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Recent Chemical Studies on the Imported Fire Ants,
Solenopsis invicta and S. richteri

Robert K. Vander Meer
Insects Affecting Man and Animals Research Laboratory
ARS, USDA
] P. 0. Box 14565
Gainesville, Florida 32604

Two of the most important phenomena occurring with the imported fire ants
of the southern United States are {A) the increasing populations of multiple
queen colonies and (B) the discovery of viable hybrids from Solenopsis
invicta and S. richteri. Both of these recently discovered forms pose serious
questions for present and future control programs. This paper discusses what
is currently known about the hybridization problem.

Last year we published the first report of hybridization between §S.
invicta and S. richteri. We used species specific venom alkaleids and hydro-
carbons as biochemical characters to distinguish the two species. Sampling
and analysis of S. invicta in Louisiana, Alabama, and Florida and 5. richteri
in the northern most extent of its range in northeastern Mississippi,
demonstrated the consistency of these biochemical characters. In addition,
we found that the Dufour's gland (the source of fire ant trail pheromones) is
also an excellent species-specific character. A1l three biochemical markers
clearly distinguished hybrid colonies. As would be expected, the gas chro-
matograph (GC) traces of hybrid colonies were intermediate between those
identified as pure species.

Based on the venom alkaloid and hydrocarbon GC patterns of the pure
species, we devised an algorithm that enabled us to calculate a biochemical
similarity index. This provided a means of objectively evaluating colony GC
data. Over 90% of 100 suspected hybrid colonies had an index value of
0.33-0.77 (1.0 = S. invicta and 0.0 = S. richteri).

Dr. Ken Ross and colleagues at the University of Georgia, in collaboration
with our laboratory, carried out isozyme studies of hybrid and parental popula-
tions. The isozyme method shows excellent agreement with the biochemical
methods described above. The isozyme systems used by Dr. Ross showed a clinal
distribution with hybrids close to the S. invicta border similar to S. invicta
and hybrids found close to the S. richteri border more similar to S. richteri.
A plot of the biochemically derived index showed a similar cline.



Based on the isozyme studies of Dr. Ross and our own work, the hybrid is
reproductively viable. Collections made by Mr. Stan Diffie, U of Georgia
(Tifton), and our chemical evaluation have, surprisingly, shown the hybrid
population to extend all the way across northern Alabama and into north-
western Georgia. Since S. richteri does not border this population, it is
assumed that they were brought in with nursery stock some time ago. Therefore,
the hybrid occupies a much larger area than originally suspected. Additional
work in collaboration with Professor E. 0. Wilson, Harvard University, has
shown that hybridization between S. invicta and S. richteri occurred as far
back as 1949. Hybridization is not a recent event. Its detection was
complicated by the morphological similarity of the hybrid to S. richteri.

This extensive hybrid population may pose serious problems to fire ant
control programs. For example, will biocontrol methods found for S. invicta
also work on the hybrid? Is the hybrid more competitive than the pure forms?
There are also taxonomic implications such as; should S. invicta have been
given species status (depends on your definition of species). There is a great
deal of work to be done in order to define hybrid population dynamics, and be-
havioral, biochemical, and physiological differences from the parent species.



SOLENOPSIS INVICTA PREDATION ON SUBTERRANEAN TERMITES

Deborah A. Waller and Jeffery P. Ia Fage
Entomology Department
Louisiana State University

Baton Rouge, Louisiana 70803 USA

Subterranean termites comprise up to 16% of fire ant diets in Louisiana
(Wilson and Oliver 1969). The native Reticulitermes spp. and the introduced
Coptotermes formosanus Shiraki (both Rhinoctermitidae) are common in fire ant
habitats. Both termite genera have soldier castes specialized for defense,
but it is unknown whether soldiers are able to deter fire ant predation.

In the present study, we investigated the effects of C. formosanus soldier
secretion on 5. invicta and the small ant, Monomorium minimm, and we tested
the hypothesis that sodiers were unpalatable to ant foragers.

Ten ants of each species were immersed in ca. 0.4 ml C. formosanus
secretion after determining that this amount was normally expelled by medium-
sized termite soldiers after disturbance. Ants were chilled prior to treatment
to facilitate handling, Ten control ants were chilled and wiped cn a wet
surface, There was no difference in survival after one day for treated and
control S. invicta (Fisher's exact test, p».05), and both groups of ants
groomed similar lengths of time upon recovery (Marm Whitney U test, p>.05),
indicating that the secretion does not contain noxious chemicals., In contrast,
90% M. minimum died from the treatment, while all controls recovered (Fisher's
exact test, p{.01). The secretion probably acts as a glue to asphyxiate small
ants, but is ineffective against larger ants on topical application.

Frozen C. formosanus workers and soldiers were presented to M. minimm
and 8. invicta colonies. M. minimum removed workers and rejected soldiers on
the first test date. §S. invicta rejected soldiers after several days of
presentation, so that there was a delayed response to soldier unpalatability.
This difference may have resulted because S. invicta directly carried off prey
items, while M. minimum carved up termites before removal, thus contacting
intermal chemistry while still in the foraging arena.

Solutions of homogenized C. formosanus workers attracted significantly
more ants than soldier solutions when applied to popcorn kernals and placed
in ant nests (Figure 1). Mixtures of worker and soldier solutions attracted
as many ants as worker solutions, so that soldier solution probably does
not contain any repellent chemicals. A comparison among solutions of C.
formosanus workers and soldiers, and Reticulitermes virginicus worker and
soldier solutions revealed that both soldier solutions attracted low rumbers of
ants, while both worker "solutions were attractive. These results indicate
that soldier chemistry is responsible for soldier unpalatability to ants.

Overall our results suggest that while C. formosanus soldiers are not
directly repellent to S. invicta, soldiers are unpalatable in that they do
not stimulate recruitment. R. virginicus soldiers also appear to be unpalatable.
Soldier wnpalatability may protect termite colonles if ants are deterred
from recruiting nestmates to prey on the colony after encountering only
unpalatable soldiers.



