
















Knockdown activity in German cockroaches

In this study, cockroaches were acclimated in harborages and sprayed with dilutions of chlorfenapyr formulations
at a rate of 1 gallon per 1,000 fl?

There was little or no difference between rates (Fig. 2) and, while both formulations caused significant mortality
within 24 hours, the superiority of the 25WP formulation is evident.

Residual control of German cockroaches

Methods identical to those in an earlier slide were used to evaluate residual life on treated surfaces. After 6 months
there was no loss of activity for the 25WP formulation, and the 2SC retained between 80% and 90% of its initial
activity (Fig. 3) .

Lack of cross-resistance in German cockroaches

Chlorfenapyr is not affected by meL1bolic detoxification mechanisms in German cockroaches. Technical active
ingredient, diluted in acetone, was applied in 1 Dl droplets to the ventral mesothorax of adult males; mortality
assessed at 72 hr.

Compound
Chlorfenapyr

Chlorpyrifos

Cypennethrin

Strain
Muncie '86
Munsyana
Muncie '86
Munsyana
Muncie '86
Munsyana

RR&o
0.8
1.5
10.6*
14.3*
4.2*
148.2*

RR95

1.5
1.9
8.7*
12.2*
5.0*
291.8*

• - significantly less susceptible than Jwax-S strain

These field-collected strains possessed differential expression of oxidase, esterase and/or hydrolase mechanisms,
and the moderate- to high-level resistance these mechanisms confer to chlorpyrifos and cypermethrin did not
confer cross-resist.1nce to chlorfenapyr.

Efficacy, German cockroaches

Field trials in multifamily housing have confirmed the effectiveness of chlorfenapyr against the German cockroach.

This trial compared chlorfenapyr fonnulations with a tank-mix of cyfluthrin and chlorpyrifos (Fig. 4). Through 2
weeks, both rates of the chlorfenapyr WP formulation gave initial control comparable to the standard, and the WP
formulation caused more rapid knockdown than the 2SC fonnulation. Overtime, the 0.5% dilution for either
fonnulation was comparable to the standard.

This trial compared chlorfenapyr formulations with cypennethrin (Fig. 5). No differences between chlorfenapyr
formulations were evident. Dilutions of 0.25% chlorfenapyr performed equivalently to cypennethrin, and 0.5%
dilutions provided control numerically superior to cypennethrin.

Contact toxicity in ants

Ants are increasingly important pests in residential, institutional and commercial environments.

Laboratory studies detennined susceptibility to residues of chlorfenapyr in seven ant species: Tapinoma sessile,
Camponotus vicinus, Jvfonomorium pharaonis, Solenopsis xyloni, Messor pergandei, Liometopum spp., and
Linepithema humile. As there were no substantive differences among ant species, the data are averaged across all
7 species tested (Fig. 6).

Rates of 40 mg/m2
, from 0.1 % dilutions applied at 1 gallon per 1000 fe, caused high levels of mortality within 6 to

24 hours of exposure. Interestingly, the 2SC fonnulation of chlorfenapyr is inherently more active.

Efficacy against ants
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Field trials show chlorfenapyr to effectively control structure-infesting ants. In all of these trials, populations were
monitored at multiple locations around the infested structure, and dilutions were broadcast to the building 's
perimeter.

This trial against Argentine ants compared two rates of the 2SC formulation, applied at 1 gallon per 100 ft2 (Fig.
7). Both rates caused rapid reductions in ant populations. The 0.25% dilution maintained near 80% control
through more than 8 weeks, while the 0.1 % dilution broke at 4 weeks.

This trial against Argentine ants compared the 2SC and 25WP formulations at a 0.25% dilution, applied at 1
gallon per 170 ft2 (Fig. 8) . Relative to the untreated check, both fonnulations controlled the ants throughout the 8
week study.

This trial against ghost ants compared the 2SC and 25WP fonnulations at a 0.25% dilution, applied at I gallon per
40 ft2 (Fig. 9) Relative to the untreated check, both formulations controlled the ants throughout the 8 week study.

Trials in 1998 will examine control in other ant species, and continue to define the relationship between dilution
rates, application volumes and residual control.

Potential as a termiticide

Control of subterranean termites by soil treatment is another use where chlorfenapyr has demonstrated
effectiveness.

Delayed-action mortality, and a lack of repellency to chlorfenapyr residues in soil, combine to create a zone of
treated soil that kills foraging termites. The chemical stability and residual activity of chlorfenapyr will also be
important to its potential as a termiticide.

Contact toxicity, subterranean termites

Concentrations of chlorfenapyr were tested in a sandy loam soil. Using standard methods, termites were confined
in a petri dish (5 em ill), and were observed at 8-hours and again at 24-hours.

There were no toxic effects after 8 hours of exposure [this was true for all rates tested, through 1,000 ppm]. At 24
hours moribundity was noted only at rates of 100 ppm or higher (Fig. 10).

Normally, this test would be terminated at 24 hours, however, due to a delayed-action mortality attributable to
chlorfenapyr's mode-of-action, all live termites were transferred to untreated soil and observed through 7 days.

Moribundity increased over the next 6 days and, in the final analysis, concentrations of chlorfenapyr as low as 25
ppm caused 100% mortality.

Tunneling bioassays

Using classic methods, this study measured termite penetration into and through soils treated with chlorfenapyr.
Soil containing residues of I to 100 ppm of chlorfenapyr were not repellent, as termites rapidly tunneled into and
frequently penetrated the 5-cm of treated soil (Fig. 11). In contrast, there was virtually no penetration of the
repellent, permethrin residues .

Because exposure to chlorfenapyr is lethal, high levels of mortality was realized after 6 days. In contrast, there was
virtually no mortality in termites exposed to repellent pennethrin residues.

Contact toxicity, soil types

Soil type has a profound effect on bioavailability of termiticides. Soils from across the country, from a heavy
Mississippi clay to a light Florida sand, were treated at just 25 ppm chlorfenapyr. In a forced exposure, we see
slight impacts of soil type at 3 days - when chlorfenapyr' s delayed-action would be peaking - and by 5 days 100%
mortality was achieved in all soil types (Fig. 12).

