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Pharaoh ants, Monomorium pharaonis (L.), are nuisance pests, which have 

polygynous, polydomous colonies, and reproduce by budding, making control very 

difficult.  Baiting is generally believed to be the only control method that results in 

pharaoh ant colony elimination.  Effective baits should not be repellent, possess a slow 

acting toxicant, and be readily transferred between ants.  If a residual treatment could 

mimic the characteristics of an effective bait toxicant, it could be an effective treatment 

for pharaoh ants.  Fipronil and lambda-cyhalothrin were evaluated as residual treatments 

for infestations of the pharaoh ant.   

Both fipronil and lambda-cyhalothrin effectively killed pharaoh ant workers and 

queens when they were exposed to the treatment.  No degree of repellency was found for 

either insecticide.  Glass and wood panels were used to estimate knock down and lethal 

time values of pharaoh ant workers and queens.  Lambda-cyhalothrin exhibited low LT50 

values for workers on both glass and wood surfaces tested (LT50 values = 137.84 and 
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158.24 min for glass and wood respectively), indicating that foraging pharaoh ant 

workers would have very little time to return to the nest.  Fipronil treated glass also 

resulted in a fairly low lethal time value (LT50 = 496.54 min).  A delay in mortality >24 h 

for pharaoh ant workers was only evident in the fipronil treated wood group (LT50 = 

2396.00 min), indicating that foraging workers would have time to return to the nest.  

Similar results were found for pharaoh ant queens exposed to fipronil and lambda-

cyhalothrin.   

A bridge experiment was conducted in order to determine if a residual treatment of 

fipronil or lambda-cyhalothrin could be effectively transferred from foraging workers to 

affect the rest of the colony.  Glass treatments for both insecticides were effective in 

eliminating ~80% of the worker population.  However, no significant queen mortality 

was evident throughout the test.  Wood bridges treated with lambda-cyhalothrin appeared 

to lose effectiveness after 2 wk and only resulted in 63% worker ant mortality after 21 d.  

Fipronil treated wood was the most effective treatment, with 100% worker mortality, 

80% queen mortality, and a heavy reduction in brood after 21 d.   

A delay in mortality >24 h, and preferably in the range of 3-5 days was crucial for 

effective transference of insecticides throughout the colony.  This was only evident in 

wood treated with fipronil.  Some of the colonies in the fipronil applied to wood 

treatment were eliminated.  Fipronil residual treatments applied to absorbent surfaces, 

such as wood, showed the greatest potential for management of pharaoh ant infestations.   
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CHAPTER 1 
INTRODUCTION 

Pharaoh ants, Monomorium pharaonis (L.), are nuisance pests, which have 

polygynous, polydomous colonies, and generate new colonies by budding.  Budding 

involves the carrying of brood by workers to a new nesting location.  Queens are not 

necessary for the formation of a new satellite nesting location but will sometimes 

accompany the movement (Edwards 1986).  Ants often share resources between these 

satellite nests (Holldobler and Wilson 1990).  This budding behavior has aided the 

pharaoh ant in becoming an intense household pest.  The slightest disturbance, including 

spraying repellent insecticides, can lead to the formation of new satellite nests, making it 

very difficult for pest control operators to manage pharaoh ant infestations (Holldobler 

and Wilson 1990, Buczkowski et al. 2005).   

Colonies typically employ only a small percentage of workers to serve as foragers 

(Williams 1990, Vail 1996).  This behavior also makes management extremely difficult.  

Control measures must also include methods of eliminating the reproductive caste of the 

colonies.  Direct treatment of all nesting locations would be an ideal control stratagem.  

However, pharaoh ants primarily nest indoors, including inside wall voids, in cabinets 

and under sinks (Edwards 1986).  These inaccessible nesting locations, coupled with the 

polydomous behavior of the pharaoh ant, make direct treatment of all nests nearly 

impossible. 

Management of pharaoh ant infestations includes the use of baits and residual 

sprays.  Effective baits should possess a slow acting toxicant, be readily transferred 
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between ants, and should not be repellent (Stringer et al. 1964).  The bait toxicant should 

possess all three characteristics or it will not be effective in eliminating an infestation.  

Baiting can be very effective, but is also time consuming and can take up to 8-12 weeks 

to reach control (Klotz et al. 1996, Oi et al. 2000).  Pharaoh ants exhibit changes in food 

preference depending upon satiation of one food source (Edwards and Abraham 1990).  

This makes it difficult to control infestations with the use of a single bait formulation.  

The bait should also be available for a long time interval, and the ants must feed on it for 

at least 3 d (Klotz et al. 1997b).   

Residual insecticides provide pest control operators with another treatment option.  

There are different treatment methods for residual insecticides depending upon the 

species of ant that is involved.  Perimeter-invading ants, such as the Argentine ant and 

red imported fire ant can be excluded from a structure with the application of a barrier of 

repellent or nonrepellent insecticides.  Knight and Rust (1990) evaluated residual 

insecticides against laboratory Argentine ant workers and found that insecticides high in 

repellency or low in repellency can still be an effective barrier treatment.  Bifenthrin 

barrier treatments were 100% effective in excluding red imported fire ants from 

structures up to 15 wk after treatment (Pranschke et al. 2003).  Recently, perimeter 

treatments with fipronil dramatically reduced foraging activity of structure invading ants 

(Scharf et al. 2004).  Since pharaoh ants are interior nesting ants, the use of a repellent 

perimeter treatment would trap the ants inside the structure and not be an effective 

control measure.  The use of perimeter treatments for control of pharaoh ants relies on the 

ants crossing the treatment zone.  Although pharaoh ants nest indoors, Oi et al. (1994) 
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found that in Florida, most of the foraging activity occurs outdoors.  Placement of bait 

stations outdoors can be an effective treatment (Oi et al. 1994, Oi et al. 1996). 

If a residual treatment could mimic the characteristics of a bait toxicant, it could be 

an effective treatment strategy for pharaoh ant infestations.  The residual toxicant should 

not cause foraging ants to avoid the treated surface, it should have a delay in toxicity so 

the foraging ants could effectively spread the toxicant once they reach the nest, and it 

should be transferable between ants via contact or trophallaxis.  Such a treatment could 

allow pest control operators to manage a pharaoh ant infestation in a much more efficient 

manner. 

The objective of this study was to determine the efficacy of a residual treatment 

against infestations of the pharaoh ant.  A repellency experiment was conducted in order 

to determine if foraging ants would walk on treated surfaces.  An effective treatment 

should not repel foraging ants from contacting a treated surface.  A lethal time 

experiment was conducted on both pharaoh ant workers and queens in order to determine 

the time until death after exposure to the treatment.  The treatment should exhibit a delay 

in mortality, where death would occur in 1-5 d.  Finally, a bridge experiment was 

conducted in order to determine effects of a residual treatment on workers and 

reproductives within the colony.  Residual treatments should affect not only foraging 

workers but also nesting workers and reproductives located within the nest. 
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CHAPTER 2 
LITERATURE REVIEW 

Origin and Distribution 

The African-Middle Eastern region is thought to be the place of origin of this ant 

(Arnold 1916, Bolton 1987).  Through commerce, it has become worldwide in 

distribution (Edwards 1986).  Artificial heating has allowed this once tropical ant to 

spread to temperate regions (Harris 1991). 

Biology 

M. pharaonis belongs to the subfamily Myrmicinae, within the family Formicidae, 

and the tribe Solenopsidini (Bolton 2003)  The workers of M. pharaonis are yellowish 

brown to reddish and reach approximately 2 mm in length (Vail 1996).  They possess 2 

nodes, and a 12-segmented antennae with a 3-segmented club.  The queens of this species 

are roughly twice the size of workers (4 mm) and possess a definitively larger gaster than 

the workers (Haack 1987).  Males are black and possess wings.   