Waller and la Fage

Figure 1

Solutlons of homogenized C. formosanus workers and soldiers (40 termites/

ml deionized water) on soaked corm kermels presented to five S, invicta

colonies.







AESTRACT

A Long-term Study of a Single-queen/Multiple-queen Transect

Les Greenberg and S.B. Vinson
Department of Entomology
Texas AXM University, College Station, TX 77843

In 1982 we began a study of a 500 x 100 ft. transect at the Texas A&M
University Farm. This farm has both single- and multiple-queen forms of the
red imported fire ant. The transect includes both types. The first 100 ft.
of the transect has a high density of multiple-queen mounds. The remaining
400 ft. hes a much lower mound density and consists moatly of single-queen
colonies. Workers were sampled by pushing a vial containing alcohol into the
mound to catch a sample of workers. Worker head width was measured in the
laboratory. Since there is a negative correlation between the number of
queens in a colony and the size of their workers(1) , samples of workers
from all the mounds in the transect were messured over a pericd of 4 years
to determine which were single- or multiple-queen colonies and whether one
form of the fire ant was displacing the other.

The single- and multiple-queen forms are separated by a slight drainage
area that floods during heavy rain. In the Spring of 1986 there was an
unusual dry spell. Samples taken at that time showed that the multiple-queen
form had crossed the drainage barrier and had moved 150 ft. into the single-~
queen population, as evidenced by their much smaller workers and higher
mound densities. During the course of this study the number of single-queen
mounds has remained static, while multiple-queen mounds have increased
dramatically. Generally speaking, in College Station and surrounding areas
it has become increasingly difficult to find single-queen colonies.

(1)Greenberg, L., D.J.C. Fletcher and S.B. Vinson, 1985. Differences in
worker size and mound distribution in monogynous and polygynous
colonies of the fire ant Solenopsis invicta Buren., J. Kansas Entomol.
Soc., 58: 9-18.




Seasonal Changes In Bait Preference And Foraging Activity Of

Red Imported Fire Ants

Stein, M.B. and H.G. Thorvilsen

ABSTRACT

Using a bait attraction plot sampling regime, seasonal changes in
foraging activity and bait preference of red imported fire ants were
investigated. Foraging activity decreased and preference for the
carbohydrate bait increased as preference for the protein bait
decreased, as summer progressed into winter.



SUPERCOCLING POINTS OF RED IMPORTED FIRE ANTS
FROM LUBBOCK, TEXAS
BY
STEPHEN W. TABER
AND
JAMES C. COKENDOLPHER
DEPARTMENT OF ENTOMOLOGY

TEXAS TECH UNIVERSITY
LUBBOCK, TEXAS 79409

ABSTRACT

Supercooling points were measured for red imported fire ants
from Lubbock, Texas. Ten minor workers from each of three marked
colonies and one colony held at constant conditions in the laboratory
were tested every two weeks from 14 October to 17 February. The
supercooling abilities of the ants were altered by conditions in the
laboratory. Differences between mean supercooling temperatures of
ants in the field were found among sampling periods, but not among
colonies. These differences may not be due to acclimatization. The
maximum difference between mean supercooling points was less than
2 ¢°, and the lowest mean supercooling point was slightly higher than

-6° C.



INTRODUCTION

We first became aware of the presence of red imported fire ants
in Lubbock, Texas, during August 1985. Homeowners from a single sub-
division reported colonies which had apparently been present for
several years. This information was of immediate interest to us
because Lubbock, at 33.5° N Tatitude, then represented the extreme

northwestern record of Solenopsis invicta. Furthermore, at 3200 feet

elevation, the Lubbock population is among the highest on record.

At least one prediction of the ultimate range of this species in
Texas excluded the Panhandle area north of the 0° F minimum tempera-
ture 1sotﬁerm because of Tow winter temperatures in that area.
Lubbock Ties at the base of the Panhandle, and we were therefore

in an ideal position to examine some features of Solenopsis invicta

related to cold-hardiness or the ability to survive winter-kill.

Cold-hardiness in insects may be divided into three general
categories: (1) cold-acclimation and acclimatization, (2) super-
cooling, and (3) freezing-tolerance. Cold-acclimation requires some
physical or physiological preparation to avoid injury at temperatures
too tow for continued growth. We refer to short-term, laboratory
adjustments as acclimation and gradual, naturally occurring adjustments
as acclimatization. Supercooling is an adaptation in which insects
avoid injury by resisting the freezing process. If the organism is
able to withstand bodily freezing, it is described as being freeze-
tolerant.

Supercooling occurs when the temperature of a liquid is lowered,
without freezing, below its expected freezing point. Highly purified

water may be rapidly cooled to approximately -40° C without freezing.
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but significant differences were found among castes (F (2,81 = 9.15,
p<0.001). We found that bodily freezing is lethal for fire ants
maintained under the laboratory conditions. Nothing was previously

known, however, of the acclimatization abilities of Solenopsis invicta.

