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ABSTRACT 
 
Insect behavior while a very interesting and fairly researched subject, is still an uncertain area of 

research that yields more questions than answers. For example, boric acid which is a proven 

insecticide that works on Argentine Ants, has a unique effect on the ant’s behavior that is unseen 

in ants treated by most other common ant insecticides, in which the ants dying from the 

insecticide collect deep within the colony and try to burrow into their water source. The reason 

for this behavior is as of yet unknown, and made even more puzzling by the uncertainty in the 

mode of action of boric acid on ants. Generally the modes of action, the way in which it harms 

the insect population, for insecticides fall under one or more of the following categories: 

neurotoxins, insect growth regulators, energy production and non-specific cellular disruptors, 

and desiccants. There is clear evidence of boric acid as a cellular toxin and metabolic regulator, 

but it has been questioned as potentially acting as a neurotoxin. In these experiments, we 

examined feeding (sugar water) and drinking (pure water) behavior of laboratory colonies of 

Argentine ants, over time, after ingesting boric acid of varying levels of concentration. We then 

compared the feeding and drinking responses between groups treated with boric acid and 

untreated control groups. Our results showed preliminary evidence that there is a higher 

prevalence of excess water drinking by treatment groups, relative to control groups. 

Additionally, our results also showed that the feeding behavior of treatment and control groups 

were similar. Our study confirmed previous observations that ants treated with boric acid 

aggregate deeper in the colony tubing, nearer to the water source, compared to the control 

groups. 

 

 

2 
 



 

ACKNOWLEDGEMENTS 

I would like to thank Dr. Dong-Hwan Choe and Kathleen Campbell. They provided me an 

abundance of knowledge, personal effort, resources, expertise, and good will, which without I 

could not have done anything. 

I would like to thank my parents, Dr. Bruce and Lisa Le, who have supported me and my 

education and allowed me to pursue it however I saw fit. 

A final thank you to my fiancee, McKenna Pace,  her undying love and support have made me a 

better person and have surely enabled me to gain what I have achieved, as well as what I have 

yet to achieve. 

  

3 
 



INTRODUCTION or BEGINNING OF CAPSTONE 

Boric acid is a common insecticide that has been used to control various insect pests, most 

notably: cockroaches and ants. Boric acid is a naturally occurring chemical that when ingested is 

toxic for insects (Klotz, Greenberg, and Venn 1998). Boric acid is most effectively used as a bait 

due to it’s slow action as well as low repellency, as opposed to some faster acting insecticides 

that cockroaches or other insects may learn to avoid (Klotz and Moses 1996). Oral toxicity of 

boric acid is often attributed to its ability to alter the midgut of insects, leading to death by 

starvation (Habes et al. 2006). However, the exact mode of action by which boric acid kills is 

more complicated than that. For example, beyond the gut lining alterations, boric acid is also 

cited as having neurotoxic (Habes et al. 2006), as well as dehydrative effects (Klotz and Moses 

1996).  

The most prevalent and best documented pathway by which boric acid kills insects is the 

alteration of their midgut (Habes et al. 2006). This alteration of the midgut prevents the insect 

from properly ingesting its food, which is hypothesized to eventually lead to the death of the 

insect by starvation, an analysis initially made in 2002 (Klotz et al. 2002). While both of these 

papers agree on the midgut alterations, they also both find different modes of action of the boric 

acid. (Habes et al. 2006) found that not only does the boric acid effectively destroy the midguts 

functionality, but it also inhibits acetylcholinesterase activity which is evidence of a neurotoxic 

effect (Habes et al. 2006). (Klotz et al. 2002) discussed that boric acid can form complexes with 

organic molecules and that boric acid is less toxic to the ants when taken with sorbitol (Klotz et 

al. 2002). It would seem the more researchers try to narrow down what mode of action is the 

primary one by which boric acid kills, they only find more evidence that they cannot be certain. 

In both (Klotz et al. 2002; Habes et al. 2006) they examined the midgut as the portion of the gut 
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that was affected by the boric acid, however in prior examinations of insect gut after boric acid 

ingestion, the foregut was the site of boric acid damage and believed to be what caused the insect 

to starve (Cochran 1995). Researchers concluded that as the midgut is the most important portion 

of the insect gut when it comes to ingestion, that the midgut alterations were more detrimental to 

the insects than the foregut alterations (Habes et al. 2006). 

