lag in the parasitoids response to
pest populations (Huffaker et al, 1977) could
be overcome.

c) Pheromomes - Like most insects,
pheromones play an important role in the
biology of parasitic hymenoptera. These
include the epideictic pheromones (Prokopy
1981, Roitberg & Prokopy 1987, Roitberg &
Mangel 1989), the sex pheromones (Jones
1983, Tanaka 1985), and aggregation
pheromones (Roelofs 1981). While the sex
pheromones  of  parasitic  hymenoptera
(Robacker & Hendry 1977, Eller et al, 1984)
may someday play an important role in
evaluating the density and determining the
location of parasitoid populations in the field
(Elzen & Powell 1989), they do not presently
appear to be useful in the direct manipulation
of parasitoids for biological control. The
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aggregation pheromones (Lewis et al. 1970,
Mohamed & Coppel 1987), however, may be
usefu] in attracting and retaining parasitcids in
certain crops, although very little work has
been done on such compounds.

The potential of wusing the epideictic
pheromones is more speculative. Since these
compounds result in dispersal they could
prove useful in repelling hyperparasitoids
(Vinson 1977}, but such a use would probably
be impractical unless the hyperparasitoids
were a serious limiting factor to the success of
the primary parasitoid. Yet these compounds
could become very useful in weed control by
repelling or dispersing parasitoids that would
protect the phytophagous weed controlling
species from attack.

Searching stimulants

Once a parasitoid has been attracted to a
habitat or community that may harbor hosts,
the encounter of host traces (fecal, feeding,
defensive, or other secretions that are left in
the environment but are important to the
functioning of the host) indicate that hosts are
present (Lewis et al. 1975b, Vinson 1988b).
When encountering such compounds the
parasitoid allocates a certain amount of time to
search the area for hosts (Waage 1979). These
stimuli also generally release an intense
searching of the microhabitat by the parasitoid
that often results in increased movement of the
parasitoid and an increased frequency of
turning (Strand & Vinson 1982). These host
traces or ‘‘spore” kairomones result not only
in an increased investment of time in the
microhabitat, but an increased coverage of the
habitat.

If a female is successful in locating a host
she often allocates additional time to the
habitat (increases her giving up time - Waage
1979). This reallocation of time to the habitat
is similar to the behavior referred to as the
“find and attack cycle” (Lewis et al. 1976).
The find and attack cycle is particularly
important for species that attack aggregated
hosts, being less important or even absent
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from the host selection process of species
attacking highly dispersed hosts, The
importance of the find and attack cycle for
reasonably aggregated species is demonstrated
in the application of searching stimulant
kairomones to crops which results in
increasing the parasitism of the host insects
present (Lewis et al. 1975a, b, Takabayaski &
Takahaski 1988). These searching stimulants
work because they retain and stimulate the
parasitoid to search (Gross et al. 1975). The
increased allocation of searching time
increases the chance that a host present in the
search area will be discovered.

The practical use of searching stimulants
may be counter productive unless used in
combination with other approaches. When
used in the field to increase parasitism of pest
populations by the retention of nataral
parasitoid populations, these compounds may
cause difficulties by reducing the retained
parasitoids reproductive success (Vinson
1977). The searching stimulants in effect
indicate to the parasitoid that the habitat
contains many hosts and, therefore, a high
reproductive potential. However, the treated
habitat contains fewer hosts than the applied
kairomone indicates and even though these
hosts are attacked, the reduced total number of
hosts attacked is at the expense of future
parasitoid generations. These problems can be
circumvented by the release and retention of
mass produced parasitoids. The release of
reared  parasitoids would insure that
parasitoids were present thus reducing the
dependence on the attraction of parasitoids
from near by environments. Further, the*
presence of released parasitoid in the managed
area should result in an increased level of
epideictic pheromones which should reduce
the immigration of parasitoids from the
surrounding environment thus further reducing
the impact on the natural population.

We may also predict that many released
females will disperse from these high
conspecific female concentrations (Roitberg &
Prokopy 1987) due to epideictic pheromone
buildup. If true, the potential of released
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parasitoids to effect control could be further
enhanced if the response of mass released
parasitoids to epideictic pheromones could be
reduced. This may be possible through
selective breeding and would have the
advantage of reducing the fitness of the
laboratory produced females in competition
with the natural population. Such an approach
could be extended tc some other biological
characteristics that might increase mass reared
parasitoid effectiveness and reduce their
impact on the gene pool of the naturally
produced population.