Due to a lack of repellency and delayed-action, termite interactions with chlorfenapyr treated soil are maximized,
greatly reducing the impact soil types have on termiticidal activity.

Efficacy, subterranean termites
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The 2SC formulation of chlorfenapyr entered the national field trials of the USDA Forest Service in 1996. First
year data found that all rates , down to 0.125%, were intact in the modified ground board (slab) tests at all four
locations.

Since late 1996, American Cyanamid has conducted field trials of post-construction efficacy with the 2SC
formulation of chlorfenapyr. In these trials, which include the genera Reticulitermes, Heterotermes, and
Coptotermes, chlorfenapyr has stopped all termite foraging tluough soil treated at rates as low as 0.125%.

The EPA has approved a two-year Experimental Use Pennit to evaluate soil treatment with chlorfenapyr for
tennite control. During this EUP program, rates of 0.25% and 0.125% will be evaluated for their ability to control
of active, structural infestations of subterranean tennites .

Registrations

Petitions have been submitted to the EPA seeking approval for indoor, non-food and outdoor uses of chIorfenapyr.
Studies are underway to obtain approval for use in food-handling establislunents. Approval for chIorfenapyr 2SC
in termite control is pending acceptable residual efficacy data .
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CONTROL OF STRUCTURAL INFESTATION OF HETEROTERMES AUREUS
IN ARIZONA WITH SENTRICON COLONY ELIMINATION SYSTEM

Thomas H. Atkinson, Michelle M. Smith, and Robert E. Williams
Dow AgroScience

Indianapolis, IN 46268

Abstract not available .
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SYSTEMATIC TERMITE CONTROLsM...RESULTS IN THE REAL WORLD
THE ORKIN® EXPERIENCE IN FLORIDA

Richard Lewis, James Ballard, and Gary Cramer,
FMC Specialty Products

ABSTRACT

A national service firm has used the Systematic Termite Control approach to control termites aroWld structures in
Florida. In 1996, the firm used Sentricon TM termite bait at approximately 1000 structures while in 1997, the firm
used FirstLine™ termite bait at approximately 1500 structures. Control levels were similar for each of the baits
used during the first year of service. Additional details will be provided.

PAPER

In 1996, Orkin® Pest Control branch offices located in Florida, installed the SentriconTM Colony Elimination
System at approximately 970 properties. Although the use of termiticide is not recommended when using the
Sentricon system, the scope of service that was used by Orkin was:

Treat wall voids with dry foam termiticide.
Install Sentricon stations, monitor and bait as directed.

In 1997, Orkin embraced a program from FMC called Systematic Termite Control om (STC), which is an !PM type
program containing the following 6 elements: Inspection, Moisture Management, Food Source Management,
Termiticides, Termiticide Foam, and Termite Baits. Following the STC program, Orkin branches in Florida
installed monitors and or FirstLine™ GT Termite Bait stations at approximately 1000 properties.

The scope of service that Orkin used on the 1000 FirstLine properties was:

Treat wall voids with dry foam terrniticide.
Spot treat soil for 10 feet on either side of any areas with active termites using a termiticide emulsion.
Install monitor stations or FirstLine GT baits.

In addition, approximately 960 properties, where Sentricon had been installed in 1996, were converted to FirstLine
in 1997.

The methodology for the installation of the monitors and the FirstLine baits was as follows:

Inspect the structure.
Identify conditions conducive to subterranean termite infestation.
Install a monitor at each point of a twelve inch triangle in each conducive condition area around the
structure which did not contain live termites.
Install a FirstLine GT bait at each point of a twelve inch triangle in each conducive condition area
containing live termites.
All stations were monitored on a montWy basis and infested monitors were baited by installing a pair of
FirstLine GT bait stations within two inches of the infested monitor.

To determine how well each of the termite control strategies was working, records from a single Orkin branch in
Florida (Branch A) were manually searched and the information summarized. All structures were pretreated and
most were either completely or partially treated with liquid termiticide prior to any involvement with bait
programs.

Branch A installed Sentricon at 240 properties over a 15 month period beginning in 1996. A search of records
from 50% of the properties indicated that after one year:
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21 % required additional liquid treatment within the first year because of swanning or termite activity.

Branch A also installed FirstLine at 156 properties over a 15 month period beginning in 1997. A search of these
records indicated that:

26% required additional liquid treaunent within the first year because of swarming or termite activity.

No significant difference between the performance of the two teclmologies was noted.

In looking more closely at station performance, the February and March installations of Sentricon in 1996 were
compared to the February and March installations ofFirstLine in 1997. Monitors were installed in February or
March and the structures were then monitored for the remainder of the year. Control was defined as the absence of
termite activity for at least 3 months following bait consumption.

1997
FirstLine

1996
Sentricon

# Properties 74 74

# Properties with 68 70
Monitor Hit

# Properties with 8 10
Control for 3 Months

Again, not much difference between the performance of the two teclmologies was noted.

Focusing upon the performance of FirstLine GT stations, 137 properties were monitored and or baited throughout
1997 by Branch A. The results through December 1997 are depicted.

Properties Mean # Zones
Per Property

93 active 12

44 preventative 12

% Properties with
Monitors Hit

88

66

Mean Days
To a Hit

87

112

% Properties
with Control

29

30

Mean Days
To Control

72

43

Twelve zones of 3 stations each were used at each property. Note that the 93 properties with active termites
required about 3 months to get a hit on a monitor and another 3 months for control to be achieved. Additional time
will be required to obtain control at the remaining properties. Properties that were preventative, had less activity,
took longer to get hits but control was achieved in less time. These data probably reflect the termite pressure and
the size of termite populations surrounding active vs preventative situations around structures.

Seasonal reduction in termite activity is well known in the literature and has a significant impact upon the ability
of a baiting program to get control in the first year of a control program. If properties have monitors installed in
the first quarter of the year, and most of the properties get hits in the second quarter, then baits are installed in the
third quarter but then termite activity slows down in the 4th quarter of the year. This seasonal interference may be
reflected by callbacks which occur within the first year of the control program.

