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[57] ABSTRACT

An attractant for social pest insects has been discovered and
isolated from soybean oil. This attractant is also found in
canola oil. This attractant increases the effectiveness of baits
and/or traps in the control of social pest insects.
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1
ATTRACTANT FOR SOCIAL PEST INSECTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an attractant for use in
bait compositions and/or traps for social insects, particularly
ants and more particularly fire ants. It also relates to the use
of these compositions to control social insects.

2. Description of the Related Art

Attractants for insect control are used to lure insects to a
toxicant and/or trap. They also can be used to identify the
presence, distribution and population of an insect. Most
commercially available baits for pest social insect control
use a vegetable oil, such as soybean oil, or a sugar which act
as phagostimulants in the baits. The oil is also the solvent for
the active ingredient which is usually a toxicant. The solu-
tion is then absorbed onto an inert carrier, typically pre-gel
defatted corn grits. The formulation can then be spread
effectively to allow foraging insects to harvest the grits,
taking them and the active ingredient into the nest. In the
nest the liquid is sucked out of the grits and distributed to
other colony members including the queen. The toxic baits
take advantage of social insect foraging and food distribu-
tion systems to direct the toxicant to the entire colony. Thus,
smaller quantities of insecticide are used then would be
required for the inundation of colonies with, for example,
insecticide emulsions (drenches). Thus, an effective attrac-
tant will facilitate the discovery and distribution of an active
ingredient to an entire colony of social pest insects.

Control of social insects such as ants, yellow jacket
wasps, other pest wasps and termites has long been a
problem. Various species of ants pose significant problems
for man from both an agricultural and a health care point of
view. Leaf-cutting ant species can defoliate a citrus tree
overnight. Argentine ants endanger crops by domesticating
and protecting other pest insects such as aphids and scale.
Fire ants are particularly destructive by stinging humans and
livestock, feeding on germinating seeds and crop seedlings
thereby reducing yields, damaging electrical equipment and
damaging farm machinery which strike the ants’ mounds.

Requirements for an effective pesticide formulation for
the control of pest social insect species, such as ants, are
very stringent because the reproductive forms (queens) of
social insects are buffered from the effects of insecticides by
a large worker force and their often closed nest structure.
Thus, control of social insect pests is inherently different
from control of non-social insects. For example, a mature
fire ant colony may contain 250,000 sterile workers and a
single queen. Only 10 percent of the workers are on the
surface foraging for food. Insecticide treatment with a fast
acting insecticide will not affect the 90% of the workers in
the nest or the queen and the total effect is negligible. In fact,
95% of the workers can be killed, but if the queen is
unaffected, the colony will come back. Thus, an effective
social insect toxicant must exhibit delayed toxicity, not repel
the insects and be effective over a range of concentrations.
Repellency can reduce or negate the effectiveness of a
toxicant because the insects will avoid a treated bait. A bait
must be of a form that is transferable either by carrying it
back to the nest or by trophallaxis and the toxicity must be
delayed because foraging worker insects constitute only a
small percentage of the total colony and must survive long
enough to pass the toxicant onto the main colony population,
especially the queen(s).

Identification of attractants is important in the develop-
ment of integrated pest control programs. Most commer-
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2

cially available baits are formulated with either a vegetable
oil or a sugar. U.S. Pat. No. 5,104,658 to Hagarty discloses
an insecticidal bait composition which is effective against
ants, centipedes, earwigs, firebrats, German cockroaches,
harvestmen, millipedes, sowbugs, spiders and ticks. This
composition includes the sugar maltose, pulverized cereal,
animal or vegetable oils as the phagostimulant.

U.S. Pat. No. 4,985,413 to Kohama et al discloses a bait
composition that is effective against a wide range of harmful
insects such as cockroaches, pillbug, beetles, and ants
including Monomorium pharaonis, Monomorium
niponense, Lasius fuliginosus and Formica japonica. The
composition includes crystalline cellulose, vegetable oils
such as soybean oil, rapeseed oil, sesame oil, wheat germ oil,
etc.; crop product powders such as potato starch, sweet
potato starch, corn starch, wheat flour, rice powder, corn
powder, etc.; a saccharide such as sugar, glucose,
D-fructose, lactose, black sugar, brown sugar, soft brown
sugar, etc.; and an insecticide.

