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Field trials were conducted in 1988 to evaluate the

effectiveness of Steinernema (=Neoaplectana) carpocapsae

(Weiser) in controlling the fire ant. Infective juveniles

(IJ) of the nematode were applied as drench on 235 and 422

mounds, respectively for 2-month summer and 6-week fall

evaluation periods. In comparative trials, amidinohydrazone

(Amdro) was applied to 249 (summer) and 65 (fall) active

mounds, with 245 (summer) and 78 (fall) untreated active as

controls. Nematode treatments resulted in an average of 47%

control (Abbott's formula) in summer trials and 19-88%

control in the fall trials, compared with 39% and 47%

control, respectively with amidinohydrazone. Active

mounds treated with nematodes or amidinohydrazone had

significantly fewer individuals than control mounds in

summer trials.
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INTRODUCTION

The red imported fire ant, Solenopsis invicta Buren, is

a major medical and agricultural pest that infests much of

the Southern United States. Initial efforts to develop

control strategies for the species focused on chemical

toxicants (Williams et al. 1980). Within the last decade,

research has shifted to insect growth regulators (Banks et

al. 1988) and biological control agents (Vander Meer 1988).

The entomopathogenic nematode, Steinernema

(=Neoaplectana) carpocapsae (Weiser), represents a biologi-

cal agent that has produced economic control of other soil-

dwelling insects such as white grubs and mole crickets

(Poinar 1979, Gaugler 1981, Bradford et al. 1988, Hudson et

al. 1988) suggesting a potential for use to aid control of

the fire ant. No large-scale field trial had been conducted

with S. carpocapsae prior to this study.

Arrangements were made in spring 1988 with Biosys

Company of Palo Alto, California to test the efficacy of

commercially produced S. carpocapsae to control S. invicta

at several locations in North Central Texas. Trials were

conducted during the summer and fall of 1988.

1



LITERATURE CITED

Banks, W.A., D.F. Williams and C.S. Lofgren. 1988. Effect-
iveness of fenoxycarb for control of red imported fire
ants (Hymenoptera:Formicidae). J. Econ. Entomol.
81: 83-87.

Bradford, M.R. Kard, F.R. Hain and W.M. Brooks. 1988. Field
suppression of three white grub species (Coleoptera:
Scarabaeidae) by the entomogenous nematodes Steinernema
feltiae and Heterorhabditis heliothidis. J. Econ.
Entomol. 81: 1033-1039.

Gaugler, R. 1981. Biological control potential of
neaplectanid nematodes. J. Nematol. 13: 241-249.

Hudson, W.G., J.H. Frank and J.L. Castner, 1988. Biological
control of Scapteriscus spp. mole crickets (Orthop-
tera:Gryllotalpidae) in Florida. Bull. Entomol. Soc.
Am. 34: 192-198.

Poinar, G.L. 1979. Nematodes for biological control of
insects. CRC, Boca Raton, Fla. 277 pp.

Vander Meer, R.K.. 1987. USDA fire ant research project
annual progress report (10/1/86 - 9/30/87), p. 24-
30. R.K. Vander Meer (ed.), Attini, an international
newsletter on pest ants,. No. 18: 24-30.

Williams, D.F., C.S. Lofgren, W.A. Banks, C.E. Stringer, and
J.K. Plumley. 1980. Laboratory studies with 9 amidino-
hydrazones, a promising new class of bait toxicants for
control of red imported fire ants. J. Econ. Entomol.
73: 793-802.

2



3

Figure 1. S. carpocapsae infective juveniles emerging
from insect cadaver
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CHAPTER I

USE OF THE ENTOMOPATHOGENIC NEMATODE

FOR CONTROL OF THE RED IMPORTED FIRE ANT

The red imported fire ant, Solenopsis invicta Buren, was

introduced into the United States in 1940 from the Paraguay

River floodplains of western Brazil, apparently in produce

shipped through the port of Mobile, Alabama. The less

aggressive black imported fire ant, Solenopsis richteri

Forel, was introduced twenty-one years earlier from Argen-

tina through the port of Mobile, and has remained restricted

to the northern two thirds of Mississippi and Alabama and

the northwestern portion of Georgia (Vander Meer 1987). With

no natural predators and a reproductive capacity almost

unsurpassed among ant species, the adaptable fire ant has

colonized over 52 million hectares in 11 states from Florida

to Texas (See Appendix A) and is considered a serious

medical and agricultural pest (Banks et al. 1989).

The tropical fire ant, Solenopsis geminata (Fabricus),

may have been introduced, but is considered a native ant.

The southern and desert fire ants, Solenopsis xyloni McCook

and Solenopsis aurea Wheeler, are truly native. These three

species are not considered pests.
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Life Cycle of the Red Imported Fire Ant

Fire ants are difficult to control and this can be

illustrated by describing their life cycle. Ants belong in

the family Formicidae and are considered the most widely

distributed and abundant of the social insects (Wilson

1971). Social insects are defined by Wilson (1971) as having

individuals which cooperate in caring for young, reproduc-

tive division of labor (castes) and an overlap of at least

two generations where offspring assist parents. Ants can be

distinquished from other Hymenopterans by a narrow pedicel,

which is part of the abdomen, located between the thorax and

gaster, and elbowed antennae, with the first segment

elongated. Ants are thought to have originated from primi-

tive tiphiid wasps.

Fire ants belong to the subfamily Myrmicinae which are

distinguished from other ants by a two-segmented pedicel,

with the segments called the petiole and post-petiole.

Antennae and carinae are used to identify genera. Fire ants

are included in the genus Solenopsis, which are charac-

terized by 10-segmented antennae with a 2-segmented club and

a conspicuous sting. Native fire ants differ from imported

species by having a smooth mesopleuran, an anteroventral

tooth beneath the petiole or strongly incurved mandibles

(Vinson and Sorensen 1986).
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The life stages of S. invicta include the queen, or

queens, eggs, larvae (four instars), pupae, reproductives

and workers. The life cycle is multivoltine in temperate

climates with a winter dormant period. The winged reproduc-

tives (alates) of a colony will swarm the morning after a

rain, provided the temperature is above 240C and not windy.