A review of several branches outside of Florida, where monitors and or FirstLine baits were installed late in the
season at multiple year callback properties , revealed that termite pressure and population size probably play an
important role in getting control at these properties.
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Branch State Zones Properties % Properties With
Monitors Hit

B

C

D

OH

DE

GA

8

6

12

9

11

38

78

45

95

These sites had been active for many years and were provided monitors in early 1997. Most structures have
monitors infested with tennites and are just entering the baiting phase of the control program.

A large number of variables influence the control of subterranean tennite populations in and around structures.
Important variables which influence the control of tennite populations on properties would include:

• Geographic location within the US.
• Local climatic conditions.
• Number of subterranean tennite species in geography.
• Time of year.
• Active vs preventative control program.
• Number and location of conducive conditions and resulting monitoring and baiting zones.
• Diligence to monitoring schedule.
• Amount and timing of bait consumption.

Which brings us to the question of "control" . Control is difficult to define and measure, as how many months with
no tennite activity must pass before control is achieved? Subterranean termite populations are not static and
movement occurs both within a population and among different species on any given property.

Forschler, in 1997, reported drastic reductions in termite activity at sites that were simply monitored over several
years. Not surprisingly, both FirstLine and Sentricon users have experienced structures which go in and out of
control through time. That a structure can become reinfested was also noted by Grace in 1997 where he described a
structure in Hawaii that was infested with Formosan termites. Sentricon had controlled the infestation for 2.5
years, but later the structure became infested with Formosan tennites again in the same places as before. It was not
known whether the tennites were from the same or another colony. The potential for the reuse of old soil tunnels is
ofconcem.

Some Sentricon users have recognized the longer time frames needed to obtain control and have begun to develop
two year programs. As, most STC situations result in the application of some tenniticide, at least some level of
control can begin almost immediately. The slower elements, such as the use of monitors, baits, and the
management of moisture and food will help to protect the structure over a longer time period.

It might be simpler to consider a tennite infested structure as a "patient" with a "disease" . If the disease was
present for a long time, more damage is done and treatment is more difficult and takes longer. Disease, found
early, is more easily cured. It certainly appears that structures with a lot of termite history are more difficult to
control compared to those with little or no history.

There is a need for long term monitoring and baiting of properties to effectively manage populations of
subterranean tennites. The continued evolution of STC and other bait technologies is important for pest control
companies to manage the paradigm shift initiated by the advent of tennite bait.

Conclusions: Bait Technology

• Sentricon and STC technology performed similarly in the first year as used by Orkin Pest Control in Florida.
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• The monitors used in the STC program required about 3 months to get hits on most structures and the baits
another

3-8 months to begin getting control.

• Actively infested properties resulted in more and faster infestation of monitors and or baits and took longer to get
control.

• Properties treated preventatively got fewer hits, took longer to get hits and fewer days were required to begin
getting control.

Conclusions: Orkin

• STC and the use of monitors and baits are positive for the company and the right direction to go.

• STC is profitable for Orkin and the program will only get better as it evolves.

• Dedicated bait technicians and trucks are important to the success of the program.

• More customer interaction is positive in selling new business and in reducing liability.

References

Forschler,B. 1997. Water relations of termites in Georgia. ESA Annual Meeting, Nashville, TN. 14-18 Dec.

Grace, K. 1997. Least-toxic strategies for termite control in Hawaii . ESA Annual Meeting, Nashville, TN. 14-18
Dec.

112



FIELD AND LABORATORY TESTS OF SULFLURAMID TREATED CARDBOARD
AND FIRSTLINE™ TERMITE BAITS

Brian T. Forschler and Erica Chiao
Department of Entomology, University of Georgia

Athens, GA 30602

Two species of subterranean termites, Reticulitermes flavipes and R. virginicus, were tested in laboratory
experiments for effects following exposure to sulfluramid treated cardboard at 100, 150, and 200 ppm. Laboratory
tests were conducted using 5,000 termites in arenas consisting of 5 plastic containers, filled to a depth of 5-cm with
sandy loam soil, containing 11 potential feeding sites (3, 1 -em3 pine blocks and a 4 X 11 -cm piece of cardboard)
and connected by lengths of tygon tubing (2-rnrn ill) . Termites were introduced into the first of the five
interconnected plastic containers and 19 of sulflurarnid treated cardboard was provided in the fifth container.
Arenas were dismantled after 8 weeks and the number of termites counted. These tests indicated that the 150 and
100 ppm treatments provided higher cardboard consumption rates.

Field trials with sulfluramid treated cardboard (100 ppm) were conducted at 5 different locations. Fifty grams of
treated cardboard were placed into active termite monitoring stations or adjacent to visible termite activity within
structures. Cardboard consumption and presence/absence of termites at and away from bait sites was recorded in all
trials. Termite monitors, into which treated cardboard was placed, have shown no termite activity since one month
following bait placement. Of the structures treated using aboveground cardboard bait placements, termite activity
was reduced after the first month of bait placement at all sites. However, two of the three baited structures required
additional spot treatments to remove subterranean termite infestation. No termite activity has been recorded at any
of these treatment sites for the last 4 years.

Tests are currently being conducted using FirstLine™ on 6 structures where termite activity has been monitored
for 3-4 years prior to installation of the trial . Treatments were applied following label instructions using clusters of
three monitors per conducive area for a total of 187 monitors in July, 1997. After two weeks, two structures had
termites in four FirstLine™ monitors . Following bait tube placement of three bait tubes per active FirstLine™
monitor, termite feeding was recorded in one bait tube the following month. Between October 1997 and February
1998 no termi te activity was recorded at any of the structures, probably due to heavy rainfall during that time. In
March and April 1998, 7 additional monitors at two more structures have shown termite activity and 28 bait tubes
have been installed. To date, 12 bait tubes have been completely consumed at four structures that have indicated
termite activity in the FirstLine™ morritors. Two of the structures have shown no termite activity. The FirstLine™
trials are ongoing. It would appear from the laboratory and field tests we have conducted that sulfluramid treated
cardboard baits, when used in conjunction with soil termiticide treatments, can be used to protect structures from
subterranean termite infestation.
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FIELD TESTS OF SULFLURAMID BAITS AGAINST SUBTERRANEAN TERMITES

Roger E. Gold and Harry N. Howell, Jr.
Department of Entomology, Texas A&M University

College Station, TX 77843

Subterranean termites nest in the soil and forage both in the soil and above the soil. Once a cellulose source is
located the termites make repeated round trips from their nest to the wood source and back to the nest. The use of
feed-through termiticides (Abaits) have been proposed for the management of these pests. The control philosophy
is to eliminate the termite colony by supplying the foraging termites with a supply of a cellulose substance, which
has been treated with a pesticide. As the termites return to the nest after feeding on the treated substance, they will
distribute this pesticide through out the colony just as they would a natural cellulose substance.

