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The brown dog tick, Rhipicephalus sanguineus, is a pest that can be found 

worldwide.  This tick presents unique difficulties in its management because it can 

complete its life cycle indoors, resulting in infestations in residential areas and kennels.  

Acaricide treatments can be costly and have resulted in the development of acaricide 

resistance.  Therefore, there is a demand for alternative control methods and the 

development of a trapping system using semiochemicals shows promise.  In the current 

study, adult R. sanguineus response to semiochemical compounds was evaluated using 

olfactometers.  Both sexes were activated by, and demonstrated significant directional 

responses to, nine of the 17 semiochemicals tested in a Y-tube, and the results of 

straight tube assays suggested that four chemicals, 1-octen-3-ol, hexanoic acid, methyl 

salicylate, and benzyl alcohol, resulted in particularly strong responses from R. 

sanguineus.  The efficacy of four commercially-available bed bug traps (NightWatch™, 

Bed Bug Beacon™, ClimbUp®, and Verifi™) with CO2 as an attractant was compared 

for R. sanguineus capture. The ClimbUp® and NightWatch™ traps caught more ticks 

than the other two trap designs.  Thereafter, the ClimbUp® trap was evaluated using 
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individual attractant chemicals including 1-octen-3-ol, hexanoic acid, and methyl 

salicylate, tested with and without CO2-augmentation.  The trapping efficacy for all 

attractants was significantly higher when CO2 was included than when the other 

chemicals were used without CO2.  These results suggest that bed bug traps may be 

useful in R. sanguineus monitoring, and that CO2 will likely be an important component 

of a trapping system employed in the future. 
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CHAPTER 1 
LITERATURE REVIEW OF THE BROWN DOG TICK, RHIPICEPHALUS 

SANGUINEUS (LATREILLE) 

Introduction 

There are around 900 recognized tick species in the world (Barker and Murrell 

2004), and approximately 10% of them are known to vector pathogens (Oliver 1989).  

The majority of tick species are host specific and occur on wild vertebrates. There are 

few that feed on domesticated animals or humans (Jongejan and Uilenberg 2004).  

Despite the small percentage of tick species that are vectors of pathogens of medical 

and veterinary concern, ticks facilitate the transmission of a greater variety of pathogens 

than any other arthropod vector, including mosquitoes (Oliver 1989, Estrada-Peña and 

Jongejan 1999, Jongejan and Uilenberg 2004).  Ticks can transmit these pathogens to 

humans, as well as domesticated and wild animals (Jongejan and Uilenberg 2004). 

There are three families of ticks: Argasidae, Nuttalliellidae, and Ixodidae.  

Argasidae and Ixodidae contain multiple tick genera, whereas Nuttalliellidae currently 

consists of a single genus (Oliver 1989), Nuttaliella (Horak et al. 2002).  Ixodidae 

encompasses the greatest number of species of the three families, and the majority of 

the species that are considered to be of medical or veterinary significance. 

Biology 

Description 

The brown dog tick (BDT), Rhipicephalus sanguineus (Latreille), can be 

characterized by several features common to all ticks within the genus Rhipicephalus.  

The BDT has short, broad palps and a basis capituli with a distinctive hexagonal shape 

(Sonenshine 1991).  Both sexes have eyes and festoons, and the males have adanal 

shields (Sonenshine 1991).  The brown dog tick’s eggs are small, dark brown in color, 
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and hatch into larval ticks commonly known as seed ticks (Dantas-Torres 2008).  The 

larvae are about 0.54 mm long and 0.39 mm wide, and have three pairs of legs.  BDT 

nymphs have four pairs of legs and are reddish-brown in color, and measure from 1.14 

to 1.30 mm in length and 0.57 to 0.66 mm in width.  The adults are similar in 

appearance to the nymphal stage, but larger, and are 2.4 to 2.7 mm long and 1.44 to 

1.68 mm wide (Dantas-Torres 2008). 

Life Cycle 

As reviewed by Dantas-Torres (2008), R. sanguineus, as with all Ixodid ticks, has 

four life stages: egg, larva, nymph, and adult.  The BDT is considered a 3-host tick, 

dropping off the host after blood feeding in each mobile developmental stage.  Larvae 

emerge from the eggs after an incubation period of six to 23 days.  The larvae locate a 

host, attach, and blood feed for three to 10 days (Petrova-Piontkovskaya 1947).  After 

engorging, the larvae detach and fall off the host, hide in the environment, and undergo 

a five to 15 day pre-molting period after which they molt into nymphs (Petrova-

Piontkovskaya 1947).  The nymphs locate a host, possibly the same host as was fed on 

by the larvae, on which they feed for three to 11 days (Petrova-Piontkovskaya 1947).  

After feeding, R. sanguineus nymphs detach from the host and digest their blood meal 

for a period of nine to 47 days before molting into adults (Petrova-Piontkovskaya 1947).  

Adults also must locate and feed upon a host. 

Mating 

For most Ixodid ticks, including R. sanguineus, mating occurs on the host and 

has been described in detail by Sonenshine (1991).  Aside from ticks in the genus 

Ixodes, a blood meal is required to induce the gonotropic cycle, and mating occurs on 

the host (Sonenshine 1991).  Fed males will detach and seek out attached and partially 
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engorged females using pheromone cues (Sonenshine et al. 1982).  The male then 

inserts its mouthparts into the female’s genital pore (Sonenshine 1991).  While attached 

to the female in this manner, a spermatophore is exuded from the male genital pore.  

With the male mouthparts still inserted in the female genital pore, the male will contort 

its body in a way that facilitates the movement of the spermatophore near the female 

genital pore.  Finally the male will release its mouthparts from the female genital pore, 

use them to grasp the spermatophore, and place it into the female’s genital pore.   

Oviposition 

Once mated, adult female ticks remain on the host feeding for an additional five 

to 21 days. Following engorgement, females detach, fall from the host and move to a 

sheltered location to digest their blood meal and prepare for oviposition, which will occur 

from three to 14 days after detachment (Petrova-Piontkovskaya 1947).  Females lay 

4,000 eggs on average, but the highest quantity of eggs recorded was 7,273 (Koch 

1982).  The eggs are usually deposited above ground level in cracks and crevices, and 

often near host resting sites (Dantas-Torres 2008).  After completing oviposition, the 

female dies (Dantas-Torres 2008).  The exact duration of each stage of development for 

R. sanguineus is greatly influenced by humidity, temperature, and host species (Bellato 

and Daemon 1997), but under ideal environmental conditions this species can complete 

its life cycle in 63-91 days (Goddard1987, Bechara et al. 1994, Louly et al. 2007). 

Off-Host Behavior 

Ticks can survive in the environment without feeding for a number of months, or 

even years, depending on the temperature and humidity.  When off the host, tick 

metabolism slows significantly, and there is minimal activity.  The only movement during 

this time is to relocate to an area with improved environmental conditions, or to find an 
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area with an increased chance of encountering a host (Needham and Teel 1991).  The 

greatest difficulty for ticks during off-host periods is water regulation.  Ticks are 

susceptible to desiccating conditions (Parola and Raoult 2001) and when they are off of 

a host, ticks tend to hide in dark and moist locations to stay protected from adverse 

climatic conditions, as well as to avoid interaction with potential predators (Oliver 1989).  

To avoid desiccation, ticks secret a hygroscopic substance consisting mostly of sodium 

and potassium from salivary glands onto the hypostome (Kahl and Knulle 1988).  The 

substance absorbs water from the air.  Once saturated, the substance is reabsorbed by 

the tick and the process is repeated.  In order for this process to be effective, the 

relative humidity of the air must be 75% or greater (Rudolf and Knulle 1974; Kahl and 

Knulle 1988). 

In addition to acquiring moisture from the air during off-host periods, many Ixodid 

ticks will gather together in groups.  This behavior is known as assembly, and 

pheromones, including guanine and other purines, have been indicated in previous 

studies as the primary factors leading to tick assembly (Allan and Sonenshine 2002).  

This behavior results in groups of ticks coming to rest in microhabitats that can lead to 

improved off-host survival and mating success, and an elevated chance of finding a 

host (Allan and Sonenshine 2002).  

Host Preference 

Although nymphal and larval stages have been known to feed on small mammals 

such as rodents, the primary host for R. sanguineus is the domesticated dog, Canis 

familiaris (L.) (Srivastava and Varma 1964).  When dogs are available, large tick 

populations can establish (Dantas-Torres 2008).  It is rare for R. sanguineus to 

parasitize people (Dantas-Torres 2008, Raoult and Roux 1997). However, there have 
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been documented cases of R. sanguineus being attached to people throughout the 

world (Brazil, Argentina, Italy, Uruguay, and many states in the U.S.) (Goddard 1987, 

Carpenter et al. 1990, Manfredi et al. 1990, Guglielmone et al. 1991, Campbell and 

Bowles 1994, Felz et al. 1996, Harrison et al. 1997, Venzal et al. 2003, Dantas-Torres 

et al. 2006).  Historically it is accepted that BDT either do not bite or rarely bite people, 

but the number of documented cases warrant some concern over the legitimacy of 

these assumptions.  Indeed, R. sanguineus was implicated as a possible vector of 

Rickettsia rickettsii to humans in an outbreak of Rocky Mountain Spotted Fever (RMSF) 

documented in Arizona (Demma et al. 2005). 

Host Location, Attachment, and Feeding 

Ticks generally use one of two methods when host seeking.  Some ticks use 

ambush tactics, wherein they wait for a host to contact the substrate that they are 

questing upon and then grasp onto the host.  Rhipicephalus sanguineus is generally 

accepted as a hunter species, meaning that it actively seeks out hosts by crawling 

toward them, rather than waiting for contact (Dantas-Torres 2008).  Once on a host, 

Ixodid ticks locate an appropriate site for feeding and cut through the skin using a 

horizontal motion of the chelicerae (Sonenshine 1991).  The hypostome then is inserted 

into the host as an initial anchor and to provide access to capillaries.  Ixodid ticks are 

telmophages, meaning that they rupture many small capillaries and feed from the 

resulting pool of blood (Sonenshine 1991).  This contrasts with solenophages, such as 

mosquitoes, which feed through direct penetration of a single blood vessel.  After 

hypostome insertion and if the site of penetration is acceptable, Ixodid ticks then secrete 

a glue-like substance from the mouthparts that secures them to the host’s skin 

throughout engorgement (Sonenshine 1991).  Ticks inject saliva into the host, which 
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contains substances that suppress the host’s immune responses.  The suppression of 

the immune system not only assists the tick during feeding, but also increases the 

host’s susceptibility to any pathogens that the tick may be harboring (Bowman 1997). 