Perhaps the onset of decreasing winter temveratures would trigger a
physiological response which would decrease their supercooling points
enough to ensure survival of some individuals and colonies. We
decided to investigate the suvercooling abilities of fire ants during
the fall and winter months because the process is both indicative of

cold-hardiness and easily observable.
RESULTS AND DISCUSSION

Every two weeks from October 1285 until March 1986 we collected
10 minor workers from each of three designated mounds and determined
their supercooling points. There were a total of 10 such samples taken
during the 18 week period. The previous study demonstrated that super-
cooling abilities differ among caste members and we decided to use
minors in the present experiments because they were reported to have
" the Towest supercooling points. We measured these temperatures using
a Bailey Instruments thermocouple microprobe and a digital thermometer
with a 0.1 ¢° resolution. A single minor worker was affixed with
petroleum jelly to the tip of the microprobe which was then sealed
within a glass shell vial. The assembly was placed inside a freezer
and cooled at approximately 5 ¢%/minute. Supercooling points were
easily recognized by a sudden increase in temperature due to the re-
lease of the latent heat of fusion. After obtaining data from field

colonies, we measured the supercooling points of 10 minor workers from

1v



This phenomenon is enhanced by the elimination of molecular aggrega-
tions known as nucleators which are conducive to ice formation. The
melting point or expected freezing point may also be depressed by the
production of anti-freeze substances, dehydration, or gut evacuation.
These modifications are important because many insects, including cer-
tain ant species, are unable to survive bodily freezing. For example,

the formicine ant Camponotus herculeanus supercools, freezes, and

dies at almost -30° C but is able to survive, less extreme exposures.

Among the myrmicine ants, Leptothorax acerovorum and Myrmica rubra

freeze at -7.1° and -16.1° C, respectively.
Previous work dealing only with laboratory colonies of North
American fire ant species revealed no significant differences between

mean supercooling temperatures of Solenopsis aurea, S. richteri, and

S. xyloni within the minor caste. Neither was a significant difference

found between Solenopsis invicta and S. geminata. These two groups

were significantly different at the 5% level using Duncan's multiple
range test. From the same study the following generalizations were
made: (1) worker ants have a slightly lower supercooling point than
reproductives, {2) within a given snecies, immature ants have lower
supercooling temperatures than adults, and (3) pupae have lower super-
cooling temperatures than larvae. The effects of acclimation on the

supercooling temperature of Solenopsis invicta were observed by main-

taining major, medium, and minor workers at each of three temperatures:
120, 220, and 32° C. Analysis of variance revealed no significant
differences among treatments (F (2,81) = 1.19, p>0.05), nor in the

interactions between castes and treatments (F (4,81) = 2.11, p>0.05),

11



a laboratory colony previously removed from the field Tocality. The
mean supercooling points + standard errors for minor workers are shown
in Fig. 1. The explanation for the Targe standard errors is not
immediately apparent. Diet may be a factor; the laboratory colony was
supplied with cockroaches, mealworms, and water. Temperature and
photoperiod may also affect the supercooling point. The laboratory
colony was kept in complete darkness at a constant 22° C, whereas

the field colonies experienced normal photoperiods and fluctuating
temperatures. These comparisons are interesting; but because the
primary goal of this study was to observe the behavior of mean super-
cooling points in the field colonies over time, no further investiga-
tion of the laboratory colonies was pursued.

In the present study of field colonies we found no overall
significant differences between mean supercooling points from the
three coionies using a one-way analysis of variance (F (2,297} = (.45).
Analysis of covariance confirmed this but revealed significant differ-
ences among samples taken throughout the season (F (1,294) = 115.38).
The mean supercooling temperature + standard error for each sampling
period is shown in Fig. 2. Note the small standard errors which were
recorded. The data seem to show oscillatory changes in the supercooling
points over the eighteen week period, and there does not appear to be a

uniform trend of acclimatization in minor workers of Solenopsis invicta.

It is important to note that the maximum mean supercooling temperature

difference between samples is l1ess than 2 c®.

12



In summary the following points are important to retain:
(1) supercooling abilities of the red imported fire ant are altered
by conditions in the laboratory, (2) differences between supercooling
abilities of ants in the field were noted among samples, but not among
colonies, (3) differences between sampling periods might not be due to
acclimatization, and {4) the mean supercooling points for field
colonies varied Tess than 2 c° from October through February, but never
fell below -6° C.

Recent so0i1 temperature measurements obtained in the vicinity of the
field colonijes indicate that the temperature at 30 cm between January 6
and February 20 never fell below 4° C. If the supercooling temperature

of Solenopsis invicta is the primary measure of cold-hardiness, such a

s0il temperature would cause little mortality.

1s
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Fig. 1 - Mean supercooling points + standard errors
of Solenopsis invicta in field samples from Lubbock,
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Solenopsis invicta from laboratory maintained colony
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MOVENENT OF MARKED ANTS BETWEEN THE FIRE ANT COLONIES IN A TEXAS DASTURE
HABITAT

Awinash P. Bhatkar
Agricultural Experiment Station
Department of Entomolagy
Texas A&M Univeraity
College Station, Tawaa 77843

A technique was developed ito masg-rark ante in the field, to study the
traffic of workerz between the moundas in a paature habitat of the Texasz A&M
University Research Farm. Two 3/4 acre transects of nonogynous and
polygynous colonies were aelected and mapped during May-June and Auguat,
1985. The transect of polygynous colonies contained 368 mounda/acre while
the monogynous tranasect contained 62 mounda’acre during the aummer. The
diaperdion pattern of the mounds in 3 of 4 sectora of 0.2 acre central
section of the polygynous transect was regular [Clark & Evana (1954) R < 11
and in 1 sector, it was random, =saimilar to that of the transect of
monogynous coloniea. The pattern seems to be seasonal and R provides an
uzeful index of the carrying capacity of the habitat. The 10,000-20,000 anta
of 35-7 mounda in each tranaect were marked with preteated adheaive painta
(Bhatkar & Vinaon, in preperation). The worker movement was monitored by
sampling ants from all the marked and asurrounding coloniea. The monogyncus
colonies did not ahow worker movement and were self-contained, monodomous
calonies. Polygynoua colonies showed the movenment of workera to moat of the
neighboring mounda, asuch that there waa & linear relation between the ratioa:
marked to total anta aaaplad,from the marked mounda during a consecutive §
day aampling program (regression coeff. r = 0.90-0.98)., Similar linear
regression was cobaserved when the data for all the mounds in the transect
atudied was pooled. The marking was selectively done, such that the randonm
sanplea head anta of a certain ethological caate that appeared in a ateady
state with the othara collected. Polygynous colonies were proved ta bhe a
polydomous supercolony, polyecalic in nature, that may be limited by the
diaperaion of monodomous colonies in the pasature.