Evidence against the starvation theory is seen in a paper that claims the insects death to boric 

acid has nothing to do with the digestive tract, but rather with the effects of boric acid upon 

entering the haemocoel (Sierras, Wada-Katsumata, and Schal 2018). This study supports this 

claim with an experiment comparing bed bugs that had ingested boric acid with their blood meal 

and bed bugs that had a boric acid solution injected into their haemocoel, researchers then 

measured the difference in time it took to kill the two treatment groups (Sierras, 

Wada-Katsumata, and Schal 2018). Because the injected boric acid killed faster than the ingested 

boric acid, the study concluded that this is proof that boric acid kills as a neurotoxin and not by 

starvation (Sierras, Wada-Katsumata, and Schal 2018). These conclusions are problematic 

because they do not actually prove that the boric acid is not killing by destroying the gut lining 

when ingested, they are simply proving that the boric acid kills faster or by other means when 

injected.  

Thus far we have discussed evidence of boric acid doing damage to both the foregut and the 

midgut of insects, but nothing that explores the potential effects boric acid may have on water 

regulation within the insect. Vital to supporting our research is a paper which discusses the 

dehydrative effects of boric acid (Klotz and Moses 1996). In this paper researchers find that 

carpenter ants treated with boric acid excreted liquid feces more frequently than control groups, 

which they theorized would cause the ants to increase their consumption of liquid baits, 
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effectively increasing their own dosage, creating a sort of positive feedback loop (Klotz and 

Moses 1996). The researchers did in fact notice that the ants treated with boric acid remained on 

the boric acid bait longer (likely feeding more) than the controls did, supporting their hypothesis. 

The increase of liquid feces explains the increase of bait (or fluid) consumption (Klotz and 

Moses 1996), but to potentially explain the worsening of water regulation, we can look to a paper 

that explores the effects of boric acid on Malpighian tubules (Ferreira et al. 2013). In the study it 

was found that at the time of examination the bee’s Malpighian tubules were still functional, but 

were showing signs of damage and potentially future cell death and researchers acknowledged 

that with more time the results may have been cell death in the Malpighian tubules (Ferreira et al. 

2013). This does provide enough evidence to justify further research into boric acid’s effect on 

insect Malpighian tubules, hydration, as well as the availability of water and its impact on boric 

acids efficacy. 

These considerations and findings led to my objective: observing and quantifying the sublethal 

behavioral effects of boric acid bait on laboratory colonies of argentine ants. The behavioral 

changes I was attempting to prove or find were, (among treated groups): 1. An increased 

concentration/density of ants deeper in the colony tubing, previously seen by Dr. Choe; 2. 

Increased incidence of pure water drinking; 3. No difference in feeding behavior. 

METHODS 

Methods for Preparing Solutions for Trials 2&4: Due to a misunderstanding on my part, 

solutions for the first four trials were prepared incorrectly. When told to prepare solutions with 

concentrations of .5% boric acid and 25% sucrose, I assumed the best possible way to prepare 

them was to do all measurements by mass. For example: to make 100 grams of solutions, I 

would mix .5 grams of boric acid, with 25 grams of sucrose, and the remainder of the 100 grams, 
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or 74.5 grams, would be pure, deionized water. These solutions would yield results which would 

later differ from results with properly mixed solutions, creating some potential inconsistencies in 

my research. To attain diluted solutions from this original concentration, I would separate the 

100 grams of .5% b.a. (boric acid), 25% sucrose solution into two portions of 50 grams each. 

Putting aside one portion to keep it undiluted, I would then dilute the other portion with 50 grams 

of deionized water and 12.5 grams of sucrose, to keep the sucrose levels at 25%, while diluting 

the boric acid in half, creating a solution of .25% b.a. and 25% sucrose. This process would be 

repeated until a desired minimum concentration, generally .0625% b.a. 