Colonies are polygynous.  Several hundred queens can reside in one nest.  M. 

pharaonis is closely associated with human habitation and is rarely found nesting 

outdoors (Vail 1996).  Any warm area with high humidity can be utilized as a nesting 

location (Edwards 1986).  Thus, wall voids, attics, door housings, electrical outlets, sinks, 

and other crevices within the home serve as nesting sites (Vail 1996).  Colonies are also 

polydomous, possessing multiple nesting locations, with little or no aggression between 

nests (Edwards 1986, Haack 1987). 
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Colony foundation does not occur through a single fertilized female, as in most ant 

species.  Instead, reproduction occurs by sociotomy (budding).  Workers will carry brood 

to a separate nesting location.  Queens are not necessary for the survival of the new nest, 

however, they will often accompany the workers (Edwards 1986).  Migrating workers 

may set up temporary nesting locations before settling at a final site.  These temporary, or 

satellite, nests may be connected by odor trails and may represent a single, enormous 

interconnected colony (Harris 1991).  Several conditions can instigate sociotomy 

including overcrowding, environmental conditions, and lack of food or water (Edwards 

1986).  Recent evidence suggests that the application of repellent insecticides can also 

provoke sociotomy (Buczkowski et al. 2005).   

Although, newly ecdysed, virgin queens temporarily possess wings, they are 

incapable of flight.  Males will mate with the females from the same, or a nearby colony 

on the ground.  This lack of outbreeding has led to a lack of aggression between nests, 

and has helped develop the behavior of budding (Wilson 1971).  Oviposition occurs 

quickly after mating.  In the first 4-5 weeks, the queen will lay 4-6 eggs per day.  The rate 

of oviposition then rises to 25-35 eggs per day.  During the last 5 weeks of the queen’s 

life, the oviposition rate drops to 3-7 eggs per day (Edwards 1986).  The maximum 

lifespan of the queen has been measured at 39 weeks in the field (Peacock 1950) and over 

52 weeks in the laboratory (Edwards 1986).  The average lifespan of a queen is about 200 

days (Petersen-Braun 1975).  Over her lifespan, a queen may lay over 4500 eggs 

(Edwards 1986).  Such reproductive potential allows for the quick development of large 

colonies, despite high larval mortality (Peacock 1950).  Brood is separated into different 

stages of development probably to curb larval cannibalism (Edwards 1986). 
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Peacock recorded the following development times for the worker caste:  egg 7.3 

days, larvae 17 days, prepupa 3.1 days, pupa 9 days.  The average life cycle is completed 

at 36.4 days.  The life cycle of the reproductive caste is completed at 41.25 days (1950).  

Subsequent studies by Petersen-Braun (1973), Kretzchmar (1973), and Berndt and 

Eichler (1987) have given similar results (Vail 1996). 

The worker caste exhibits age polyethism.  The younger workers will remain in the 

nest and tend the brood.  The older workers forage for food and water (Holldobler and 

Wilson 1990).  Worker ants live about 9-10 weeks.  The older workers constitute a small 

fraction (0.7 to 5.6%) of the colony due to their short lifespan (Vail 1996).   

Food and Foraging 

M. pharaonis are omnivorous and will feed on various sources of lipids, 

carbohydrates, and proteins (Edwards 1986).  The larvae and queen of the colony require 

large amounts of protein for development and vitellogenesis (Chapman 1998).  Dead 

insects found at lights and window sills are probably the most important source of this 

protein (Sudd 1960, Oi et al. 1994).  Foraging workers transport protein back to the nest 

and feed it to the larvae.  The larvae may help the adult workers receive nutrients that 

they cannot consume.  Stomodeal as well as proctodeal trophallaxis from larvae to 

worker has been documented (Holldobler and Wilson 1990).  The salivary and rectal 

fluid extracted from the larvae of M. pharaonis have been shown to contain nitrogen, 

amino acids, proteases, and carbohydrases (Holldobler and Wilson 1990).  These 

compounds are necessary for the breakdown of worker food sources as well as the 

production of additional enzymes.  Edwards and Abraham showed that M. pharaonis 

exhibits a satiation and alternation response to different food sources.  When presented 

with a highly attractive food for several weeks, foraging ants will consume an alternative 
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food source when given a choice (1990).  This behavior allows the colony to receive a 

balanced diet. 

Worker ants display various foraging behaviors.  Initial foraging consists of worker 

ants wandering in search of food.  Foraging ants will often orient along a structural 

guideline (Klotz and Reid 1992).  Upon finding food, the worker will return to the nest in 

the straightest possible path (Klotz 2004).  While returning, the ant will lay a trail 

pheromone, which will lead additional workers straight to the food source.  The trail 

pheromone has been identified as faranal, (6E, 10Z)-3,4,7,11-tetramethyl-6,10-

tetradecadienal (Ritter et al. 1977, Holldobler and Wilson 1990).  Beekman et al. (2001) 

showed that the use of trail pheromones can only be sustained in large colonies (over 600 

ants).  Smaller colonies cannot sustain ordered foraging behavior, possibly due to the 

ephemeral nature of the trail pheromone.  Jeanson et al. (2003) showed that the trail 

pheromone decays in 10 minutes on a plastic surface.  If additional ants do not reinforce 

the trail, it will disappear.  Smaller colonies will typically forage in a random wandering 

fashion. 

Medical Importance 

For many years, the importance of M. pharaonis has been centralized on its pest 

status.  Potential for disease transmission has increased the importance of this ant.  In 

1972, worker ants were shown to transport Pseudomonas, Staphylococcus, Salmonella, 

Clostridium, and Streptococcus (Beatson).  Additionally, the pharaoh ant has been shown 

to vector Bordetella bronchiseptica, a swine pneumonia (Beatson 1972).  Hospitals, 

including intensive care units have been infested.  Recently, Burrus (2004) showed that 

pharaoh ants will readily consume many fluids found in hospital environments, including 

dextrose, Ensure®, plasma, and saline.   
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Control 

Pharaoh ants are among the most difficult pests to manage effectively.  Their social 

status makes them especially cumbersome for both homeowners as well as pest control 

operators.  Several factors account for this including their polydomous nesting behavior 

and polygyny.  The most effective method of eliminating an ant infestation is to treat the 

nest directly.  However, this becomes extremely difficult when the ants have multiple 

nesting locations which are linked and share resources (Vail 1996).  Since pharaoh ant 

colonies typically have several hundred queens, management efforts must include 

methods of delivering insecticide to the reproductives.   

Management of pharaoh ant infestations must include identification, monitoring, 

and implementation of an integrated pest management program.  Proper identification is 

essential.  Pharaoh ants are very similar in appearance to fire ants as well as other 

perimeter-invading ants.  If pharaoh ants were misidentified as a perimeter-invading ant, 

effectively eliminating an infestation would be difficult.  Proper monitoring can help to 

ensure that treatment methods are working properly.  Integrated pest management 

methods include exclusion, physical removal, sanitation, and chemical management.   

Exclusion is important for keeping ants from entering a structure.  Cracks and 

crevices should be properly sealed.  Window screens should be free of tears.  Although 

this will not remove an existing infestation, it may help prevent ants from colonizing 

inside. 

Sanitation is crucial for proper management of ant infestations.  Ants are extremely 

susceptible to dehydration.  Leaky faucets must be fixed and extraneous sources of water 

must be eliminated.  Crumbs and food spills should be cleaned immediately.  Without 

proper sanitation, ant infestations cannot efficiently be managed. 
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Chemical management methods for pharaoh ant control have employed the use of 

residual sprays and toxic baits.  In the past, repellent residual sprays have been used.  

However, such compounds will only kill the foraging workers (Williams 1990, Vail 

1996).  This represents only 0.7 to 5.6% of the entire colony (Vail 1996).  Repellent 

sprays may also lead to the formation of satellite nests (Vail and Williams 1994, Vail 

2002, Buczkowski et al. 2005).  Thus, repellent compounds may actually promote 

dispersion and growth of a pharaoh ant infestation.  Colonies of M. pharaonis are able to 

resist starvation for prolonged periods of time with the aid of larval trophallaxis 

(Holldobler and Wilson 1990).  Thus, even if a repellent spray were to cut a colony off 

from its food source, it could still survive for long periods of time. 

