ABSTRACT

KIMPS, NICHOLAS WADE. The First Report of Repellency of 2-Tridecanone in Ticks.
(Under the direction of R. Michael Roe and Charles Apperson.)

The chemicals 2-tridecanone and 2-undecanone are both found naturally in the
trichomes of wild tomato plants and are important in plant resistance to herbivory. 2-
Undecanone recently was shown to be an effective tick repellent and is the active ingredient
in the commercially available arthropod repellent, BioUD®". The goal of this study was to
examine, for the first time the, tick repellency of 2-tridecanone. Two-choice bioassays were
conducted between 8% 2-tridecanone versus the repellent carrier, absolute ethanol and
compared to similar choice studies with 8% 2-undecanone versus absolute ethanol. Unfed,
host-seeking adult (mixed sexes) Amblyomma americanum and Dermacentor variabilis were
used to evaluate repellency and time to repellent failure at room temperature on two different
substrates. In filter paper assays, 2-Tridecanone was >70% repellent to A. americanum and
D. variabilis for 12 and 15 h, respectively. In contrast, 2-undecanone was >70% repellent to
A. americanum and D. variabilis for only 2 h. In two choice assays on cheesecloth, 2-
tridecanone was 85% repellent to A. americanum for 6 h. 2-tridecanone provided repellency
significantly longer than 2-undecanone. The potential use of 2-tridecanone as a tick repellent

1s discussed.
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BIOGRAPHY
I was born December 20, 1983 in Fairfax, VA to Robin and Melissa Kimps. I have one
sibling, Emily, whom I love dearly. I have always had an interest in nature and science. I
completely admit to being a nerdy child, but I just loved to learn, and wanted to soak up as
much knowledge as possible. I read a lot in my youth, but oddly enough it was all science
fiction. I loved to escape into other worlds and go on adventures with the characters. It is
something I look fondly back upon, and often wish I could recapture that excitement and
imagination. I went through a weird adolescence, but can think back and realize that my
church, Good Shepherd, was one of the best places I could have been at that point in my life.
I think life may have been very different if it were not for the people I met and activities I
participated. I went to Thomas Stone High School and graduated with honors. I loved it a lot.
I played trombone in marching band all four years. We were the first class to go to the
Atlantic Coast Championships every year. My senior year, I joined the swim team. That year
I took 14" in the state of Maryland in backstroke, and set a school record with my relay team.
I even surprised myself that year. It was at that point I realized that I could do anything that I
set my mind to. That year I also joined the newly formed rugby team. Talk about a great
time. Full contact sport without pads. What’s not to love? Through high school, I worked at
Facts in Focus in the local mall as a mall surveyor. I could be quoted as saying, “Would you

like to take a survey?” I was promoted to a supervisor at 17. I learned a LOT about life
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through that experience. It really opened my eyes to different people and different
backgrounds. I also held a job at Clearwater Nature Center in Clinton, MD. With this job, I
was able to combine my love of nature and science with making money. I could not wait to
go to work every day. That was my first realization that you could be smart, funny, and cool.
Which, after being in graduate school, I know that to be true. I worked at both of these places
mid-way through college. I owe much in the way of experience to them both. I graduated
high school, and went straight to college. I knew by my junior year where I wanted to go, and
that was the only place I applied, Methodist College (now Methodist University) in
Fayetteville, NC. I participated in everything thing I could, I was an RA, and lived that
experience to the fullest. I graduated Magna Cum Laude, and was fully decorated with honor
cords. That was one of the happiest days of my life. I graduated with a degree in Biology
with concentrations in Zoology and Ecology and Natural History of Plants, and minors in
Chemistry and Psychology. I had fully intended to go straight to graduate school after I had
finished at Methodist College, but there was no one really working with the aspect of bats
that I was interested in at the time. Fortunately for me, I had done a lot of work with the
admissions office, and they offered me a big boy job right after I had graduated. I had not
really seen this as something I would be interested in doing, but I ended up doing it for two
years. I, again, met some amazing people and had some amazing experiences. Starting to see
a trend here? At this point I realize I needed those two years of working to really appreciate
an education. As they say, the grass is always greener on the other side. I applied to North