The males will hover in swarms 90 to 250 meters (300 to 800

feet) above the ground, mate once with females who fly up

through the swarm, then die.

Queens, fertilized with approximately 12 million sperm,

are thought able to fly up to 32 kilometers (20 miles)

seeking a moist area to land, but usually fly less than a

kilometer. Mortality of the queens, due to predation or

drowning, may be as high as 99% (Vinson and Sorensen 1986).

Mated queens sometimes spread in excess of 32

kilometers by landing and being carried on the surfaces of

trucks and trains. This has been a major concern of state

agricultural inspectors in Western states. The early spread

of fire ants was due to transport on nursery plants and sod,

and this continues. Colonies are also known to build "rafts"

when nests are flooded by linking appendages and floating

off while surrounding the queen.

Queens land on soil, dealate, burrow into the ground 5-

13 cm and begin laying eggs. They produce 10-20 workers in

about 30 days, up to 85 in 60 days and 200 in 70 days. By



7

five months the colony can contain 1000 workers, and in a

year as many as 11,000. A mature queen may live 2-6 years

and produce an average of 400 eggs a day. A mature colony of

2 or 3 years can contain over 80,000 workers. The same

colony may also produce 4500 alates annually with 6-7 mating

flights (Vinson and Sorensen 1986).

The workers, all female, are classified as minors (head

width <0.72mm), medias (0.72-0.92mm) and majors (>0.92mm),

with lengths from 1.6 to 5.8 mm and life spans from 30-180

days. Age, not size, determines tasks with workers progress-

ing from nurses to reserves and foragers. Ten to twenty

percent of the workers are foragers. Inside the mound, the

eggs and larvae are moved by nurses to correct temperature

and moisture for development. With abundant food and water,

eggs hatch in 7-10 days, larvae molt 3 times in 6-12 days,

and the pupal stage lasts 9-16 days.

Foraging for food is done primarily at night and

consists mostly of insects, although fire ants will feed on

almost any type of animal or plant material. Fire ants

prefer proteins in the spring and oils during the summer and

fall. Soybean oil is a component of most baits. Solid food

is brought back to fourth instar larvae which secrete

enzymes to dissolve the food before "sucking" it up.

Proteins are then regurgitated to nurses who feed other

workers and the queen. Liquid food is stored by the workers
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in crops and passed through the colony by trophallaxis.

Potentially harmful micro-organisms as small as 1 An in size

are screened out in the buccal tube through a system of

ridges and hairs (Vinson and Greenberg 1986).

Worker behavior and caste determination within the

colony is regulated by pheromones released by the queen and

other members of the colony. Foragers release chemical

trails to food sources. Larvae release chemicals to stimu-

late grooming and feeding. Queens prevent new reproductives

from developing by releasing an inhibiting pheromone.

The typical fire ant mound is a conically-shaped dome

of soil, 6 cm in diameter and 4 cm in height, with foraging

tunnels extending out several meters in all directions, and

extending down to the water table. However, mound shapes are

conditional on soil and moisture conditions and cannot be

used to characterize fire ants. Heavy infestations of single

queen colonies can have densities of 40 mounds per acre.

Multiple queen colonies, more widespread than once thought,

can have mound densities exceeding 250 mounds per acre.

Queens of multi-queen colonies number from 20 to 60 or more,

produce fewer eggs, and workers are smaller and lighter in

color than those of single queen colonies (Greenberg et al.

1975).
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Medical Significance of Fire Ant Venom

Fire ants are so named because of their venom. To

sting, a fire ant worker will attach to prey with its

mandibles, then bend its abdomen to force its sting into

tissue. The venom produces an immediate burning sensation.

The major component of the venom is an oily alkaloid called

Solenopsin A. Alkaloids are toxic to cells and will cause a

pustule to form. If the pustule is broken by scratching,

bacteria may enter and an infection can develop. Fire ant

venom also contains proteins which cause allergic reactions

in some people. Of the millions stung each year, between

67,000 and 85,000 seek medical attention (Revkin 1989).

History of Fire Ant Control Measures

For 20 years, from 1957 to 1977, S. invicta was the

target of a large-scale control program with the neurotoxin,

ferriamicide (Mirex). It is now suggested that the reduction

of other ant species coincident with its use actually

increased the area of colonization by the imported fire ant

(Revkin 1989). This organochlorine was found to degrade into

residues harmful to aquatic and estuarine animals and

possibly carcinogenic (Jouvenaz et al. 1981). Cancellation

of Mirex registrations by the Environmental Protection
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Agency in 1978 led the United States Department of Agricul-

ture (USDA) to evaluate organic compounds such as amidino-

hydrazone (Amdro) that exhibited delayed toxicity (Williams

et al. 1980). Research had revealed that fast-acting liquid

poisons killed expendable workers, but were ineffective

against the brood and queens, and solid baits, fed directly

to fourth instar larvae, were likewise ineffective to other

stages if acutely toxic.

Amdro was the USDA standard until the introduction of

the insect growth regulator (IGR) fenoxycarb (Logic) in the

mid 1980s. Logic, one of a group of chemicals with a

carbamate moeity, was found to inhibit larval development

and shift caste determination within the colony from workers

to sterile reproductives (Banks et al. 1988). Further,

unlike N-ethyl and N-methyl carbamates, Logic did not

inhibit acetylcholinesterase, thus limiting its effect on

non-target organisms.

New chemical products targeted toward the fire ant,

including amidinohydrazone and fenoxycarb, have low water

solubility, degrade rapidly in sunlight with limited

environmental persistence. However, pesticides that are

insoluble in water can potentially bind to organic matter or

bottom sediments of aquatic systems. Also, there is the

potential for bioacummulation in lipids of organisms.