Furthermore, tick saliva contains an anesthetic that prevents the host from feeling the 

lacerations created by the chelicerae (Parola and Raoult 2001). 

During the feeding process, which takes a number of days in Ixodidae, ticks 

regularly regurgitate fluids into the host, facilitating the transmission of pathogens 

(Parola and Raoult 2001).  The purpose of regurgitation is for the expulsion of excess 

ions and water that result from the concentration of the accumulating blood components 

in the gut by the tick’s digestive system (Needham and Teel 1991).  Initially the feeding 

process is slow because the ticks must prepare the cuticle for rapid expansion 

(Sonenshine 1991).  The actual duration of the feeding process takes a number of days, 

is highly variable, and depends upon a number of factors, such as host immunity and 

the location of attachment (Sonenshine 1991).  Interestingly, a female tick that has 

mated can begin to rapidly engorge large volumes of blood over a 12-24 hour period 

(Sonenshine 1991). 

Medical and Veterinary Importance 

Most tick species tend to reside outdoors, but the BDT can be endophilic, 

reproducing and surviving within human residences or commercial dog kennels 

(Dantas-Torres 2008, Jacobs et al. 2001, Louly et al. 2007, Dantas-Torres and Otranto 

2011).  Infestations of kennels may be important sources of ticks for subsequent 

residential infestations.  Indoor development and habitation can lead to high numbers of 

ticks in residential infestations, sometimes to the point where the ticks can be seen 

climbing up walls or across carpets and furniture (Goddard 1987, Demma et al. 2005, 
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Dantas-Torres et al. 2006).  Typically R. sanguineus does not feed on humans; 

however, with high tick populations the likelihood of human parasitism increases.  Larval 

and nymphal ticks may feed on humans and escape notice because of their small size 

(Harrison et al. 1997). 

Feeding ticks can impact the host in several ways including bite wounds, allergic 

reactions, tick borne paralysis and the transmission of pathogens.  As mentioned 

earlier, ticks are telmophages, meaning they rupture many small capillaries and feed on 

the resulting pool of blood (Sonenshine 1991).  Even after removal of the tick, the host 

organism is left with a small laceration, which may become infected.  In addition to the 

mechanical damage caused by their bite, brown dog ticks can vector a variety of 

pathogens. 

Ticks have been reported to serve as vectors of several Rickettsia species.  

Rickettsia is a genus of bacteria that contains species that may cause disease in 

humans and other vertebrates, including a variety of spotted fevers and several types of 

typhus.  Rhipicephalus sanguineus is a vector of several species of Rickettsia, most of 

which do not cause disease in humans.  However, in many parts of Europe, R. 

sanguineus commonly carries Rickettsia conorii, the causative agent of Mediterranean 

spotted fever (MSF) (Raoult and Roux 1997, Jongejan and Uilenberg 2004).  Although 

MSF is not found in the United States, it is common in many other parts of the world 

(Raoult and Roux 1997).  The disease is endemic to the Mediterranean region, and 

symptoms commonly include fever, headaches, rash, an ulcer at the site of the tick bite, 

and in some cases can be fatal depending on the age and underlying health of the 

patient (Raoult et al. 1986). 



 

21 

The brown dog tick is a vector of the Rickettsia, Ehrlichia canis, which causes 

canine ehrlichiosis, a commonly diagnosed disease of dogs (Goddard 1987).  German 

Shepherds and Beagles inoculated with the pathogen intravenously in the laboratory 

develop symptoms after 10-15 days (Huxsoll et al. 1970).  Initial symptoms include 

anorexia, depression, fever, and a reduction in red and white blood cell counts (Huxsoll 

et al. 1970).  This febrile period usually lasts from 15 to 25 days, during which time the 

dogs can undergo extreme weight loss and debilitation, sometimes resulting in death 

(Huxsoll et al. 1970).  In some cases, dogs will survive this period and return to a 

seemingly healthy and visually normal state.  However, surviving dogs are prone to 

relapses of febrile conditions, and these relapses are more common in German 

Shepherds than in Beagles.  The onset of epistaxis is often followed by the dog’s death 

within a few days (Huxsoll et al. 1970).  Cases of canine ehrlichiosis have been reported 

throughout the United States, and it is widely distributed throughout the world 

(Reviewed by Skotarczak 2003). 

Although most ehrlichiosis cases have primarily been associated with dogs, 

some human cases have been reported in the southern United States (Goddard 1987).  

The pathogen that causes human ehrlichiosis is Ehrlichia chaffeensis (Anderson et al. 

1991), and is vectored by the lone star tick, Amblyomma americanum (L.) (Ewing et al. 

1995).  Human symptoms of ehrlichiosis include fever, headache, nausea, and rash 

(Goddard 1987). 

The pathogenic agent of RMSF, Rickettsia rickettsii, can be maintained within a 

population of Dermacentor variabilis (Say) or Dermacentor andersoni Stiles for many 

generations because it can be transmitted transovarially (Goddard 1987).  Until recently 
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it was not believed to be transmitted by R. sanguineus.  Demma et al. (2005) reported 

that R. sanguineus was a possible vector for a foci of RMSF in Arizona.  In this study, 

16 probable human cases were identified that all originated close to two towns in 

Arizona.  The most common vectors of the pathogen, D. variabilis and D. andersoni 

(Schriefer and Azad 1994), were not found at the homes where R. ricketsii was believed 

to have been contracted, however, R. sanguineus was present in large numbers 

(Demma et al. 2005).  Brown dog tick specimens, collected from homes where R. 

ricketsii was believed to have been contracted, tested positive for R. ricketsii.  Although 

R. sanguineus is not normally associated with transmission of R. rickettsii, this study 

suggested that these ticks may serve as vectors under certain conditions (Demma et al. 

2005).  Based on the study, one factor that likely contributed to the disease outbreak 

was the large population of dogs heavily infested with R. sanguineus found in close 

proximity to humans.  

Another pathogen that R. sanguineus vectors is Babesia canis vogeli, which 

causes canine babesiosis in dogs (Boozer and Macintire 2003).  Canine babesiosis is 

endemic to Greyhound kennels in the southeastern United States, and it commonly 

causes anemia in young Greyhounds (Boozer and Macintire 2003).  Symptoms of 

uncomplicated babesiosis infections in dogs include lethargy, fever, pallor, icterus, 

splenomegaly, and haemoglobinuria (Mathe et al. 2006).  A variety of additional 

symptoms also can be observed in infected dogs with complications, such as 

hepatopathy, pancreatitis, acute renal failure, and disseminated intravascular 

coagulation (Mathe et al. 2006).  Although babesiosis is primarily a disease of dogs, it 

can be contracted by humans (Boozer and Macintire 2003). 
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Tick Chemical Ecology 

Many species of ticks do not have eyes, or have simple eyes (Sonenshine 1991), 

yet other senses, especially olfaction, are highly developed (Parola and Raoult 2001).  

Ticks are sensitive to airborne molecules such as CO2 (Anderson et al. 1998), ammonia 

(NH3), phenols, and other aromatic compounds (Fourie et al. 1993).  Dry ice is 

commonly used to attract ticks because it produces CO2, mimicking the CO2 production 

in the breath of a nearby or passing host (Sauer et al. 1974, Perritt et al. 1993, Demma 

et al. 2005).  Additionally, ticks can sense humidity, temperature, and vibrations (Fourie 

et al. 1993).   

Tick sensory organs are found all over the exoskeleton and provide ticks with a 

variety of information about their external environment (Sonenshine 1991).  A sensory 

organ unique to ticks, the Haller’s organ, is located on the dorsal surface of the tarsi of 

the first pair of legs and contains olfactory and gustatory receptors (Sonenshine 1991).  

The Haller’s organ consists of a posterior capsule and an anterior pit, and is believed to 

largely be used to detect olfactory chemicals.  The organ has a small number of sensilla 

that are each innervated by a large number of neurons, in contrast to insects that 

usually have many sensilla with few innervating neurons for each sensillum 

(Sonenshine 1991).  The Haller’s organ is complex and may consist of gustatory 

sensilla, thermosensilla, mechanosensilla, photosensilla and hygrosensilla. 

As reviewed by Nordlund and Lewis (1976), semiochemicals are compounds that 

organisms use to interact with each other.  These include pheromones and 

allelochemicals, with pheromones referring to chemicals that organisms use for 

intraspecific interactions.  Allelochemicals are compounds involved with interactions that 

take place between organisms of different species or between organisms and non-living 
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objects (Nordlund and Lewis 1976).  There are four recognized categories of 

allelochemicals including: synomones, allomones, apneumones, and kairomones. 

Synomones have a positive impact on both the organism that produces them, i.e. the 

emitter, and the organism that detects them, i.e. the receiver.  Allomones benefit the 

emitter but have a neutral impact on the receiver.  Apneumones are chemicals that are 

emitted by a non-living substance that benefit a receiver and also may negatively affect 

another living organism.  Kairomones are those chemicals that have a negative effect 

on the emitter and a positive effect on the receiver (Nordlund and Lewis 1976), such as 

the host-produced compounds that a tick uses for host location. 

Ticks are known to have pheromones associated with assembly, aggregation, 

attachment, and sexual behavior (Oliver 1989).  Male Amblyomma spp. secrete an 

attraction (assembly), aggregation, and attachment pheromone (AAAP) and two 

components of this pheromone are o-nitrophenol and methyl salicylate (Rechav et al. 

1977, Norval et al. 1989, 1996, Maranga et al. 2006, Nchu 2010b).  2,6-Dichlorophenol 

is an attractant sex pheromone produced by many species of female Ixodidae (Oliver 

1989).  When feeding on a host, male bont ticks, A. hebraeum Koch, produce an AAAP 

that is highly attractive to female ticks, unfed males, and even nymphs (Rechav et al. 

1977).  Female A. hebraeum will not attach to a host and feed without the presence of 

feeding males producing the AAAP (Rechav et al. 1977). 

Ticks also use kairomones to help them identify and locate hosts.  As mentioned 

above, kairomones are chemicals that benefit the receiver, at the expense of the 

emitter.  Ticks often rely on kairomones coupled with other important host cues such as 

body heat, visual cues, and sounds (Sonenshine 2004).  Common kairomones that ticks 
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use include CO2, a component of vertebrate breath, and NH3, a component of both 

vertebrate breath and skin secretions (Sonenshine 2004).  It is hypothesized that 

differences in sensitivity to different host kairomone profiles may contribute to tick 

species abilities to recognize their preferred host (Sonenshine 2004). 