Carolina State and University of Maryland, but NC State really pursued me and for that fact,
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caught my attention. I hated to leave the university that had been my heart and soul for 6
years, but I knew that I needed to move on. Here I sit today, writing this biography. I’'m in
shock that I have finished a Masters in less than two years, and still not quite sure how I got
here, in spite of writing this, but could not be happier about that. I am fully involved again,
and looking forward to my future projects in this lab. Molecular biology, here I come!!! T will
cut this short, knowing that in my dissertation I will go all out with my biography, ha ha. I
will end with a saying from a fortune cookie that I think really sums up my life and
experiences: Young men THINK old men are fools, but old men KNOW young men are

fools.
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INTRODUCTION

Ticks transmit the majority of vector-borne pathogens in the United States (US), and
transmit a greater variety of pathogens than any other hematophagous arthropod. As people
have inhabited rural areas, the incidence of tick-borne disease has increased (Spach et al.,
1993; Nicholson et al., 2009). The lone star tick, Amblyomma americanum (L.) (Acari:
Ixodidae), and the American dog tick, Dermacentor variabilis Say (Acari: Ixodidae), are
commonly found attached to people in the Southern and Eastern US Atlantic states (Merten
and Durden, 2000). In recent years, A. americanum has expanded its range to include parts
of the Midwest, and as far north on the East Coast as New York. This tick is aggressive and
all three post-embryonic life stages readily bite humans (Childs and Paddock, 2003). Also, it
is the established vector of many bacterial pathogens, including two causative agents of
ehrlichiosis, Ehrlichia chaffeensis and E. ewingii (Childs and Paddock, 2003; Nicholson et
al., 2009). Dermacentor variabilis only bites humans during the adult stage and transmits
Rickettsia rickettsii and Francisella tularensis, pathogens that cause Rocky Mountain spotted
fever and tularemia, respectively (Nicholson et al., 2009).

An important tactic in avoiding bites from hematophagous arthropods is the use of
personal arthropod repellents. These can be synthetic or natural compounds. The ‘gold

standard’, a synthetic and most widely used repellent for over 50 years, has been



N, N-diethyl-m-toluamide (deet) (Novak and Gerberg, 2005; Frances, 2007). Deet is highly
effective against many species of mosquitoes, as well as being effective against other biting
flies, chiggers, and ticks (Frances et al., 1998; Yap et al., 2000; Barnard and Xue, 2004;
Frances, 2007). However, compared to other synthetic arthropod repellents like piperidine,
deet is generally less efficacious against ticks (Evans et al., 1990; Schreck et al., 1995;
Solberg et al., 1995). In spite of being used widely with few documented adverse health
effects and being designated with low to very low toxicity by the US Environmental
Protection Agency (EPA) in its reevaluation in 1998 (Sudakin and Trevathan, 2003; Frances,
2007), there is still a general public concern about its safety (Aquino et al., 2004). Also,
parents have expressed concern about repellents, in general, on children (Herrington, 2003).
Only two repellents labeled for use on skin for tick control are currently recommended as
alternatives to deet by the US Centers for Disease Control and Prevention (CDC); these are
IR3535 (3-[N-butyl-N-acetyl]-aminopropionic acid, ethyl ester) and the piperidine, Picaridin
(2-(2-hydroxyethyl)-1-piperidinecarboxylic acid 1-methylpropyl ester) (US EPA, 2007).
Permethrin, a synthetic pyrethroid, is also available as a repellent and acaricide for use on
clothing only (Nicholson et al., 2009) with the main activity attributed to its toxicity
(Breeden et al., 1982). With the paucity of available tick repellents and the avoidance of deet
by some, new alternatives are needed.

Recently, a compound, 2-undecanone, found in the glandular trichomes of the wild
tomato plant, Lycopersicon hirsutum Dunal f. glabratum C. H. Mill (PI 134417), was

developed as the EPA registered active in the commercial insect repellent, BioUD®, for use



on skin and clothing to control mosquitoes and ticks. Undecanone is involved in the
resistance of the plant to 19 different herbivorous pests of the cultivated tomato,
Lycopersicon escuelentum Mill (Dimock and Kennedy, 1983; Farrar and Kennedy, 1987;
reviewed by Kennedy, 2003). In studies by Witting-Bissinger et al. (2008), BioUD® was
repellent for at least 2.5 h on skin against D. variabilis, and ticks spent significantly more
time on the 15% deet-treated side in a two-choice bioassay between deet and BioUD®. In
subsequent studies, BioUD® was 2-4 times more repellent than deet against 3 species of
ixodid ticks (4. americanum, D. variabilis, and I. scapularis) on filter paper (Bissinger et al.,
2009a), and showed >90% repellency for 5 weeks on cotton cheesecloth against A4.
americanum (Bissinger et al., 2009b). Against mosquitoes, BioUD" provided the same
repellency, or was more efficacious, than 25 and 30% deet in the field (North Carolina, US
and Ontario, Canada, respectively) for 6 h on human skin (Witting-Bissinger, 2008).
Bissinger et al. (2009b) also found BioUD® was more effective on cloth than most of the
current commercial repellents for tick control.