16



Research Highlights for 1985

B.Michael Glancey
USDA,ARS, Imported Fire Ant Project
Gainesville, Fl

-

We once did a study that showed that ants could not ingest
particles larger than .8 microns. Every now and then, something
comes along that reminds you that nothing is written in granite.

Case in point: we were collecting gqueens this past year and
dissecting out the poison sacs for the gueen recognition
pheromone. During one of the dissections, we discovered in the
crop of one of the queens some particles that were 100-200
micraons in size. Here’s a slide of the crop and a close up.
There are about 10 of the large particles plus a mass of material
in the distal part of the crop. The particles are rnot parasites,
pathogens or spores, but they are particulate. It is quite
possible that they are an accretion of crystals that all
splidified to the same size. Since the crop is only a storage
organ and not a site of synthesis or metabolism, this kind of
picture is difficult to understand. 1If any of you have seen
anvything like this in vyour own researches, I°d like to talk to
vou about it.

17



The Multiple Sueen Problam

Another monster which we are paying close attention to is o+
course the problem of the spread of multiple queen colonies in
the state of Florida.

In 1984, the polygynous condition was first found by
Williams and Lofgren in Marion County (Ocala) . From this first
reported finding 2 years ago, we can now report that the
polygynous condition has been positively found in 8 other
counties and is suspected to occur in another 4 counties. (Slide),

Some recent reports by the Florida Department of
Agriculture, Division of Plant Industry, indicate that in areas
where control failures with Amdro bait have occurred, the
populations were found to be of the polygynous type. This has
happened in at least 3 cases in various parts of the state. A
very serious aspect of the problem is that once single-queen
colonies have been eliminated from an area consisting of mixed
populations, the surviving polygynous colonies are free tp expand

without any competitive restraints.

One point which may interest you is that in an area of
Alachua county which was recently found to be in the polygynous
condition, 9 queens were removed from a single mound. Other
gqueens were left with the parent mound. When the queens were
weighed before dissection, it was discovered that the range o+
weights went from 13mg to 19.5 mg. In addition, the workers did
not exihibt the uniformity of size usually associated with the
multiple queen condition. At this time we do not know if this
represents the beginning of the multiple queen condition or the
end of one in this particular area.

18
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E+fect of Logic Upon the Sueen

The Environmental Protection Agency granted registration in
late 1985 to a new bait called Logic for control of the red and
black imported fire ants, Splenopsis invicta Buren and S,
richteri Forel. The active ingredient in Logic is an insect
growth regulatar, fenoxycarb (Ethyl
[2-{p-phenoxyphenoxy)} lcarbamate) (Maag Agrochemicals RO
13-5223). Fenoxycarb is one of a group of chemicals synthesized
with a carbamate moeity that has shown juvenile hormone activity
against a variety of insects [1,2]. The compound has shown
excellent activity against the red imported fire ant in the
laboratory and field [3,4). Although the exact mode of action o+f
the chemical against fire ants is unknown, 3 factors given by
Banks et al. [4] contribute to its efficacy, (1) direct toxicity
upon existent brood or disruption of the life processes of
developing larvae or pupae, {(2) drastic reduction or cessation of
e9q production by the colony gqueen, and (3) a shift in caste
differentiation from worker to sexual form.

Our present study involves the question of whether
suppression of egg production is due to direct effects of
fenoxycarb on the reproductive system of the queen or to other
extrinsic factors impinging on the queen.

Materials and Methods

Twenty-seven laboratory colonies of red imported fire ants,
consi=ting of a queen, 20 to 30 ml of immatures, and 40-60,000
worker ants, were each fed 0.3 ml of once-refined soybean oil
containing 2.0% fenoxycarb (10 mg/colony active
ingredient). Three additional colonies of comparable size were
used as untreated controls and were given an equal volume bf neat
soybean 0il. The oil solution was administered in micropipets
from which the ants drank. Ingestion of the o0il solution was
complete within 24 hr after which the ants were returned to the
normal laboratory diet [35]. The colonies were maintained in the
laboratory at 27 # 2 C. .

At weekly intervals through 8 wk the queens from 3 treated
colonies were gsacrificed, the ovaries removed and observed, and
the ovaries fixed in Kahle's fixitive., After fixation, the
aovaries were embedded in paraffin (mpid? C),. The tissue was
sectioned at BSum and stained with Harris's hemotoxylin and
ensin. Three normal colony queens were also sacrificed and fixed
to serve as controls. The remaining 3 colonies were held for
observation of treatment effects on the colonies.

20



study alsc in Texas by J.M.Lammers and S5.EBE.Vinson indicated
that some detrimental effects were caused on nontarget ant
species by Pro-Drone.

Because Logic (Maag Rgrochemirals) and Affirm (Merck &
Company), both fire ant bait toxicants, had shown control
effects on fire ant colonies that were differert thar Smoro
and Pro-Drone, we initiated a study with the follawing
objectives:

(1) What effects if any, will these two fire ant bait
toxicants have on natural populatiors of nontarget ants;

(&) If seme ant species are affected by one or both of these
baits, will their populations returrn to pretreatment levels;
and |

(3) Will plots itreated with Logic and/or Affirm beccne

infested with §. invicta.

MATERIALS AND METHODS
All plots in the study were set up on 36 acres of improved
pasture with mixed pasture grasses on the Santa Fe
Correctional Farm property in Rlachua County, Gainesville,
Florida. To our knowledpge, this property has not had any
insecticide treatments for at least 4@ years and probably
has riever had insecticides applied tco it. The study was
began in May 1983 with the first of twe pretreatment sampies

recorded. Rll baits were applied in August 1983.