 

Methods for Preparing Solutions for Trials 6: Preparations of solutions for trials 6 would be 

refined by Dr. Choe’s input, as well as some personal recognition of efficiency. It became my 

understanding that the solutions were to be .5% b.a.and 25% sucrose in a mass to volume ratio 

between solute and solution. Additionally, rather than diluting solutions and adding sucrose to 

compensate for sucrose dilution, I began making a stock solution of 25% sucrose, with no boric 

acid, that could be used to dilute the boric acid solutions, without diluting sucrose. Thus the 

procedure for preparing say 100ml of solution, was weighing out .5 grams of b.a., 25 grams of 

sucrose, and combining in a container with volumetric markings. The container would then be 

filled with deionized water to around 90ml of solutions, at which point I would stir and mix the 

solution until complete dissolution of solutes. Once the solution was completely homogenous, 

more deionized water was added until reaching 100ml, and mixed again. To obtain less 

concentrated solutions of b.a. the 100ml solution of .5% b.a. and 25% sucrose was divided into 

two even portions of 50ml. One was set aside to keep as a higher concentration, and the other 

was diluted with the stock solution of 25% sucrose to 100ml, reducing the concentration of b.a. 
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in half, and maintaining the concentration of sucrose. This process was repeated until reaching a 

desired minimum concentration. 

Methods for Preparing Laboratory Colonies: Colonies were made using capsules filled with 

water, the mouth blocked off by a cotton wick, and then covering the mouth of the capsule as 

well as the wick with rubber tubing to form the space where the ants would reside. The tubing 

would serve as the semi-enclosed space where the ants would rest with the capsule of water and 

soaked wick serving as the fresh water source of the colony. This cohesive unit would then be 

hot glued into a larger cup which would serve as the larger barrier and feeding/foraging arena for 

the colony. The colony would be angled in such a way that the entrance to the tubing rests 

against the bottom of the cup and the capsule full of water, stopped by a wick, is facing 

downward, ensuring that water is constantly soaking into the wick, which would provide ants 

with a constant, fresh water source. The water used was distilled in trials 5-11 and deionized in 

trials 1-4. The cotton wicks were measured out to 2.5 centimeters, the rubber tubing was slightly 

curved and cut so that the opening was slanted to be flat against the bottom surface of the cup, so 

the inner length is 6.5 centimeters and the outer length is 7 centimeters. The cups were coated on 

the upper lips in teflon to prevent the ants from crawling out of, and escaping from the cups. The 

teflon was not standardized in how much of the cup was covered except that it did not touch the 

capsule and did not enter the feeding/foraging arena. 

Methods for Inserting Ants into Colonies: Sections of proportional rubber tubing were cut to 

serve as vessels for transferring ants to the individual colonies from a larger stock colony in the 

Choe laboratory. Ants would be shaken from housing structures and tubings inside the stock 

colony into a transfer bin, where the transfer tubes would be. There would be one transfer tube 

per colony. The ants would naturally aggregate into the tubes, in somewhat similar proportions, 
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from which they could then be transferred in the tubings to the colony cups. Once the transfer 

tubes were in the colony cups, most ants would switch to the better prepared colony tubing, and 

any ants remaining in the tubing would be shaken out into the colony cup. While no counting or 

precise apportioning of ants to colonies was performed, the proportionality of the transfer tubing 

and the natural behavior of the ants to aggregate in the tubings with fairly proportional densities, 

created a certain level of standardness to the sizes of the colonies, at least between colonies 

within trials. 

Methods for Treating, Feeding, and Observing Ants For Trials 2&4: Feeding methodology 

was changed several times for some trials of the experiment. Trials 1-4 held the same basic 

format. The first four trials were in person, which required certain boundaries. One boundary 

was my inability to come into the laboratory on weekends. As a result, feeding and observations 

had to be scheduled around weekends, making day zero, or the day of treatment, consistently on 

Mondays. Another boundary was scheduling around my class schedule at the time. As a result, 

on any given day, I generally could not make observations for more than an hour at a time, which 

limited the scope of our observations to within an hour on any given day. To ensure maximum 

time allotment for observations, all preparations would be done the week before a trial began, 

and the colonies would be filled on Fridays, fed, and then fasted over the weekend. The standard 

observation system went: feeding/drinking behavior observed immediately after the 

water/treatment/food is given, as well as every 5 minutes thereafter for 30-35 minutes, resulting 

in 7-8 total observations. During trial two the feeding and observation schedule was: Day 0: 