Another chemical, 2-tridecanone, also found in the glandular trichomes of the wild
tomato plant have been implicated in the protection of plants from insect herbivory (Williams
et al., 1980; Weston et al., 1989; Chatzivasileiadis and Sabelis, 1997; Gongalves et al., 1998),
and has been reported to be a mosquito and tick repellent (Roe, 2004). In mosquitoes, it was
shown that unformulated 2-tridecanone was a more effective repellent than 2-undecanone
(Innocent et al., 2008). Similar comparative studies have not been conducted with ticks, and

no scientific papers on the tick repellency of 2-tridecanone are currently available. Therefore,



the objective of the study was to evaluate, for the first time, the repellent efficacy of 2-
tridecanone against the ticks, 4. americanum and D. variabilis on two different substrates
(filter paper and cloth). Additionally, because BioUD" has been shown to be a long lasting

tick repellent, the longevity of 2-tridecanone and 2-undecanone were compared.

MATERIALS AND METHODS
Ticks.

Ticks used in the trials were naive, unfed, mixed-sex, adults that exhibited host-
seeking behavior (as indicated by raised forelegs in response to human breath). Amblyomma
americanum were collected from wild populations by flagging woodland vegetation in
Chatham and Lee Counties, NC on various dates in July 2009. Dermacentor variabilis were
obtained from laboratory colonies of D. E. Sonenshine at Old Dominion University (Norfolk,
VA) where they were reared as previously described (Sonenshine, 1993). Prior to bioassay,
ticks were held in 30 mL plastic vials at ~28°C, ~75% relative humidity (RH), and a
photoperiod of 14-light: 10-dark, that included two 60 min dusk and dawn periods.

Test Solutions.

Repellency studies were conducted with 2-tridecanone and 2-undecanone (Sigma-
Aldrich Inc., St. Louis, MO, USA) diluted to 8% (wt:vol) in absolute ethanol. Control
experiments were conducted with absolute ethanol only. For both the repellent and control

experiments, the bioassays were conducted after the evaporation of the carrier.



Two-Choice Bioassays.

Bioassays were conducted to determine repellency and the duration of repellent
activity on filter paper or cotton cheese-cloth using our standard two-choice bioassay
(Witting-Bissinger et al., 2008; Bissinger et al., 2009a,b). Time to repellent failure was
defined in these experiments as the longest incubation time when no statistically significant
difference was found with the no-choice control. Trials were conducted at ~25°C, ~65% RH
and in complete darkness (except for the approximately 5 sec to observe tick distribution).
Assays were conducted in the dark to eliminate any possible external light cues that might
affect distribution in the test arena. Tests were conducted on two different substrates, filter
paper and cheesecloth. On each substrate being tested, ticks were provided a choice either
between 2-tridecanone versus an ethanol-treated surface or between a 2-undecanone versus
an ethanol-treated surface. Trials with ethanol-treated filter paper or cheesecloth on both
sides of the test arena were conducted to determine the distribution of ticks in the absence of
repellent. Bioassays were conducted in arenas made from 63.6-cm? Petri plate lids. Two
31.8-cm? semi-circular pieces of filter paper (Whatman no. 1) or double-layered cotton
cheesecloth (Deroyal Textiles, Camden, SC) were treated separately in glass petri dishes with
250 pl (filter paper assays) or 100 ul (cloth assays) of test material and allowed to dry under
a fume hood for a minimum of 0.5 h at room temperature to allow for the evaporation of the
ethanol. The volumes selected were the amount of solution required to completely saturate
each substrate. Fresh substrate was used for each incubation time and species evaluated.

Trials examining repellency of 2-tridecanone against A. americanum were



conducted 3, 12, 15, and 24 h after treatment of the substrate. Tests were conducted 3, 6, 9,
15, and 24 h after treatment for 2-tridecanone trials against D. variabilis. For 2-undecanone
trials against both species, tests were conducted 0.5, 1, 2, 2.5, and 3 h after treatment. The
different incubation periods were based on the repellent performance on the different ticks
studied. At the time of bioassay, six ticks, chilled on ice five minutes prior, were placed in
the arena at the junction of the test solution and ethanol-treated filter paper or cloth. Ticks
were then activated (actively moving around the arena) by gently blowing on them. Tick
distribution and position was recorded on a grid representative of the arena every five min
from 5-30 min after introduction of the ticks into the arena at the end of the respective
incubation periods. Four replicate trials were run simultaneously for each incubation period
and repellent evaluated. Only naive ticks not previously exposed to repellents or utilized in
prior bioassays were used for these studies.