There were nine 4-acre plets that were treated. Three plots

were treated with Logic at a rate of 1b of bait (4 grams RI)
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per acre, three plots were treated with Affirm (1b of bait-
Sémg RI per acre), arnd three plots desigrated as the checks
were treated with only the soybear ail-corn grit bait but
without arny toxicant (lb per acre)

Within the center of each 4-acre plot, a i-acre (square)
arga containing three 1/8-acre cirecles was used as the

evaluation area.

Evaluatiorn of the ant populations was undertaker every twa
morths using three sampling methods; rest counts, pitfall
traps, and scil core samples.

Nest counts are made by havirng 4-9 individuals form a line
along a measuring tape stretched from the center of each
1/8~acre circle out to its edge. The tape is then slowly
moved in an arc while all individuals search for and
identifies each ant rest arnd also measures the aistance from
the center of the circle of each ant nest. Ij addition, the
diameter of all fire ant nests is recorded. The individual
standing at the center of the circle, plots the lccation of
each ant nest by using the compass—-table device described by
Brown et al. 1980 (Fla, Entomol. 63: 257-258).

Pitfall trap locations were determined by gsing a computer
program designated to select random points. Three pitfall
traps per i/8-acre circle were operated for a week during
the sampling month. In order to minimize disturbance during
this long-range project, a PVC pipe (3 1/2 inch diameter)
sleeve was inserted into each pitfall trap hole. The sleeve
gave protection and reduced maintenance of the holes. A
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rainfall cover was placed over each trap. An 8 oz plastic
cup was inserted into the hole and filled with & oz of 79%
isopropyi. Rt the end of the one week sampling period, the
samples were brought back to the laboratory for sorting anc
storage.

Scil core samples were utilized to survey populationms of

and & points along each radius were randomly determined for
each 1/8-R circle by a computer propgram. At esach one of the
& points, a 6~in core sample was taken using a 3/4~in
diameter soil sampler. These samples were then returred to
the laboratory and the ants removed using the magnesium

sulfate suspension method..

The data were analyzed using General Lirnear Models in the
Statistal Analysis System (S5AS) ( Melwig & Council 1979).
The effects of treatment and species X weeks(time) and
sampling method were tested for all plots. Alsc, the
interactions between these were analyzed.

Core sample analysis was based on the percent of each sample

that contained Diplorhoptrom spp.

During twc and cre-half years of the study, a total of 18
species of ants were collected using mest counts and 23

species were collected using the pitfall sampling method.
Two species of the 18 recorded in the nest count sampling

method were not found in pitfall traps while 7 species
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collected in the pitfall traps were not seen using the nest
courit method,

Df the total species collected, regardless of the saMpling
method used, only 5 species occurred frequently erncugh
throughout the study to analyze their populations. The large
majority of the speciss cccurred so infrequent and in such
small riumbers as to render analyses of their populations

difficult.

In conclusion, both Lcgic and Affirm reduced many of the
nantarget ant populations. However, the populations of all
ant speries affected by these two toxicanmts have returned to
pretreatment levels with some species ccocurring in greater
numbers than before treatment. A few large 3. invicta
colonies have appeared in three of the evaluation circles (2
treatment and 1 check) in the study area. These fire ant
colonies were older, mature colonies and thus, were not from
newly-mated queens but from migrations into the evaluation
circles of nearby established colonies. Although numerous
newly-mated 8. inviectia gqueens from recent mating fiights

were observed landing in treated plotsy no rew colonies were

found in these areas.
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THE EFFECT OF AN INSECT GROWTH REGULATOR (PRO-DRONE) ON SOLENOPSIS NVICTA BUREN
(HYMENOPTERA: FORMICIDAE) AND NON-TARGET ANTS

“Sherman A. Phillips, Jr. and Harlan G. Thorvilson

ABSTRACT

Large-scale field trials of an insect growth regulator (Pro-Drone) were conducted in
southeastermn and southcentral Texas in 1983 and 1984 against the red imported fire ant
(RIFA), Solenopsis jnvicta Buren. Two aerial applications of Pro-Drone at the rate of 11.86 g
Alha in Kerr and Kendall Cos. had no significant effect on the RIFA nor on non-target ant species
in four distinct ecological communities. The use of monthly pitfall sampling did not detect
significant differences in species richness, mean number of species, or the number of species
within paired habitat types between control and treated plots. However, two aerial applications
of Pro-Drone at the rate of 11.86 g Al/ha significantly and effectively reduced RIFA infestations
in Chambers and Jefferson Cos. In addition, observations on the rate of bait removal at the time
of application revealed that the Pro-Drone bait was removed by RIFAs within the first few hours
of application. Since the RIFA was the only arthropod observed foraging of the bait, we conclude
that at least the majority of the bait was reaching the target ant.

INTRODUCTION

More than 3,000 chemicals have been evaluated for control of the red and black imported
fire ants (IFA), Solenopsis invicta Buren and S, ricteri Forel, since Congress initiated the
Federal-State Cooperative IFA eradication program in 1957 (USDA 1976). Of those compounds
tested, the most effective were the diene-organo—chlbrine insecticides. However, environmental
persistence and harmful effects on non-target organisms led the Environmental Protection
Agency to cancel registration of these cyclodienes, culminating with Mirex in 1977 (Banks and
Schwarz 1980). Since then, intensive research aimed at finding altemative control agents has
been implemented. Recently, insect growth regulators (!GRs), with juvenile hormone activity,
have warranted further investigation. Though these compounds are non-toxic to $. invicta
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adults, they do cause deformities in the larvae which are expressed in the adult ant. These IGRs
influence imported fire ant fecundity, metamorphosis, and caste determination (Troisi and
Riddiford 1974, Vinson et al. 1974, Vinson and Robeau 1974, Robeau and Vinson 1976, Banks
et al.1978, Banks and Schwarz 1980, Banks and Harlan 1982, Banks et al. 1983).
|GR-induced deformities, death of developing larvae, and a shift in caste differentiation from
worker to reproductive forms cause a cessation of worker replacement, resulting in death of the
colony (Banks et al. 1983).