Conventional highly water-soluble pesticides are likely to
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be widely distributed in aquatic systems (Plapp 1981).

In addition to IGRs, more recent research efforts have

focused on biological control agents and formicides

(Jouvenaz et al. 1981, Vander Meer 1987). Coupled with the

discovery of multiple queen colonies among fire ants, and

the corresponding increase in population density (Glancey et

al. 1975, Revkin 1989), interest has grown in the testing of

control organisms having the potential for dispersal with

continued infectivity among the fire ant population. The

parasitic mite, Pyemotes tritici (Montane) was tested as a

control agent, but results were poor (Bruce and LeCato 1980,

Jouvenaz and Lofgren 1986, Thorvilson et al. 1987). The USDA

has attempted to propagate several parasitoids and myr-

mecophiles associated with S. invicta in South America,

including the mermithid nematode, Tetradonema solenopsis

(Vander Meer 1987, Nickle and Jouvenaz 1987).

The potential exists for the use of non-specific

entomopathogenic nematodes to aid in controlling the red

imported fire ant. Over the past decade, technology has

enabled nematodes to be commercially produced and made

available at low cost (Gaugler 1981). Non-pathogenic to

mammals, nematodes have been tested on a wide variety of

soil-dwelling insects such as white grubs and mole crickets,

demonstrating persistance of infection over time (Bradford

et al. 1988, Hudson et al. 1988). Field trials to measure
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the efficacy of Steinernema (=Neoaplectana) carpocapsae

(Weiser) (All.strain) for control of the fire ant appeared

warranted at the time this study was initiated.

Biological Control and Integrated Pest Management

The use of biological control agents, typically as part

of an integrated pest management (IPM) program, is often

characterized as "natural", as in the case of nematode use,

or "classical". Other examples of "natural" biological

control includes mass release of Trichogramma spp.

parasitoids against caterpillar pests, and fly parasitoids,

primarily Muscidifurax spp., against manure flies.

"Classical" biological control refers to the importa-

tion of the natural enemies from an introduced pest's native

environment. The first classical control program in the

United States occurred in 1888 when the vedalia beetle,

Rhodolia (=Vedalia) cardinalis, was collected in Australia

and released in California against the cottony cushion

scale, Icerya (=Pericerya) purchasi. The release was a

complete success. Since that time, more than 120 classical

biological control programs have acheived complete or

partial control of target pests (Luck 1981).

Biological control agents are more difficult to

evaluate than chemical controls because of the complexities
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of their production, marketing and use as controls. S.

carpocapsae was evaluated as a potential control for the

fire ant during the 1970s (Poole 1976, Quattlebaum 1979),

but large scale trials have never been conducted, possibly

due to production limitations or doubts about efficacy of

single mound treatments (Jouvenaz and Lofgren 1981).

Quattlebaum (1979) essentially found in 2 tria-ls that S.

carpocapsae achieved reduction in number of mounds from 22.4

to 96.8% after 14 days.

Integrated pest management has generally been con-

sidered the most effective, long-range solution to most pest

problems. IPM has been defined as "the optimization of pest

control in an economically and ecologically sound manner,

coordinating multiple tactics (including biological and

chemical) to maintain pest damage below injury level, while

minimizing adverse environmental effects" (Flint and van den

Bosch 1981). With the increased concern about non-point

source water pollution (see Water Quality Act of 1987, 40

CFR, part 131) and the health and environmental effects of

chemical toxicants in general (see Appendix B), it would

seem logical to test and evaluate a potential control agent

of the fire ant that could be incorporated into an IPM

program with the newer chemical controls now available.
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Life Cycle of Steinernema carpocapsae

The potential of S. carpocapsae as a biological control

agent for the fire ant can be illustrated by describing

their life cycle. Previously classified in the genus

Neoaplectana, taxonomists have recently reclassified the

species as Steinernema within the family Steinernematidae

(Edelson, 1989). This family has rhabditoid forms with

indistinct lips, reduced stoma, reduced pharyngeal bulb, and

males without bulsae. Steinernemids, formerly neoaplec-

tanids, have been studied and used as biological control

agents for many years. Aside than the genus Heterorhabditis,

no other known group of nematodes have a mutualistic

relationship with bacteria.

The steinernemids are characterized by (1) an infective

or "dauer" stage that seeks and infects insects, (2) a

bacterium that is able to develop within the insect host and

remain in the intestinal tract of the nematode symbiote

during formation of a second generation, and (3) the ability

of females (especially the first generation) to produce

large numbers of eggs for quick colonization of the insect

cadaver.

It is difficult to diagnose species in this genus due

to wide variability between populations of the same species.

Three of the least variable characteristics are the length
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of infective stage juveniles, the spine at the tip of the

adult males and the distance of the excretory pore from the

head end of the adult nematode. Strains refer to populations

collected from different geographic locations. The American

population of S. carpocapsae has been labelled the DD-136

strain. Poinar (1979) described the average length of DD-136

infective juveniles as 547 Am with an average width of 24

Am. Although Bradford et al. (1988) refered to the DD-136

strain as of the species Steinernema feltie Filipjev,

commercial producers refer to DD-136, All and other strains

as of S. carpocapsae.

Infection of an insect host by steinernemids can only

be initiated by the infective dauer stage. The primary

function of the infective stage juvenile is to reach the

body cavity of the host. Lacking stylets or any other parts

necessary for penetration through the insect's cuticle, only

natural openings, such as the mouth, anus, spiracles and

wounds can be used by the nematodes. S. carpocapsae infec-

tives orientate to the gradient of carbon dioxide emitted by

insect spiracles (Gaugler 1981).