Data Analysis.

A chi-square test for proportions was used to determine if mean tick distribution
differed significantly (P = 0.05) between the two choices (both ethanol-treated control sides)
under the null hypothesis that the expected proportion in the absence of any repellent was 0.5
(Ho: Proportion = 0.5) using the SAS procedure, PROC FREQ (SAS 9.1, SAS Institute, Cary
NC). For trials examining repellency of 2-tridecanone versus the ethanol control and 2-
undecanone versus the ethanol control, a chi-square test for proportions was used to
determine if the number of ticks on the ethanol side of the arena was significantly greater

than 0.5, indicating repellency. When the SAS procedure PROC MIXED (SAS® vs. 9.3.1,



SAS Institute, Cary, NC, USA) with treatments, time, and their interaction as fixed-effect
factors was run, no significant difference (P> 0.05) was found between time and distribution
of ticks relative to treatment. Since there was no correlation between time and distribution,
the average number of ticks on treated and untreated substrates from all points in the 30 min
time course were calculated. Mean percentage repellency was calculated by dividing the

average number of ticks on the untreated side by total number of ticks in the arena.

RESULTS

Repellency of 4. americanum in two choice filter paper assays. Mean percentage

repellencies that were significantly different from the no choice ethanol controls at each
incubation time post treatment for the 2-undecanone two-choice bioassays on filter paper
ranged from 99% at 0.5 h to 74% at 2 h (Fig. 1A). In contrast, 2-tridecanone two-choice
bioassays on filter paper had significantly different mean percentage repellencies ranging
from 95% at 3 h to 87% at 12 h (Fig.1B). 2-undecanone at 8% in absolute ethanol was
repellent against A. americanum on filter paper for up to 2 h (> = 5.684; P = 0.017) but was
not repellent at 2.5 h (3> = 0.042; P = 0.838), while the same concentration of 2-tridecanone
was repellent for up to 12 h (%> = 12.99; P = 0.0003) but was not repellent at 15 h (y*> =
3.125;P = 0.077). These results show that the time to 2-tridecanone failure was much greater
than that for 2-undecanone by a factor of 6-fold.

Repellency of D.variabilis in two choice filter paper assays. Mean percentage

repellencies that were significantly different from controls at times post treatment for



2-undecanone two-choice bioassays on filter paper ranged from 100% at 0.5 h to 74% at 2 h
(Fig. 2A). In comparison, 2-tridecanone two-choice bioassays on filter paper had
significantly different mean percentage repellencies ranging from 100% at 3 h to 72% at

15 h (Fig. 2B). Looking at the time to failure, 2-undecanone was repellent on filter paper for
up to 2 h (y>*=5.751; P = 0.017;) but was not repellent at 2.5 h (3> = 1.798; P = 0.180) (Fig.
2A), while 2-tridecanone was repellent for up to 15 h (%> = 6.836; P = 0.009) but was not
repellent at 24 h (3> = 1.231; P =0.267) (Fig. 2B). These results show that the time to failure
for 2-tridecanone was much greater than that for 2-undecanone by a factor of 9.6-fold.

Repellency of 2-tridecanone against A. americanum in two choice cloth assays. Since

repellents are often used on clothing and since this is the first time 2-tridecanone has been
evaluated as a tick repellent, studies were conducted on cotton cheesecloth. These studies
were conducted with A. americanum since these were field-collected ticks and would be
relevant to the practical use of 2-tridecanone as a repellent. In these studies, 2-tridecanone in
absolute ethanol was applied to cotton cheesecloth and was repellent against A. americanum
for up to 6 h (> = 12.05; P = 0.0005) but not at 9 h after repellent treatment (> =2.238; P
=0.135) (Fig. 3). The time to failure between filter paper and cloth was 15 and 9 h,
respectively, representing a 1.7-fold difference.