It is generally believed that baits are the only control method that will achieve 

complete eradication of pharaoh ant infestations (Klotz et al. 1996, Klotz 2004).  Baiting 

takes advantage of the fact that ants will forage and recruit to food sources.  Bait is placed 

in cracks, crevices, along active trails, and other possible ant congregation areas.  The 

foraging ants feed on the bait and transmit the toxicant to nest mates via trophallaxis.  

Baits employ the use of insect growth regulators or stomach poisons (Vail 1996).   

Formulations for baits include granular, gel, liquid, and stations.  Hooper-Bui et al. 

(2003) found that pharaoh ants prefer granule sizes between 420-590 micrometers.  Most 

granular bait particles are 1,000 to 2,000 micrometers, however, Niban particles are less 

than 420 micrometers (Hooper-Bui et al. 2003).  Current baits include the following:  

Bayer Maxforce Ant Killer Granular bait (Hydramethylnon), Niban Puffer Fine Granular 

Bait (Orthoboric acid), Whitmire Micro-gen Advance Ant Bait (Abamectin).  When 
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applying a granular bait, it was found that dispersion pattern is not important (Silverman 

and Roulston 2003).  

Gel baits are a very popular formulation with pest control operators, however, it 

was found that consumption of liquid bait is higher than gel formulated bait in Argentine 

ants (Silverman and Roulston 2001).  Although gel baits are more convenient for 

transport, application, and longevity, they may not be as effective as a liquid formulation 

(Silverman and Roulston 2001).  Currrent gel baits include:  Gourmet Ant Bait 

(Disodium octaborate tetrahydrate), Bayer Maxforce FC Ant Killer Bait Gel (Fipronil), 

Intice Sweet Ant Gel (Orthoboric acid), and Drax Ant Bait (boric acid).   

Liquid boric acid baits have been evaluated against colonies of ants many times 

(Klotz et al. 1996, Klotz et al. 1997a, b, Klotz et al. 1998, Klotz et al. 2000, Rust et al. 

2004).  Liquid baits are generally found to reduce the worker population and foraging 

activity after 2-8 wks.  Commercial liquid baits include Whitmire Micro-Gen Advance 

Liquid Ant Bait (boric acid), Terro Ant Killer II (Disodium octaborate tetrahydrate), and 

Uncle Albert’s Liquid ant bait (boric acid). 

Baits are also formulated as bait stations.  Bait stations often employ liquid or gel 

bait within a plastic container.  This method keeps the toxicant out of reach of children 

and pets.  Current bait stations include:  FMC Fluorguard Ant Bait Stations 

(Sulfluramid), Bayer Maxforce Ant Bait Stations (Hydramethylnon), Whitmire Micro-

gen DualChoice Ant Bait Stations (Sulfluramid), and Raid Max Ant Bait.   

Oi et al. (2000) showed that insect growth regulator baits, although slower acting, 

allow for greater transfer of the toxicant among the colony.  Currently, Pharorid 
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(methoprene) is an insect growth regulator labeled for pharaoh ant infestations.  Pharorid 

is not formulated as a pre-mixed bait, and can be combined with any type of food source. 

Although pharaoh ants nest indoors, it was found that in Florida, most of the 

foraging activity occurs outdoors (Oi et al. 1994).  Placement of bait stations outdoors 

can be an extremely effective treatment (Oi et al. 1994, Oi et al. 1996, Vail et al. 1996).  

If infestations could be eliminated with an outdoor treatment, both pest control operators 

as well as homeowners would benefit.  The pest control operator could evaluate and treat 

the structure without intruding or placing chemicals within the home. 

The use of perimeter treatments for control of ant infestations has been evaluated 

many times (Knight and Rust 1990, Oi et al. 1994, Oi et al. 1996, Rust et al. 1996, Vail et 

al. 1996, Pranschke et al. 2003, Scharf et al. 2004, Soeprono and Rust 2004a, Soeprono 

and Rust 2004b, Buczkowski et al. 2005).  Perimeter treatments with residual insecticides 

have become an important tool for pest control operators.  Bifenthrin barrier treatments 

have been shown to be 100% effective in excluding red imported fire ants from structures 

up to 15 wk after treatment (Pranschke et al. 2003).  Knight and Rust (1990) evaluated 

several residual insecticides against laboratory Argentine ant workers for repellency and 

efficacy.  Their results indicated that efficacy was not necessarily dependant upon 

repellency.  When workers encountered less repellent compounds, they were more likely 

to receive a higher dose of the insecticide.   

Nonrepellent insecticides have increased the popularity of perimeter treatments.  

Such compounds rely on the ants’ inability to detect the presence of the chemical.  The 

ants walk through the treatment zone, and eventually gather enough toxicant and die.  In 

the process, the toxicant is transferred to nestmates through social grooming, trophallaxis, 
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necrophoresis, and other nestmate interactions.  Such horizontal transfer of insecticide 

greatly increases the effectiveness of a perimeter treatment (Soeprono and Rust 2004a).  

Recently, perimeter treatments with fipronil have been shown to dramatically affect 

foraging activity of structure invading ants (Scharf et al. 2004).  Much like bait toxicants, 

fipronil can be horizontally transferred between nest mates, thus increasing its 

effectiveness (Soeprono and Rust 2004a). 

The efficacy of a residual treatment for management of an ant infestation is 

dependant upon many factors, including, the type of surface the treatment is applied to, 

nesting location of the ants, formulation of the insecticide, transferability of the 

compound, and delay in toxicity of the compound (Chadwick 1985, Knight and Rust 

1990, Osbrink and Lax 2002, Soeprono and Rust 2004a, Soeprono and Rust 2004b).   

 

 

 

 



 

13 

CHAPTER 3 
MATERIALS AND METHODS 

Insects 

Pharaoh ant colonies were reared at the University of Florida (Gainesville, FL) in a 

rearing room maintained at 27 ± 1.5°C, 40 ± 7% RH.  Colonies were provided ad libitum 

with water, 10% sugar water, and freshly killed American cockroaches (Periplaneta 

americana), obtained from the Urban Entomology laboratory, University of Florida, 

Gainesville, FL).  Plastic trays (56 by 44 by 12 cm; Panel Controls, Greenville, SC) 

coated on the inner walls with Fluon® (AGC Chemicals, Bayonne, NJ) served as rearing 

containers.  Nest cells consisted of square plaster-filled (Dentsply, York, PA) plastic Petri 

dishes (100 x 15mm; Becton Dickinson Labware, Franklin Lakes, NJ)(Williams 1990).  

A soldering iron was used to melt a 3 mm hole in the center of each side of the bottom 

dish to allow the ants access.  Yellow acetate paper covered the nest cell to filter light and 

make it more attractive for brood rearing. 

 Insecticide Treatments.   

Treatments consisted of fipronil (Termidor SC 9.1% [AI]; BASF Research Triangle 

Park, NC), lambda-cyhalothrin (Demand CS 9.7% [AI]; Syngenta, Wilmington, DE), and 

deionized water as a control.  Insecticides were mixed resulting in solutions equivalent to 

the manufacturer’s label rates for ant control (0.06% for fipronil and 0.015% for lambda-

cyhalothrin).  Testing areas were placed within a 929 cm2 paper sheet and 3.78 ml of 

solution was applied with an airbrush (Paasche, Type H, Chicago, IL) to the entire 

surface of the sheet.  All testing areas were allowed to dry for 24 h prior to use. 
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Repellency Assay 

Arenas consisted of three Fluon® rimmed polystyrene Petri dishes (100 by 15 mm; 

Fisher Scientific, Pittsburgh, PA) connected with a wire mesh bridge (0.64 cm mesh, 23 

gauge; LG Sourcing, North Wilkesboro, NC).  The wire mesh was cut into a ‘Y’ shape 

(15 by 10 cm) and bent to allow the ants access from the untreated release dish to any of 

the arenas.  One of the arenas was treated with deionized water while the other was 

treated with either fipronil or lambda-cyhalothrin.  Mortality and location of live ants 

were recorded in each arena every 15 min for 1 h.  Repellency was defined as the mean 

percentage of live ants in the untreated arena (Appel et al. 2004).  Six replicates were 

performed for each treatment with fifty ants in each replicate. 