These feed-through termiticides can be placed in the soil to be found by foraging termites and can be placed at the
exact point where the foraging termites are currently feeding on wood. This test was to determine the effectiveness
of placing the feed-through termiticide only at the points of active foraging. Efficacy was measured by the
elimination of active foraging at this location within the building.

Ten commercial structures with active subterranean termite infestations were used for the test. A feed-through
termiticide consisting of 50 grams of cellulose material impregnated with 50 or 100 PPM of sulfluramid was
placed at each active foraging site. The sites were visited monthly for 12 months. At each visit, consumption and
any termite activity such as active foraging and swanning were recorded.

Consumption of the feed-through termiticide was high during the initial 2-3 months and then reduced to zero. By
the end of the 12 months test period, there was no termite activity at any of the termiticide placement sites, but
termite foraging activity appeared at other locations in 3 of the structures. No termiticide was placed at these new
activity sites. Swanning occurred in 5 of the 10 structures within 12 months of the initiation of treatment.

Two other structures were treated by placing the same feed-through termiticide at points where termites had
swarmed in the building and in the soil around the perimeter of the building. In these two cases, there was no
subsequent feeding at the swanning locations, but there was continual feeding at the soil sites. Within 12 months,
swanning re-occurred in one of these structures.

Some thoughts on feed through termiticides:

1. Should continual feeding by the termites be interpreted as a lack of control?
2. Should PCO's be trained in capture-mark-recapture techniques?
3. Does the use of feed-through termiticides alone protect a structure from future termite attack?
4. Should the cessation of feeding on feed-through termiticides placed at the point of foraging or around the

perimeter be interpreted as colony elimination?
5. \Vhat % of the termite colonies feeding around the perimeter is also feeding on timber in the structure?
6. In case termites fail to feed on feed-through termiticides places around the perimeter,
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BAlTING TECHNOLOGY FOR SUBTERRANEAN TERMITE CONTROL

Shripat T. Kamble and James W Austin
Department of Entomology, University of Nebraska

Lincoln, NE 68583 -0816

Since the introduction of insecticides registered for controlling subterranean tennites, the conventional procedures
have historically been through point-of-entry applications and barrier treatments of soil injected insecticides
(termiticides), The complete reliance on termiticides and resulting risk concerns in certain sensitive environments,
have spawned interest in alternative control technologies. Termite bait development is not a new concept and it has
been researched for years. But due to the increased awareness of soil and environmental contamination from
termiticide applications, there has been renewed interest in developing baiting technology. Emerging from this
concept are two proven active ingredients formulated as baits to controVsuppress the subterranean termite
infestations. These bait products with different modes of delivery include: a) Sentricon®, Sentricon A.G.®
(DowAgroscience) contain an IGR, hexaflurnuron, a benzoylphenyl urea (BPQ derivative that inhibits chitin
synthesis, b) Firstline™ and Firstline GT™ (FMC), containing the stomach toxicant N-Ethyl
perlluorooetanesulfonarnide (sulfluramid). Preliminary field data suggest that subterranean termites will actively
feed on these bait-products for several months before acquiring a toxic dosage. Cessation of feeding has been
observed in some instances, but manipulation of the bait stations has proven to be effective in prompting
subterranean termites to resume feeding. In other studies, no cessation of feeding was ever recorded. To date, we
are still monitoring several populations in the Lincoln and Omaha areas, with promising results.
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PROTECTION OF HISTORICAL AND ARTISTIC STRUCTURES IN ITALY
AGAINST SUBTERRANEAN TERMITE RETICUL/TERMES LUCIFUGUS (ISOPTERA:

RHINOTERMITIDAE) BY MEANS OF HEXAFLUMURON BAITS.

Roberto Ferrari \, Jean-Louis Leca2
, Mario Marini3

,

and Valeria Zaffagnlni4

1) Tecnic Scientific Service Sireb - Str. Collegara n' 27/1 - 41010 Modena -Italy
2) Dow AgroSciences Europe - Buropolis B.P. 229, 1240 Route des Dolines -06904

Sophia Antipolis Cedex - France
3) UniversitA di Bologna - Dipartimento Biologia Evoluziomistica e Sperimentale

- Via Selmi n' 3 - 40126 Bologna· Italy
4) Dow AgroSciences BY - Via D'Azeglio n' 25 - 40123 Bologna - Italy

ABSTRACT This research was carried out in historical sites such as Bagnacavallo (near Ravenna) and in Rome
(Campidoglio complex) where severe damages to artistic wood structures were caused by well established termite
populations of Reticulitennes IUcifugus (Rossi) . In these sites, buildings are not standing alone and share common
walls and foundations with surrounding properties. These non isolated buildings make any traditional chemical
termite control useless. The bait technology based on the delivery of impregnated cellulose matrix with
hexaflumuron, an insect growth regulator, was implemented. After a monitoring phase a number of underground
and above ground stations were installed outside and inside the buildings. Minimum environmental disturbance
and damages to the structures were caused. This baiting process was put in place in 1996 and 1997 using a 0.5%
hexaflumuron bait matrix, and several station prototypes. Four different large structures were chosen for their high
historical value: a church, a museum, a monastery and a library, all of them with a well-known past history of
heavy termite infestation for many years. In the monastery the termite foraging territory and the size of the
population were characterized by implementing the Triple Mark Recapture technique. The population was
estimated at 1,070,000 - 90,200 termites with a minimum of 1500 sqm foraging territory. The IIUl.X.imum linear
distance covered by a single marked worker was 45m. In this site termite activity ceased in september 1996 after 8
months of baiting. In the spring of 1997 a reinfestation occured from a neighbouring building which was easily
controlled after 2 months of additional baiting preventing new structural damages. In total 3.4g of hexaflumuron
were consumed. In the museum and the church, tennite colonies were eliminated in September 1996 after six
months of baiting. In the church a similar reinfestation occured during the summer of 1997 which was successfully
controlled after 4 months of baiting. The total amount of hexaflumuron consumed was 0.43g at the museum and
2.8g at the church. Finally, in the Campidoglio library in Rome the colony was wiped out after only three months
of baiting with a total of 1.39 of active principle consumed.