Of twenty-six IGRs tested for efficacy against laboratory colonies of S, invicta, one of these
compounds (A13-36206) caused 75% colony mortality (Banks et al.1978). Therefore, this
IGR [1-(8-methoxy-4, 8-dimethylnonyl)-4-(1-methylethyl) benzene], developed under the
trade name of Pro-Drone, was subjected to large-scale field trials {(ca. 53,000 ha) in
southeastern Texas. In addition, large-scale field testing of this compound was also conducted in
Kerr and Kendall Cos. during 1983 to determine the effect of Pro-Drone on non-target ant
species. This paper presents the results of our findings.

MATERIALS ANDMETHODS

Effect on non-target ant species

Large-scale field testing (ca. 200,000 ha) of Pro-Drone was conducted in Kerr and Kendall
Cos., Texas. A standardized bait formulation {Stauffer Chemical Co., Westport, CN) was aerially
broadcast at a rate of 11.86 g Al/ha 10-20 June 1983 and a second time 26 Sept.-1 Oct. 1983.
Based on accessibility, landowner cooperation, and differences in predominant vegeiation, eight
study sites were selected - four sites in the treated area and four correspondingly similar sites
in the untreated area. The four habitat types were juniper-grassland, live oak-grassland,
grazed pasture-grassland, and southern cypress-grassland communities. Three treated sites
were in Kerr Co., whereas the fourth (southem cypress-grassiand community) was located in
Kendall Co. Although the control juniper-grassland and live oak-grassland communities were
also in Kerr Co., the control southern cypress-grassland and grazed pasture-grassland
communities were located in Bandera Co., immediately south of Kerr Co.

A line transect of 20 pitfall traps (437 ml plastic cups containing ethylene glycol placed ca.
5 m apart) was established in each site. Twenty traps were considered the necessary number to
sample the ant fauna in each of the four vegetational communities (Wojcik, personal

89



communication). An asphalt roofing shingle was secured above each trap to form a protective
cover (Martin 1978). Traps were placed in the fieid every 3 wks for a period of 7 days from
May 1983-April 1984. All ant specimens trapped were identified and tallied. However,
several specimens could not be identified to species because key couplets require information as
to whether the specimen was from a dimorphic or polymorphic colony (Creighton 1950).
Identifications were verified from determined specimens in the Entomological Collection, The
Museum), Texas Tech University. Voucher specimens have been preserved and deposited in that
collection. .

The complete block design consisted of 2,080 subsamples (260 traps/site: 8 sites)
coliected from the 13 sampling periods (July consisted of 2 sampling periods). Since all
experimental units (number ot species or number of individuals within a species) were
subjected to a set of standardized conditions and therefore treated alike, the mean number of
species or individuals within a species occuring each month within each of the four habitats
(blocks) was plotted through time for both the treated and control areas (Gill 1978). Analysis
of covariance was performed to test the homogeniety of regression coefficients. Data were next
analyzed by simpie regression followed by a Student's t-test for homogeniety of the two
regression slopes. Also, the mean number of species occurring each month for the first six
months in the treated and untreated areas were compared by Student's paired ttest, as was the
mean number occurring the last six months (Steel and Torrie1980). Comparing species
richness among treatments for the first six months and again tor the last six months allowed
sufficient replications of samples over time, while minimizing variation resulting from
phenological fluctuations (Samways 1983).

Efficacy on larget ant species

A large-scale field test {ca. 53,000 ha) of Pro-Drone was conducted in Chambers and
Jefferson Cos., Texas. A standardized bait formulation (Stauffer Chem. Co., Westport, CN was
aerially broadcast at a rate of 11.86 g Al/ha during late October, 1983, and a second time
during late March, 1984. The fall application was timed to weaken the colony before the onset of
cold weather, whereas the spring application was timed to maximize product effect on colonies
already weakened by the combined actions of the first application and the effect of winter. Based
on accessibility and landowner cooperation, ten study sites were selected in grazed, coastal
bermuda grass habitats; five sites in the treated area and five sites in the control area. Within
each site, six 0.1 ha non-overlapping circles were randomly located. RIFA mounds within each
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circle were identified with an individual number and the pretreatment location of each mound
was recorded according to compass heading (degrees) and distance (meters) between mounds.
The control and treated circles contained a fotal of 289 and 291 RIFA mounds, respectively.
Colonies were rated by opening the mounds with a shovel, estimating the number of observed
workers, and noting the presence or absence of worker brood. The RIFA mound-rating system
described by Harlan et al. (1981), as modified by Lofgren and Wiliiams (1982), was used to
obtain a population index for each circle.

The RIFA mounds were monitored for approximately one year. Each mound was rated
pretreatment (21 - 22 Oct., 1983), and again at 3, 8, and 10 months after the first treatment
(27 - 28 Jan.; 18 - 19 June; and 30 Aug. - 1 Sept., 1984). The sum of all mound ratings
within each circle was calculated and designated as the population index (P1) for each site.
Analysis of the differences between pretreatment and postireatment ratings of circles was by
Student's paired t-test (Steel and Torrie 1980). Also during the 10-month postireatment
rating, all 0.1 ha circles were again surveyed to determine if the original mounds had
fragmented, or if new mounds had been established by newly-mated queens.