Lethal Time Assay 

Treatments were applied to glass (297 by 50 by 3 mm) or painted plywood panels 

(297 by 50 by 10 mm; White Flat Latex Exterior; Masco, Santa Ana, CA).  Four Fluon® 

coated CPVC pipe pieces (40 by 40 cm) were hot-glued to the midline of each panel at 5 

cm increments.  Ten worker and ten queen ants were placed in each pipe piece.  Mortality 

and knockdown were recorded every 15 min for 2 h and every 30 min thereafter for 12 h 

or until all ants were dead for up to 5 d.  In cases where ants were still alive at 12 h, 

observations were suspended and resumed 24 h after treatment.  Recording of control 

mortality ceased when the last ants in the treatments died.  Knockdown was defined as 

the inability of the ant to right itself, and mortality was defined as having no response 

when probed.  Six replications per panel type per treatment type were conducted for a 

total of 36 experimental units.   
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Bridge Assay   

Experimental colonies consisted of 1000 worker ants (500 selected from outside 

nest cells and 500 selected from inside nest cells), 12 queens, and 200 mg of brood held 

in Fluon® coated plastic trays (56 by 44 by 12 cm; Panel Controls, Greenville, SC).  The 

500 outside worker ants were placed directly in the tray, while queens, brood, and 500 

inside ants were placed into plaster-filled polystyrene Petri dishes (60 by 15 mm; Becton 

Dickinson Labware, Franklin Lakes, NJ) which served as nest cells.  Nest cells were 

covered with yellow acetate paper and placed at one end of the tray.  Water and 10% 

sugar water were provided ad libitum.  Experimental colonies were allowed to acclimate 

for 24 h.  After the 24 h acclimation period, a deli cup, (237 ml; Fabri-Kal, Kalamazoo, 

MI) which had been coated on both vertical sides with Fluon®, was centered at the 

opposite end of the tray from the nest cell, 7 cm from the front.  A wood support (6 by 5 

cm) was placed inside the Fluon® coated cup.  A second wood support was placed near 

the nest cell, 197 mm from the first support (see Fig. 2-2).  Treated glass (297 by 50 by 3 

mm) or treated painted plywood bridges (297 by 50 by 10 mm) were placed on the two 

wood supports.  The Fluon® coated cup prevented ants from entering or exiting the cup 

without crossing the bridge (see Fig. 2-3).  To provide food and induce foraging, a dead 

adult cockroach was placed inside the deli cup every other day throughout the duration of 

the experiment.  Worker and queen mortality was recorded at 1 h, and at 1, 3, 7, 14, and 

21 d.  Moribund (unable to right themselves) ants were considered dead.  Dead ants were 

removed at the time of counting.  Digital photographs were taken of the nest cell at each 

observation period prior to removal of dead ants for the wood bridge assay (Sony Cyber-

shot model number DSC-W1; Sony, Pittsburg, PA).  Additionally, brood was weighed 
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prior to treatment and 28 d after placement of bridges.  Each treatment was replicated six 

times per surface type. 

Data Analysis 

Numbers of live and dead ants in each of the three Petri dishes were analyzed by 

one-way analysis of variance, with means separated by Student Newman-Keuls test when 

P values of the analysis of variance were significant.  Percentage of responding ants that 

were located in the treated dish was calculated for each treatment.  A paired one-tailed t-

test (α= 0.05, SAS Institute 2002) was used to determine whether the percentage of 

responding ants differed significantly from 50% (Ho: Percentage - 50% = 0).  For the 

lethal time assay KD50 and LT50 values were estimated by probit analysis of correlated 

data:  multiple observations at one concentration (Throne et al. 1995), SAS Institute 

2002).  Significant differences were determined by nonoverlap of the 95% confidence 

intervals (CI).  For the bridge assay, cumulative worker and queen mortalities for each 

treatment were analyzed with a one-way analysis of variance at each time after treatment, 

and means were separated using Student Newman-Keuls test when P values for the 

analysis of variance were significant (α= 0.05, SAS Institute 2002). 
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Figure 3-1.  Repellency assay setup showing location of release, treated, and untreated 

dishes.  A ‘Y’ shaped bridge of steel mesh was used to connect all three 
dishes.  The inner rims of all dishes were coated with Fluon to prevent ant 
escape.  50 ants were placed into release dish and allowed to move to any of 
the three dishes. 

 

Untreated dish  
(100 mm diameter; 
15 mm deep) 

Treated dish  
(100 mm diameter; 
15 mm deep) 

Release dish  
(100 mm diameter; 
15 mm deep) 
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Figure 3-2.  Bridge assay setup showing location of nest cell, bridge, and food sources.  A 

dead adult cockroach was placed into the Fluon coated cup every other day.  
The nest cell held 12 queens, 200 mg brood, and 500 nesting workers.  500 
foraging workers were placed in the center of the arena. 

 

Sugar water 
vials (15 ml) 

Water vials 
(15 ml) 

Nest cell  
(60 mm diameter; 
15 mm deep) 

Fluon coated 
cup (237 ml) 

      56 cm 

Treated 
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44 cm

297 mm  

50 mm  
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Figure 3-3.  Glass bridge assay setup showing ants trailing along bridge.   
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CHAPTER 4 
RESULTS 

Repellency Assay 

In all treatments, many of the ants immediately left the release dish and began to 

explore the other dishes.  Ants were observed walking on all dishes in all treatment 

groups.  There was no significant difference among the distribution of live ants in the 

untreated and treated dishes for either the fipronil or the lambda-cyhalothrin treatments 

throughout the duration of the repellency assay (Table 4-1).  There were a large number 

of dead ants in the lambda-cyhalothrin treated dish at 30, 45, and 60 min (Table 4-1).  

Results from the t-test indicated that significantly fewer than 50% of responding ants 

were in the fipronil treated dish at 15 min (t value = -2.69), indicating slight initial 

repellency. Fipronil was not repellent at 30, 45, or 60 min.  Results from the t-test 

indicate that lambda-cyhalothrin was not repellent to worker pharaoh ants at any time 

after treatment (Table 4-2).   

Lethal Time Assay 

In all treatments, worker ants clustered together in small groups after placement on 

the treatment.  On the glass surface workers began to exhibit grooming behavior, 

including antennal and leg cleansing at ~10 min in the lambda-cyhalothrin group and 

after ~30 min in the fipronil group.  When pharaoh ant workers were exposed to glass 

and wood treated with lambda-cyhalothrin, KD50 values for both glass and wood surfaces 

were <1 h.  Fipronil treatment caused significantly higher KD50 values than lambda-

cyhalothrin on glass and wood surfaces.  Fipronil applied to wood was the only treatment 
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that caused delayed knockdown.  Wood treated with fipronil had a KD50 value of >24 h 

(1,950.00 min).   

LT50 values for pharaoh ant workers on lambda-cyhalothrin ranged from 2 to 3 h on 

glass and wood surfaces respectively (Table 4-4).  When ants were exposed to fipronil, 

the LT50 value was 496.54 min (8.3 h) on glass, and almost five times that on wood (39.9 

h).  A delay in mortality for >24 h only occurred in the fipronil treatment on the wood 

surface.  There was no worker mortality on water treated surfaces in the lethal time assay.   

LT50 values for pharaoh ant queens were only slightly higher than those of workers 

when exposed to lambda-cyhalothrin on both glass and wood (Table 4-4).  There was no 

significant difference in LT50 values between pharaoh ant workers and queens exposed to 

lambda-cyhalothrin on wood.  LT50 values for pharaoh ant queens exposed to fipronil on 

glass were only slightly higher than LT50 values for workers (521.93 min for queens and 

496.54 min for workers).  On the wood surface, however, LT50 values for queens were 

much higher than for workers (4,422.00 min for queens vs. 2,396.00 min for workers).  

There was no queen mortality in the control lethal time assay.   