KEY WORDS Termite, Reticulitermes lucifugus. Triple Mark Recapture, bait station, colony elimination.
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A NEW BAIT ATTRACTIVE TO MULTIPLE SPECIES OF ANTS

David F. Williams, Karen M. Vail", and David H. Oi

USDA-ARS, Center for Medical, Agric. And Vet. Entomology
1600 SW 23rd Drive

Gainesville, FL 32608

*Extension Entomol. & Plant Pathol. , Univ. of Tennessee
P.O. Box 1071

Knoxville, TN 3790 1-1 071

A myriad of factors such as, seasonal preferences, nutritional requirements, and alternative food sources influence
the foraging and acceptance of baits by ants. In addition, ant specificity to baits is affected by the active ingredient
and the attractant used in the bait. For example, a bait that uses a soybean oil attractant and 1% fenoxcarb as its
active ingredient will be readily accepted by imported fire ants but not by Pharaoh ants unless the fenoxycarb
concentration is reduced. However, some ants will not accept oil attractants and will not feed on these types of baits
regardless of the concentration of active ingredient . Despite the complexities of bait acceptance, liquid
carbohydrate food sources are consistently fed upon by many species of ants. Thus, a new carbohydrate based,
liquid attractant (hereafter referred to as MAB for multiple ant species bait) was developed.

In laboratory studies, MAB was found to attract more ants than a 9: 1 sucrose :water or a 1: 1 honey:water solution
for the following species of ants: Argentine [Linepithema humile], crazy [Paratrechina longicornis}, ghost
[Tapinoma melanocephalum}, and Florida carpenter [Camponotus floridanus} ants. In addition, for Pharaoh ants
[Monomorium pharaonis}, Pheidole dentata, P. megacephala, white-footed ants [Technomyrmex albipes}, little
fire ants [Wasmannia auropunctata}, an acrobat ant species [Crematogaster pilosa}, and M trageri. the MAB had
equal acceptance to that of the sugar and honey water solutions.

A water soluble toxicant [USDA-ARS, Al3 no. 10750J was incorporated into the MAB and provided to groups of
Argentine, Florida carpenter, or ghost ant workers . A delayed mortality response was observed for all species with
mortality for the first day after exposure at less than 10% and followed by greater than 90% mortality within 8
days. Exposures to small colonies of Argentine ants resulted in greater than a 95% reduction in workers and brood
within 2 weeks and eliminated all queens in 6 weeks. Exposure to ghost ant colonies resulted in greater than 99%
mortality in workers and 100% reduction in brood and queens in 3 weeks. Florida carpenter ant colonies (workers
and brood only) had over 95% reductions in 3 weeks. Pharaoh ant colonies had 90% or greater reductions for
workers, brood and queens in 2 weeks and 100% mortality in 4 weeks. Red imported fire ant colony exposures
resulted in the fastest mortality with all workers, brood and queens dead at 2 weeks. A patent application was
submitted for the MAB in Dec. 1994.
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FOOD FLOW AND TROPHALLAXIS AMONG ARGENTINE ANTS, LINEPITHEMA HUMlLE (MAYR)

Michael K. Rust and Linda M. Hooper
Department of Entomology, University of California

Riverside, CA 92521

The Argentine ant, Linepithema humile (Mayr) is one of the most important agricultural and urban pest ant species
in the world. Insecticidal sprays have been widely used to control ants with varying degrees of success Usually
these sprays contact only the above ground foragers which comprise of about 10% of the colony. However, the use
of toxic baits to kill Argentine ants is promising. Not only are the toxicants delivered to other workers, but also
they are delivered to the queen and the larvae. Also, baiting allows for the reduction in the amount of active
ingredient applied and appear to provide improved control. Unfortunately the flow of nutrients, baits, and toxicants
in Argentine ant colonies is largely unknown.

To characterize trophallaxis and to detennine the flow of food in the colony, radio-labeled nutrients were provided
to the colonies. Trophallaxis characterization was accomplished using accelerator mass spectrometry (.AMS) while
food flow studies utilized liquid scintillation counting (LSQ. Workers often consume about 0.3 III of 20% sucrose
solution at one feeding which is about equivalent to their body weight. Although queens weigh almost ten times
more than workers, the consume about the same amount of liquid during one feeding. During trophallaxis about
50% of the meal is transferred from the donor ant to the recipient ant. Sucrose is shared with all developmental
stages and castes. However, queens and males are fed before the immatures. Workers only fed larvae a solution of
proteins. The larvae receive 55% of a 15% casein (protein) + 20% sucrose solution. The queens and males receive
about 10% and 24%, respectively. The remaining 11 % is fed to other workers. Workers are apparently capable of
detecting very minute quantities of casein (O.OOI%)in a sucrose solution. However, workers more readily feed
larvae if the concentrations are higher. Queens and newly eclosed workers are not fed protein unless it is combined
with 20% sucrose.

A better understanding of the dynamics of trophallaxis and nutrient flow should permit us to develop more
effective baits for ant controL
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THE EFFECT OF HYDRAMETHYLNON AND FIPRONIL ON FOOD FLOW AMONG ARGENTINE
ANTS, LINEPITHEMA HUMILE (MAYR)

Linda M. Hooper and Michael K. Rust
Department of Entomology, University of California

Riverside, CA 92521

The Argentine ant, Linepithema humile (Mayr) is one of the most important agricultural and urban pest ant species
in the world. Recently, promising toxic baits have been produced to kill Argentine ants. Toxic baits capitalize on
the trophallaxis behavior that occurs in ant colonies. Foraging workers gather the bait liquid or particles and
transfer the bait to other members of the colony. This technique allows for more specific targeting of the queen and
the developing brood to contact the toxicant. Also, baiting allows for the reduction in the amount of active
ingredient applied and appears to provide improved control. Unfortunately the amount of active ingredient it takes
to kill workers and queens and effect of the added toxicants on the flow of nutrients and distribution of baits in
Argentine ant colonies are unknown.