Carbon dioxide is a kairomone attractive to some tick species and the most 

common tick traps contain dry ice that serves as a source of CO2 (Sonenshine 1993).  

Carbon dioxide-baited traps have been shown to effectively attract A. americanum 

(Wilson et al. 1972) and Ixodes ricinus (Linnaeus) (Gray 1985).  Although, the effective 

range of attraction was a much greater distance for A. americanum.  For A. hebraeum, 

CO2 only stimulated tick activity, but this tick can be effectively attracted to traps that 

combine CO2 with a lure of freshly engorged male ticks, extracts of those ticks, or even 

a single compound, o-nitrophenol, identified from the extracts (Norval et al. 1989). 

Ticks are sensitive to a variety of other compounds in addition to CO2.  Using 

coupled gas chromatography electrophysiological recordings (GC-EL), individual 

compounds were identified that invoked a response in the Haller’s organ of A. 

variegatum (Steullet and Guerin 1994).  In these studies, short-chain saturated and 

unsaturated aliphatic aldehydes, furfural, benzaldehyde, methylbenzaldehyde isomers, 

2-hydroxybenzaldehyde, and γ-valerolactone, derived from rabbit and bovine extracts, 

were shown to stimulate the Haller’s organ of A. variegatum. 

Semiochemicals have been identified and used in the development of novel tick 

control methods for several tick species (Sonenshine 2006).  However, semiochemical 

identification for tick attraction is still in the early stages of development for R. 

sanguineus control.  The kairomones involved with host location and recognition may be 
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complex.  Not only do R. sanguineus exhibit a high specificity for domesticated dogs, 

but there is evidence that they can differentiate between breeds.  Louly et al. (2007) 

found that the number of R. sanguineus feeding on English Cocker Spaniels was up to 

11.5 times higher than the number feeding on mongrel dogs. 

There is limited knowledge available on BDT pheromones and allelochemicals.  

Only a few chemicals known to elicit a response from ticks have been tested on R. 

sanguineus, with squalene invoking the greatest aggregation response (Yoder et al. 

2008).  Also recently, R. sanguineus excreta, and its main component, guanine, were 

identified as assembly pheromones for brown dog ticks in Petri dish assays (Yoder et al. 

2013).  There was not a dose response to varying concentrations of guanine, 

suggesting that its presence is sufficient to induce a response.  However, lowering the 

relative humidity increased the assembly response (Yoder et al. 2013). 

Haggart and Davis (1980) identified two ammonia-sensitive neurons on the first 

tarsi of the brown dog tick, and subsequently induced questing behavior in response to 

low levels of the common vertebrate breath component in the air.  The response of R. 

sanguineus larvae to two different chemicals, 2,6-dichlorophenol and 1-octen-3-ol, has 

recently been evaluated (Ranju et al. 2012a, 2012b).  Of the total R. sanguineus 

individuals exposed to 0.1 M 2,6-dichlorophenol, 71% were attracted (Ranju et al. 

2012a).  However, R. sanguineus was not attracted to 1-octen-3-ol in a separate study 

(Ranju et al. 2012b). 

Management 

Chemical Control 

Efforts to control tick populations, including R. sanguineus, are heavily reliant on 

pesticides (Sonenshine 1993).  Pesticides that are used to specifically target ticks and 
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mites are known as acaricides.  Acaricides may be applied directly to the animal host or 

to the surrounding environment.  Chemical products that can be used on dogs for killing 

ticks may be available over the counter or following consultation with a veterinarian 

(Stafford 2007).  Chemicals may be applied to the dog in the form of spot-ons, collars, 

sprays, dips, or powders (Stafford 2007).  Permethrin-based products, such as K9 

Advantix®, and fipronil-based products such as Frontline® are commonly applied as 

spot-ons directly onto dogs for tick control (Stafford 2007).  Amitraz-impregnated tick 

collars, such as Preventic® also can be effective for tick prevention and control (Stafford 

2007). 

When considering effective long-term control of the BDT, it is important to 

consider that 94-97% of the tick’s life span is spent off the host (Needham and Teel 

1991).  The brown dog tick is a gorging-fasting organism, which means it spends a short 

amount of time acquiring a large amount of blood from a host and then leaves the host 

and survives in the environment for extended time periods (Needham and Teel 1991).  

This feeding strategy can result in less than 5% of R. sanguineus populations feeding 

on a dog at any given time, while the remaining population resides in the environment 

(Dantas-Torres 2008).  Therefore, applications of acaricides to the BDT’s indoor and 

outdoor habitats, in addition to on-animal treatments, are necessary for effective 

management (Dantas-Torres 2008). 

Overall, people are becoming more concerned with the use of synthetic 

chemicals in pest control because of the perceived potential to negatively impact human 

and companion animal health, the increasing costs of the compounds, and decreasing 

effectiveness due to pesticide resistance development (Samish et al. 2004).  
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Rhipicephalus sanguineus has the capacity to develop resistance to acaricides (Miller et 

al. 2001).  Miller et al. (2001) found moderate to high levels of resistance to pyrethroids 

and organophosphates in a strain of BDT collected at a U.S. military establishment in 

Panama.  Resistance likely was due to the extensive and exclusive use of a limited 

number of compounds for many years in a failed effort to control the tick infestation 

(Miller et al. 2001).  The use of acaricides as a stand-alone control method for the BDT 

is common worldwide, which makes the development of resistance a global concern.  

Integration of the use of acaricides with alternative control methods is necessary to 

reduce the impact of this tick species on dogs and humans (Dantas-Torres 2008). 

Biological Control 

Biological control methods for ticks are not widely used.  Currently, there are no 

products marketed or distributed for commercial or residential use.  A variety of potential 

biological control organisms and methods have been examined for use in integrated 

control of R. sanguineus including fungal pathogens (Samish et al. 2004, Kirkland et al. 

2004), nematodes (Samish and Glazer 2001), parasitoids (Cole 1965, Knipling and 

Steelman 2000), and predators (Samish and Alekseev 2001).  Visible biological control 

agents may not be desirable to homeowners with R. sanguineus infestations.  

Furthermore, some biological control agents do not have life histories compatible with 

surviving indoors, making their use challenging.  However, pathogenic fungi may hold 

the most promise for BDT control in residential environments as they express neither of 

these undesirable traits.  Pathogenic fungi could be applied as a spray (Nchu et al. 

2010a) or as a component in a self-application device in human-inhabited environments 

in the same way that pesticides are utilized (Maranga et al. 2006, Nchu et al. 2010b. 
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Pathogenic fungi have been shown to effectively kill several species of ticks 

(Maranga et al. 2006, Nchu et al. 2010b, Bharadwaj and Stafford 2012) and could serve 

as an anthropogenically desirable alternative to chemical control (Bharadwaj and 

Stafford 2012).  Ixodes scapularis Say demonstrated a high level of susceptibility to 

Metarhizium brunneum (Petch; previously Metarhizium anisopliae) in a laboratory study 

(Bharadwaj and Stafford 2012).  Ixodes scapularis were exposed to granular fungal 

conidia through surface contact using emulsifiable concentrates of the fungal conidia 

applied through dipping and direct spray application.  The fungus was highly pathogenic 

to nymphs and adults, but pathogenicity varied depending on the formulation, 

application method, exposure duration, and concentration of the conidia (Bharadwaj and 

Stafford 2012). 

Although certain species and strains of fungi have shown the capacity to 

effectively kill R. sanguineus in the laboratory, it is challenging to find a practical method 

for infecting these ticks in their natural habitat.  One potential method is to deliver the 

fungal spores through an oil suspension and spray the mixture directly on the ticks or on 

the surfaces that ticks are likely to contact.  It has been reported that oil or oil and water 

mixtures enhanced fungal efficacy by possibly decreasing the rate of water evaporation, 

giving the spores a sustained hospitable environment for germination (Leemon and 

Jonsson 2008). 

Semiochemical Attractants 

Semiochemicals can be used to aid in pest control.  Previously, the use of 

semiochemical attractants has been helpful in the management of pests in Florida, such 

as the Mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Sivinski and Calkins 

1986).  An artificial sex pheromone known as trimedlure attracts the males of the 
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species into traps for monitoring purposes.  A different lure that mimics the odors 

produced by protein rich fruits is effective for capturing female flies.  Placing traps in 

strategic locations can provide early detection of small populations, which are more 

easily controlled and eliminated using other management methods, such as the sterile 

insect technique (Hendrichs et al. 1995, Papadopoulos et al. 2001). 

Semiochemicals have potential use with tick monitoring and management 

programs.  Using CO2 as the attractant, A. americanum and Ixodes ricinus can be 

effectively captured in traps in the field (Wilson et al. 1972, Gray 1985).  In both of these 

studies, traps baited with CO2 captured more ticks than the traditional flagging method.  

Also, using traps rather than flagging can save time and effort because traps can be 

placed and left for an extended amount of time, while flagging requires constant labor 

throughout the collection period. 

Semiochemicals can be useful in on-host tick management.  In a 13-week trial 

conducted on cattle in Guadeloupe, A. variegatum infestations on cattle were 

significantly reduced using tags impregnated with pheromones and an acaricide (Allan 

et al. 1998).  The tags were attached either with collars around the neck, or by adhering 

the tags to tail hair, and were impregnated with o-nitrophenol, methyl salicylate, 2,6-

dichlorophenol and phenylacetaldehyde to attract the ticks, and an acaricide, such as 

deltamethrin, to kill the attracted ticks (Allan et al. 1998).  Untreated cattle and cattle 

with tags that contained only the pheromone experienced increases in tick populations 

on the animals, while cattle treated with tags that contained both he pheromone and an 

acaricide experienced reductions in tick populations (Allan et al. 1998).  Norval et al. 

(1996) designed pheromone-tag decoys to be attached to the tails of cattle.  These tags 
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were impregnated with both an acaricide and synthetic A. hebraeum pheromones, and 

resulted in greater than 90% tick mortality for a three month period (Norval et al. 1996). 

Trapping and Monitoring 

Home-owners who suffer from residential R. sanguineus infestations would likely 

find it undesirable to spray the interior of their house with chemicals or pathogenic fungi.  

Spraying fungal formulations in areas where ticks may traverse has potential, but based 

on previous outdoor studies (Arruda et al. 2005, Leemon and Jonsson 2008, Nchu et al. 