Once inside the insect, mechanical pressure is used to

penetrate the hemocoel from the intestine, usually the

midgut wall. Those nematodes retaining their cuticle after

entering the insect lose it in the intestinal tract before

penetration.
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The nematodes initiate development as soon as they

enter the host's hemocoel. They injest hemolymph, develop

into the parasitic third stage, and molt to the fourth stage

within a few hours. As soon as development begins, the

contents of the alimentary tract containing cells of the

mutualistic bacteria, Xenorhabdus nematophilus, are passed

into the insect's hemocoel. The bacteria multiply and spread

throughout the body cavity and establish favorable condi-

tions for nematode development (Smart and Nyugen 1986).

Sexes are separate in steinernemid nematodes. The

adults which arise from the infective stage are called first

generation adults, and depending on the size of the host are

usually much larger than subsequent generations. By the time

the adult nematodes are formed (3 to 5 days after entry),

the host is dead. Nematodes continue to feed in the cadaver,

which has darkened considerably. Mating occurs immediately

after the adults are formed. Copulation may require up to 1

hour during which time sperm and spermatocytes are trans-

ferred into the uterus of the female.

Egg development is rapid with fertile eggs deposited by

the females 24 to 48 hours after mating. The young first

stage juvenile continues its parasitic development with four

molts to the adult stage or it can develop into an infective

stage juvenile.

Second generation adults mate and produce a fewer
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number of eggs. Because of crowded conditions in the host

cadaver, most juveniles will develop into infective stage

juveniles. These infectives leave the insect cadaver and

enter the environment with symbiotic bacteria retained in

their gut lumen. The cycle takes 7-10 days and can produce

over 200,000 or more nematodes (Gaugler 1981, Hudson et al.

1988).

The nematodes' habits after entering the environment

are not well known. Because steinernemids "stand" poster-

iorly and wave, Poinar (1979) speculated that the free

living stage of S. carpocapsae migrates to the soil surface

for greater mobility. Their associated bacteria allow the

nematodes to develop in most insect species they can enter,

provided they are able to reach the hemocoel.

Previous Research with Steinernema carpocapsae

In a laboratory study using Neoaplectana dutky

(=Steinernema carpocapsae) (DD-136) at a concentration of

1000 ml/16 cubic cm, Poole (1976) found 100% susceptibility

of fire ant reproductives and brood within 24 hours.

Evaluation of life stages infected with concentrations of

40-1000 ml/16 cubic cm found a susceptibility order of:

larvae > pupae > male alates > female alates > media workers

> minor workers. In addition, he found larger brood to be



18

more susceptible than smaller brood.

In field trials, Quattlebaum (1979) pressure-injected

DD-136 nematodes into fire ant mounds at rates of 500K,

1000K and 2000K per 7.6 liters (2 gallons) of water. Mound

mortality levels ranged from 22.4 to 96.8% after 14 days

with greater reduction at higher concentrations.

Bradford (1988) injected and sprayed Steinernema

feltiae (=Steinernema carpocapsae) (DD-136, Mexican and All)

into pasture infested with white grubs. Grub mortality was

least variable with All strain. Reductions of 85, 84, 79 and

55% were achieved at rates of 54K, 108K, 269K and 538K

sprayed per m2. Injection results were more variable than

the results of spraying.

Larvae of the greater wax moth, Galleria mellonella,

were initially used to propagate (in vivo) strains of S.

carpocapsae in the 1960s (Gaugler 1981). Because the

symbiotic bacterium is able to convert a wide range of

proteinaceous substances into suitable media in vitro,

propagation methods were developed by Biosys using Terresorb

polymer soaked in pork kidney homogenate placed in 500 ml

flasks. The desired infectives protected by an ensheathing

cuticle are selected via a detergent wash that kills

unprotected adults. Dehydration of the foam leaves the

infectives "suspended" for shipment and rehydration before

application (personal correspondence from R. Miller 1988).
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A limitation on the use of S. carpocapsae as a biologi-

cal control agent is infective stage dessication in extremes

of moisture and temperature (Moore 1973, Gaugler 1981).

Commercial applications are limited to soil where environ-

mental conditions are moderated. Gray and Johnson (1983)

found the highest survival rate for S. carpocapsae at 300C

with no effect at moisture levels between 10-30%. Field

trials in this study were conducted on irrigated turf.

Fire Ant Control Problems

The ability of fire ant workers to screen out micro-

organisms, presumably including nematodes, and the mobility

exhibited by the colony, including the queen, present

significant control problems for biological agents. The

parasitic straw itch mite, Pyemotes tritici (Montane), was

considered a potential control agent for the fire ant

because of its high reproductive rate and parasitism (Bruce

and LeCato 1980), but difficulty with application and the

ability of the fire ant to avoid the mite led to disappoint-

ing results in field trials (Thorvilson et al. 1987). By

comparison, nematodes possess a wider host range and have

demonstrated persistence in the soil (Hudson et al. 1988).

However, presumably smaller workers would screen out

infective juveniles entering orally.
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Field Trial Hypotheses

Research by the USDA over the last 30 years has led the

Department to establish a population index to rate fire ant

activity. It has been determined that the rating can be

analyzed parametrically. A similar, yet simpler rating

system was used to evaluate mounds in my fieldtrials. Mound

activity rating (0,1) can be assessed by worker response to

disturbance (<12 = 0, >12 = 1) with a mean activity level

used to determine efficacy of control.

The hypotheses tested in my field trials were:

1) treatment with S. carpocapsae had no effect on fire ant

mound activity; 2) the treatments had no effect on the life

stages of the fire ant colony; and 3) there was no associa-

tion between environmental factors and the activity level of

treated mounds.
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CHAPTER II

BIOLOGICAL CONTROL OF THE RED IMPORTED FIRE

ANT BY STEINERNEMA CARPOCAPSAE

Over the last decade, strategies for controlling the

red imported fire ant, Solenopsis invicta Buren, have

evolved from acute toxicants to baits with delayed toxicity

or caste formation inhibition (e.g. amidinohydrazone,

Williams et al. 1980; fenoxycarb, Banks et al. 1988). An

integrated program that incorporates biological control

agents is the next logical step, especially with the

discovery of polygyny among populations of S. invicta

(Glancey et al. 1975).