Bridge Assay 

After placement of the cockroach as food, ants were seen foraging across the bridge 

within minutes.  Within 30 min, a distinct trail of ants could be seen in most replicates.  

In the glass bridge assay, ants were quickly knocked down and began to die within 1 h in 

the treatment groups.  Over 50% of the worker population was dead at 1 d for both of the 

treatments (62.13% for fipronil and 54.90% for lambda-cyhalothrin).  The control setup 

never exceeded 50% mortality for the worker population for the duration of the test.  

Nearly 80% of the worker population was dead at 14 d in the fipronil treated glass setup.  

Similarly, the lambda-cyhalothrin treated glass setup resulted in 75% worker mortality 
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after 21 d (Table 4-5).  Mortality for the water treated glass bridge was significantly less 

than both the fipronil and lambda-cyhalothrin groups at time 1 h and remained so 

throughout the duration of the experiment.   

Worker mortality on the wood surface exhibited a delay in comparison to the glass 

surface.  Mortality was significantly higher in the lambda-cyhalothrin treatment (28.83 

%) than either the control (13.37 %) or fipronil (15.88 %) treatment at 1 d.  Mortality 

after 1 d increased only slightly in the lambda-cyhalothrin treatment.  The fipronil 

treatment resulted in significantly higher mortality (40.38 %) than lambda-cyhalothrin 

(31.20%) and the control (20.25 %) at 3 d and remained higher thereafter.  At 14 and 21 

d, the lambda-cyhalothrin group was not significantly different than the control group 

(Table 4-5).  The fipronil treatment resulted in 100% mortality after 21 d.   

Queens generally remained inside the nest cells for the duration of the experiment.  

However, in the glass bridge setups, a few queens were seen foraging at the 14 d mark in 

two replicates of the fipronil treatment.  In the glass bridge setup, no significant queen 

mortality was observed throughout the duration of the experiment (Table 4-6).  In the 

wood setup, however, the fipronil treatment exhibited significantly greater queen 

mortality at 14 d (59.73%) and 21 d (77.78%). 

The mass of brood (by weight) decreased for fipronil and lambda-cyhalothrin 

treatments.  Fipronil treated glass resulted in a 43.55% reduction in brood mass (Table 4-

7).  Lambda-cyhalothrin resulted in a 52.28% reduction in brood mass.  The mass of 

brood in the fipronil and lambda-cyhalothrin treatments were not significantly different at 

28 d after placement of the treated bridges.  In the wood bridge experiment, fipronil 

exhibited a 79.20% reduction in mass of brood at the end of the experiment.  The 
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Lambda-cyhalothrin also exhibited a significant difference in mass of brood compared to 

the control 28 d after placement of the treated bridges (Table 4-7).  However, this 

reduction was small in comparison to the reduction in brood in the fipronil treatments 

(17.19% for lambda-cyhalothrin).   

The photographs of two of the nest cells from each treatment for the wood bridge 

assay can be seen in Figs. 4-1 through 4-6.  These present a representation of each of the 

treatment groups.  No visible difference was observed in the control replicates throughout 

the duration of the experiment.  A visible reduction of activity was observed in the 

lambda-cyhalothrin replicate 4 (see Fig. 4-4).  However, queens and brood are still visible 

21 d after placement of the treated bridge.  In the fipronil replicates, there is a strong 

reduction in worker and queen number, as well as a reduction in brood.  After 21 d, there 

are very few queens and brood remaining (Figs. 4-5 and 4-6). 
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Table 4-1.  Distribution of 50 worker ants in release, untreated, and water, fipronil, or lambda-cyhalothrin treated Petri dishes 
  Number of ants (mean ± SE) at time (min) 

  15 30 
Treatment Dish Live Dead Live Dead 
Control Water-treated 10.00 ± 1.53a 0.00 ± 0.00 9.33 ± 0.67a 0.00 ± 0.00a 
 Untreated   8.17 ± 1.42a 0.00 ± 0.00 10.67 ± 0.56a 0.00 ± 0.00a 
 Release 31.83 ± 1.33b 0.00 ± 0.00 30.00 ± 1.15b 0.00 ± 0.00a 
Fipronil Treated 6.33 ± 1.26a 0.00 ± 0.00 9.83 ± 1.62a 0.00 ± 0.00a 
 Untreated 10.00 ± 1.06a 0.00 ± 0.00 11.17 ± 2.06a 0.00 ± 0.00a 
 Release 33.67 ± 1.82b 0.00 ± 0.00 29.00 ± 1.71b 0.00 ± 0.00a 
λ-cyhalothrin Treated 5.67 ± 1.28a 0.00 ± 0.00 6.50 ± 1.34a 13.00 ± 3.46b 
 Untreated   6.00 ± 1.59a 0.00 ± 0.00 6.33 ± 1.65a 0.00 ± 0.00a 
 Release 38.33 ± 1.23b 0.00 ± 0.00 24.17 ± 1.87b 0.00 ± 0.00a 
  Number of ants (mean ± SE) at time (min) 

  45 60 
Control Water-treated 9.50 ± 0.76a 0.00 ± 0.00a 9.50 ± 0.76a 0.00 ± 0.00a 
 Untreated   9.17 ± 0.54a 0.00 ± 0.00a 8.83 ± 0.60a 0.00 ± 0.00a 
 Release 31.33 ± 0.88b 0.00 ± 0.00a 31.67 ± 0.95b 0.00 ± 0.00a 
Fipronil Treated 9.33 ± 1.52a 0.00 ± 0.00a 11.00 ± 0.97a 0.00 ± 0.00a 
 Untreated 9.67 ± 1.33a 0.00 ± 0.00a 10.33 ± 0.99a 0.00 ± 0.00a 
 Release 31.00 ± 1.69b 0.00 ± 0.00a 28.67 ± 1.41b 0.00 ± 0.00a 
λ-cyhalothrin Treated 4.33 ± 0.56a 18.50 ± 6.02b 3.50 ± 0.50a 23.67 ± 4.03b 
 Untreated   4.67 ± 0.76a 0.00 ± 0.00a 2.17 ± 0.48a 0.00 ± 0.00a 
 Release 22.50 ± 1.28b 0.00 ± 0.00a 20.67 ± 1.74b 0.00 ± 0.00a 
 
Means followed by the same letter within the same column treatment group are not significantly different  
(p=0.05, Student Newman-Keuls test, SAS Institute, 2002). 
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Table 4-2.  Repellency of fipronil or lambda-cyhalothrin treated glass to pharaoh ant workers 
_______________________________________________________________________ 

Time (min)  Treatment  n % Responding          T statistic P 
      in Treated dish 
_______________________________________________________________________ 

15  Fipronil  6          38.76              2.69  0.04 

  λ -cyhalothrin  6 48.59           -0.05  0.96 

30  Fipronil  6          46.81               0.39  0.71 

  λ -cyhalothrin  6 50.66           -0.21  0.83 

45  Fipronil  6          49.11              0.16  0.88 

  λ -cyhalothrin  6          48.11              0.50  0.64 

60  Fipronil  6 51.57           -0.49  0.64 

  λ -cyhalothrin  6 61.73                     -1.52  0.19 

_______________________________________________________________________ 

Ha: Proportion of ants in treated dish - 50% ≠ 0; One tailed t-test (SAS Institute, 2002) 
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Table 4-3.  KD values of pharaoh ant workers when exposed to glass or wood treated with fipronil or lambda-cyhalothrin 
____________________________________________________________________________________________________________ 

Treatment Surface  na Slope  KD50 min (95% CI)   KD90 min (95% CI)       χ2              P 

____________________________________________________________________________________________________________ 

Fipronil Glass 1,680 3.08 ± 0.20 194.98 (182.15-211.58)  508.71 (432.51-625.77)      6.37 0.27 

  Wood 1,680 4.64 ± 0.25 1,950.00 (1,887.00-2,019.00)  3,685.00 (3,408.00-4,055.00)      4.56 0.47 

         

λ-cyhalothrin   Glass 720 4.82 ± 0.30 19.07 (18.11-20.17)   35.20 (32.11-39.43)       0.186 0.67 