2010a), ticks simply touching a surface treated with a fungal formulation does not result 

in a high rate of successful infection.  The fungal spores are better able to penetrate the 

tick cuticle when contacting certain body regions, such as leg joints, spiracles, setae, 

and mouthparts (Arruda et al. 2005, Leemon and Jonsson 2008).  Therefore, an 

improved method is needed that will allow the fungal conidia to contact susceptible tick 

body components or regions.  For several reasons, using an attract-and-kill device that 

attracts ticks with semiochemicals to a device where ticks will infect themselves with 

fungi is potentially a superior method for managing tick populations than spraying a 

synthetic acaricide or fungal formulation.  One advantage is that a smaller amount of the 

acaricide or fungal formulation would be required in attractant traps than is sprayed with 

a dispersed application.  Instead of spraying large amounts of surface area, the 

treatment can be concentrated and localized in a small area.  A trap provides another 

advantage through the reduction of human and companion animal contact with 

neurotoxins. 

It is possible that the efficacy of pathogenic fungi could be enhanced through 

auto-dissemination, as BDT’s tend to aggregate in groups in confined spaces near the 

host (Dantas-Torres 2008 Yoder et al. 2013).  Auto-dissemination of a pathogen is a 
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concept wherein individuals spread an infection among a conspecific population.  The 

potential for this concept to be useful in pest control was demonstrated by Vickers et al. 

(2004).  In their study, they demonstrated the use of a sex pheromone-baited device to 

attract and infect male diamondback moths, Plutella xylostella L., with a pathogenic 

fungus, Zoophthora radicans (Brefeld) Batko, under field conditions.  These infected 

males were expected to have the propensity to disperse among the population and 

distribute the fungus to conspecifics (Vickers et al. 2004).  To test the auto-

dissemination potential, Vickers et al. (2004) used an inoculation chamber to infect adult 

diamondback moths with Z. radicans.  These infected adults were caged in the field with 

a group of larvae.  Four days after the release of the adult moths, the Z. radicans 

infection of P. xylostella larvae was 79%, and it was concluded that auto-dissemination 

was a feasible method of P. xylostella control (Vickers et al. 2004). 

The use of semiochemical-baited traps has potential for use in controlling R. 

sanguineus infestations in dog kennels.  Traps baited with CO2, 2,6-dichlorophenol, and 

a blend of guanine, xanthine, adenine, and hematin, and treated with the acaricide 

deltamethrin were evaluated in a dog kennel in India (Ranju et al. 2013).  The traps 

attracted 40% of adult male ticks released at a distance of 0.5 m, 34% of ticks released 

1.0 m from the traps, and 28% of ticks released 1.5 m from the traps (Ranju et al. 2013).  

The current approach to BDT management using stand-alone chemical 

treatments to eliminate BDT infestations from residential environments has been 

challenging and is becoming less effective due to BDT acaricide resistance.  Another 

concern includes indoor human and companion animal exposure to high levels of 

acaricides for extended amounts of time.  There is a high demand for alternative 
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methods of management for this particular tick species, and a novel trap baited with 

semiochemicals will provide new options for homeowners with R. sanguineus 

infestations. 

A goal of this project was the development of an effective and marketable 

semiochemical-baited trap to aid in the management of brown dog ticks in an indoor 

residential environment.   This device would provide a mechanism to detect new BDT 

infestations, monitor for remaining tick populations after other management methods 

have been employed, and allow for removal of ticks from residences or kennels.  A 

monitoring system that home owners can use would be vastly superior to waiting until 

ticks are noticed climbing up the walls and on furniture (Goddard 1987, Demma et al. 

2005, Dantas-Torres et al. 2006).  A monitoring system would also provide homeowners 

with a better way to verify that tick populations have been successfully eradicated from 

the home, following the implementation of other management methods, such as 

chemical control. 

Olfactometers 

Olfactometers are devices commonly used in behavioral bioassays to evaluate 

directed movement of an organism to volatile chemicals (Allan et al. 2010, Weeks et al. 

2011).  While there are many variations in olfactometer design, including no-choice, 

two-choice, and four-choice layouts (Rechav et al. 1977, Malonza et al. 1992, Perritt et 

al. 1993, Yoder 1995, Dautel 2004), organisms are generally placed in a contained area 

with exposure to a source of one or more volatile chemicals.  The general behavior, 

such as orientation and movement, of the organism is observed and conclusions are 

drawn about the organism’s preference for a given compound.  Olfactometers can be 

relatively simple in design, such as a Petri dish or Y-tube (Yoder 1995), or they can be 
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more complex, employing tracking systems such as a locomotion compensator 

(McMahon and Guerin 2002). 
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CHAPTER 2 
BROWN DOG TICK, RHIPICEPHALUS SANGUINEUS (LATREILLE), ATTRACTION 
TO CO2 AND OTHER CHEMICALS IDENTIFIED AS ATTRACTANTS IN STUDIES 

WITH OTHER HEMATOPHAGOUS ARTHROPODS, USING Y-TUBE AND STRAIGHT 
TUBE OLFACTOMETERS 

Introduction 

Ticks use two methods to locate hosts.  Some species lay dormant, wait for a 

host to come near, and are picked up by the host as it passes by.  Rhipicephalus. 

sanguineus (Latreille), brown dog ticks, are generally accepted as hunter ticks, meaning 

that they actively seek their hosts (Dantas-Torres 2008).  Hunter ticks can detect the 

volatiles, such as CO2, produced by their host, otherwise known as kairomones 

(Dantas-Torres 2010).  Hunter ticks use these kairomones as a guide to help them 

move towards their host (Dantas-Torres 2010).  Rhipicephalus sanguineus may use 

kairomones to determine host location, but the semiochemicals responsible for R. 

sanguineus attraction to dogs have not been identified.  Some studies have been 

conducted regarding brown dog tick pheromones (Chow et al. 1975, Louly et al. 2008, 

Yoder et al. 2008, Yoder et al. 2013), but this area is still largely unexplored. 

Using an olfactometer, chemicals attractive to host-seeking brown dog ticks may 

be determined for potential use in household monitoring traps.  The Y-tube olfactometer 

has simple and straightforward design, and consists of a Y-shaped glass tube; a main 

tube that branches into two arms, with air flow moving from the arms into the main tube.  

Tested compounds or negative controls are placed at the upwind end of each of the 

olfactometer arms, in chemical release chambers inaccessible to the arthropod (tick).  

Equivalent levels of air flow are directed into each olfactometer arm, passing over the 

potential semiochemical(s) as well as the negative control, e.g. solvent.  The air flow 

originates from a pressurized air source that is fed into the chemical release chambers 
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where the flow mixes with the volatiles and then moves down the choice arms, to the 

branch of the arms where the air from the two arms mix into the main tube.  The 

arthropod experiences the mixed air and can move against the air flow up the main tube 

from the zone where it was released and make a choice between the different olfactory 

options in the two arms.  Only one arm can be chosen, and through repeated trials with 

additional individuals an indication of the arthropod’s attraction to a given substance can 

be determined (Malonza et al. 1992). 

Olfactometers have been used successfully with ticks in several studies (Rechav 

et al. 1977, Malonza et al. 1992, Yunker et al. 1992, Perritt et al. 1993), and are widely 

used to evaluate the role of volatile chemicals in arthropod orientation behavior.  The Y-

tube olfactometer can be further simplified into a straight tube design, wherein the 

arthropod is forced to experience the volatile-containing air flow (Malonza et al. 1992).  

This type of no-choice olfactometer can be useful in observing an arthropod’s behavior 

in response to a compound by forcing the organism to remain exposed and viewing the 

subsequent movement. 

Compounds that stimulate specific behaviors are classified as pheromones or 

kairomones in the literature and little research has been conducted with regard to the 

pheromones and kairomones of R. sanguineus.  Chemicals evaluated as attractants by 

others include host-associated chemicals, compounds common in mammalian breath, 

and compounds that have been shown to elicit responses in a variety of 

hematophagous insects such as mosquitoes, Tse-tse flies, and ticks (Vale and Hall 

1985, Yunker et al. 1992, Steullet and Guerin 1994, Barré et al. 1997, Takken et al. 
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1997, Geier et al. 1999, Osterkamp et al. 1999, Donzé et al. 2004, Leonovich 2004, 

Yoder et al. 2008). 

It has been demonstrated that when a mosquito is attracted to individual host-

associated chemicals or CO2 alone, combining CO2 and the host-associated chemicals 

may have a synergistic effect (Allan et al. 2010).  For Amblyomma variegatum, CO2 

alone is a fairly effective attractant and has known synergistic effects on other 

compounds such as methyl salicylate, o-nitrophenol, nonanoic acid, or pheromones 

released by freshly engorged male ticks (Barré et al. 1997).  Based on the literature, it is 

possible that CO2 could enhance the attractiveness of compounds for R. sanguineus as 

well. 

Tick trapping devices have been successfully implemented in outdoor settings 

with several Amblyomma species (Wilson et al. 1972, Gray 1985, Norval et al. 1989) 

and traps placed in dog kennels have resulted in partial success in attracting the brown 

dog tick (Ranju et al. 2013).  The purpose of this study was to identify a select number 

of attractants that could be used in the development of an indoor trap for the brown dog 

tick.  Therefore, the objectives of this study were to screen numerous previously 

reported hematophagous arthropod-associated pheromones and kairomones for brown 

dog tick activation and movement responses using a Y-tube olfactometer, with 

subsequent chemical selection refinement and mixture testing using a straight tube 

olfactometer and behavioral analysis software. 

Materials and Methods 

Ticks 

Male and female Rhipicephalus sanguineus adults that were two to four weeks 

old were used for this study following purchase from Oklahoma State University.  All 
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ticks were unfed and aptly described as flat in appearance.  As soon as they were 

received, they were sorted by sex and stored in glass jars (diam 2.7 cm, ht 3.7 cm).  

Each jar had 1 mm of Plaster of Paris in the bottom to retain moisture, and plastic lids 

with 1 cm holes cut in the center.  Cloth mesh placed between the lid and the jar 

allowed for adequate ventilation while preventing escape.  The jars were held inside a 

Nalgene™ desiccator cabinet (457 x 305 x 305 mm) (Mod. 5317-0180) that contained 

plastic cups filled with tap water to provide greater than 90% relative humidity (RH).  

The cabinet door was equipped with an airtight rubber seal that maintained chamber 

humidity.  Ticks were moved and sorted by hand with the aid of a fine-tipped paintbrush 

and soft metal forceps.   