Rate of bait removal

Within the freated area, three disjunct sites, separated by 3 -8 km, were located in
improved pasture. Approximately 5 h prior to aerial application of Pro-Drone, all vegetation
was removed from eighteen 1-m2 randomly-selected plots (six plots within each site). A
standardized bait formulation of Pro-Drone (once-refined soybean oil + IGR incorporated into
pregel, defatted comn grits) was aerially broadcast at the rate of 11.86 g AVha on 21 Oct. 1983.
The number of bait particles falling within each cieared 1-m? plot was recorded. Colored pins
were placed adjacent to each bait particle to mark its location. The rate of bait removal by
foraging RIFAs was monitored at 30 min intervals until all bait was removed. The bait removal
rate was expressed as percent of total grits remaining through time. Site A was treated at 1230
h and a total of 383 grits (x = 63.8) were located in the six plots. Since both sites B and C were
treated at 1600 h by 9 aircraft, data from these two sites were combined and totaled 451 grits
(x = 37.6) in all six plots. Data obtained from all sites were analyzed by simple linear
regression.
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RESULTS AND DISCUSSION

Effect on non-target ant species

Twenty-four taxa representing five subtamilies {Dolichoderinae, Dorylinae, Formicinae,
Myrmicinae, and Ponerinae) were detected in this year-long study (Table 1). Each taxon
identified from the eight study sites was found in at least one community from both the test and
control area. Based on frequency of capture, S, invicta appears to be the dominant species, in
that it was detected a total of 71 times. The most frequently detected non-target ants were
Pheidole sp., Monomeorium minimum (Buckley), Paratrechina melanderi (Wheeler),
Bachychondyla harpax (F.), and Eorelius pruinosus (Roger).

Table 1. List of the 24 ant species in descending order of occurrence detected in treated and
untreated areas from May 1983 - April 1984. (260 collections/site: 4 sites/area).
Each taxon identified from the study was detected in at least one community from both
the test and control area.

' No. Times Detected |
SPECIES Treated Untreated Total

Solenopsis invicta Buren 35 36 71
Pheidole sp.2 29 35 64
Monomorium minimum (Buckley) 25 35 60
Paratrechina melanderi (Wheeler) 26 31 57
Pachychondyla harpax (F.) 20 25 45
Forelius pruinosus (Roger) 16 21 37
Atta texana (Buckley) 14 19 33
Crematogaster laeviuscula Mayr 12 20 32
Forelius foetidus (Buckley) 11 19 30
Solenopsis (Diploroptrumn) 12 15 27
Solenopsis geminata (F.) 3 22 25
Pogonomymex barbatus (Smith) 13 10 23
Conomyrma bicolor (Wheeler) 12 10 22
Leptogenys elongata (Buckley) ‘ 11 10 21
Labidus coecus (Latreille) 7 13 20
Odontormachus darus Roger 16 3 19
Conomyrma insana (Buckley) 8 5 13
(Continued)
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sp.2 5 7 12
Strummigenys louisianae Roger 6 6 12
Neivamyrmex opacithorax (Emery) 1 8 9
Tetramorium spinosus (Wheeler) 6 3 9
Crematogaster punctulata (Emery) 1 7 8
Brachymyrmex depilis Emery 2 3 5
Myrmicina americana Emery 3 1 4

' Maximum possibie times detected: 96 (8 sites sampled monthly for 12 months). Each trap is
a subsample of the transect.

2 Unable to identify to species (See text).

Analysis of covariance indicated that the variance in species richness among subjects (blocks)
was the same at each sampling point in time (months) and, therefore, the covariance for any two
sampling points were homogeneous (Gill 1978). Because of this homogeniety of variance among
biocks, the mean number of species occurring in each community for the test and control could
legitimately be regressed through time (Fig. 1). Regression indicates that the relationship
between species richness and time in both test and control areas was linear (P<0.01). In
addition, the high coefficients of determination (control: 2= 0.92; test: = 0.92) indicate
that the linear model describes the data well for both treatments. Test for homogeniety of
regression slopes between test and control indicates no significant difference (t = 0.059; df. =
20; P>0.05). Therefore, species richness in the test area was no different than that of the
control area through time.
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Fig. 1. -Effect of Pro-Drone on mean number of ant species from May 1983-April
1984. Data analyzed by simple linear regression.

Replicating species richness through time (Table 2) and comparing means detected between
test and control areas for the first six months, no significant difference was detected {t = 1.07;
d.f. = 10, P>0.05). Additionally, no significant difference was detected in means between
treatments for the last six months {t = 2.04; d.f. = 10; P>0.05). Finally, no significant
ditferences were detected in species richness of the habitats or subfamilies detected in this study
between the test and control areas through time, nor in the number of individual per species
(including S. invicta) between the two treatments through time.
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Table 2. The effect of Pro-Drone on species richness of ants in Kerr and Bandera Cos. Texas
(1983-1984). Treated and control areas were compared to each other for the first
six months as were the treated and control areas for the last six months (Student's

paired t-test).
Mean No. Ant Species
First 6 Months Last 6 Months
(May - Oct.) (Nowv. - April)
Treated Untreated Treated Untreated
11.25 11.50 4.00 6.25
10.50 10.50 1.75 4.50
12.75 16.75 2.00 3.00
10.25 13.25 1.25 275
9.00 10.25 2.00 3.00
7.00 8.00 1.25 " 2.00
t=1.07N.S. t=204N.S.

Student's paired t-test (P>0.05; df = 10; critical t = 2.228)

Various researchers have utilized pitfall traps to study the foraging behavior of fire ants and
the community structure of other ants (Apperson and Powell 1984; Samways 1983). Although
various problems are associated with interpreting arthropod sampling by this techrique, the
method does provide reliable information as to annual periodicity of activity and species
compaosition of a community (Adis 1979). In addition, pitfall traps allow for the relative
comparison between different areas of a habitat within the same sampling periods. As noted
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from Table 1, species richness of the two treatments for the entire year were the same,
indicating that the two localities were homogeneous. Four distinct habitats were chosen in each
area to detect as many species of ground foraging ants as possible.