Removed any and all dead ants before initiating treatments. Removed cups used for previous 

feeding, placed in new cups and treated colonies labeled with an A, with .125% boric acid 

solution, B colonies with .0625% boric acid solution, and C colonies given untreated 25% 
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sucrose water as the control. All treatments and feedings are 200μL at a time. Day 1: No tests of 

feeding behavior, ants inspected and fatalities counted but not removed. Day 2: New cups are 

inserted and old cups are removed, as is done everyday with each colony. Each colony is given 

200μL of pure deionized water, with feeding behavior observed immediately after the water is 

given, as well as every 5 minutes thereafter for 30 minutes, amounting to 7 observations. Day 3: 

Each colony was provided 200μL of 25% sucrose water, and observed in the same fashion as the 

prior day. Day 4: Same procedure as day 3. Days 5&6: no activity due it being the weekend. Day 

7: Each colony was provided 100 milligrams of pure sucrose with behavior observed in the 

standard fashion. Day 8: Each colony provided 200μL of pure, deionized water with standard 

observations. During trial four the feeding and observation schedule was the same as in trial 2, 

with the exceptions of adding days nine and ten. Day 9: Each colony provided 200μL of 25% 

sucrose water with standard observations. Day 10: Each colony provided 200μL of pure, 

deionized water with standard observations. 

Methods for Treating, Feeding, and Observing Ants for Trial 6: Methods throughout Trials 

5-11 were more variable than in the previous four. With the pandemic being an issue, all seven 

of these trials were done in my home, with occasional resupplies from the Choe laboratory and 

the procurement of ants being through meetings between Dr. Choe and I before a given trial. In 

trial six we tweaked the process after poor results in trial five. I used eight colonies in four 

treatment groups, a treatment group (A) with .5% b.a., a treatment group (B) with .25% b.a., a 

treatment group (C) with .0625% b.a., and then a control group (D) with only clean, 25% sucrose 

solutions. The treatments were applied upon the receival of the ant colonies, with no fasting 

period as in previous trials. After day zero, or treatment day, the ants were then left alone until 

day four, when I gave them pure water and observed them with a larger set of observations. The 
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observations would be taken immediately after providing the ants with their food/water, then 

every five minutes for forty five minutes, then every ten minutes for one-hundred minutes, and 

then again the “next” day, around nineteen hours later. This change in scheduling was in an 

attempt to see if having no sugar water between treatment and being given pure water would 

have an effect on the feeding/drinking behavior of the ants. On day seven the ants were provided 

sugar water and observed in the same fashion as day four. On day eight the ants were provided 

with pure water once again, and only observed for an hour and a half at five minute intervals. 
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RESULTS 

Trials 1,3,5,7-11: Trials one, three, five, and seven through eleven were excluded from the 

analysis due to testing issues via contamination in some cases and apparent insecticide 

inefficacies in others. In trials one and three we found that control groups had high mortality 

rates and neurotoxic behavior, so we could not use that data. In trials five and seven through 

eleven, mortality rates were lower in treatment groups than they were in previous trials, so we 

could not be sure that they received full dosages of boric acid. This was especially an issue in 

trial eleven where after we returned to a higher concentration dosage, the ants died less than they 

had in previous trials with much lower concentrations. Due to the lack of mortalities at low 

concentrations and that last high concentration, we chose to only use trials that showed relatively 

high mortality rates, as we could therefore be certain that the ants had boric acid in their system. 