Tick distribution within the test arena for the two choice filter paper assay. Not only

was the presence of ticks recorded on the repellent treated versus control sides of the test
arena, but the specific location of ticks on the treated versus control surfaces were also

recorded. Figs.4 and 5 show the combined specific distribution of both species of ticks



studied for all replicates for 4. americanum and D. variabilis, respectively at 3.5 h post
treatment. It can clearly be seen, even at 3.5 h, that 2-tridecanone was still repellent (most of
the ticks were on the control surface as opposed to the repellent treated surface) while 2-
undecanone had failed (the ticks were distributed on both surfaces and similar to the ethanol-

treated, no choice assay).

DISCUSSION

Public opinion of deet and other synthetic repellents is negative, because of potential
deleterious health effects (Herrington, 2003; Aquino, 2004). Regardless of the effectiveness
of a repellent or whether it really is safe or not, if the perception is negative and there is a
reluctance to use the repellent when needed, the risk of bites from arthropods that vector
pathogens and the infections associated with them increases. For this reason, more
acceptable and yet effective alternatives are needed. This laboratory recently described the
discovery of the repellent, BioUD® (Roe, 2004; Witting-Bissinger, 2008; Bissinger, 2009a,b),
where the EPA registered active is 2-undecanone. 2-Undecanone is found naturally in the
trichomes of wild tomato plants and along with 2-tridecanone is used by the plant to resist
herbivory. BioUD® was registered as a biopesticide in contrast to most synthetic repellents,
which are classified as chemical pesticides; efficacious studies by Witting-Bissinger et al.
(2008) have shown under practical field conditions that BioUD®™ was equivalent to
commercial formulations of deet for protection from mosquitoes. Bissinger et al. (2009a,b)

have also shown that BioUD® was an effective tick repellent on cloth, and in head to head



direct comparisons was more effective than 100% deet. Similar results were obtained for
comparisons with many common commercial repellents marketed for use on cloth (Bissinger
et al. 2009b).

The current study was aimed at evaluating the relative efficacy and time to failure of
2-tridecanone, which has not been previously examined as a tick repellent. Comparison was
made between unformulated 2-tridecanone and unformulated 2-undecanone, using choice
assays to determine whether the former is a tick repellent and to examine its relative duration
of activity to that of the already commercialized 2-undecanone found in BioUD".
Unformulated materials were tested in this study to simply evaluate the characteristics of the
potential plant actives separate from any modifications that might result from the addition of
formulation technologies. Under laboratory conditions in filter paper assays, we showed for
the first time that 2-tridecanone was an efficacious tick repellent, lasting 6 and 7.5 times
longer than its glandular trichome counterpart, 2-undecanone, against A. americanum and D.
variabilis, respectively. Our results also showed that 2-tridecanone is a repellent to A.
americanum when applied to cloth.

Part of the reason that 2-tridecanone lasts so much longer than 2-undecanone may be
due to the fact that it is a solid at room temperature while 2-undecanone is a liquid. This can
be correlated with differences in vapor pressures; 2-tridecanone has a vapor pressure of
0.00300 mm/ Hg at 20°C, while 2-undecanone has a vapor pressure of 0.90000 mm/ Hg at
20°C. Itis well established that formulation is important with regards to repellent activity

and persistence over time after application (reviewed by Bissinger and Roe, 2010; Strickman
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et al., 2009; Nerio et al., 2010). There must be balance in the unit molar activity of the
compound whether on the treated surface or in the space adjacent to the treated surface in
eliciting repellent behavior by the mosquito or tick, the persistence of the repellent on the site
of treatment, and the rate of delivery of the compound from the treated site to receptors to
elicit a repellent response. Of course this is affected by the relative importance of contact
versus spatial repellency. The current study simply is showing under the conditions of the
assays used, that 2-tridecanone is a tick repellent as is also the case for 2-undecanone and is
significantly more persistent than 2-undecanone. Further studies will be needed to evaluate
whether 2-tridecanone under more practical studies can be used with or without formulation
as a repellent for use on human skin or on clothing with competitive activity to currently
available, commercial repellents.

Many researchers, especially those testing botanicals as repellents, have found that
formulation is essential for stability, persistence and activity (Jaenson et al., 2006; Carroll et
al., 2007; Garboui et al., 2007; Moore et al., 2007; Fabbro et al., 2008). For example,
Schreck et al. (1995) evaluated unformulated deet against nymphal 4. americanum at an
application rate of 0.3 mg/cm? on human skin and reported that repellency dropped to <90%
around 2.7 h after treatment. In contrast, Carroll et al. (2008) reported that several cream
formulations of 10 to 33% deet achieved close to 100% repellency out to 12 h post
application against nymphal 4. americanum on human skin. In our study, we tested 8% 2-
tridecanone, with application rate of 0.63 mg 2-tridecanone/ cm? on filter paper and cloth.