Although the posttreatment number of species detected each month was lower in the treated
than in the control area, the numbers detected pretreatment were also lower. The largest
numbers were detected at the beginning of the study probably because the greatest foraging
activity occurred in May and June. This decline in number of species through time was most
likely a lack of detection of the less common species as a result of an overall decline in foraging
activity with the onset of cooler weather, and not the result of Pro-Drone application. Foraging
activity continued to be negatively impacted by the unusually low winter temperatures and
extremely dry spring. Therefore, the number of species detected did not increase with the onset
of spring as would normally have been expected. However, since neither the number of
individuals within each species nor the number of species in each habitat or in each subfamily
was significantly lower in the treated area than in the control area, Pro-Drone apparently had
no significant effect on the ant fauna (non-target and target species) in Kerr and Kendall Cos.,
Texas.

Efficacy on target ant species
Control sites ,

The 3- and 8-month posttreatment control ratings (Table 3) were each significantly
different (P<0.01) from the pretreatment control ratings. These differences were expected
.because the 3- and 8-month readings occurred during the winter and spring months,
respectively. The lower ratings were likely caused by reduced brood rearing during the cooler
seasons of the year. Even the low ratings at 8-months posttreatment (as evidenced by Pls)
indicate that colonies had not yet recovered from the effects of winter. However, a general
increase in Pl from the 3- to 8-month recordings was noted, indicating colony recovery at the
control sites. Finally, the 10-month difference in individual mound ratings compared to
pretreatment mound ratings was not significantly different (P>0.05). This recovery would be
expected, since the final mound ratings occurred during the same season (different year) as the
pretreatment ratings.
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Table 3. Large-scale field test results of aerially applied Pro-Drone against the red imported
fire ant, S. invicta, in Jefferson and Chambers Counties, Texas (1983-1984).
Posttreatment Pls in control sites were compared to pretreatment Pls in control sites.

No. Mounds
controls Population index Population index
Pretreatment Posttreatment
3-months  8-months 10-months
(43} 198 87 451 100
(38) 265 125 211 76
(72) T 788 201 218 782
(65) 628 173 437 712
(71) 865 249 538 785
Student's paired t-test (P<0.01; df=29) {=6.48"* t=2.9 t=2.03ns
Treated sites

The 3, 8, and 10-month posttreatment ratings from the treated areas (Table 4) were
significantly different (P<0.01) from pretreatment ratings. Although the 3- and 8-month Pls
were expectedly lower because of cooler winter and spring weather, the 10-month reading is
also significantly lower (P<0.01) than the pretreatment reading. Mound monitoring was
unnecessary after the 10-month rating for the following two reasons: lower Pls would not be a
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function of treatment, but a function of colony phenology due to lower winter temperatures;

and, effects of this IGR would be detectable within one year of initial treatment. Because colonies
from the 10-month control locations (Table 3) fully recovered and the treated colonies (Table
4) had not recovered, the decline in Pls for the treated colonies is attributed to the treatment.

In addition, 236 colonies in the treated area were dead, whereas only 70 dead colonies were
recorded from the control area, resulting in 81.1% and 24.2% mortality, respectively. Colony
death in the control area is attributed to natural mortality. Finally, no worker brood was
detected in any of the treated colonies (0.0%}), whereas 133 control colonies (46.0%) contained
worker brood.

Table 4. Large-scale field test results of aerially applied Pro-Drone against the red imported
fire ant, S. invigta, in Jefferson and Chambers Counties, Texas (1983-1984).
Posttreatment Pls in treated sites were compared to pretreatment Pis in treated sites.

No. Mounds
treatment  Population index Population index
Pretreatment Posttreatment
3-months 8-months 10-months

(42) 580 129 196 23
(95) 1087 - 337 7" 9
{43) 428 115 103 18
(64) 626 210 327 25
47) 364 138 196 8

Student's paired t-test (P<0.07; df=29) =6.9" =54  t=7.8"

Rate of bait removal

RIFAs removed ca 50% and 70% of the IGR bait ca. 1 h after the 1230 h (early) and 1600 h
(late) applications, respectively (Fig. 2). Fourand one-half hours elapsed from the early
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application before 90% removal occurred, whereas 90% bait removal occurred within 2.5 h of
the late application. Since higher ground and air temperatures existed at 1600 h (g=27C;a=
29 C) compared to 1230 h (g = 20 C; a = 23 C), greater numbers of foragers would be expected
at that time. Therefore the steeper negative slope value (-0.46 as comparred to -0.20)
indicates greater foraging activity. Test for homogeniety (t = 2.17; df = 17) indicates that the
slopes are significantly different (P<0.05). The high coefficients of determination (Site A: ré=
0.88; Sites B and C combined: = 0.87) indicate that the linear mode! describes the data well
during both time periods. Therefore, these coefficients indicate that the RIFA was thoroughly
"canvassing” the sites and that bait removal was a function of time.
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Fig. 2. Percent insect growth regulator (Pro-Drone) bait remaining every
30 min. at three disjunct locations in red imported.fire ant, Solenopsis
jnvicta, infested area, 21 October 1983 (data from sites B and C are combined--
see text),
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Condlusion

In conclusion, no effect was detected on either the non-target ant species or the target pest
(RIFA} in Kendall and Kerr Cos., Texas, as a result of the Pro-Drone application of 1983.
However, Pro-Drone significantly reduced the population index of the red imported fire ant, S.
invicta, in Chambers and Jeflerson Cos., Texas, between 1983 and 1984. In addition, no
fragmentation of treated colonies was detected 10-months posttreatment. Finally, although
Pro-Drone bait is formulated for RIFAs, other "oil-loving” ant species may be attracted to the
bait. However, we observed no other invertebrate nor any vertebrate species foraging on the
baits. Since all of the bait was collected by the foraging RIFA within a short time period, we
suspect that at least a large majority of bait-formulated Pro-Drone reached the target
organism. Therefore, these data indicate that Pro-Drone may be an effective control tactic for
use against the red imported fire ant.
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