 

Trial 2: 
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While the treatment groups do overshadow the control groups consumption of sugar water on 

day three, the treatment groups, specifically the higher concentration treatment group, shows 

massive interest in pure water, even compared to their interest in sugar water, especially in 

comparison to the behaviors of the control group. Additionally none of the groups show 

significant interest in the pure granulated sugar, which was a test done in hopes of showing that 

opposed to the idea that the ants are dying of starvation, they are uninterested in a dry food 

source, which means that the presence of water in their sugar water food source is important, and 

thus water is a key motivator for them. I took video of ants consuming dry, granulated sugar, in 

the Choe laboratory stock ant colony and although not as clear as in the video, we can see in 

figure four the ants carrying off granulated sucrose to their colonies, showing that they can and 

will consume granulated sugar, even when untreated, unfasted, and not fully necessary. 
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Trial 4:

 

We can once again see that there is little interest in the treatment groups for dry food sources, a 

clear difference of drinking behavior between treatments and controls, and finally little 

difference in feeding behavior between controls and treatment groups in relation to standard, 

liquid sugar solutions. Especially when considering putting together figures five and six we can 

see that for day seven, there is low mortality among all groups and still the treatment groups are 

not more interested in the dry, granulated sugar, than the controls. This is in stark contrast to 

days eight and nine where although the A groups had by then experienced high mortality relative 

to the controls, they had more ants drinking pure water on day eight, than they had feeding on 

sugar water on day nine, with no additional mortalities. 

14 
 



The mortalities of trial four are high enough to slightly alter the results of the feeding and 

drinking behavior, but if we were to assume that their numbers without the mortalities, on/after 

the mortalities occurred, were higher than they are with the mortalities, then our results would 

have only benefited. 
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Trial 6: 

These results aren’t ideal, but they certainly show that the treatment groups of higher 

concentration (A and B) have higher interest for the pure water than do the control groups. They 

also show that the control groups are not any less interested than treatment groups in sugar water, 

which would be counterintuitive with the assumption that the treatment groups are starving to 

death. An issue with the data presented for day seven however, is that the higher concentration 

groups, A1 and A2, have very high mortality rates, decreasing their overall foraging and feeding 

ability. However the same cannot be said of treatment groups B and C, whose mortality was 

relatively low and insignificant, making their responses likely more reliable. 
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Reusing figure two, using photos from trial six, we can see in B2 and C2 the difference in how 

the ants have collected in their respective tubing, the treated ants aggregating deeper in the tube, 

concentrating on the cotton wick water source. 
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DISCUSSION 

As previous experiments observed (Klotz and Moses 1996), the ants treated with boric acid do 

seem to aggregate towards water sources, more than control groups. While we did not perform 

any studies to see how leaving the boric acid in the treatment groups at all times would affect 

them and their self dosage, we do see that same behavior on other sources of moisture.  

The data are promising in terms of justifying future research and showing certain behavioral 

changes in the ants treated with boric acid. We see clear signs that the treatment groups have 

increased proclivity to the water sources within their colonies as well as additional water sources 

provided outside of their colony. We also see that despite the idea that the ants are starving to 

death, they do not show any significant interest in dry, granulated sugar. Future experiments 

could try to further clarify this by giving the ants powdered sugar instead of granulated. While 

granulated sugar is not ideal to the ants, we have observed in the laboratory that they can and 

will consume granulated sugar, carrying it back to the colony.  

Future experiments could include removing a drinkable water source altogether, instead have the 

colonies in a highly humid environment (Klotz and Moses 1996), so that natural desiccation is 

not an issue, and seeing if when they have no regular drinking source, the treated ants drink 

water even more readily than the control groups. Another pathway could be testing survivability 

of treatment groups, some given ample fresh drinking water, and others receiving only highly 

concentrated sugar water, in addition to high humidity. One could also consider a more 

physiological observation route as opposed to behavior, which can be fickle. Physiological 

observations could include examining the portions of the ant gut relevant to water homeostasis, 

such as further examination of the Malpighian tubules, which research shows may be an 

important part of the equation (Ferreira et al. 2013). Additionally there is the possibility of 
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sampling the waste of the ants, testing to see it’s concentration of solutes, if the waste was highly 

concentrated that would mean that they are having less issues with water retention, and more 

issue with solute retention or ingestion, and possibly starvation. If, however, the waste was less 

concentrated, more “watery” then that could tell us that they are having issues with water 

retention. One more route to possibly understanding these dehydrative effects on the ants could 

be that it is not the dehydration that is directly killing the ants, but it at least creates a positive 

feedback loop as the dehydration causes the ants to ingest more bait, which then kills them in 

whatever way it does, as seen in (Klotz and Moses 1996). 
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