All handling occurred inside a plastic insect cage (92 x 47 x 47 cm) (BugDorm) at 

21°C and 70-80% relative humidity (RH).  Ticks were placed onto a Petri dish (14.5 cm 

diam) that rested inside a larger plastic dish (23.8 x 23.8 cm).  The larger dish was filled 

with water so that the Petri dish containing the ticks was surrounded by water, 

preventing tick escape.  When ticks were handled, nitrile gloves were worn to prevent 

the direct contamination of tick sensory organs by human skin volatiles. 

The responses of ticks to potential attractants were evaluated in Y-tube and 

straight tube olfactometers, described in detail below.  When the ticks were removed 

from the glass storage jars and placed into the Petri dish surrounded by water, some 

ticks remained immobile while others crawled around.  For each trial, only ticks that 

were active were used.  This ensured that all ticks tested were in a similar state and 

provided an accurate estimate of the attractiveness of the given compound (Posey and 
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Schreck 1981).  Individual ticks were evaluated with multiple chemicals, but never re-

exposed to the same chemical. 

Y-tube Olfactometer Assays 

Glass Y-tube olfactometers (Analytical Research Systems, Gainesville, FL, Mod. 

LFM-YT-1018F) with an inner diameter of 2.0 cm and 30 degree angle at the Y branch 

were used in these assays (Fig. 2-1).  Assays were conducted at the USDA, ARS, 

CMAVE between 8 a.m. and 8 p.m. at 25°C and 36% RH.  Both atmospheric air from 

the centrally located pressurized air supply and a commercial blend of air enhanced 

with 5% carbon dioxide (CO2) (v/v) (Airgas™, Tampa, FL) were utilized.  The latter air 

supply was contained in a pressurized tank and had a similar percentage of CO2 to the 

4.5% that is emitted during human expiration (Lehane 2005).  In the system, both air 

flows first passed into air delivery systems (Analytical Research Systems, Gainesville, 

FL, Mod. ADS-STD-C2FILTER) where each air stream was split into two air streams, 

resulting in four total outgoing air tubes.  The atmospheric air was cleaned by an 

activated charcoal filter (Analytical Research Systems, Gainesville, FL) that removed 

volatile contaminants, and then passed through a flask filled with deionized water that 

humidified the air to 60-80% RH.  The CO2-enhanced air from the pressurized tank was 

passed through a similar system but was not charcoal filtered in order to retain the 

increased CO2 concentration.  All streams of air were directed separately through Cole 

Parmer® flow meters (Mod. PMR4-010005), where the flow rates were set to 50 mL/min 

(Bissinger et al. 2011).  The air flow rates were verified between each assay using an 

AALBORG® GFM mass flow meter ( Mod. GFM 171).  Inert Teflon tubing connected the 

air delivery systems to the flow meter, and from there to the chemical chambers of the 

glass Y-tube olfactometers. 
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The Y-tube olfactometer could be configured such that atmospheric or CO2-

enhanced air could be delivered to one or both arms in all potential combinations. In 

order to reduce the impact of visual stimuli, and to diffuse the fluorescent light coming 

from the ceiling light fixtures (1200 lux), the Y-tubes were housed in a rectangular metal 

frame (1.22 x 1.22 x 0.90 m), which was covered with white cotton sheeting that was 

clipped to the frame on all sides (Fig. 2-2). 

The Y-tube olfactometer glassware was cleaned after each sample chemical to 

ensure that there were no olfactory responses due to residues from other potential 

attractants.  Glassware was hand washed with a brush and Neutrad® glassware 

detergent (Decon Laboratories Inc., King of Prussia, PA), rinsed in deionized water 

three times (Yunker et al. 1992), rinsed in ethyl alcohol (≥90%), and then heated at 

110°C for a minimum of one hour. 

The 16 tested chemicals were divided into four groups with four chemicals in 

each group and tested in order of perceived importance to the brown dog tick based on 

the scientific literature (Table 2-1).  Testing in groups of four was necessary because 

that was the maximum number of chemicals that could be tested in one day allowing for 

a complete block design.  All chemicals were purchased from Sigma-Aldrich 

(Milwaukee, WI) and had a level of purity of at least 95%.  

Potential attractants were tested as liquids absorbed into Whatman® (no. 1; 

Maidstone, England) filter paper circles that were cut into small disks (diam 1.5 cm) 

using a paper punch.  Pure chemicals were serially diluted in hexane to concentrations 

of 1.0%, 0.1%, and 0.01%.  One of the chemicals tested, benzoic acid, had to be diluted 

in methanol, because it was insoluble in hexane.  Each chemical was tested in the 



 

41 

presence and absence of CO2.  Filter paper disks were placed on flat Teflon-coated 

plastic disks and treated with 30 μL of a diluted chemical.  The solvent was allowed to 

evaporate for 30 s (Syed and Leal 2007), and then the disks were placed in the 

chemical chambers of the Y-tube olfactometers.  Filter paper disks treated with 30 μL 

pure hexane were placed in the control arms after a 30 s evaporation period.  

Chemicals were tested in a randomized complete block design so that one replicate of a 

set of four chemicals at every concentration was completed each day in the presence of 

clean air and CO2-enhanced air. 

To permit data comparisons among the four groups, two treatments, pure hexane 

solvent with and without CO2-enhanced air, were completed in every group of four 

treatment chemicals to act as control treatments.  Two disks of filter paper were treated 

with 30 μL of pure hexane.  Treated filter paper disks were allowed 30 s to dry, and 

were placed in both chemical chambers of the Y-tube.  The assay was then run as 

described above.  This control was done for three reasons 1) to allow comparison 

between the treatment groups, 2) to verify that the hexane solvent was not an attractant, 

and 3) to confirm that there was no positional bias in the olfactometer due to lighting or 

other environmental factors. 

All ticks were reused at least once, but they were never used more than once 

with the same chemical in order to eliminate bias from a previous exposure and there 

was always at least one month between each use.  The order that the chemicals were 

tested each day, sex of ticks used, and the test treatment arm were randomized daily to 

control for potential bias. 
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Five adult ticks of the same sex were placed in the tick release zone via a 

removable hollow chamber that was inserted into the distal end of the olfactometer tube 

(Fig. 2-1).  Ticks were inserted into the removable chamber, and then the chamber was 

placed upside-down on a smooth surface for one or two min.  This technique allowed for 

acclimatization, resulting in reduced tick activity and increased aggregation prior to 

starting each assay.  Chambers containing inactive ticks were then attached to the 

release zone of the olfactometer (Fig. 2-1), and left undisturbed for 15 min.  The white 

cloth drape remained closed for the duration of the test period in order to avoid observer 

presence influencing potential visual stimuli (Fig. 2-2).  Scoring was based on the final 

location of the tick within the Y-tube at the end of 15 min.  A tick that remained in the 

tick release zone was scored as having no attraction (Fig. 2-1).  Ticks that were located 

between the release zone and the Y branch in the main tube, were scored as having a 

weak response.   If a tick was in the proximal 5 cm of either of the arms, it was recorded 

as a weak choice, while a tick that had moved to the distal 3 cm of an arm was recorded 

as having made a strong choice.  The ticks that crawled into a choice zone were 

recorded as a proportion of the total number of ticks used in the replicate, i.e. one tick in 

the strong choice zone was recorded as 0.2.  Additionally, ticks were scored by the 

distance (cm) from the initial tick release zone to their final location.  Those that did not 

leave the tick release zone were scored as 0 cm.  Ruler templates were placed beneath 

the Y-tube so that the distance could be rapidly and accurately assessed.  The average 

distance from the release zone was determined for each replicate of five ticks.  Each 

treatment was replicated 10 times.  
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Straight Tube Olfactometer Video Assays 

Chemicals that produced significant attraction or activation responses in the Y-

tube olfactometer were further evaluated in straight tube olfactometers using video 

recording to characterize the kinetic responses.  Four glass straight tube olfactometers 

(26.5 cm total L, 21 cm active zone, 2 cm diam) (Analytical Research Systems, 

Gainesville, FL) were used with the same air handling equipment as described for the 

Y-tube olfactometer (Fig. 2-3).  Similar to the Y-tube, each straight tube had a release 

zone, but instead of two chemical chambers there was only one.  As with the Y-tube 

ticks could not access the chemical chamber in the straight tubes, and so the active 

zone for the ticks was confined to the release zone and the straight tube. 

Responses of ticks in the olfactometers were videotaped for later analysis using 

an analog Philips® camera (LTC 0500/60), an automatic iris lens (1/3 in, 5-55 mm, F 

1.4, Rainbow, Irvine, CA), a real-time mpeg encoder (Canopus graphics card) and a 

laptop computer.  The camera was mounted above the straight tube olfactometers and 

was used to visually capture tick movement for the duration of the assays.  The same 

cleaning procedure as described for the Y-tube olfactometer was used for cleaning the 

straight tube olfactometer components.   

The nine chemicals that induced a tick response in the Y-tube assays were 

evaluated in the straight tube olfactometer.  These chemicals were benzyl alcohol, 

benzaldehyde, 1-octen-3-ol, onitrophenol, methyl salicylate, 2,6 dichlorophenol, butyric 

acid, hexanoic acid, and salicylaldehyde.  The responses of ticks were recorded for 

each individual chemical at concentrations of 1.0%, as well as for three selected 

mixtures of representatives from the nine compounds.  The first mixture consisted of all 

nine chemicals at total concentrations of 9.0% and 0.9%.  The next mixture contained 
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the six chemicals shown in previous literature to serve as pheromones (benzyl alcohol, 

benzaldehyde, o-nitrophenol, methyl salicylate, salicylaldehyde, and 2,6-dichlorophenol) 

(Yunker et al. 1992) at total concentrations of 6.0% and 0.6%.  The third mixture 

consisted of the four chemicals shown in previous literature to serve as tick kairomones 

(1-octen-3-ol, o-nitrophenol, butyric acid, and hexanoic acid) (Osterkamp et al. 1999) at 

total concentrations of 4.0% and 0.4%.  Chemicals were prepared in hexane solvent as 

described previously. 

Five adult ticks of mixed-sex were placed into the removable release chambers 

and provided several min to acclimatize and aggregate before placement on one of the 

four straight tube olfactometer release zones.  A filter paper disk (1.5 cm diam) placed 

on a flat Teflon-coated plastic disk was treated with 30 μL of the test solution, and 

inserted into the removable chamber at the opposite end from the tick release zone.  A 

fine mesh screen separated the region containing the ticks from the region containing 

the filter paper disk so that the ticks could not come in direct contact with the filter 

paper.  Tick activity was recorded for 15 min.   