  Wood 1,440 1.96 ± 0.14 46.72 (42.23-52.79)   210.34 (161.81-297.11)      3.44 0.49 

____________________________________________________________________________________________________________ 

aTotal number of trials with 240 ants per trial 
(Probit [SAS Institute 2002]). 
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Table 4-4.  LT values of pharaoh ant workers and queens when exposed to glass or wood treated with fipronil or lambda-cyhalothrin 
____________________________________________________________________________________________________________ 
Caste 
  Treatment Surface na Slope± SE LT50 min (95% CI)       LT90 min (95% CI)   χ2 P 
____________________________________________________________________________________________________________ 
Worker  
  Fipronil Glass  1,200 18.29 ± 1.14 496.54 (491.47-501.40)      583.49 (572.92-596.88)  5.14 0.16 
  Wood  960 7.98 ± 0.40 2,396.00 (2,324.00-2,471.00)      3,468.00 (3,321.00-3,648.00) 4.57 0.12 

  λ-cyhalothrin Glass  1,440 4.00 ± 0.21 137.84 (131.67-144.92)      288.12 (261.42-324.18)  3.85 0.42 

  Wood  960 3.30 ± 0.27 158.24 (149.25-167.94)      386.82 (336.85-466.66)  0.17 0.92 

____________________________________________________________________________________________________________ 
Queen  
  Fipronil Glass  960 12.52 ± 0.64 521.93 (512.98-531.05)     660.68 (642.96-682.15)  3.58 0.17 

  Wood  720 14.53 ± 1.41 4,422.00 (4,343.00-4,520.00)      5,418.00 (5,185.00-5,770.00) 0.13 0.72 

  λ-cyhalothrin Glass  1,440 4.18 ± 0.42 164.45 (148.15-191.26)      333.38 (268.61-459.48)  7.05 0.42 

  Wood  1,440 5.98 ± 0.28 172.13 (167.12-177.16)      282.05 (269.33-297.55)  6.52 0.16 

____________________________________________________________________________________________________________ 

aTotal number of trials with 240 ants per trial 
(Probit, SAS Institute 2002). 
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Table 4-5.  Percent mortality of pharaoh ant workers in response to placement of glass or 
wood bridges treated with water, fipronil, or lambda-cyhalothrin 

____________________________________________________________________________ 
 
    Percent Mortality ± SE  
   ______________________________________________ 

Surface Time  na Control Fipronil λ-cyhalothrin 
____________________________________________________________________________ 
Glass 1 h 6 0.00 ± 0.00a 40.18 ± 5.29b 36.92 ± 5.65b 

 1 d 6 8.78 ± 0.871a 62.13 ± 5.07b 54.90 ± 4.60b 

 3 6 14.60 ± 0.81a 68.70 ± 0.55b 59.38 ± 0.62b 

 7 6 21.27 ± 0.62a 72.70 ± 0.54b 62.12 ± 0.19b 

 14 6 33.87 ± 2.58a 79.90 ± 1.62b 68.42 ± 0.81b 

 21 6 43.07 ± 1.35a 86.90 ± 1.10b 75.73 ± 0.33b 

      

Wood 1 h 6 0.00 ± 0.00a 11.32 ± 0.30b 10.03 ± 0.23b 

 1 d 6 13.37 ± 0.63a 15.88 ± 0.96a 28.83 ± 0.56b 

 3 6 20.25 ± 1.07a 40.38 ± 1.95b 31.20 ± 0.72c 

 7 6 38.65 ± 1.30a 60.48 ± 0.90b 45.50 ± 0.69b 

 14 6 52.87 ± 1.24a 84.25 ± 3.73b 56.98 ± 1.73a 

 21 6 57.30 ± 0.03a 100.00 ± 3.50b 63.13 ± 1.15a 

_________________________________________________________________________________________________________ 

 

a Number of replicates with 1000 worker ants per replicate 
Treatments applied at label rates for ant control; fipronil 0.06%, and lambda-cyhalothrin 
0.015% 
Means within a row followed by the same letter are not significantly different  
(P=0.05, Student Newman-Keuls test, SAS Institute 2002). 
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Table 4-6.  Percent mortality of pharaoh ant queens in response to placement of glass or 
wood bridges treated with water, fipronil, or lambda-cyhalothrin 

___________________________________________________________________ 
 
    Percent Mortality ± SE 
   _________________________________________ 
      
Surface Time  na Control Fipronil λ-cyhalothrin 
_______________________________________________________________________ 
Glass 1 h 6 0.00 ± 0.00 2.83 ± 2.83 0.00 ± 0.00 

 1 d 6 0.00 ± 0.00 2.83 ± 2.83 0.00 ± 0.00 

 3 6 4.00 ± 1.79 5.50 ± 5.50 1.33 ± 1.33 

 7 6 5.33 ± 1.69 7.00 ± 7.00 1.33 ± 1.33 

 14 6 6.83 ± 2.59         13.83 ± 12.30 1.33 ± 1.33 

 21 6 6.83 ± 2.59         16.50 ± 13.40 1.33 ± 1.33 

      

Wood 1 h 6 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

 1 d 6 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

 3 6 0.00 ± 0.00 1.38 ± 1.38 0.00 ± 0.00 

 7 6 0.00 ± 0.00 6.93 ± 3.98 0.00 ± 0.00 

 14 6 1.38 ± 1.38a       47.20 ± 11.73b 2.77 ± 1.75a 

 21 6 1.38 ± 1.38a       77.73 ± 10.02b   11.08 ± 4.65a 

____________________________________________________________________ 
 

a Number of replicates with 12 queens per replicate 
Treatments applied at label rates for ant control; fipronil 0.06%, and lambda-cyhalothrin 
0.015% 
Means within a row followed by the same letter are not significantly different  
(P=0.05, Student Newman-Keuls test, SAS Institute 2002). 
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Table 4-7.  Mass of brood before and after placement of bridges treated with fipronil or lambda-cyhalothrin 
         
        Brood mass (mg ± SE) 
Surface Time (d)  n  Control  Fipronil  λ-cyhalothrin  
_____________________________________________________________________________________  
 
Glass  0  6  200.33 ± 0.16  200.00 ± 0.21  200.10 ± 0.15  
 
  28  6  194.68 ± 12.80a 112.90 ± 10.82b 95.48 ± 12.54b 
 
Wood  0  6  200.52 ± 0.18  200.12 ± 0.32  200.30 ± 0.19 
 
  28  6  214.90 ± 16.93a 41.63 ± 11.49b 165.57 ± 17.31c 
______________________________________________________________________________________    
 
Means within a row followed by the same letter are not significantly different  
(P=0.05, Student Newman-Keuls test, (Institute 2002). 
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A B 

C D 
Fig. 4-1. Series of photographs of Control (replicate 1) showing nest cell over time.  A) 1 

d before placement of bridge, B) 7 d after placement of bridge, C) 14 d after 
placement of bridge, D) 21 d after placement of bridge.  Notice there is not a 
visible difference in activity from photograph A. 
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A B 

C D 
Fig. 4-2. Series of photographs of Control (replicate 2) showing nest cell over time.  A) 1 

d before placement of bridge, B) 7 d after placement of bridge, C) 14 d after 
placement of bridge, D) 21 d after placement of bridge.  Notice there is not a 
visible difference in activity, brood, or number of queens from photograph A. 
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A B 

C D 
Fig 4-3. Series of photographs of lambda-cyhalothrin (replicate 1) showing the nest cell 

over time.  A) 1 d before placement of treated bridge, B) 7 d after placement of 
treated bridge, C) 14 d after placement of treated bridge.  Notice a slight 
reduction in activity and brood, D) 21 d after placement of treated bridge.  Notice 
there is a slight increase in activity from photograph C, and there is not a large 
difference in activity, brood, or queen number from photograph A. 
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A B 

C D 
Fig 4-4.  Series of photographs of lambda-cyhalothrin (replicate 2) showing nest cell over 

time.  A) 1 d before placement of treated bridge, B) 7 d after placement of treated 
bridge, C) 14 d after placement of treated bridge.  Notice a reduction in activity 
and brood, D) 21 d after placement of treated bridge.  Notice an increase in 
activity and brood from that of photograph C.  Also notice there is no queen 
mortality. 
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A B 

C D 
Fig. 4-5. Series of photographs of fipronil (replicate 4) showing nest cell over time.  A) 1 

d before placement of treated bridge, B) 7 d after placement of treated bridge.  
Notice a reduction in activity and several dead queens, C) 14 d after placement of 
treated bridge.  Notice a reduction in activity, brood, and dead queens, D) 21 d 
after placement of treated bridge.  Notice a reduction in activity, brood, and only 
2 remaining queens. 