Using accelerated mass spectrometry (AMS), we were able to determine the amount of hydramethylnon and
fipronil required to kill workers and queens. We also investigated the distribution of each of the compounds in the
bodies of the workers and the queens. There was more of each toxicant found in dead workers and queens than in
live workers and queens. Interestingly, the dead queens contained much less of both hydramethylnon and fipronil
per microgram of tissue than did the dead or live workers. The majority of fipronil that was found in live queens
was in the head. In dead queens, fipronil was found in the thorax in the highest amounts.

We also perfonned experiments to determine if toxicants affected the flow of nutrients through Argentine ant
colonies. Fipronil, which was recently registered for use in California, slightly increased the rate of nutrient flow
through the colonies. The pattern of nutrient flow throughout the colony was not altered when lethal concentrations
of fipronil were added to the nutrient solutions. Lethal concentrations of hydramethylnon decreased the rate of
nutrient flow within the colonies. The pattern of nutrient flow throughout the colony changed dramatically when
hydramethylnon was added to the nutrient solutions. At 4 hours, 0.1 % hydramethylnon in a 20% sucrose solution
was not fed to the queens as occurred when the sucrose was offered alone. Hydramethylnon when combined with
sucrose and protein was not transferred as quickly to other workers than the controls without hydramethylnon.
Hydramethylnon with sucrose and protein was not fed to the larvae or the queens at all.

A better understanding of the amount of toxicant required to achieve control and the effects of toxicants on nutrient
distribution should permit us to reduce the levels of toxicants provided and develop more effective baits for ant
control.
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ANT PHEROMONES AS ATTRACTANTS AND REPELLENTS FOR ARGENTINE ANTS

Les Greenberg and John H. Klotz
Department of Entomology, UC Riverside

Riverside, CA 92521

We investigated whether the Argentine ant trail pheromone, cis-9-hexadecenal, could enhance recruitment to solid
and liquid baits. In the laboratory we used a 10% sucrose solution as a liquid bait. We tested pheromone
concentrations ranging from 0.01 to 100 ~g of pheromone per ml of hexane solution. A 20 ~l drop of each solution
was put onto a depression slide. After the hexane evaporated we put 50 ~ of the sucrose solution directly over the
pheromone and stirred the solution with the pipette. This slide and a second slide with only the sucrose solution
were placed side by side in the foraging areas of three Argentine ant colonies. Over a 30 minute period we counted
the number of ants feeding at the sucrose solution on each slide. The optimal concentration for bait enhancement
was with the 10 ~g/rn1 solution of pheromone: the number of ants feeding was increased by 250%.

In the field test of the trail pheromone we used 50 rn1 vials containing 10% sucrose solution. These vials were
covered with a plastic membrane that has 1.5 rnm diameter holes punched uniformly across its surface. Ants could
drink from the holes after the vials were inverted. For half of the vials, 100 ~l of a 10 ~g/rn1 hexane solution of the
pheromone was pipetted onto the plastic membrane before the vials were filled with sucrose. The hexane quickly
evaporated, leaving the pheromone residue on the membrane. One control and one pheromone vial were taped
side-by-side to a tree that had an active trail of Argentine ants. We placed 23 paired replicates on the trees for
about 4 hours. After that time we measured the amount of sucrose consumed in each vial. Bait consumption with
the pheromone was enhanced by 29%. In a second series of tests 12 pairs of vials were left outside for about 24
hours. The consumption rate was 33% higher with the pheromone.

We tested the trail pheromone with a solid, granular bait by applying 100 ~l of a 10 ~g/rn1 hexane solution of the
pheromone to a rubber septum. After the hexane evaporated, two of these rubber septa were placed in a petri dish
containing the bait. This dish and a second dish containing only the bait were placed side by side on the ground
near an Argentine ant foraging trail. After several hours the consumption of bait was measured. There was a 64%
increase in bait consumption when the pheromone was present.

To look at repellents we examined some of the easily obtained defensive pheromones from other ants in the
subfamily Dolichoderinae. The bioassay consisted of placing the pheromone extract on the bottom of a watch glass.
A second, smaller watch glass in the center contained a liquid food. The ants had to cross over the tested
pheromone to reach the food. A control watch glass without pheromone was placed next to the trial dish. We
counted the number of ants feeding at each dish every 3 mins over a 45 minute period. Each test was replicated
with 3 colonies of ants . Although some repellency was evident with all of the compounds, the greatest longevity
was observed with whole body extracts of the black velvety tree ant, Liometopum luctuosum. These extracts
remained repellent to the Argentine ants even after 2 weeks. The pheromones of this species have not yet been
identified.
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SOLENOPSIS INVICTA (BUREN) MOUNDS AS RETICULITERMES SPP. HABITATS

Thomas G. Shelton, J.T. Vogt, Arthur G. Appel, and Faith M. Oi

Subterranean termites in the genus Reticu1itermes were observed inhabiting the mounds of the Red imported fire
ant, Solenopsis invicta (Buren) during early spring of 1997. A survey of 100 RIFA mounds was conducted along
four treeline transects, and one building perimeter, in Lee and Tuskegee counties, Alabama. Nineteen of these
mounds contained Reticulitermes spp. termites either in the soil of the mound or in termite foraging material
within these mounds. Caste proportions were determined from soil samples taken from the termite infested
mounds. The significance of the termites within these mounds, including the circumstances of their presence is
discussed. A discussion of further experimentation aimed at identifying the nature of the relationship between these
species is presented.
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RED IMPORTED FIRE ANT (SOLENOPSIS INVICTA BUREN) FLIGHT ENERGETICS.