Host attack and oviposition stimulants:

The identification of kairomones that
release  host examination, ovipositional
probing, drilling and oviposition do not appear
to have a direct role to play in the field
manipulation of parasitoids. However, these
compounds will play a central role in the
development of in virro rearing and parasitoid
mass production (Vinson 1986, 1988a} by
providing methods to obtain large numbers of
eggs needed for mass production programs. As
discussed (Vinson 1988a), the identification of
ovipositional stimuli for Iroplectus
conquisitor, Trichogramma pretiosym and
Telenemous heliothidis (Acthur et al. 1972,
Nettles et al, 1982, Strand & Vinson 1983a)
provided eggs that helped lead to the
subsequent rearing of these species on an
artificial diet (House 1978, Strand et al. 1988,
Xie et al, 1986),

Few studies have delt with host attack and
oviposition. Both shape and chemicals are
often important synergistic ovipositional
factors (Strand & Vinson 1983b, Vinson &
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Piper 1986), but the identification of all the
interacting factors may not be essential in
obtaining parasitoid eggs for rearing.
Hegdekar & Arthur (1973) were able to
induce ltoplectus to oviposit in Petri dishes
containing several aminc acids and sugars.
Morrison et al. (1983) induced 1richogramma
to oviposit through a flat membrane over an
oviposition stimulating salt solution even
though shape is important in 7richogramma
oviposition (Schmidt & Smith 1985). Even if
parasitoids can not be induced to lay eggs
there are other options; eggs may be removed
from the female and activated (Vinson & Jang
1987) or large numbers of activated eggs can
sometimes be removed from the host (Burks &
Nettles 1978). The ability to obtain viable
eggs is a prerequisite to in vitro rearing.

The development of the technology for the
inexpensive in vitro rearing of parasitoids has
the potential to revolutionize the field of
biological control. As outlined in Table 2, the
ability to mass rear parasitoids free of their
host will provide for approaches to develop
improved, and inexpensive parasitoids
consistently for mass release and
manipulation. The development of in vitro
rearing technology will also provide biological
control practioners with the ability to rear
some species presently unavailable, whether
exotic or native, in sufficient numbers to study
and evaluate. In vitro rearing will also provide
for the development of quality control, the
application of genetics to “‘improve” - the
quality of beneficials, optimize the nutritional
quality of the food for the developing stages,
and provide increased control over the timing
and availability of adults. Also, the ability to-

TABLE 2. In vitro rearing may lead to parasitoid husbandry that will provide for.

Mass production

Consistent and predictable numbers

Quality control

Genetic improvement
Nautritional improvement
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rear parasitoids in vifro will open new avenues
to the study of their physiology and
biochemistry.

However, it will be the ability to
consistently produce a large number of a
particular parasitoid species that can be
released when needed (even prior to a pest
outbreak) that, in conjunction with the
behavioral chemicals, will offer new
opportunities in the biological control of pest
insects.

Behavioral chemicals and learning

Over the past several decades there has
been increasing evidence that insects can
“learn” to respond to certain stimuli
(Timbergen 1951, Alloway 1972, 1973) and
parasitoids have been in the fore-front if these
studies (Thorpe 1938, Vet 1983). While the
exposure and associative learning of
parasitoids enabling them to respond to novel
stimuli may prove useful, it is the ability of
parasitoids to continue to recognize and
respond to their innate set of stimuli that ‘may
prove equally important (McAuslane 1990).
Although the exposure of parasitoids to -host
selection cues may become important in the
release of in vitro reared parasitoids to insure
they have encountered the proper host cues,
the limited data indicate that in vitro reared
parasitoids continue to respond to their natural
host (Lu 1988, Karjia et al. 1988). Once these
behavioral plasticities and limitations are
understood they can be used to improve the
effectiveness of biological control agents. As
shown by Gross et al. (1975), exposure of
laboratory reared parasitoids to natural host
selection cues prior to release places the
parasitoids in the find and attack cycle. Thus,
upon release they begin to search for hosts
rather than initiating an escape response. But
there are even additional opportunities that
can be realized by adding cues that the
parasitoids can learn through association and
that can be used to direct females before
release to a particular potential host
community. For example, Gross et al. (1975)
also observed that if the parasitoid was
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exposed to the host and plant-complex before
releasing, the released parasitoid would tend
to orient to and search the same variety of
plant in the host-plant-complex the parasitoid
was exposed to. These observations have been
confirmed with other species. (Vet 1983, Vet
Opzeeland 1984, Lewis & Tumlinson 1988,
Lewis et al. 1990).