 
 



36 

 

A B 

C D 
Fig. 4-6. Series of photographs of fipronil (replicate 5) showing nest cell over time.  A) 1 

d before placement of treated bridge, B) 7 d after placement of treated bridge.  
Notice a reduction in activity and a few dead queens, C) 14 d after placement of 
treated bridge.  Notice several dead queens, D) 21 d after placement of treated 
bridge.  Notice the reduction in brood and lack of queens. 
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CHAPTER 5 
DISCUSSION 

Foreword 

Pharaoh ants are social insects that can be extremely difficult to control.  They 

exhibit many behaviors common to social insects including division of labor, trail 

following and recruitment, and communication.  These characteristics make control very 

difficult.  A small proportion of workers serve as foragers (Williams 1990, Vail 1996).  

Treatments that aim to merely kill foraging workers will not be effective in eliminating 

colonies.  Additionally, pharaoh ants nest indoors, further hindering control efforts.  

Treatments useful in excluding perimeter-invading ants may only cause trapping and 

budding of pharaoh ant colonies inside (Vail 1996, Buczkowski et al. 2005).   

Tests were performed to determine repellency, speed of kill, and the effects of a 

residual treatment against colonies of the pharaoh ant.  For a residual treatment to be an 

effective control measure for pharaoh ants, the insecticide should mimic the 

characteristics of effective baits.  Effective baits should not cause foraging ants to avoid 

the treatment, they should exhibit a delay in mortality of >24 h, and they should be 

transferable from foraging workers to the rest of the colony.   

For a residual treatment to be effective, the foraging worker ant must be willing to 

walk onto a surface treated with the insecticide.  An effective residual treatment for 

control of pharaoh ant infestations should not only be nonrepellent, but the insecticide 

should also exhibit a delay in mortality.  When toxicants are encountered in smaller 

concentrations, foraging ants have a longer period of time to transverse the treatment and 
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return to the nest.  Delay in knockdown is also critical for spread of toxicant throughout 

the population.  If the ants are moribund, they will not be as effective in transferring 

toxicant. 

Repellency Assay 

In this study, both fipronil and lambda-cyhalothrin treatments were not avoided by 

worker ant movements.  The lack of repellency of fipronil is in agreeance with many 

studies on the nonrepellent action of fipronil to insects (Osbrink and Lax 2002, Ibrahim et 

al. 2003, Scharf et al. 2004, Soeprono and Rust 2004b, Buczkowski et al. 2005, Hu 

2005).  The lack of repellency of lambda-cyhalothrin to pharaoh ant workers is consistent 

with observations in other studies concerning the lack of repellency of ants to certain 

pyrethroids.  Pranschke et al. (2003) observed that red imported fire ants were not 

repelled by bifenthrin.  Consequently, treatments of fipronil and lambda-cyhalothrin 

would not be avoided by worker ants and would cause worker ant mortality when applied 

to surfaces in and around homes and structures. 

It can be difficult to determine repellency of insecticides to ants.  Many behavioral 

aspects of pharaoh ants as well as characteristics of the insecticides can have drastic 

influences on the interpretation of repellency.  Such factors include the speed of kill of 

the insecticides, nest relocation by the ants, formulation of the insecticides, and cessation 

of trailing and recruitment.   

The speed of kill of insecticides can affect the interpretation of repellency of the 

chemical.  Fast-acting insecticides, such as pyrethroids, cause the insects to die very 

quickly and confound the data.  Many of the ants will die on the treated surface, giving 

the notion that there is a preference for the treated surface (Table 4-1).  Our analysis was 

modified to account for mortality when considering repellency.  The distribution of live 
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ants was equal for treated and untreated dishes so the treatments were interpreted as being 

nonrepellent. 

Pharaoh ants can be easily induced to relocate their nests.  Buczkowski et al. (2005) 

found that pharaoh ants generally failed to relocate their nests under tile treated with 

cypermethrin or bifenthrin.  This was attributed to moderate repellency.  However, more 

information is necessary to determine if this is due to preferential nesting locations.  

Buczkowski et al. (2005) also observed that pharaoh ants relocated their nesting location 

35 d after exposure to cypermethrin.  This may not necessarily be due to repellency of the 

compound, however, since many factors can lead to nest abandonment (Holldobler and 

Wilson 1990, Harris 1991, Buczkowski et al. 2005).  My studies did not evaluate fipronil 

or lambda-cyhalothrin for nest abandonment or nest relocation.   

The formulation of an insecticide can have a strong influence on its degree of 

repellency to ants (Knight and Rust 1990).  Wettable powders were ranked as the most 

repellent formulation to Argentine ants, followed by emulsifiable concentrates, and 

granules (Knight and Rust 1990).  In my studies, the lambda-cyhalothrin (Demand CS) 

used was a microencapsulated formulation.  The microencapsulation is thought to protect 

the pyrethroid from environmental degradation.  It may also serve to render the 

pyrethroid nonrepellent.  However, more research needs to be conducted on different 

formulations of lambda-cyhalothrin to determine if this is true.  

The cessation of trailing and recruitment behavior can give a false sense of 

repellency.  Soeprono and Rust (2004) suggested that pyrethroids do not repel Argentine 

ants, but merely inhibit their ability to form recruitment trails.  My results from the 

repellency assay demonstrate that lambda-cyhalothrin exhibits no repellency to foraging 
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pharaoh ant workers for up to 60 min (t value = 1.52 at 60 min).  Pharaoh ants were seen 

immediately vacating the release dish and exploring both the treated as well as the 

untreated dish.  No food was provided in either dish and thus recruitment trails were not 

formed.   

Lethal Time Assay 

Insecticides can have varying degrees of speed of kill.  Fast-acting insecticides can 

be effective in killing foraging ants and excluding ants from structures.  Slow-acting 

insecticides are more effective in eliminating colonies.  Pharaoh ant workers were 

knocked down very quickly when exposed to glass or wood treated with lambda-

cyhalothrin (KD50 values = 19.07 and 46.72 min, respectively).  Although the ants were 

quickly knocked down, it took several hours for death to occur.  This was evident in both 

the glass and wood treated lambda-cyhalothrin assays (LT50 values = 137.84 and 158.24 

min, respectively).  These results agree with previous studies with Argentine and red 

imported fire ants, where pyrethroids act very quickly (Pranschke et al. 2003, Soeprono 

and Rust 2004b).  Smaller KD and LT values in the glass surface treatments were 

probably due to the greater availability of the pyrethroid on the treated glass surface 

(Chadwick 1985).  Such small KD values indicate that foraging ants would not have 

enough time to return to the nest and effectively spread the toxicant, especially since they 

have been observed foraging for up to 45 m from the nest (Vail 1996).   

Fipronil, when applied to glass, exhibited a longer knock down time for pharaoh 

ant workers (KD50 value = 194.98 min) and longer lethal time (LT50 value = 496.54 min) 

than lambda-cyhalothrin.   When fipronil was applied to wood, however, there was a 

drastic increase in lethal time values (LT50 value = 2396.00 min).  My results show that 

only fipronil treated wood exhibited a delay in mortality >24 h.  This is consistent with 
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the speed of kill for effective bait toxicants, which exhibit a delay in mortality equivalent 

to 1-4 days (Klotz et al. 1996, Klotz et al. 1997a, b, Rust et al. 2004).   