J.T. Vogt and A. G. Appel
Department of Entomology, 301 Funchess Hall

Auburn University, AL 36866

ABSTRACT

Solenopsis irrvicta Buren, the red imported fire ant, is an important and abundant insect in the southeastern U.S .
The conspicuous mounds, the stinging habits of the workers, and their effectiveness as predators of both pest and
beneficial organisms combine to lend interest to this species, to scientists and lay persons alike.

Researchers have estimated that this species has spread at an average rate of 5 miles/year since its introduction into
Mobile, Alabama in the late 1930s, primarily via mating flights . Flights of 10 miles or more have been reported.
The female alate has a limited store of nutrients upon leaving the nest, and must fly, mate, construct a nuptial
chamber in the soil, and feed and rear her first brood, all without feeding, in order to successfully found a colony.

A simple circular flight mill was employed to determine flight speed for male and female alates at different
temperatures. Additionally, 02 consumption of tethered, flying female ants was measured using closed-system
respirometry. Flight mill speeds indicated that a female alate can fly approximately 1.4 miles in one hour,
expending approximately 20 J (energetic equivalents calculated from closed-system respirometry) . Flight,
therefore, represents a significant cost to the animal and female alates are likely limited in the time they can spend
aloft while retaining enough reserves to carry out colony founding. Our data suggest that wind is a very important
dispersal agent for this insect, and is the primary factor involved in high (>5 mile) dispersal distances reported in
the literature.
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CUTICULAR HYDROCARBONS AND SOLDIER DEFENSE SECRETIONS FOR CHEMOTAXONOMY
OF RETlCULITERMES IN NORTH AMERICA

Michael 1. HavertY, Lori J. Nelson!, Brian T. ForscWei, Laurence G. Cool3
, and Marion Pagel

1 Chemical Ecology of Forest Insects, Pacific Southwest Research Station, USDA Forest Service, P.O. Box 245,
Berkeley, CA 9470 I

2 Department of Entomology, University of Georgia, Athens, GA 30602
3 Forest Products Laboratory, University of California, Richmond, CA 94804

REFERENCE: Haverty, M.L, LJ. Nelson, B.T. ForscWer, L.G. Cool, M. Page. 1998. Cuticular hydrocarbons and
soldier defense secretions for chemotaxonomy ofReticulitermes in North America. Proceedings of the National
Conference on Urban Entomology, 1998.

ABSTRACT: Cuticular hydrocarbon mixtures and soldier defense secretions from samples ofReticulitermes
collected from disparate locations in Georgia, New Mexico, Arizona, Nevada, and California were characterized
and correlated with species determinations. Hydrocarbons from the following classes have been found: normal
alkanes, alkenes with 1 to 5 double bonds, terminally branched and internally branched monomethyl alkanes,
dimethyl- and trimethylalkanes. Soldier defense secretions are comprised of 38 terpenoid compounds, including
monoterpenes, sesquiterpenes, and a diterpene alcohol, geranyllinalool. The sesquiterpenes include y-eadinene, y­
cadinene aldehyde, germacrene A, 0.-, ~-, and y-himachalene, B-amorphene, and ~-famesene,and numerous minor
and unknown compounds. Some soldier defense secretions phenotypes correlate with more than one cuticular
hydrocarbon phenotype, however each hydrocarbon phenotype is correlated with only one soldier defense secretion
phenotype. On the basis of these chemical characterizations, we suggest that there are numerous Undescribed taxa
ofReticulitermes and conclude that the taxonomy of this genus in North America is in need of revision.

KEYWORDS: subterranean termites, cuticular hydrocarbons, terpenes, soldier defense secretions
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COMPARISONS OF SINGLE AND GROUP BIOASSAYS ON ATTRACTION AND ARRESTMENT OF
RETICULlTERMES SPP.(ISOPTERA: RHINOTERMITIDAE) TO SELECTED

CELLULOSIC MATERIALS

Steven B. Suoja, Vernard R. Lewis, and David L. Wood
Department of Environmental Science, Policy, and Management

Division of Insect Biology, 201 Wellman Hall
University of california

Berkeley, CA 94720-3112

Abstract no available.....
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IPM IN TENNESSEE'S SCHOOLS?

Karen M. Vail, Assistant Professor
Ent. & PI. Path. Section, University of Tennessee

Knoxville , TN 37901-1071

An Integrated Pest Management (IPM) in Schools Program was initiated as a joint venture between The University
of Termessee Agricultural Extension Service and The Tennessee Department of Agriculture, Division of
Regulatory Services. To determine adoption of IPM in Termessee's schools, a survey was distributed to the 149
public school systems. Survey results would be used as a baseline to determine future impact. Results from the
survey, which had a 74% return, indicate much progress is needed to reduce the risk of unnecessary pesticide
exposure to school occupants. Although 64.5% of respondents were concerned about pesticide exposure to school
occupants, only 30% of schools claim they use IPM. This 30% is questionable because 77% of the respondents
indicated that pesticides were scheduled and sprayed on a monthly basis. At least 7% did not understand the
definition of IPM. Without a pest management policy, a school lacks goals and expectations for pest control.
Almost 73% indicated they did not have a pest management policy.

There is still too much reliance on spraying and spot spraying of classrooms (79%); however crack and crevice
treatments (65%) were used second most often. Less than 35% used other pest management methods (vacuuming,
dusting, baiting or capture devices) which ideally would reduce pesticide exposure. One in five schools still uses
foggers or thermal fog, although 19.1% never use aerosols or fogging. Even more discouraging is the fact that
surface sprays are used all the time in 39% of the school systems. Food service areas receive the most intensive
pesticide applications. Seventy-seven percent and 27% apply pesticides on a monthly basis and as needed,
respectively, for the food service areas. Only 11% applied pesticides on a monthly basis to the grounds and 45%
applied them as necessary to this area . Grounds do not receive pesticides as frequently as indoor locations.

Pesticide storage was another concern that was addressed with this survey. While 80% used the pest control
contractor to store pesticides, 18% stored pesticides either on-site, at a district storage area or a district warehouse
with other items.