Behavioral Analysis 

Each 15 min video was viewed and specific behavioral events were scored using 

a behavioral analysis software package (The Observer® XT 8.0, Noldus, Wageningen, 

The Netherlands), which utilized a time stamp for each coded behavior.  Defined 

behavioral events were classified as duration events with a start and stop time.  For 

example, a “walking upwind” event might have occurred from minute one to minute 

three during the 15 min assay.  A point event, such as changing direction, was recorded 

for a single point in time, e.g. 3:01 min.  Each video was viewed in the software program 

and when specific behaviors were observed, they were manually coded.  The following 
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behaviors were scored for duration: walking upwind (towards the odor source), stop 

walking, and walking downwind (away from the odor source).  The following behaviors 

were scored as point events: direction change, and touching the mesh boundary at the 

upwind end.  These quantifiable data were organized within The Observer XT software 

into total quantities for each group of five ticks. 

Four behaviors were statistically analyzed: duration of directional movement, 

time to activation, number of end touches, and number of direction changes.  The 

directional movement represented a combination of the time R. sanguineus spent 

moving upwind and downwind during exposure to a given chemical.  The time to 

activation refers to the number of seconds that ticks took to move outside of the release 

chamber and to start moving upwind at the start of each assay.  The number of end 

touches refers to how many times the ticks came in contact with the mesh boundary at 

the upwind end of the olfactometer where the chemical volatiles were originating.  The 

number of direction changes refers to how many times the ticks stopped moving in one 

direction and began moving in the opposite direction.  

Statistical Analysis 

Y-tube olfactometer 

The data were analyzed using a linear mixed model (SAS v.9.2 PROC MIXED) 

consisting of three factors: test chemical, concentration (0.01%, 0.1%, 1.0%), and air 

type (clean or CO2-enhanced) and all their interactions including 

chemical*concentration, concentration*air, chemical*air and chemical*concentration*air.  

Sex was initially included as a factor but was excluded in the final analysis as there 

were no significant interactions between sex and the other factors, and it was 

determined biologically irrelevant.  A linear mixed model was used instead of a three-
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way ANOVA because the control, consisting of hexane solvent without dissolved test 

chemicals, had only one concentration resulting in an unbalanced design.  Therefore, 

the control variable was nested within the factors air and concentration to make the test 

balanced.  The chemical group was considered a random blocking factor while the 

treatment arm (whichever arm received the test chemical) served as a fixed blocking 

factor.  All models were fitted using PROC MIXED as implemented in SAS v.9.2 using 

restricted maximum likelihood analysis and Kenward-Rogers correction to calculate the 

degrees of freedom.  The data set was tested for normality, and it was determined that 

no transformations were necessary.  

Least significant difference (LSD) tests (α = 0.05) were used to compare the 

means of individual treatment combinations.  Each treatment chemical mean was 

compared to the hexane solvent control mean using the LSD test.  This test also was 

used to compare clean air to CO2-enhanced air for each of the treatments. 

Three response variables were analyzed in the linear mixed model: mean 

distance of final location, mean activation response, and mean adjusted choice 

response.  The first variable measured the mean distance (in cm) R. sanguineus adults 

were located from the start of the main tube at the conclusion of the 15 min assay.  

During each 15 min assay, five individuals were allowed to move freely in the Y-tube 

olfactometer.  When movement occurred, it was not uncommon for ticks to traverse the 

olfactometer in its entirety multiple times (personal observation).  After 15 min the final 

location of each tick was observed and was considered to be representative of the 

overall strength of the attraction response of each tick.   
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The second variable, mean activation response, was calculated by summing 

weak response, weak choice, and strong choice proportions (Cook et al. 2011) for each 

treatment.  This variable was used to interpret the proportion of ticks that were activated 

by each treatment combination.  In other words, ticks that remained in the release zone 

after 15 min were considered inactive, while ticks that were located anywhere outside of 

the release zone were considered to have exhibited an activation response.  The 

number of ticks activated out of the original five ticks was recorded as a proportion.  

Adjusted means from the Least Square Means output in SAS were used for improved 

accuracy, but resulted in some of the strong activation responses showing as a 

proportion greater than 1.0. 

The third variable, mean adjusted choice response, was calculated by 

subtracting the proportion (Cook et al. 2011) of ticks that chose the treatment arm from 

the proportion of ticks that chose the control arm (weak choice plus strong choice).  

After each 15 min trial period, ticks that were located in either the treatment or the 

control arm of the Y-tube olfactometer were considered to have made a choice.  The 

arm of choice was the control arm for all chemicals that induced >70% of the ticks to 

make a choice.  Therefore, the difference in proportions was a positive value for the 

chemicals that activated the ticks.  Positive adjusted choice proportions indicate that the 

control arm was chosen by ticks more often than the treatment arm, while negative 

proportions indicate the treatment arm was chosen more often.  Larger proportions 

indicate greater tick preference for the respective arm. 

Straight tube olfactometer 

The straight tube data was analyzed by fitting a linear mixed model using 

restricted maximum likelihood as implemented in SAS (v. 9.2) with two effects tested: 
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air (clean or CO2-enhanced) and chemical, and the interaction term air*chemical.  Each 

variable was tested independently.  The four variables tested included the duration of 

directional movement, the time to activation, the number of end touches, and number of 

direction changes.  All were normally distributed except for the time to activation, which 

was log transformed.  Adjusted means were taken from the Least Square Means output 

in SAS to improve accuracy, and log values for time to activation were back 

transformed.  Significant differences (α = 0.05) between individual chemicals were 

determined using LSD tests for the dependent variables duration of directional 

movement, time to activation, number of end touches, and number of direction changes. 

Results 

Y-Tube Olfactometer 

Mean distance from the initial release zone 

Both male and female R. sanguineus demonstrated significant differences in their 

final distance from the release zone at the end of 15 min for 11 of the 16 

semiochemicals tested.  Exposure of ticks to a 1% solution of γ-valerolactone, 1-octen-

3-ol, benzaldehyde, benzyl alcohol, hexanal, hexanoic acid, butyric acid, methyl 

salicylate, o-nitrophenol, 2,6-dichlorophenol or salicylaldehyde, resulted in final 

distances that were significantly greater than the hexane solvent control (F15,31 = 69.70, 

P <0.0001; Table 2-2).  These chemicals were found to be similarly responsive for the 

two other variables, activation response and proportion choice response.  In response 

to pure hexane solvent, individual ticks were located an average distance of 2.19 

(±0.68) cm from the release chamber in the clean air treatment, and 2.22  (± 0.68) cm 

from the release chamber in the CO2-enhanced air treatment.  The chemical that 

consistently induced ticks to move the furthest distance from the release zone was 1-
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octen-3-ol.  When ticks were exposed to this chemical in the Y-tube, they were located 

on average 21.18 (±1.44) cm and 22.44 (±1.44) cm from the release chamber in the 

presence of clean air and CO2-enhanced air, respectively.  In contrast, aside from the 

negative control, ticks moved the shortest distance (7.57 ±1.44 cm) in response to 

hexanoic acid in the presence of clean air.  

At the 1% concentration, the final locations of ticks after exposure to γ-

valerolactone and hexanal were significantly greater (α = 0.05) than the hexane solvent 

control (F15,31 = 69.70, p <0.0001); however, this only occurred in the presence of CO2.  

Ticks exposed to these two chemicals in the presence of CO2 demonstrated an average 

final distance of 5.97 (±1.44) cm for hexanal, and 5.71 (±1.44) cm for γ-valerolactone. 

The mean distance moved by ticks in response to chemicals at the lowest 

concentration tested, 0.01%, were not significantly different from the hexane solvent 

control, and tick responses to 0.1% concentrations were varied.  Regardless of air type, 

ticks exposed to 0.1% concentrations of methyl salicylate, salicylaldehyde, o-

nitrophenol, butyric acid and 2,6-dichlorophenol were located significantly further from 

the release zone than ticks exposed to the hexane solvent control (Table 2-2).  Tick 

movement when exposed to all other chemicals at a 0.1% concentration did not differ 

from the hexane solvent control.   

For some chemicals, the presence of CO2 significantly increased the final 

distance from the release zone when compared to trials run in the absence of CO2 

(F15,946 = 2.23, p = 0.0045).  The distance moved was significantly greater (α = 0.05) in 

the presence of CO2 at a concentration of 0.1%, for methyl salicylate (86%), butyric acid 

(79.9%) and 2,6-dichlorophenol (70.3%).  For butyric acid the distance moved was 5.93 
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(±1.44) cm in clean air and 10.67 (±1.44) cm in CO2-enhanced air.  Carbon dioxide-

enhanced air resulted in increases in distance moved when compared to clean air for 

1.0% concentrations of hexanoic acid (145%) and hexanal  (515%) (F15,946 = 2.23, p = 

0.0045). 

Mean activation response 

Tick activation responses were significantly greater than the hexane solvent 

control for 11 of the 16 chemicals tested at the 1% concentration (F15,171 = 61.77, p 

<0.0001; Table 2-3).  These chemicals included: o-nitrophenol, γ-valerolactone, 1-

octen-3-ol, 2,6-dichlorophenol, benzaldehyde, benzyl alcohol, butyric acid, hexanal, 

hexanoic acid, methyl salicylate and salicylaldehyde, in the presence and absence of 

CO2.  These 11 chemicals demonstrating tick responses are the same chemicals found 

to be active in the distance from the release zone and the proportion of choice response 

analyses. 

The mean proportion of ticks that demonstrated an activation response to the 

hexane solvent control was 0.155 (±0.04) with clean air and 0.130 (±0.04) with CO2-

enhanced air, with no significant difference between the values (Table 2-3).  The mean 

proportion of ticks that demonstrated an activation response to a 1.0% concentration of 

any chemical ranged from 1.021 (±0.08) with CO2-enhanced air for o-nitrophenol, to 

0.316 (±0.08) for hexanal, with CO2-enhanced air.  

At a 0.1% concentration, in the presence and absence of CO2, o-nitrophenol, 2,6-

dichlorophenol, methyl salicylate, and salicylaldehyde induced significantly greater tick 

activation than the hexane control (F15,171 = 61.77, P <0.0001) (Table 2-3).  For 

example, in the absence and presence of CO2-enhanced air, the proportion of ticks 

activated by 0.1% o-nitrophenol was 0.701 (±0.08) and 0.801 (±0.08), respectively, 
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while activation with the hexane solvent was 0.155 (± 0.04) and 0.130 (± 0.04) without 

and with CO2, respectively.  Tick activation was significantly greater for butyric acid 

(0.470 ±0.08) than the hexane solvent control at a 0.1% concentration, but only in the 

presence of CO2 (F15,171 = 61.77, p <0.0001).  The proportions of ticks activated were 

significantly lower (F2,946 = 424.32, p <0.0001) at the 0.1% concentration when 

compared to the activation proportions for the 1.0% concentrations and the tick 

activation responses to 0.01% chemical concentrations were not significantly different 

from the hexane solvent control for any of the tested chemicals. 