Although queens do not perform extensive foraging duties, they often accompany 

nest relocation events (Sudd 1960).  Queens exposed to lambda-cyhalothrin treated glass 

and wood exhibited a similar time to death than workers (LT50 values = 164.45 min and 

172.13, respectively).  This suggests that queens may not require larger doses of lambda-

cyhalothrin than workers for mortality.  Queens exposed to fipronil treated glass also did 

not exhibit a strong difference in lethal time values than workers (LT50 values = 521.93 

for queens and 496.54 min for workers).  However, queens exposed to fipronil treated 

wood exhibited a much larger lethal time value than workers.  This suggests that queens 

may take much longer to die when exposed to lower doses of fipronil. 

Bridge Assay 

When exposed to a residual treatment, foraging worker ants are the first members 

of the colony to be affected.  Foraging workers contact the insecticide and return to the 

nest.  Nesting workers are the second members of the colony to be affected by a residual 

treatment.  If the foraging workers have enough time to get back to the nest they may 

contaminate other workers by nest mate interactions, including grooming, trophallaxis, or 

other social behaviors.  Since the amount of insecticide is diluted when passed from ant 

to ant, the nesting ants may require several doses from multiple foraging ants.  If foraging 

ants have the ability to cross the treatment and return to the nest several times, there 

would be a greater transferability of the insecticide.  A slow-acting insecticide would 

allow the foraging workers enough time to cross the treatment several times without 

becoming moribund.   
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Results from the glass bridge assay show that lambda-cyhalothrin treated glass will 

successfully kill a large portion of the workers very quickly.  This can be attributed to the 

very fast knockdown and kill of workers.  Over half of the worker population was killed 

in 1 d.  These affected foragers died before being able to spread the toxicant to the nest 

cell.  Consequently, ~20% of the nesting worker ants lived through the duration of the 

test.  Lambda-cyhalothrin, when applied to nonporous surfaces such as glass can be 

effective in quickly killing foraging workers, but should not be relied upon to eliminate 

all the workers of a colony. 

Results from the wood bridge assay showed that lambda-cyhalothrin treated wood 

killed only a portion of the workers.  After 14 d the pyrethroid produced no significant 

difference in mortality than the control.  This is consistent with James et al. (1998) who 

observed that bands of 0.6% lambda-cyhalothrin applied to tree trunks were ineffective in 

excluding Argentine ants after 5 wk.  When lambda-cyhalothrin was applied to a porous 

surface, it lost efficacy against foraging workers.  Many of the nesting workers remained 

unaffected throughout the duration of the test, as evidenced by the lack of high nesting 

worker mortality. 

Results from the fipronil treated glass bridge experiment showed that a large 

portion of the worker population was killed over time.  Over 80% of the worker 

population was killed after 21 d.  An 80% reduction in foraging ant has been interpreted 

as providing satisfactory control in field experiments (Rust et al. 1996, Vega and Rust 

2003).  However, in my laboratory experiment, this reduction in worker population was 

not sufficient to eliminate the colony.   
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Results from the fipronil treated wood bridge assay showed that when the toxicant 

exhibited a delay in toxicity >24 h, there was enough time for the toxicant to spread from 

ant to ant.  Fipronil treated wood was also the only treatment to successfully eliminate all 

worker ants.  Lambda-cyhalothrin was found to be less effective after 14 d in the wood 

bridge assay.  Fipronil, however, was still effective in killing foraging workers through 

the duration of the test.     

In order to reach colony elimination, reproductives should be killed.  In order to 

affect reproductives located in the nest cells, the reproductives must encounter 

insecticide-contaminated ants.  Foraging ants must be able to transfer insecticide to 

nesting ants, which then transfer insecticide to the reproductives.  Both lambda-

cyhalothrin and fipronil, when applied to glass were ineffective in producing queen 

mortality.  This can be attributed to rapid speed of kill.  When workers were exposed to 

treatments on glass, lethal time values were all <24 h; lambda-cyhalothrin also was 

ineffective in producing queen mortality due to rapid speed of kill (worker mortality 

within a few hours).  This rapid mortality did not allow sufficient time for workers to 

contaminate the nest cell.  The only treatment to exhibit significant queen mortality was 

wood treated with fipronil.  Wood treated with fipronil was also the only treatment to 

effectively eliminate some of the colonies.  This was also the only treatment to exhibit a 

delay in mortality >24 h.  In order to effectively transfer insecticide from worker ants to 

queens, the insecticide must be slow-acting. 

Pharaoh ants can start new colonies with just a small amount of brood (Vail 1996).  

Brood must be affected in order to accomplish colony elimination.  Brood can be affected 

by residual treatments in several ways.  The lowered mass of brood at the end of the 
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study was probably due to the lack of protein that was brought back to the nest, and 

subsequent larval cannibalism (Holldobler and Wilson 1990).  The mass of brood at the 

end of the study for the lambda-cyhalothrin treated wood was significantly less than that 

of the control.  However, after the 14-day period, the mass of brood increased, suggesting 

that the pyrethroid was no longer effective after 14 d.  The foraging workers were able to 

transverse the treatment, and gather enough protein to ensure larval survival and 

production. This was also evident in the extreme reduction in the mass of brood at the 

end of the experiment 

Summary 

Both fipronil and lambda-cyhalothrin effectively killed pharaoh ant workers and 

queens when they are exposed to the treatment.  No degree of repellency was found for 

either insecticide.  Fipronil and lambda-cyhalothrin exhibited varying times to death of 

both workers and queens.  There was however, an enormous difference in effects of a 

residual treatment against colonies.  Lambda-cyhalothrin was effective in killing a large 

portion of workers, but did not eliminate the colony.  Fipronil treated wood was the only 

treatment to result in significant queen mortality and a large reduction in brood mass.  

Some of the colonies in the fipronil applied to wood treatment were eliminated.  Fipronil 

applied to absorbent surfaces, such as wood shows the greatest potential for management 

of pharaoh ant infestations. 
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APPENDIX 
MANAGEMENT OF INSECT COLONIES 

Pharaoh ant colonies were reared at the University of Florida (Gainesville, FL) in a 

rearing room maintained at 27 ± 1.5°C, 40 ± 7% RH.  A space heater was operated 

constantly to maintain a fairly constant temperature.  Colonies were housed in plastic 

trays (56 by 44 by 12 cm; Panel Controls, Greenville, SC) coated on the inner walls with 

Fluon® (AGC Chemicals, Bayonne, NJ) to prevent the ants from escaping.  A sheet of 

clear plastic (60 x 48 cm) was used to cover the trays and maintain a fairly constant 

relative humidity inside the tray.  Four to six nest cells were placed inside the tray to hold 

queens, brood, and nesting workers.  Cells consisted of square plaster-filled (Dentsply, 

York, PA) plastic Petri dishes (100 x 15mm; Becton Dickinson Labware, Franklin Lakes, 

NJ) (Williams 1990).  A soldering iron was used to melt a 3 mm hole in the center of 

each side of the bottom dish to allow the ants access.  Yellow acetate paper covered the 

nest cell to filter light and make it more attractive for brood rearing. 

Colonies were provided ad libitum with water and 10% sugar water in 

polypropylene round bottom centrifuge tubes (32 by 164 mm; Fisher Scientific, 

Pittsburgh, PA) plugged with cotton balls.  Freshly killed American cockroaches 

(Periplaneta americana), obtained from the Urban Entomology laboratory, University of 

Florida, Gainesville, FL were provided in paper cups three times per week.  This 

provided protein for oogenesis and larval development (Chapman 1998).  When a new 

cup of cockroaches was provided, the old cup was shaken to remove foraging ants, and 

placed into a sealed bag.  The bag was frozen for several days before disposal.     
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Dead ants were removed once per week with an index card.  The bottom of the tray 

was wiped with moist cotton balls to remove excrement and regurgitated food matter 

once per week.  All nest cells were transferred to a clean, Fluon® coated tray once every 

three months.  Ants dispersed in the bottom of the old tray were collected on an index 

card and transferred to the clean tray.   
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