This application rate of unformulated 2-tridecacnone achieved significant repellency up to 12
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and 15 h against A. americanum and D. variabilis, respectively. In general, many botanical
repellents are too volatile and quickly lose repellency; the persistence of 2-tridecanone shown
in the current study is encouraging and suggest further studies are needed to evaluate the use
of this compound as an insect and tick repellent. The 8% unformulated 2-tridecanone
retained repellency to 4. americanum adults as long as the cream formulations of deet
reported by Carroll et al. (2008) for A. americanum nymphs. Although, there is not a direct
comparison that can be made, as there are substrate effects that may have influenced the
results, it is still interesting that unformulated 2-tridecanone lasted so long. Other studies
done by Carroll et al. (2007, 2009) showed A. americanum to be less sensitive to plant-
derived compounds tested. This was also shown by Zhang et al. (2009) when they tested
isolongifolenone and deet against nymphal 1. scapularis and A. americanum. In the wild
tomato trichomes, 2-tridecanone and 2-undecanone are found in the ratio of 4:1, respectively
(Lin et al., 1987; Antonious, 2001). It would be interesting to examine potential synergism
between mixtures of the two compounds in repellency potency and duration on a treated
surface with the assumption that the co-evolution of plants and insects driven by the selective
pressure of hebivory has produced in nature the optimum natural insect and tick repellent.

In summary, the current study demonstrates, for the first time, the tick repellency of
2-tridecanone and suggest its potential use as a potent insect and tick repellent. Studies
showed that the compound was more persistent than the active in BioUD®, 2-undecanone, in
laboratory assays against two species of ticks. 2-tridecanone was also effective and

persistent on cotton cheesecloth. However, additional studies will be needed to more fully
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assess the potential of using 2-tridecanone either alone or in combination with 2-undecanone
and with or without additional formulation as a next generation, commercial repellent for the

repellency of vector borne arthropods.
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Figure 1. Mean percentage repellency (= 1 SEM; n = 4) for two-choice bioassays comparing
(A) 2-undecanone and ethanol control, and (B) 2-tridecanone and ethanol control on filter
paper against A. americanum from time post treatment to 30 min after addition of ticks to
arena (distribution recorded every 5 min and then averaged). Percentage repellency
calculated by dividing average number of ticks on untreated side by total number of ticks in
arena (6). The no-choice ethanol control represents a two-choice test in the absence of
repellent. *Significant difference in repellency by chi-square test (P < 0.05) from the no

choice control.
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Figure 2. Mean percentage repellency (1 = SEM; n = 4) for two-choice bioassays comparing
(A) 2-undecanone and ethanol control and (B) 2-tridecanone and ethanol control on filter
paper against D. variabilis from time post treatment to 30 min after addition of ticks to arena
(distribution recorded every 5 min and then averaged). Percentage repellency calculated by
dividing average number of ticks on untreated side by total number of ticks in arena (6). The
no-choice ethanol control represents a two choice test in the absence of repellent.

*Significant difference in repellency by chi-square test (P < 0.05) from the no choice control.

19



2 . OEthanol

§ 100 - « B 2-Tridecanone

©

E‘,- 80 -

> i

g 60 :

c =2

g 40 -

a

c 20 -

©

()]

E O T T T T
No-Choice 3 6 9 12

Control Time post treatment (h)

Figure 3. Mean percentage repellency (= 1 SEM; n = 4) for two-choice bioassays comparing
2-tridecanone and an ethanol control on cotton cheesecloth against A. americanum from time
post treatment to 30 min after addition of ticks to arena (distribution recorded every 5 min
and then averaged). Percentage repellency calculated by dividing average number of ticks on
untreated side by total number of ticks in arena (6). The no-choice ethanol control represents
a two-choice test in the absence of repellent. *Significant difference in repellency by chi-

square test (P < 0.05) from the no choice control.
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Figure 4. Pooled (over all replicates, n = 4) distribution of A. americanum adults in test
arenas 3.5 h after treatment (30 min after addition of ticks to the arena) for two-choice

bioassays on filter paper).
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Figure 5. Pooled (over all replicates, n = 4) distribution of D. variabilis adults in test arenas

3.5 h after treatment (30 min after addition of ticks to the arena) for two-choice bioassays on

paper).
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