The results of studies such as described
above suggest that if parasitoids can be reared,
there are many opportunities to manipulate
their behavior in a positive way prior to
release, Such . Knowledge not only has
potential for the management of beneficial
insects in an inundative release approach but
may benifit an inoculative release program.

SUMMARY

The technology for the in vitro rearing of
parasitoids and their behavioral manipulation
is rapidly developing. As the behavioral
chemicals for more species are identified and
made available, and as more species are reared
on artificial diets, opportunities for the
management of beneficials, whether native or
exotic, will rapidly increase. Many
opportunities exist. For example, in beneficial
insect rearing the ability to in vitro rear will
allow for the production and study of some
species that, for various reasons, are presently
unavailable. In vitro rearing will also allow
for the development of quality control, mass
and consistent production of some species.
Such production capabilities will allow for the
planning necessary to have large numbers
available when and where needed. Ini addition,
in vitro rearing will open up other avenues of
research. One of these is the identification of
parasitoid produced products that regulate
various host biochemical processes that may
be exploited for alternative control
approaches. Another is the development of
parasitoid insect husbandry. The area of
parasitoid husbandry counld grow to include
genetic  improvement through selective
breeding, genetic engineering and nutritional
improvement. Lastly, in vitro rearing will
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provide the numbers of beneficials needed to
expand the use and potential of semiochemical
manipulation of  beneficial organisms
(particularly mass released, but will include
incculative releases and natural agents) for
pest management,

The availability of large numbers of
beneficials that could be released in sufficient
numbers prior to or simultaneocusly with the
occurrence of a pest population, could
eliminate the typical lag in control of pests by
beneficials. Second, through pre-release
stimulation the released parasitoids could be
placed in a find and attack cycle thus reducing
the loss of released adults through an escape
response. Further, through the wuse of
associative  learning, pre-exposure and
knowledge of attractant compounds, the types
of habitat (crop) and possibly even the types
of hosts that the female initially searches for
could be influenced.

Synomones and other attractant chemicals
may also be used to increase the attractiveness
of crops to both released (exotic and native)
and natural populations of beneficials. This
increased attractiveness could be obtained
through application to the crop and by genetic
incorporation either through traditional or
biotechnological approaches. Also knowledge
of attractant synomones may aid plant
breeders and those interested in host plant
resistance to increase, retain or at least not
reduce the attractiveness of the plants to
beneficials.

Searching stimulants may be used to retain
and stimulate host search in areas applied,
although there is yet much to be learned about
how to best apply these materials for results
(Gross 1981). Also, because compounds from
various parasitoid-host relationships influence
the behavior of the parasitoid in specific ways,
some thought must be given to the use of these
compounds for control. Some compounds may
stimulate searching of the immediate area by
the particular parasitoid involved. In other
parasitoid species the isolated stimulants may
stimulate the parasitoid to search the highest
leaves on the plant or locations on the ground
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below.

The proper use for crop plant synomones,
host kairomones, and aggregation pheromones
not only offers promise.for the manipulation
of beneficials in the field for insect pest
management, but confining the wuse of
behavioral chemicals to certain limited areas
and the release of beneficials to these limited
areas may offer new approaches to the
management of pest problems in wurban,
industrial, and other less traditional situations.
Lastly, the behavioral chemicals are playing
an important role through the development of
artificial hosts in which parasitoids deposit
eggs for in vitro rearing use.

REFERENCES

ALDRICH, J.R.; KOCHANSKY, J1.P.; ABRAMS,
C.B. Attractant for a beneficial insect and its
parasitoids; pheromone of the predatofy spined
soldier bug, Podisus maculiventris
(Hemiptera: Pentatomidae). Envirommental
Entomology, v.13, p.1031-1036, 1984,

ALLOWAY, T.M. Learning and memory in insects.
Annuval Recview of Entomology, v.17,
p.43-56, 1972,

ALLOWAY, T.M. Leaming in insects except
Apoidea. In: CORNING, W.C.; DYAL, J.A;"

WILLIAMS, A.OD. (Ed) Invertcbrate
learning. New York: Plenum, 1973, v.2,
p-131-173,

ALPHEN, JJM. Van; VET, LEM. An

evolutionary approach to host finding and In:
WAAGE, J.; GREATHEAD, D. (Ed.) Insect
parasitoids. New York. Academic Press,
1986. p.23-61.