Our decision to target the pest control industry as a first step proved to be right on target. A majority of pest control
services were performed by contracted firms - 76% use contracted services only, 14% use contracted and school
personnel, and only 9% use only school personnel for indoor pest control. Most information about pest
management is obtained from the pest control contractor (75%), while the Agricultural Extension Service and
vendors/manufacturers account for 27% and 26% of the infonnation, respectively. The pest control technician is
making the decisions of when and where to apply pesticides in 41 % of the schools; however, the assumably
untrained principal was responsible for 36% of these decisions Almost 4 percent of the schools had an officially
designated IPM Coordinator.

Respondents ranked pests from 1 to 10 with 1 being the most important. The following pests are listed (with their
mode): cockroaches (1) ; head lice and ants/fire ants (2); rodents (3); spiders (4); wasps (5); and snakes, landscape
pests, weeds and other (not ranked or 0). This was encouraging because the top 3 pests (excluding lice) can be
managed through exclusion and sanitation practices and baits, thereby reducing the unnecessary risk of exposure to
pesticides.

Past educational efforts included training pest control professionals which account for up to 90% of the pest control
performed in Termessee's public school systems. Future educational efforts will target the superintendents and
others that make budget decisions for the school systems.
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EMERGING ARTHROPOD-BORNE DISEASES IN URBAN ENVIRONMENTS

James G. Olson
Viral and Rickettsial Zoonoses Branch, Centers for Disease Control and Prevention

Atlanta, GA 30333

Arthropod-borne diseases include some of the most important diseases caused by parasites, bacteria and viruses,
Historically, malaria, typhus, plague, yellow fever and scrub typhus have caused mortality and morbidity that made
them scourges of mankind. Great progress in the control of vector-borne diseases has been made in the 20th
century. The implementation of vector control strategies based on the use of DDT were directly responsible for
nearly eradicating malaria from the Americas and Asia, for elimination of urban plague and for the simultaneous
reductions of urban yellow fever and dengue fever. By the early 1970s arthropod-borne diseases were no longer
considered to be of major public health importance. In contrast to the early and dramatic successes, we are now
faced with dramatic reemergence of vector borne diseases previously controlled. Malaria causes 300-500 million
cases resulting in 1.5 -2.5 million deaths annually. Nearly 100 million cases of dengue fever occur annually. With
the reinvasion of tropical urban centers by Aedes aegypti, the risk of urban yellow fever outbreaks is increasing
geometrically. The question is no longer if they will occur, but when and where. Although many of the factors that
have been responsible for the global resurgence of vector-borne diseases are poorly understood, several obvious
associations can be documented. The population of the earth is rapidly becoming urbanized. The growth of the
large macro cities of the tropics will continue and the migration of rural populations into those cities largely for
economic gain will serve to maximize the probability of introductions of diseases restricted to sparsely populated
rural areas into urban settings. The internatioual emergency in financial support for a decaying public health
infrastructure has undoubtedly contributed to the problem. Periodic explosive outbreaks of Japanese encephalitis,
West Nile fever, Rift Valley fever, Oropouche fever, Ross River fever and Chikungunya fever may occur.

Arthropod-borne diseases will continue to be a threat to the urban and suburban populations of the United States.
The risk of catalclismic morbidity and mortality is several orders of magnitude lower than in the tropics. However,
several new diseases have emerged in the last few decades. Lyme disease, granulocytic ehrlichiosis, monocytic
ehrlichiosis, Powassan encephalitis, and catflea typhus. Others, including St Louis encephalitis, flea-borne typhus,
rickettsialpox and perhaps eastern equine encephalitis and western equine encephalomyelitis are increasing or
threaten to increase in importance.

126



A NEW BAIT ATTRACTIVE TO MULTIPLE SPECIES OF ANTS

David F. Williams, Karen M. Vail·, and David H. Oi

USDA-ARS, Center for Medical, Agric. And Vet. Entomology
1600 SW 23rd Drive

Gainesville, FL 32608

"'Extension Entomol. & Plant Pathol., Univ. of Termessee
P.O. Box 1071

Knoxville, TN 3790 1-1071

A myriad of factors such as, seasonal preferences, nutritional requirements, and alternative food sources influence
the foraging and acceptance of baits by ants . In addition, ant specificity to baits is affected by the active ingredient
and the attractant used in the bait. For example, a bait that uses a soybean oil attractant and I% fenoxcarb as its
active ingredient will be readily accepted by imported fire ants but not by Pharaoh ants unless the fenoxycarb
concentration is reduced. However, some ants will not accept oil attractants and will not feed on these types of baits
regardless of the concentration of active ingredient. Despite the complexities of bait acceptance, liquid
carbohydrate food sources are consistently fed upon by many species of ants . Thus, a new carbohydrate based,
liquid attractant (hereafter referred to as MAE for multiple ant species bait) was developed.

In laboratory studies, MAE was found to attract more ants than a 9: 10 sucrose:water or a 1: 1 honey:water solution
for the following species of ants: Argentine [Linepithema humile], crazy [Paratrechina longicomis], ghost
[Tapinoma melanocephalum}. and Florida carpenter [Camponotus floridanus} ants. In addition, for Pharaoh ants
[Monomorium pharaonis}, Pheidole dentata, P. megacephala. white-footed ants [Technomynnex albipes], little
fire ants [Wasmannia auropunctata}. an acrobat ant species [Crematogaster pilosal, andM. trageri. the MAE had
similar acceptance to that of the sugar and honey water solutions.

A water soluble toxicant [USDA-ARS AD no. 10750J was incorporated into the MAE and provided to groups of
Argentine, Florida carpenter, or ghost ant workers. A delayed mortality response was observed for all species with
mortality for the first day after exposure at less than 10% and followed by greater than 90% mortality within 8
days. Exposures to small colonies of Argentine ants resulted in greater than a 95% reduction in workers and brood
within 2 weeks and eliminated all queens in 6 weeks. Exposure to ghost ant colonies resulted in greater than 99%
mortality in workers and 100% reduction in brood and queens in 3 weeks. Florida carpenter ant colonies (workers
and brood only) had over 95% reductions in 3 weeks. Pharaoh ant colonies had 90% or greater reductions for
workers, brood and queens in 2 weeks and 100% mortality in 4 weeks. Red imported fire ant colony exposures
resulted in the fastest mortality with all workers, brood and queens dead at 2 weeks. A patent application was
submitted for the MAB in Dec. 1994.
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