Steinernema (=Neoaplectana) carpocapsae (Weiser) is a

widespread entomopathogenic nematode that attacks a variety

of insects (Poinar 1979). The infective juvenile nematodes

enter the natural openings of insects, penetrate to the

midgut, enter the hemocoel and release a bacterium, which

reproduces rapidly, causing septicemia to kill the insect.

The nematodes feed on the bacteria and their metabolites,

mature, mate and reproduce. A new generation of infective

juveniles exit to the soil to find new hosts (Smart and

Nyugen 1986). The interaction of soil moisture and tempera-

ture has been found to have significant effect on nematode
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survival (Gray and Johnson 1983).

In laboratory tests Poole (1976) found fire ants

susceptible to infection by S. carpocapsae (DD-136).

Quattlebaum (1979) achieved 22.4 to 96.8% control of active

fire mounds after 14 days by pressure injection of 500K,

1000K and 2000K per 7.6 liters (2 gallons) of water.

Selected strains of (principally DD-136 and All) have

been tested as control agents for many insects, including

white grubs (Bradford et al. 1988) and are commercially

available as a control for many soil-dwelling insects.

Trials using of the parasitic mite, Pyemotes tritici

(Montane), as a biological control agent did not reveal a

significant difference between treated and control mounds

(Thorvilson et al. 1987).

During the summer of 1988, field tests were conducted

on irrigated turf in North Central Texas to evaluate S.

carpocapsae (All) as a control agent for red imported fire

ants. S. carpocapsae treatments were compared with amidino-

hydrazone (Amdro) treatments, and controls to measure

percent reduction in active mounds, determine differences in

life stages of treated colonies and estimate mound activity.



MATERIALS AND METHODS

Infective juveniles of S. carpocapsae were obtained

from Biosys, Palo Alto, California in commercial packaging.

This consisted of a 0.946 liter (1 quart) container contain-

ing 10 million desiccated infective juveniles (IJ) on a

Terresorb polymer. Selected packages were rehydrated and

examined for nematode viability before application. Amidino-

hydrazone was purchased at retail outlets in Denton County,

Texas.

Turf irrigation and no immediate prior treatment were

requirements for selection of trial sites (Gray and Johnson

1983). All sites were located in Denton and Tarrant Counties

of North Central Texas. The sites included a water reclama-

tion facility, an electric plant, a municipal park, a golf

course, a junior college and the University of North Texas

campus.

A systematic block design was used with control blocks

separating the treatment blocks. Active mounds were located

and marked. Each replicate consisted of 4-8 naturally

clumped mounds. A minimum of 60 mounds were used per trial

(12 trials) and there were 3-4 blocks per treatment at each

trial (See Appendix C). At each trial site, containers

of infective juvenile nematodes were mixed with tap water to
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a dilution of 2 million per 3.8 liters (1 gallon). The

dilution of 2 million was applied as a drench with a

sprinkler can, while amidinohydrazone was applied per label

directions (5 tablespoons/mound).

Mounds were assessed at weeks 1, 3 and 6 for worker

response to external disturbance. They were assessed as

active (1 = >12 workers responding) or inactive (0 = <12

workers responding). Nematode treated mounds still active at

week 3 were retreated with an additional 2 million IJs (3.8

liters/mound). Random soil samples were taken during each

assessment to determine soil type and moisture content. Soil

type was determined by using the bouyoucous hydrometer

method and refering to the USDA Textural Triangle (Hausen-

builler 1978).

After the final assessment for activity (week 6),

randomly selected mounds (n = 166) were sampled with an 8.25

cm (inside diameter) pipe. This was pushed to a depth of 10

cm at the center of each mound. Samples were collected in

plastic bags and returned to laboratory for screening and

counting. Once in the laboratory, samples were washed

through a series of sieves (150 A= smallest mesh opening) to

separate life stages and fine soil. The presence of queens

and eggs, the number and sex of alates, and the number and

size of workers, larvae and pupae were recorded for each

sample. Workers collected from each trial were sent to the
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University of Texas Breckenridge Field Laboratory for

species verification.

Mean mound activity was averaged for each block and

trial. Mean activity levels were evaluated by analysis of

variance, followed by Duncan's multiple range test (1955).

Environmental factors, measured at three locations and

averaged, were analyzed for effect on activity, levels by

multiple correlation. The mean number of individuals in each

life stage was evaluated by multivariate analysis of

variance, followed by Duncan's multiple range test of those

life stages significant to the model.



RESULTS AND DISCUSSION

A dichotomous rating system (0,1) was used to assess

activity levels of fire ant mounds. This is a practical

method to assess a large number of mounds within a short

period. A similar rating system has been used Qn field

trials and evaluations via parametric statistics are

accepted (Williams et al. 1980). Soil types/environmental

factors varied among the 12 trials (Table 1).

Mean activity levels at week 6 for nematode, Amdro and

control mounds were 0.425 + 0.178, 0.478 + 0.167 and 0.794 +

0.159, respectively. These means were found to be sig-

nificantly different by analysis of variance (F = 16.98, df

- 2, p < 0.0001). However, Duncan's multiple range test did

not separate the mean activity levels of the two treatment

groups at 0.05 level. The use of Abbott's formula (1925),

based on 0.794 activity of control mounds resulted in an

estimate of 47% control for nematode treatment, which was

comparable to 39% control achieved by amidinohydrazone.