There are many reports on volatiles that contain attractive
chemicals for insects. Tsuboi et al (J. Org. Chem., Volume
47, 4478-4482, 1982) report that certain insect pheromones
have conjugated E,Z-diene systems. They also disclose
that(2E,4Z)-Dienoic esters are important compounds having
utility as aroma agents for food, drinks and tobacco. The
reference is directed to synthetic methods for 2E,4Z-Dienoic
esters and is silent on the use of these compounds as
attractants in baits for the control of social pest insects.
Buttery et al report that (E,Z)- 2,4-heptadienal is a compo-
nent in the volatile oil extracted from leaf-cutter bee cells
obtained from a number of different natural nesting sites.
However, the reference is silent as to any activity of this
component of the extracted volatile oil. Wassgren et al (J.
Insect Physiol., Volume 38 (11), 885-893, 1992) report the
presence of (E,E)-2,4-heptadienal and (E,E)-2,4-decadienal
in whole body extracts of female pine sawflies but the
reference states that the function of these two compounds is
unknown and notes that these two components have a
structural relationship to (E,Z)-2,4-decadenoate which is a
pheromone component of the spruce engraver beetle. Pierce
et al (Journal of Chemical Ecology, Volume 16 (2), 465-475,
1990) disclose that two olefinic oat volatiles, 2(E),4(E)-
heptadienal and 3(E),5(E)-octadien-2-0l were attractive at
0.1-10 pg for the beetle O. surinamensis (sawtoothed grain
beetle) and O. mercator (merchant grain beetle). However,
the reference fails to specifically mention the use of these
compounds in baits.

There remains a need in the art for highly effective
attractant formulations for the control of social pest insects.
The present invention provides an attractant for use in baits
and/or traps for the control of social pest insects that is
different from related art attractants.

SUMMARY OF THE INVENTION

It is therefore, an object of the present invention to
provide an attractant for the control of pest arthropods.

Another object of the present invention is to provide an
attractant composition in a matrix which further includes a
toxicant and a phagostimulant.

Still another object of the present invention is to provide
2,4-heptadienal as an attractant in a bait formulation also
containing a toxicant and a phagostimulant.

Another object of the present invention is to provide a
method for controlling pest social insects that includes
2,4-heptadienal as an attractant in a bait formulation.

Astill further object of the present invention is to provide
an attractant in a trapping system for control and/or moni-
toring of pest social insects.
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Further objects and advantages of the present invention
will be apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing of an olfactometer showing air inlet
tube 1, sample chambers 2, baffle 3, ring seal tubes front 4
and rear 5, entrance stem 6, ring 7, arms 8 and y-tube 9.

FIG. 2 is a gas chromatogram of soybean oil volatiles,
where the effluent was split with one part going to the
detector and ten parts diverted to a colony of ants. The
DB-225 column was programmed from approximately 32°
C. for about 10 minutes, then approximately 185° C. for
about 10 minutes. The arca marked active, induced worker
clustering and rapid movement.

FIG. 3a is a total ion chromatograph. The DB-225 column
was programmed from approximately 25° C. for about 10
minutes, then to approximately 185° C. for about 10 min-
utes.

FIGS. 3b and 3c are EI mass spectra of the peaks in the
active region of the chromatogram in FIG. 3a. The frag-
mentation pattern corresponds to isomers of 2,4-heptadienal
(molecular weight=110).

FIG. 4a is a total ion chromatogram. The DB-225 column
was programmed as in FIGS. 2 and 3a.

FIGS. 4b and 4c are CI mass spectra of the peaks in the
active region of the chromatogram in FIG. 4a. M+1 is the
base peak, indicative of a molecular weight of 110.

FIG. 5 is a graph showing comparison of the effect of
concentration on worker activity (as measured in the olfac-
tometer bioassay) for A) soybean oil volatiles and B) trans,
trans-2,4-heptadienal. *=significantly attractive above this
line.

FIG. 6 is a graph showing enhanced fire ant trap catches
for the indicated vegetable oil, when soybean oil volatiles
were added to each oil. 100% means there was no enhance-
ment of trap catches. For peanut and soybean oil N=18. For
olive oil N=6.

FIG. 7 is a graph showing olfactometer results for baits
with and without trans,trans-2,4-heptadienal.