ALTIERI, M.A,; LEWIS, W.J; NORDLUND,
D.A; GUELDNER, R.C; TODD, J.W.
Chemical interactions between plants and
T richogramma sp. wasps in Georgia soybean
fields. Protection Ecology, v.3, p.259-263,
1981.

ARTHUR, A.P. Host acceptance by parasitoids. In:
NORDLUND, D.A.; JONES, RL.; LEWIS,
W.J. (Ed.). Semiochemicals: their role in pest
control. New York: John Wiley, 1981.
p-97-120.



CAN SEMIOCHEMICALS ALTER THE USE OF PARASITES?

ARTHUR, A.P., HEDEKAR, B.M, BATSCH,
W.W. A chemically defined synthetic medium
that induces oviposition in the parasite,
Ttoplectis conquesitor. Canadian
Entomologist, v.104, p.1251, 1258, 1972.

AUGER, L; LECOMTE, C.; THIBOUT, E. A case
of strict chemical dependence: Alliumn - the
leek moth - its entomophage. In: LEBEYRIE,
V., FABRES, G.; LACKAISE, D. (Ed.).
Imsccts - plants; proceedings of international
symposium. Paris: Junk, 1986. p.366-367.

BOETHEL, DJ; EIKENBARY, RD.
Interactions of plaat resistance and
parasitoids and predators of insects. New
York: John Wiley, 1986. 224p.

BURKS, ML,; NETTLES JUNIOR, W.C.
Encelatoria sp. effects of cuticular extracts
from Heliothis virescens and other factors on
oviposition. Emvironmental Entomology,
v.7, p-897-900, 1978.

CADE, W. Acoustically orienting parasitoids: fly
phonotaxis to cricket song. Scicace, v.190,
p-1312-1313, 1975.

CALTAGIRONE, LE. Landmark examples in
biological control. Asmwal Review of
Entomology, v.26, p.213-232, 1931.

CAMORS JUNIOR, FB.; PAYNE, T.L. Response
in Heydenia unica (Hymenoptera:
Pteromalidae) to Deudrocionus frontalis
{Coleoptera: Scolytidac) pheromones and a
host-trec  terpene.  Aamals of the
Eatemological Socicty of America, v. 65,
a1, p31-33, 1971,

DOUTT, RL. The biology of parasitic
Hymenoptera. Annual Review of
Entomelogy, v.4, p.161-182, 1959,

ELLER, F.J.; BARTELT, RJ., JONES, Rl ;
KULMAN, H.M. Ethyl (z)-9-hexadecenoate, a
sex pheromone of Syndipnus rubiginosus, a
sawfly parasitoid. Jowrmal of Chemical
Ecology, v.10, p.291, 1984.

ELZEN, G.W_; POWELL, J.E. Mate finding and
mating behavior of Microplitis croceipes.
Southwestera Entomologist, n.12, p.49-52,
1989. Suplemento.

ELZEN, G.W.; WILLIAMS, H.J.; BELL, AA,;
STIPANOVIC, R.D,; VINSON, SB.
Quantification of volatile terpenes of glanded

309

and glandless Gossypum hyrsutiom L.
Cultivars and lines by gas chromatography.
Journal of Agricultural and Food
Chemistry, v.33, p.1079-1082, 1987.

ELZEN, G.W,; WILLIAMS, H.J.,; VINSON, S.B.
Wind tunnel flight responses by hymenopterous
parasitoid Campoletis sonoresis to cotton

cultivars and lines. Entomologia
Experimentalis et Applicata, v.42,
p.285-290, 1986.

ELZEN, G.W., WILLIAMS. H.].; VINSON, S.B.
Isolation and identification of cotton synomones
mediating searching behavior by the parasitoid
Campoletis  sonorensis. Jourmal of
Chemical Ecology, v.10, p.1251-1264, 1984,

FLINT, ML.; BOSCH, R. van den. Iatroduction
10 integrated pest management. New York:
Plenum, 1981, 240p.

GREANY, P. In vitro culture of hymenopterous
larval endoparasitoids. Jowraal of Imsect
Physiology, v.32, n.4, p.409-420, 1986.

GREANY, PD.; VINSON, $.B; LEWIS, W.J.
Insect parasitoids: finding new opportunities for
biological control.  Bioscicace, v.34,
P-690-696 , 1984.

GRENIER, S.; BONNOT, G. Development of
Trichonogranwna dendrolin and T. maidis
{Hymenoptera: Trichogrammatidac) in artificial
media and artificial host eggs. In: VOEGELE,
J; WAAGE, I; LENTEREN, J. van. (Ed).
Trichogramma sad other cgg parasites.
Versailles: INRA, 1988. p.319-326, (INRA -
Les Colloq. de INRA. Pub. 43).