Activity levels at week 6 were variable among the

trials (Fig. 1). There was a significant negative correla-

tion between soil temperature and activity level of

nematode-treated mounds (Pearson correlation coefficient =

-.376, p = .023, Table 2). Gray and Johnson had found
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significant nematode mortality as soil temperatures in-

creased from 30 to 406C and a positive linear trend between

nematode survival and the interaction of soil moisture and

temperature. No correlation was found between activity

levels and soil moisture (Fig. 2). This suggests early

nematode mortality, or low rate of reinfection after initial

infection. Soil taken from probes of both active and

inactive mounds three weeks after treatment with S.

carpocapsae tested positive for viability by infecting

Galleria mellonella within 48 hours in 6 of 12 tests.

The mean number of individuals/mound was different

among treatments (F = 8.93, df = 2, p = 0.0008). The mean

number of individuals were 412.9 + 257.2, 113.4 + 133.6 and

160.5 + 143.6 for control, nematode and amdro mounds,

respectively. The mean number of workers were found to be

significantly between treatment and control mounds (F =

9.08, p = 0.001, Table 3).

Generally the two treatments reduced all life stages

below levels found in controls (Fig. 3). Duncan's multiple

range test did not separate the treatment groups, which

would indicate a similar reduction of life stages by the

nematode and amidinohydrazone treatments.

Colonies at several of the trial sites were suspected

as being multiple queen colonies because of mound density,

but excavation of several mounds did not reveal multiple
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queens nor did any probes yield multiple queens. Workers

collected at each trial were sent to the University of Texas

Breckenridge Field Laboratory in Austin and identified as

red imported fire ants, but it was not possible to determine

if they were from multiple queen colonies (personal cor-

respondence from S. Porter 1988).

Although the nematode treatment did compare favorably

with amidinohydrazone in reducing short-term mound activity

in these trials, more field research is needed to measure

the decline of fire ant colonies, both in number of mounds

and number of individuals in active colonies over a longer

time period. If it could be established that a residual

population of S. carpocapsae would infect future fire ant

populations, then treatment, possibly in conjunction with a

bait broadcast, would consititute a valuable addition to an

integrated control program.
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Table 1. Mean air temperatures, soil temperature, and soil
moisture 2 at week 1, 3, 6.

Trial Soil
Number Type3

1

2

3

4

5

6

7

8

9

10

11

12

a

a

b

a

c

c

b

c

c

c

c

c

Week 1

Air Soil Moist

30.1

30.1

30.3

28.5

28.3

28.1

30.2

29.9

30.1

30.1

30.0

28.7

29.0

25.7

28.2

28.6

28.9

26.2

29.5

27.9

27.5

28.7

27.0

27.8

5.4

13.2

20.1

7.7

10.1

12.5

5.9

9.1

20.5

15.7

20.8

25.1

Week 3

Air Soil Moist

31.2

31.2

24.7

20.3

21.8

21.5

32.7

33.0

33.0

32.3

32.5

33.2

30.0

30.3

23.3

21.1

22.5

21.6

25.6

32.1

28.2

29.4

28.5

27.2

4.4

6.8

13.4

23.7

24.6

16.5

15.4

10.3

16.8

16.7

16.3

17.8

Week 6

Air Soil Moist

35.7

34.7

35.7

32.2

30.8

30.9

34.9

33.5

23.0

22.8

23.1

23.9

28.7

30.7

33.3

29.7

30.1

30.1

33.1

32.7

26.0

25.3

25.4

26.2

5.3

7.0

13.8

6.6

8.2

8.4

23.4

6.2

13.8

12.2

6.1

12.4

1 degrees Centigrade

2 percent water content was found by weighing
the soil, then drying the sample at 105'C
for 24 hours and reweighing

3 a) fine sandy loam b) sandy clay loam c) clay loam



Table 2. Analysis by multiple correlation of environmental
factors and nematode-treated mound activity level

Air Temp Soil Temp Soil Moist Active Level

Air Temp

Soil Temp

Soil Moist

Active Level

1.000
.0

.828
.0001

-.171
.317

-.121
.482

1 .000
.0

-. 323
.054

- .376
.024

1.000
.0

.037
.831

33

1.000
.0

Table 3. Results
samples
mounds

Life Stage 2,3,4

of analysis of variance of life stage
collected from active treated and control

df Mean Square F value p >F

22

11

33

2

4602*.0

98.05

20885.45

6.01

2.38

3.00

9.09

2.37

.108

.064

.001

.109

1 samples from both nematode and amidinohydrazone
treatments

2 worker, larval and pupal sizes not separated

3 number of eggs collected not counted

4 queens not found in samples

Larvae

Pupae

Workers

Alates

I
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CHAPTER III

BIOLOGICAL CONTROL OF THE RED IMPORTED FIRE ANT BY

DIFFERENT CONCENTRATIONS OF STEINERNEMA CARPOCAPSAE

The red imported fire ant, Solenopsis invicta Buren, is

a serious medical and agricultural pest of the' Southern

United States. Previous field trials with the en-

tomopathogenic nematode, Steinernema (=Neoaplectana)

carpocapsae (Weiser) (All strain) by the author during the

summer of 1989 achieved fire ant mound reduction on ir-

rigated turf comparable to reductions achieved by amidinohy-

drazone. Infective stage juveniles penetrate the insect

hemocoel and release bacteria which kill the host. Several

generations of nematodes may develop in the cadaver and

emerge to seek other hosts.

The use of S. carpocapsae as a biological control agent

on soil-dwelling insects has produced variable control at

certain concentrations. It has been suggested that nematodes

"clump" when applied at higher concentrations (Bradford et

al. 1988). Dessication of infectives occurs when exposed to

extremes of deficit moisture or high temperature (Gray and

Johnson 1988).

Fire ants present an especially difficult control

problem because of the sensitivity of the fire ant colony to
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disturbances and their ability to quickly build new mounds.

Of interest is the ability of nematodes to affect fire ants

over a large area including new satellite or "stress"

mounds. Samples of active treated mounds were collected at

the conclusion of the trials to measure reduction of life

stages.