The presence of CO2 with chemicals resulted in significantly greater activation 

responses than chemicals without CO2-enhanced air for 0.1% methyl salicylate, butyric 

acid and 2,6-dichlorophenol, and for 1.0% benzyl alcohol, hexanal, and hexanoic acid 

(F1,946 = 5.02, p <0.0253; Table 2-3).  At the 0.1% concentration, the proportion of ticks 

that responded to methyl salicylate in CO2-enhanced air (0.741 ±0.08) was 76% higher 

than the proportion that responded in clean air (0.421 ±0.08).  Similar responses were 

observed with hexanoic acid at a concentration of 1.0% where the proportion of ticks 

activated in CO2-enhanced air (0.910 ±0.08) was 133% higher than ticks that activated 

in clean air (0.390 ±0.08). 

Mean proportion choice response 

The arm of choice was the control arm for the 10 chemicals that stimulated tick 

activation when tested both with and without CO2 at the 1% level (F15,949 = 86.00, p 

<0.0001).  The mean proportion choice for the hexane solvent control was -0.010 

(±0.027) with clean air and -0.005 (±0.027) with CO2-enhanced air, with no significant 

differences between these values (Table 2-4).  At a concentration of 1%, in the 

presence and absence of CO2, ticks demonstrated a choice response for o-nitrophenol, 
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γ-valerolactone, 1-octen-3-ol, 2,6-dichlorophenol, benzaldehyde, benzyl alcohol, butyric 

acid, hexanoic acid, methyl salicylate, and salicylaldehyde that was significantly greater 

than the hexane control (Table 2-4).  Numerically, ticks demonstrated the greatest 

choice response for o-nitrophenol at 0.880 (±0.055) with clean air and 1.00 (±0.055) 

with CO2-enhanced air.  In CO2-enhanced air at 1.0%, tick choice responses were 0.120 

(±0.055) for benzoic acid and 0.280 (±0.055) for hexanal, which were significantly 

greater than the control (F15,949 = 86.00, p <0.0001). 

At a concentration of 0.1% in the presence and absence of CO2, tick exposure to 

methyl salicylate, salicylaldehyde, o-nitrophenol, butyric acid and 2,6-dichlorophenol 

resulted in tick mean choice responses that were significantly greater than the hexane 

solvent control responses of 0.010 (±0.027) with clean air and -0.005 (±0.027) with CO2-

enhanced air (F15,949 = 86.00, p <0.0001; Table 2-4).  Similar to the response at the 1% 

concentration, the numerically greatest choice response was observed with o-

nitrophenol at 0.680 (±0.055) with clean air and 0.720 (±0.055) with CO2-enhanced air.  

Tick choice response to salicylaldehyde, at the lowest concentration of 0.01% in the 

presence of CO2, was 0.120 (±0.055), which was significantly greater than the response 

in the control treatment (F15,949 = 86.00, p <0.0001).  No other chemicals at the lowest 

concentration resulted in significant tick responses. 

Carbon dioxide impacted the mean proportion choice response of R. sanguineus 

exposed to selected test chemicals (F15,949 = 1.89, p <0.0206).  At a concentration of 

1.0%, benzyl alcohol, hexanoic acid and hexanal induced significantly greater choice 

responses by ticks in the presence of CO2 than in the presence of clean air (Table 2-4).  

The tick choice response with benzyl alcohol and CO2-enhanced air (0.700 ±0.055) was 
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45.8% higher than with clean air (0.480 ±0.055).  The tick choice response with 

hexanoic acid and CO2-enhanced air (0.880 ±0.055) was 144% greater than the 

hexanoic acid with clean air treatment (0.360 ±0.055).  Tick choices for 0.1% methyl 

salicylate, butyric acid and 2,6-dichlorophenol were significantly greater in the presence 

of CO2 than with clean air.  The greatest differential between responses was observed 

with methyl salicylate where the response observed with CO2-enhanced air (0.660 

±0.055) was 175% greater than with clean air (0.240 ±0.055). 

Differences between males and females 

There was a significant difference between the responses of males and females 

when comparing the data for distance from the release zone (F1,946 = 4.44, p = 0.0354), 

activation response (F1,946 = 4.24, p = 0.0397) and proportion choice response (F1,949 = 

4.70, p = 0.0304).  The mean distance from the release zone for female ticks was 6.40 

±0.39 cm while the mean distance for males was 5.91 ±0.39 cm.  The mean activation 

proportion for female ticks was 0.33 ±0.03 and for males it was 0.30 ±0.03.  The mean 

choice proportion for female ticks was 0.244 ±0.008 and for males it was 0.220 ±0.008. 

Straight Tube Olfactometer 

Duration of directional movement 

Adult R. sanguineus actively moved upwind and downwind in the straight tube 

olfactometer when exposed to the various chemicals tested.  There were significant 

differences in the amount of time the ticks spent moving depending on exposure to 

different chemicals and mixtures of chemicals (F15,61 = 36.89, p <0.0001) and whether 

the air flow was clean or CO2-enhanced for each of the chemical exposures (F15,61 = 

2.24, p = 0.0140) (Table 2-5).   
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 The average total time that a group of five ticks spent moving when 

exposed to the hexane solvent control was 391 (±139) s in clean air, and 201 (±139) s 

in CO2-enhanced air (Table 2-6).  The hexane-only exposed tick responses were 

significantly lower (p < 0.05) than most of the treatments that included tested chemicals 

or chemical mixtures, with the exception of salicylaldehyde and the 0.4% kairomone 

blend.  Ticks spent the most time moving in the presence of benzyl alcohol (2,444 ±139 

s), the 4% kairomone blend (2,285 ±170 s), and hexanoic acid (2,142 ±139 s) in the 

presence of CO2-enhanced air.  Tick movement in response to these three treatments 

was not significantly different in the presence of clean air.  Tick exposure to methyl 

salicylate, 1-octen-3-ol, and the 9% all-chemical blend also resulted in considerable 

movement in both types of air, but movement was significantly reduced (α = 0.05) with 

exposure to benzyl alcohol, the 4% kairomone blend, and hexanoic acid. 

Time to activation 

Tick time to activation for clean air  was significantly longer than for CO2-

enhanced air, irrespective of the chemical treatment (F15,61 = 4.72, p = 0.0337; Table 2-

5).  The time to activation was generally longer for clean air (228 ±1.0 s) that in was for 

CO2-enhanced air (149 ±1.0 s). 

There were significant differences (F15,61 = 13.6, p <0.0001) between chemical 

treatments in the average time for tick activation at the beginning of each assay (Table 

2-7).  In the presence of the hexane solvent control, the average total time that a group 

of five ticks were idle at the beginning of each assay was 3,501 s (Table 2-7).  The 

hexane solvent control had a significantly longer tick activation period than any of the 

other chemical treatments except for benzaldehyde (1018 ±1.7 s).  Ticks exhibited the 

shortest time to activation when exposed to 1-octen-3-ol (15 ±1.5 s) and the 9% all-
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chemical blend (25 ±1.5 s) (Table 2-7).  Ticks responded rapidly to several other 

treatments as well, including methyl salicylate (50 ±1.5 s), the 4% kairomone blend (50 

±1.5 s), the 6.0% kairomone blend (64 ±1.5 s), and butyric acid (76 ±1.5 s).  Ticks 

exposed to o-nitrophenol, 2,6-dichlorophenol, salicylaldehyde, benzyl alcohol, the 0.9% 

all-chemical blend, hexanoic acid, the 0.6% pheromone blend, and the 0.4% kairomone 

blend had intermediate reaction times (Table 2-7).   

Number of end touches 

There was a significant difference (F15,61 = 6.29, p = 0.0148) in the number of tick 

end touches for clean air and CO2-enhanced air, irrespective of the chemical treatment 

(Table 2-5).  In general, ticks touched the upwind end of the olfactometer more often in 

clean air (7.44 ±0.37) than in CO2-enhanced air (6.14 ±0.36). 

The groups of 5 ticks in the 4.0% kairomone blend, 1-octen-3-ol and the all-

chemical blend touched the upwind end of the straight tube an average of 13.33 

(±1.11), 12.83 (±0.99) and 9.17 (±0.99) times, respectively, which was significantly more 

than all other treatments evaluated (F15,61 = 9.28, p <0.0001; Table 2-8).  Ticks touched 

the upwind end of the olfactometer relatively infrequently for several of the treatments, 

including benzaldehyde, the hexane solvent control, the 0.4% kairomone blend, the 

0.9% all-chemical blend and 2,6-dichlorophenol with the numbers of touches ranging 

from 1.83 (±1.40) to 4.50 (±0.99). 

Number of direction changes 

There were significant differences in the number of times the ticks changed 

direction depending on exposure to individual chemicals or the chemical mixtures (F15,61 

= 27.8, p <0.0001).  There were also significant differences in the chemical*air (clean or 

CO2-enhanced) interaction (F15,61 = 2.43, p = 0.0076) (Table 2-5). 
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 In treatments without CO2 augmentation, introduction of 1-octen-3-ol 

(69.67 ±5.05), hexanoic acid (61.67 ±5.05) or the 4% kairomone blend (48.33 ±5.05) 

resulted in significantly more direction changes than exposure to any of the other 

treatments (Table 2-9).  All treatments that consisted of blends below 1%, both the 6% 

and .6% pheromone blends, and the 1% blends of o-nitrophenol, salicylaldehyde, 2,6-

dichlorophenol, and the hexane solvent resulted in the fewest number of direction 

changes. 

 In CO2-enhanced air, treatments containing the 4.0% kairomone blend 

(81.50 ±6.19) and hexanoic acid (74.00 ±5.05), caused ticks to change direction 

significantly more often than the remaining chemical treatments (Table 2-9).  Ticks 

changed direction significantly less often in the presence of several of the chemical 

treatments, including the hexane solvent control.  The average number of times a group 

of five ticks in these CO2-enhanced treatments changed direction ranged from 6.67 

(±5.05) to 18.33 (±5.05) in the presence of the hexane solvent control, the 0.9% all-

chemical blend, the 0.4% kairomone blend, 2,6-dichlorophenol, salicylaldehyde, and the 

6.0% pheromone blend (Table 2-9).  Ticks exposed to the CO2-enhanced 4% 

kairomone blend treatment changed direction 59.3% more frequently (p<0.05) than ticks 

exposed to the blend under clean air conditions (Table 2-9). 