FIG. 8 is a graph showing single mound treatments of
monogyne Solenopsis invicta colonies in the field. The mean
and standard error are reported for four-five replicates.

FIG. 9 is a graph showing mound treatments under urban
field conditions of monogyne Solenopsis invicta. The mean
and standard error are reported for four replicates.

DETAILED DESCRIPTION OF THE
INVENTION

The fire ant, Solenopsis invicta, is used as a model system.
The concept is applicable to the control of other pest ants
and other pest social insects such as wasps and termites
which have well developed foraging/recruitment mecha-
nisms. Social insect pests are treated in accordance with the
invention by dispensing the attractant-containing formula-
tion in any suitable way in the vicinity of nests, in urban or
rural areas, or anywhere pest social insects are a problem.

Two species of fire ants were accidently imported into the
United States. The black imported fire ant, Solenopsis
richteri, was introduced in the early 1900’s to the Mobile
Alabama area. A red form of fire ant was introduced to the
same area in the 1930’s. The red imported fire ant was
subsequently named Solenopsis invicta. The red imported
fire ant dominated S. richteri and the native ant species of the
area. Spread of S. invicta occurs at about 2—6 miles per year
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through mating flights. However, they spread much more
quickly by infesting nursery stock which was then trans-
ported throughout the south and southeast. With these popu-
lation enclaves in place the red imported fire ant filled in the
gaps until now about 55 years later they currently inhabit
over 150 million hectares in Puerto Rico and twelve south-
ern states from Texas to Virginia (NC, SC, GA, AL, MS, FL,
LA, TX, OK, AR, TN, VA). It has also been reported in
California, Arizona, New Mexico, and Maryland, but these
infestations have been eradicated. Freezing winter tempera-
tures have slowed its northward expansion, as have arid
conditions in western Texas. Eventually, S. invicta is
expected to expand its range southward into Mexico and
westward along irrigated areas into California. Mature IFA
colonies may contain 250,000 workers and reach infestation
rates of over 130 mounds per hectare. With proliferation of
the polygyne form (multi-queen colonies) of the IFA in the
Southern states in the last decade, it is not uncommon to find
millions of fire ants per acre existing in one super colony
with hundreds of small mounds. Control is difficult because
all queens must be killed. The IFA literally destroy all other
ground inhabiting arthropods and other small animals. Since
IFA are highly aggressive when their nests are disturbed,
which often results in painful stings to humans and their
pets, there are more reports of personal injury to people and
pets where the polygyne form of IFA are present. Approxi-
mately 30% of the people in the infested areas are stung each
year and about 1% of the population may develop hyper-
sensitivity to the ant’s venom and require some type of
medical care, which means that 75,000 persons per year may
require the aid of a physician.

With the spread of the fire ant came an increasing aware-
ness that they cause numerous problems ranging from
medically-related concerns associated with their stings, to
agronomic losses because of interference with farming
operations, destruction of crops and injury or death of young
animals. The extent of these problems on farms was sup-
pressed because of the wide scale use of residual chlorinated
hydrocarbon insecticides from 1950 to 1970. Because of
environmental concerns, registrations for these highly effec-
tive insecticides were canceled with the result that popula-
tions of the IFA on farms increased dramatically. In a 1987
survey of soybean fields in 6 states, it was revealed that there
was an average mound density of 50 per acre. The potential
impact of these general infestations is immense when it is
considered that published data show potential losses of 5-6
bushels of soybeans per acre associated with the ant densi-
ties cited above.

Similar problems have been shown to occur in other
agronomic crops in the South. IFA polygyne densities as
high as 200 mounds per acre have been recorded in young
citrus groves. Extensive ant feeding on the bark and sap of
the trees (1 to 4 years old) has caused up to 15% of them to
be killed. Based upon estimated costs published by the
University of Florida citrus specialists, replacement of these
trees would amount to about $1000 per acre. IFA have also
been associated with huge increases in aphid and scale
populations in pecan trees as a result of their predation on
parasites of these pests.

Because of the potential public health, agricultural and
environmental problems associated with the IFA, it is
imperative that their spread be prevented. Withdrawal of
EPA regulations of MIREX® in the late 1970’s for treatment
of quarantined articles complicated the control of the spread
of IFA. Long range spread of IFA is probably associated with
transport of entire colonies. Since small colonies require
high moisture conditions and prefer nesting in soil, it is most


