Field trials conducted previously in the summer of 1988

used nematode concentrations of 2000K/3.7 liter (1 gallon)

applied as a drench with retreatments at the same concentra-

tion. Fall 1988 trial concentrations were from 200K to 800K

with retreatment concentrations from 50K to 500K. MacVean et

al. (1983) had found methylcellulose polymer successfully

retarded IJ dessication in trials against the colorado

potato beetle. Polymer was mixed with a 800K/200K/200K

concentration.

The field trials to test the influence of different

concentrations on mound activity were conducted on the

grounds of a Tarrant County junior college campus in North

Central Texas during the months of October and November,

1988.



MATERIALS AND METHODS

S. carpocapsae IJs were provided by Biosys of Palo

Alto, Cal. on foam sponges in ziploc bags. Upon arrival, IJs

were mixed with tap water to desired concentrations of 50-

800K/3.8 liter (gallon). The desired concentration was

applied to mounds as a drench with a sprinkling can. Polymer

(Agsorbent) was mixed into the nematode solution for three

replicates.

Areas of replication were designated by circle plots of

30 ft. in diameter. Replicates contained at least 20 active

fire ant mounds. Plots were located in irrigated turf along

a entry road and around campus buildings. Active mounds were

counted, marked and treated. At week 0, a total of 422

mounds were treated with nematodes, 65 with amidinohydrazone

and 78 were untreated controls. At week 2, 4 and 6 treated

mounds were assessed (0 = >12 workers respond to distur-

bance, 1 = <12 workers respond to disturbance), additional

new or 'stress" mounds were counted and added to total

active, and nematode retreatments of active mounds were

made.

At week 6, samples were collected from active mounds (n

- 24) with an 8 cm pipe pushed into to the mound to a depth

of 10 cm. The samples were bagged and returned to the
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laboratory for screening and counting. They were washed

through a series of sieves (150 A= smallest mesh opening) to

separate soil and life stages, then counted.

Replicates included control (A) - where water was

poured over mounds, amidinohydrazone (B), and nematode

applications at concentrations of 800K/200K/200K (C),

800K/200K/200K with polymer (D), 800K/lOOK/lOOK (E),

800K/500K/500K (F), 800K/50K/50K (G) and 200K/200K/200K (H).

Activity levels were found by averaging mound assessments of

each replicate. Analysis of variance evaluated total workers

collected and activity levels of each group at weeks 2, 4

and 6, followed by Duncan's multiple range test (1955) where

applicable. It has been accepted to evaluate fire ant

ratings parametrically (Williams et al. 1981). Control

ratios achieved by treatments at week 6 were calculated

using Abbott's formula (1925).



RESULTS AND DISCUSSION

Environmental factors measured at week 6 of the trials

were as follows: air temperature, 10.3 to 13.2 0C; soil

temperature, 10.5 to 11.70C; and soil moisture content 8.6

to 22.7%. Soil moisture and temperature have been found

important for nematode survival (Gray and Johnson 1988).

Mean mound activity levels of treatment mounds were not

significantly different from control mounds at week 2 (F =

2.18, df = 7, p > 0.093), week 4 (F = 2.59, p > 0.054) or

week 6 (F = 2.42, p > 0.068). Mean activity levels in some

instances exceeded 100% due to addition of "stress" mounds

(Table 1). Cooling of soil tempertures during the later

weeks of the trial probably negatively affected mound

activity, including controls.

No brood or alates were found in the samples collected.

No difference was found in mean number of workers/mound

collected by group (F = 81, df = 7, p > 0.5889). The mean

number of workers for all groups except E exceeded the

control mean (Table 2). However, the low mean workers/mound

of Group E did correspond with the low mean activity level.

Percent control of fire ant mounds at week 6 achieved

by amidinohydrazone (B), and nematode treatment groups C

through H were 47 (B), 45 (C), 71 (D), 88 (E), 19 (F), 47
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(G), and 73% (H), using Abbott's formula (Fig.1).

Group E (800K/lOOK/lOOK) achieved the lowest activity

rating (.09) at week 6 among the treatments. Groups H

(200K/200K/200K) and D (800K/200K/200K with polymer)

achieved the next two lowest rating (.21 and .23, respec-

tively). The highest activity level (.58) was found on

mounds treated by group F (800K/50OK/500K). Therefore, there

was not a decrease in activity levels associated with a

corresponding decrease in treatment concentrations. This

might be explained by the cooling soil temperature that

effected some replicates but not others. Amidinohydrazone

achieved the lowest activity rating initially at week 2

(.54), second lowest (.45) at week 4 and fifth lowest (.42)

at week 6.

The summer 1988 trials with S. carpocapsae indicated

treatment at 2000K/mound achieved control comparable to

amidinohydrazone over a six week period. These trials did

not indicate comparable control would be achieved at lower

concentrations or with the addition of a polymer. More

studies are needed to assess the long term control achieved

in an area due to residual innoculation by S. carpocapsae,

and to determine the potential for use of these control

agents in an integrated pest management program. The latter

would require determination of Amdro or other insecticidal

toxicities to the nematodes, and the efficacy of
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nematode/chemical combinations and possible synergistic

effects.
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Table 1. Mean activity level (+ standard deviation) of
control, amidinohydrazone, and S. carpocapsae
concentrations at week 2, 4, 6

Week 2 Week 4 Week 6

Control

Amidinohydrazone

800K/200K/200K

P800K/200K/200K

800K/100K/lOOK

800K/50OK/500K

800K/50K/50K

200K/200K/200K

.97 +

.54 +

.69 +

1.11 +

.80 +

.78 +

.89 +

1.41 +

.30

.41

. 10

.24

.32

.09

.19

.54

.96

.45

.77

.65

.33

.82

1.32

.84

+

+

+

+

+

+

+

+

.20

.39

.07

.28

.15

.30

.99

.22

.78 +

.42 +

.43 +

.23 +

.09 +

.57 +

.41 +

.21 +

.30

.33

.26

.21

.10

.14

.08

.32

Table 2. Mean number (+ standard deviation) of workers
sampled from active mounds