GROSS JUNIOR, H.R. Employment of kairomones
in the management of parasitoids. In:
NORDLUND, D.A.; JONES, RL.; LEWIS,
W.J. {Ed.). Semiochemicals; their role in pest
control. New York: John Wiley, 1981,
p.137-150.

GROSS JUNIOR, HR.; LEWIS, W.J.; JONES,
R.L; NORDLUND, D.A. Kairomones and
their use for management of entomophagous
insects. III. Stimulation of Trichogramma
achaeae, 7. pretiosum, and Microplitis
croceipes with host seeking stimuli at time of
release to improve their efficiency. Jourmal of
Chemical Ecology, v.1, p.431-438, 1975.

HEGDEKAR, B.M. ARTHUR, AP. Host
hemolymph chemicals that induce oviposition in

Pesq. agropec, bras,, Beasflia, 27, S/N:301-313, abr. 1992,



310

the  parasite.  [Iroplectis  conguisitor.
Canadian Entomologist, v.105, p.787-793,
1973.

HOUSE, H.L. An artificial host: encapsulated
synthetic medium for in vitro oviposition and
rearing the  endoparasitoid  Itoplectis
conquisitor. Canadian Enatomologist,
v.110, p.331-333, 1978.

HUFFAKER, C.B.; RABB, RL.; LOGAN, J.A.
Some aspects of population dynamics relative 1o
augentation of natural enemy action. In:
RIDGWAY, R.L., VINSON, S.B. (Ed).
Biological control by augmentation of
natural enemies. New York: Plenum, 1977.
p.3-38. i

JANZEN, D.H. Coevolutjon between ants and
acacias in Central America. Evolution, v.20,
p-249-275, 1966.

JONES, R.L. Chemistry of semicchemicals involved
in  parasitoid-host '~ and predator prey
relationships. In: NORDLUND, D.A.; JONES,
R.L.; LEWIS, W.J. (Ed.). Semiochemicals:
their- role in pest control. New York: John
Wiley, 1981. p.239-250.

JONES, 'R.L. Semiochemicals’ mediating
Microplitis croceipes habitat, host and mate
find behavior. Southwestern Entomologist,
n12, p.53-58, 1989. Suplemento.

KARJIA, D.; LIANGWA, Z. ZHIJIAN, M.
LIANSHENG, Z.; QIXICA, Z.; AIHUA, C,;
KEJING, X, DUN, L. YIGUANG, G.
Research and wutilization of artificial host egg
for propagation of parasitoid Trichogramma.
In: VOEGELE, J.; WAAGE, J,; LENTEREN,
1. van. (Ed.). Trichogramma and other egg
parasites. Versailles: INRA, 1988, p.311-318

- (INRA-Les Collog. de INRA. Pub:43).

KEVAN, P.G.; BAKER, H.G. Insects as flower

visitors and pollinators. Annual Review of
Entomology, v.28, p.407-453, 1983.

LECOMPTE, C.; THIBOUT, E. Analyse dous deux
types d’olfactometris, du comportement du gete
des femelles de Diadromus pulchellus en
presence d'odeurs du phylophage-hote et du
vigital attaque ow non. Entomophaga, v.31,
p-69-78, 1988.

LEWIS, W.J.; JONES, RL; GROSS JUNIOR,
L.R. Kairomones and their use for management
of entomophagous insects. II. Mechanismis

Pesq. agropec, bras,, Brasilia, 27, S/N:301-313, abr. 1992,

S.B. VINSON

causing increase in rate of parasitization by
Trichogramma spp. Journal of Chemical
Ecology, v.3, p.349-360, 1975a.

LEWIS, W.J; JONES, RL.; GROSS JUNIOR,
N.R.; NORDLUND, D.A. The role of
kairomones and other. behavioral chemicals in
host funding by parasitic insects, Behavioral
Biology, v.16, p.267-289, 1976.

LEWIS, W.J; JONES, RL.; NORDLUND, D.A;
SPARKS, A.N. Kairomones and their use for
management of entomophagous insects, L.
Evolution for increasing rate of parasitization
by Trichogramima spp. in the field. Journal
of Chemical Ecology, v.1, p.343-347, 1975b.

LEWIS, w.Ja,; NORDLUND, D.A.
Behavior-modifyng chemicals to enhance
natural enemy effectiveness. In: HOY, M.A;
HERZOG, D.C. (Ed) Biological control in
-agricultural IPM system. New York:
Academic Press, 1985, p.89-101.