Control

Amidinohydrazone

800K/200K/200K

P800K/200K/200K

800K/lOOK/lOOK

800K/50OK/500K

800K/50K/50K

200K/200K/200K

33.3 + 38.2

144.7 + 205.2

151.7 + 135.1

65.7 + 66.5

5.7 + 9.8

64.0 + 56.7

162.7 + 98.9

49.0 + 51.1
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CHAPTER IV

GENERAL COMMENTS

REGARDING STEINERNEMA CARPOCAPSAE

Although individual mound treatments of Steinernema

carpocapsae did reduce activity levels at a rate comparable

to amidinohydrazone in the summer trials, the overall

reduction was not adequate for a commercial product claiming

fire ant control. Further, the ability of fire ants to

quickly build satellite or "stress" mounds in response to

treatment, as demonstrated in the fall trials, limits the

effectiveness of a biological agent applied mound by mound.

However, because of the desirability of developing an

integrated control program, which would be the most effec-

tive, long-term solution to the fire ant problem, future

research with S. carpocapsae should continue.

A strong priority should be the development of a method

to broadcast S. carpocapsae over large areas, either in an

bait containing dehydrated nematodes protected from dessica-

tion or in a liquid, possibly along with fertilizer applica-

tion. Ideally, this would be in conjunction with the

broadcast of a chemical bait, such as amidinohydrazone or

fenoxycarb. If residual innoculations could be found to

occur in areas treated, then chemical applications might not

49
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be needed as frequently.

Further research should also be conducted to determine

the optimal dilution rate to be broadcast. Concentrations

required for broadcast might be less than concentrations

required for individual mound treatment, especially if used

in conjunction with another control.

Trials should extend to include many generations of the

fire ant. Samples taken from mounds treated in the summer

trials indicated a reduction of life stages similar to

amidinohydrazone. Studies should be made to measure effect

on future generations following application.

In general, the results found in both the summer and

fall trials should encourage more research with this

biological control agent.
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EXTENT OF FIRE ANT INFESTATION
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APPENDIX B

HEALTH AND ENVIRONMENTAL EFFECTS

OF SOME COMMON INSECTICIDES
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In the past, high toxicity to insects was considered

the single most important property of an insecticide. With

the increased concern with the environmental effects of

chemical use and the advent of integrated pest management,

which incorporates biological control agents, emphasis in

chemical research has been toward select toxicity with rapid

degradation.

Insecticides that are detoxified by hydrolysis (water-

soluble) are found to be generally more selective toward

target insects. Those that detoxify oxidatively generally

also effect non-target insects (Plapp 1981). Of the major

classes of insecticides: organophosphates and carbamates are

found least selective with the synthetic pyrethroids being

the most selective.

Table B-la summarizes the acute and possible chronic

effects of some common insecticides (Berg 1986, Thomson

1987, Baker and Thorpe 1989). It is difficult to generalize

on the relative persistence of insecticide classes in the

environment (Sharon et al. 1981). The organochlorines, such

as Mirex, did persist in all areas of the environment due to

the lack of water-solubility and the concentration of

metabolites in animal fat. Most organophosphates and

carbamates are relatively short-lived in soil and water, but

some may metabolize to more persistent compounds (Table B

-lb). A major health problem associated with the or-
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ganophosphates is the permanency of the inhibition of

acetycholinesterase. Carbamates are less permanent in-

hibitors.

Synthetic pyethroids, unlike natural pyrethrum, are

formulated to be light stable. This characteristic combined

with high efficacy and insect selectivity make pyethroids

candidate chemicals to be used in IPM programs' if low non-

target toxicity can be shown.
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Table B-la Health

Insecticide
Class

effects of some common insecticides

Common Acutel Chronic 2

Name (LD 50)

Organophosphates

Carbamates

Organic

Pyrethroids

Botanicals

IGR

Miscellaneous

Chloropyrifos

Malathion

Carbaryl

Carbofuran

Amidinohydrazone

Fenvalerate

Permethrin

Pyrethrum

Methoprene

Fenoxycarb

Fatty Acid Soaps

Petroleum Oils

96-270

1000-1375

500-850

11 1

1131-1300

3200

4000

150

34600

>10000

5000-15000

500-5000

No

Possible

No

No

No

Possible

Possible

N/A

No

No

N/A

Unknown

1 oral (rat) mg/kg, kills 50% of
test organisms

2 carcinogenic
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Table B-lb Environmental effects of some common
insecticides

Common Potential Persistence Non-Target Org.
Name contaminate Soil/Water Birds Fish Bees

Chloropyri fos

Malathion

Carbaryl

Carbofuran

Fenvalerate

Permethrin

Amdro

Pyrethrum

Methoprene

Fenoxycarb

F.Acid Soaps

Pet. Oils

Possible3

Yes

No

Yes

N/A

N/A

N/A

No

No

No

N/A

N/A

>6 mths/l-6 mths

Unknown/Unknown

1-6 mths/<l mth

1-6 mths/<l mth

>6 mths/N/A

1-6 mths/1-6 mths

<1 mth/<l mth

<1 wk/<l wk

<1 mth/l-6 mth

Unknown/Unknown

Unknown/Unknown

Unknown/Unknown

+ +

+ +

- +

+ +

- +

N/A +

+ +

- +

- +

+ +

N/A N/A

N/A N/A

3 breakdown product, 3,5,6, trichloropyridinol
detected in groundwater

+

+

+

+

+

+

+

+

mom
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APPENDIX C

EXAMPLE OF STEINERNEMA CARPOCAPSAE

TRIAL SITE
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