LEWIS, W.J; SNOW, J.W.. JONES, RL. A
pheromone trap for studying population of
Cardiochiles nigriceps, a parasite of
Heliothis viresceps. Journal of Economic
Entomelogy, v.64, p.1417-1421, 1970.

LEWIS, W.J; TUMLINSON, J.H. Host detection
by chemically mediated associative learning ina
parasitic wasp. Nature, v.331, p.257-259,

1988.
LEWIS, W.J.; VET, LEEM.; TUMLINSON, J.H.;
LENTEREN, J.C. von; PAPAJ, DR.

Variations in parasitoid foraging behavior:
Essential element of a sound biological control
theory. Environmental Eatomology, v.19,
p-1183-1193, 1990.

LL, LY,; LIU, WH. CHEN, C.S.; HAN, S.T,;
SHIN, JC. In vitro rearing of
Trichogramma sp. and Anastatus sp. in
artificial ‘eggs’ and the methods of mass
production. In: VOEGELE, I.; WAAGE, J.;

- LENTEREN, J. van. (Ed.). In vitre rearing
of Trichogramma and other cgg
parasites. Versailles: INRA, 1988, p.339-352,
(INRA. Les Callog. de INRA, Pub.43).

LU, Q. The industrial production of Trichogramma
and the evaluation of its economic benefits. In:
VOEGELE, J.; WAAGE, 1. LENTEREN, J.
van. (Ed.). Trichogramma and other egg



CAN SEMIOCHEMICALS ALTER THE USE OF PARASITES?

parasites. Versailles: INRA, 1988, p.361-368.
(INRA-Les Collog. de INRA. Pub.43).

McAUSLANE, H. Host microhabitat location by
Campoletis  sonorensis (Cameron), a
generalist parasitoid. College Station: Texas A
& M University, 1990. 78p. Dissertagio.

MANGEL. M., ROIBERG, B.D. Dynamic
information and host acceptance by a tetphritid
fruit fly. Ecological Entomology, v.14, n.2,
p-181-189, 1989.

MANGOLD; J.R. Attraction of Euphasiopteryx
ochracea, Corethrdlla spp. and gryllids to
broadcast songs of the southern mole cricket,
Florida Entomologist, v.61, p.57-61, 1978.

MOHAMED, M.A.; COPPEL, H.C. Pheromonal
basis for aggregation behavior of parasitoids of
the Gypsy moth: Brachymeria intermedia
(Nees) and Brachymeria lasus (Walker)
(Hymenoptera:  Chalcididae). Jourmal of
Chemical Ecology, v.13, p.1385-1394, 1987,

MORRISON, R.K.; NETTLES JUNIOR, W.C,;
BALL, D.; VINSON, S.B. Successful
oviposition by Trichogramma pretiosum
through a synthetic membrane. Southwestern
Entomology, v.8, p.248-251, 1983,

NADEL, H.; ALPHEN, J.M. van. The role of hosts
and host-plant odors in the attraction of a
parasitoid, Epidinocarsis lopezi, to the
habitat of its host, the cassava mealybug.
Phenacoccus  manihoti.  Entomologia
Experimentalis et  Applicata, v45,
p.181-186, 1987.

NETTLES JUNIOR, W.C. Encelatoria sp.
females: Factors influencing response to cotton

and okra plants, Environmental
Entomology, v.8, p.519-623, 1979,

NETTLES JUNIOR, W.C; MORRISON, RK,
XIE, ZHONG-NENG.; BALL, D.;
SCHENKIS, C.A.; VINSON, S.B. Synergistic
action of potassium chloride and magnesium
sulfate  on parasitoid wasp oviposition.
§cience, v.218, p.164-166, 1982.

NORDLUND, D.A,; CHALFONT, R.B,; LEWIS,
W.J. Response of 7richogramma prediosum
females to extracts of two plants attacked by
Heliothis zea. Agriculture, Ecosystems
and Environment, v.12, p.127-133, 1985,

NORDLUND, D.A.; LEWIS, W.J.; VINSON, S.B;
GROSS JUNIOR, H.R. Behavioral

311

manipulation of entomophagous insects for
control of Heliothis spp. In. JOHNSTON,
S.J; KING, E.C; BRADLEY, JL.R. (Ed)
Theory and tactics of Heliothis population
management. I. Cultural and biological
control. [s.1.]: Southern Coop.,, 1986,
p.104-115. (Bulletin, 316).

PRICE, P.W. Ecological aspects of host plant
resistant and biological control: interactions
among three trophic levels. In: BOETHEL,
D.J.; EIKENBARY, D.J. (Ed.) Interactions
of plant rcsistance and parasitoids and
predators of insects. New York: John Wiley,
1986. p.11-30.

PROKOPY, R.J. Epideictic pheromones that
influence spacing patterns of phytophagous
insects. In: NORDLUND, R L.; JONES, R.L.;
LEWIS, W.]. (Ed.) Semiochemicals: their role
in pest control. New York: John Wiley, 1981.
p.181-214.

REED, D.P.; FEENEY, P.P.; ROOT, R.B. Habitat
selection by the aphid parasite Daretiella
rapae. Canadian Entomologist, v.102,
p.-1567-1578, 1970.

ROBACKER, D.C.,; HENDRY, L.B. Nerol and

geraniol components of the sex-pheromone of
the parasitic wasp. [froplectis conquisitor.

Journal of Chemical Ecology, V.3,
p.568-577, 1977.
ROELOFS, WL. Attractive and aggregating

pheromones. In: NORDLUND, D.A.; JONES,
RL.; LEWIS, W.J. (Ed.). Semiochemicals:
their role in pest control. New York: John
Wiley, 1981. p.215-235.

ROITBERG, B.D.; PROKOPY, R.J. Insects that
mark host plants. Bioscience, v.37, p.400-406,
1987.

ROTUNDO, G.; CAVALLORO, R.; TREMBLAY,
E. In vitro rearing of Lysiphlebus fabarum

(Hym.: Braconidac). Entomophaga, v.33,
p.261-267, 1988.
SAILER, R.I. Principles and techniques of

biological control, In: BREZONIK, P.L.; FOX,
J.L. (Ed.) Proceedings of a Symposium on
Water Quality Management Through
Biological Control: Gainesville: University of
Florida, 1976. p.8-14.

SCHMIDT, J.M.; SMITH, J.J.B. Host volume
measurement by the parasitoid wasp

Pesq. agropec. bras., Brasilia, 27, S/N:301-313, abr. 1992.



312 S.B. VINSON
Trichogramma minutwn: The role of TIMBERGEN, N. The study of instinct. Oxford:
curvature and surface area. Entomologia Clarendon Press, 1951.
Experimentalis et  Applicata, v.39,

p.213-222, 1985.

SOPER, R.S.; SHEWELL, G.E.; TYRRELL, D,
Calcondamya auditrix nov. sp., a parasite
which is attracted to the mating song of its host,
Okanagans rimosa. Canadian
Entomologist, v.108, p.61-68, 1976.

STRAND, M.R.; VINSON, S.B. Behavioral
response of the parasitoid Cardiochiles
nigriceps to kairomones. Entomologia
Experimentalis et  Applicata, v.31,
p.308-315, 1982.

STRAND, M.R,; VINSON, S.B. Analysis of an egg

recognition  kairomone of 7elenomus
heliothidis (Hymenoptera: Scelionidae)
isolation and host function. Jomwrmal of

Chemical Ecology, v.9, p.425-432, 1983a.

STRAND, M.R.; VINSON, S.B. Host acceptance
behavior of Telenomus heliothidis towards
Heliothis virescens. Annals of
Entomological Society of America, v.76,
p-781-785, 1983b.

STRAND, M.R,; VINSON, S.B.; NETTLES, W.C.;
XIE, ZHONG-NENG. In vitro culture of the
egg parasitoid Telenomus heliothidis: the
role of teratocytes and medium consumption in
development. Entomologia Experimentalis
et Applicata, v.46, p.71-78, 1988.

TAKABAYASKI, I.; TAKAHASKI, 8. Effect of
the kairomone on the parasitization rates of
Apanteles kariyai to Pseudaletia separata.
Journal of Pesticides Science, v.13,
p-283-286, 1988.

TANAKA, Y. Sex pheromones. In: KERKUT,
G.A; GILBERT, L.I. Comprehensive insect
physiology biochemistry and
pharmocology, v.9. Behavior, New York:
Pergamon, 1985. p.145-192.

THOMPSON, S.N. Nutrition and in vitre culture
of insect parasitoids. Annnal Review of
Entomology, v.31, p.197-220, 1986.

THORPE, W.H. Further experiments on olfactory
conditioning in a parasitic insect: the nature of
the conditioning process. Proceedings of the
Royal Society of London, v.BI26, n.844,
p-370-397, 1938.

Pesq. agropec. bras., Brasilia, 27, $/N:301-313, abr. 1992.

TURLINGS, T.C.J.; SCHEEPMAKER, J.W.A.
VET, LEM.; TUMLINSON, J.H.; LEWIS,
W.J. How contact foraging experiences affect
the preferences for host-related odors in the
larval parasitoid Cotesia marginiventris
(Cresson) (Hymenoptera: Braconidae). Journal
of Chemical Ecology, v.16, p.1277-1289,
1990.

VET, L.EM. Host-habitat
olfactory cuis by Leptopilina clavipes
(Hartig), a parasitoid of fungivorous
Drosophila. The influence of conditioning,
Netherlands Journal of Zoology, v.33,
p-225-248, 1983,

VET, L.EM,; OPZEELAND, K., van. The
influence of conditioning on olfactory
microhabitat and host location in Asobara
tabida (Neesy and A. rujescens (Foerster)
(Braconidae: Alysiinae), larval parasitoids of
Drosogphilidae. Oecologia, v.63, n.2,
p-171-177, 1984.

VINSON, S.B. The behavior of parasitoids. In:

location through

KERKUT, G.A.; GILBERT, L.I1. (Ed).
Comprehensive insect physiology,
biochemistry and pharmacology, New

York: Pergamon Press, 1985. p.417-469, v.9,
Behavior.

VINSON, S.B. Behavioral chemicals in the
augmentation of natural enemies. In:
RIDGEWAY, R.L.; VINSON, S.B. (Ed).
Biological control of augmentation of
natural ememies. New York: Plenum Press,
1977, p.237-279.

VINSON, S.B. Comparison of host characteristics
that elicit host recognition behavior of
parasitoid hymenoptera. In: GUPTA, V.K.
(Ed.). Advances in parasitic augmecnoptera
research. London: EJ. Brill, 1988b.
p-285-291.

VINSON, $.B. Habitat location. In: NORDLUND,
D.A.,; JONES, R.L.; LEWIS, W.J. (Ed)
Semiochemicals; their role in pest control
New York: John Wiley, 1981. p.51-78.

VINSON, $.B. Host selection by insect parasitoids.
Annual Review of Entomology, v.21,
p.109-133, 1976.

VINSON, S.B. How parasitoids locate their hosts: a



CAN SEMIOCHEMICALS ALTER THE USE OF PARASITES?

case of insect espionage. In: LEWIS, T. (Ed.).
Ingsect communication. London: Academic
Press, 1984b. p.325-348.

VINSON, S.B. Parasitoid-host relationships. In:
BELL, W.J.; CARDE, R. (Ed.). The chemical
ecology of insects. New York: Chapman and
Hall, 1984a, p.205-233.

VINSON, S.B. The potential use of synamones,
kairomones and pheromones in the management
of enemies of cotton plants. Beltwide Cotton
Production Research Conference Proceedings,
1988. p.217-223, 1988a.

VINSON, S.B. The role of behavioral chemicals for
biological control. In: FRANZ, J.M. (Ed.).
Biological plant and health protection,

p.75-87, 1986. (Fortschritte der Zoologie, v.
32).

VINSON, S.B.; JANG, H.S. Activation of
Campolens sonorensis eggs by artificial

mcans. Annals of the Entomological
Society of America, v.80, p.486-489, 1987.

313

VINSON, S.B.; PIPER, G.L. Source and
characterization of host recognition kairomones
of Terrastichus hagenowii, a parasitoid of
cockroach eggs. Physiological Entomology,
v.11, p.459-468, 1986.

WAAGE, J.K. Foraging for patching distributed
hosts by the parasitoid Nemeritis canescen
(Gav.). Journal of Animal Ecology, v.48,
p.353-371, 1979.

WILLIAMS, N.J.; ELZEN, G.W.; VINSON; 5.B.
Parasitoid-host-plant interaction emphasizing
cotton (Gossypium). In: BARBOSA, P,
LETOURNEAU, D.K. (Ed.). Novel aspects

of insect-plant interactions. 1988,
p-171-200.
XIE, ZHONG-NENG.; NETTLES, w.C;

MORRISON: R.K.; IRIE, K.; VINSON, 5.B.
Three methods for the in vitro culture of
Trichogramma pretiosum Riley. Journal of
Entomological Science, v.21, n.2, p.133-138,
1986.

Pesq. agropec. bras., Brasilia, 27, S/N:301-313, abr. 1992.