Discussion 

In the presence of pure hexane solvent regardless of olfactometer type, groups 

of ticks rarely moved from the initial release zone.  This was in stark contrast to groups 

of ticks in the presence of one of the stimulating chemicals, such as 1-octen-3-ol (Table 

2-6).  The ticks would rapidly leave the initial release zone and actively move throughout 

the olfactometers, often traversing the entire length of the olfactometer several times 
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before aggregating.  Movement from the initial release zone was clear evidence of 

activation.  In the case of the Y-tube olfactometer, the distance from the release zone of 

each tick at the end of each assay was quantifiable, and the olfactory choice of each 

tick was evidenced by their location in either the control or treatment arm.  The straight 

tube olfactometer provided a more refined examination of brown dog tick behavior when 

exposed to the chemicals found to elicit BDT activation in the Y-tube.  The results of the 

straight tube study indicated that several of the chemicals were potentially superior BDT 

activators/attractants, but did not provide absolute clarity, especially in regard to 

chemical mixtures. 

Despite the significant differences in tick activity between many of the chemicals 

and control treatments, the Y-tube tests did not provide conclusive data regarding 

directed attraction to chemicals.  As is shown in Table 2-4, the tick mean adjusted 

choice responses to many of the chemicals tested were significantly greater than the 

choice responses to the hexane solvent control, with ticks consistently stopping 

movement within the control arm.  This phenomenon was consistent for all of the 

chemicals examined that elicited a response from the ticks.  Prior to this observation it 

was expected that activated ticks would select the treatment arm more often than the 

control arm, thus demonstrating attraction.  If the chemical was attractive, the logical 

conclusion would be that the ticks would aggregate in the arm in which the chemical 

originated.  Considering the results obtained, it seems a more explorative explanation 

for the observed tick responses is needed. 

Although further studies will be needed for verification, it is hypothesized that the 

ticks were aggregating in the control arm of the Y-tube olfactometer because that was 
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the only region with a level of stimulating airborne volatiles below the minimal level 

required to maintain activation.  During the 15 min assays, activated ticks had ample 

time to crawl throughout the testing arena.  Eventually most ticks moved into the control 

arm, where they ceased moving.  Given the design of the y-tube system, the source 

arm chemical concentration was twice that of tick release zone.  Therefore, once ticks 

reached the choice portion of the y-tube, they were confronted with twice the 

concentration they had been experiencing.  If they entered the no-chemical arm, they no 

longer received the stimulus that the chemical had provided.  Alternatively, ticks at the 

choice portion may have been repelled by the chemical’s suddenly greater 

concentration and moved into the control arm in an attempt to escape the high 

concentration volatiles. 

An alternative explanation to repellency is that the chemicals tested serve as 

long-range BDT activators and/or attractants, but additional close range cues, such as 

body heat, are necessary for the tick to stop searching for a host.  In preliminary 

studies, ticks were observed entering the high-concentration arm, but subsequently 

leaving it providing support for this hypothesis.  A previous study demonstrated that CO2 

alone could induce Aedes aegypti (Linnaeus) in a wind tunnel to fly, land, and probe.  

However, lactic acid or human sweat, when presented alone, largely failed to elicit a 

response (Eiras and Jepson 1991).  When human sweat or lactic acid was added to the 

CO2-enhanced air, an increase in landing and probing behavior occurred. (Eiras and 

Jepson 1991).  In the current study, tick aggregation in the control arm may have been 

due solely to the lack of chemical stimulation and not because the ticks were repelled, 
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and it is possible that some or all of the chemicals that elicited a tick response are 

attractants, as the literature has shown for other tick species. 

Regardless of the behaviors observed in the Y-tube olfactometer, it was of 

considerable interest to determine which of those chemicals that elicited a response in 

the Y-tube, if any, were superior for use in BDT attraction.  The Y-tube test largely 

served as a screening for a large number of chemicals identified from the literature, but 

was only valuable in determining if the chemical activated the ticks.  The straight tube 

olfactometer testing provided improved insight into the differences among the nine 

activating chemicals identified in the Y-tube testing.  Overall, several chemicals 

emerged as significantly different from the other chemicals and the hexane solvent 

control.  In summary, 1-octen-3-ol, hexanoic acid, methyl salicylate, and benzyl alcohol 

presented the greatest potential to serve as attractants. 

The response of larval brown dog ticks has recently been evaluated for 2,6-

dichlorophenol and 1-octen-3-ol using Petri dish bioassays (Ranju et al. 2012a, 2012b).  

In response to 2,6-dichlorophenol exposure at a concentration of 0.1 M, 71% of R. 

sanguineus larvae were attracted (Ranju et al. 2012a).  These findings support the 

results of this study, and further evaluations of R. sanguineus response to 2,6-

dichlorophenol are warranted.  Interestingly, R. sanguineus larvae were not shown to be 

attracted to 1-octen-3-ol in the Petri dish bioassays performed by Ranju et al. (2012b).  

In the current study, 1-octen-3-ol emerged as one of the four most efficacious 

compounds out of the original 17 tested.  The findings of the two studies may not be as 

contradictory as they first seem.  Ranju et al. (2012b) used larval ticks whereas the ticks 

used in this study were adult males and females.  This is important to consider because 
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1-octen-3-ol is a host-produced kairomone, and the host preferences of ticks are known 

to change during development.  Namely, immature stages tend to be less host specific 

than adults.  With that in mind, it is possible that adult brown dog ticks simply have 

Haller’s organs that are more developed than those found on larval ticks. 

Tick attractants are often complex mixtures of chemicals that must consist of the 

correct composition, as well as, the correct proportion of each compound.  Donzé et al. 

(2004) observed Amblyomma variegatum Fabricius attraction to several components of 

bovine rumen individually, but not with a combination of butanoic acid, isobutanoic acid, 

4-methylphenol and 3-methylindole in a 1:1:1:1 ratio.  Increasing the concentration of 

butanoic acid also failed to induce a tick response.  It was only when the ratio of 

compounds was adjusted to reflect the proportions of the chemicals in rumen fluid, 

100:10:1:1, that a tick response was observed (Donzé et al. 2004).  Osterkamp et al. 

(1999) demonstrated that a complex mixture of seven chemicals derived from the 

rumen of bovines could induce cattle tick, Rhipicephalus (Boophilus) microplus, 

(Canestrini) attraction equal to that observed with pure rumen extract.  But, the removal 

of any one of those seven chemicals resulted in significantly lower tick attraction. 

As such, in order to achieve ideal R. sanguineus attraction, a complex mixture 

and ratio of chemicals may be required.  In the current study, mixtures of the activating 

compounds were tested in the straight tube olfactometer, as well as the individual 

compounds.  However, no strong conclusions about the synergistic effects of mixing 

these compounds could be drawn from the analysis.  In some instances the chemical 

blends that were tested were significantly different from the other chemicals, but for 

each of those instances, the blend contained a chemical that was also tested on its own 
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and was not shown to be significantly different from the blend, making it seem that the 

individual chemical was responsible for the significant response, and that the blend was 

therefore not an improvement.  For example, the 4.0% kairomone blend contained 

hexanoic acid and both of these treatments induced a significantly high duration of tick 

movement, but the 4.0% blend was not statistically different from hexanoic acid, 

suggesting that the blend did not result in appreciable improvements to tick responses   

(Table 2-6).  It is certainly possible that some of these chemicals can work 

synergistically.  Future studies could focus on trying different combinations and 

alternative ratios of these compounds to reveal any synergistic effects. 

Osterkamp et al. (1999) demonstrated that R. microplus exposure to seven 

chemicals found in bovine breath (pentanoic, hexanoic, benzoic and ethylhexanoic acid, 

pyruvate, 1-octen-3-ol, and o-nitrophenol) resulted in a level of attraction equal to non-

fractionated bovine breath.  It was determined that, of these seven chemicals, 1-octen-

3-ol and o-nitrophenol were the most important in tick attraction as removal of either 

chemical resulted in a greater reduction in tick attraction than removal of any of the 

other five chemicals (Osterkamp et al. 1999).  The potential for these two chemicals to 

serve as R. sanguineus attractants was confirmed in the present study, as ticks 

responded strongly to 1-octen-3-ol and o-nitrophenol in the Y-tube olfactometer.  

However, with the inclusion of the findings from the straight tube experiments, it seems 

that 1-octen-3-ol causes a significantly greater response than o-nitrophenol for the 

brown dog tick. 

When butyric (butanoic) acid was presented to tropical bont ticks, A. variegatum, 

they exhibited a significantly greater percentage attraction and an increase in 
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locomotion when compared to ticks presented with the control (Donzé et al. 2004).  The 

strong responses observed by Donzé et al. (2004) suggest that butyric acid could serve 

as an attractant for R. sanguineus.  In response to the presence of butyric acid, the BDT 

became activated and moved to the control arm of the Y-tube olfactometer.  However in 

the straight tube study, though significantly different from the hexane solvent control, 

butyric acid elicited relatively moderate responses from the brown dog tick, as 

compared to some of the other compounds evaluated, such as hexanoic acid. 

In a similar study, a variety of tick pheromones were tested on the bont tick, 

Amblyomma hebraeum Koch, and the tropical bont tick, A. variegatum, using a four-

choice olfactometer (Yunker et al. 1992).  In the study, both species were strongly 

attracted to benzyl alcohol, nonanoic acid, methyl salicylate, 2,6-dichlorophenol, a 

commercially produced antiseptic known as TCP® (Pfizer), and chlorinated and 

iodinated phenols (Yunker et al. 1992).  Benzyl alcohol, nonanoic acid, methyl 

salicylate, and 2,6 dichlorophenol, all have been identified in male ticks of the 

aforementioned species (Yunker et al. 1992) and were therefore, included in the current 

study.  In our study, R. sanguineus responded strongly to benzyl alcohol, methyl 

salicylate and 2,6-dichlorophenol in the Y-tube olfactometer, but did not respond to 

nonanoic acid.  Also worth noting, benzyl alcohol induced more movement from R. 

sanguineus in the straight tube olfactometer than any of the other chemicals or mixtures 

tested. 

Brown dog ticks also responded to benzaldehyde, o-nitrophenol, and 

salicylaldehyde in both olfactometers, all of which were tested on the bont and tropical 

bont tick with mixed results (Yunker et al. 1992).  Even though it was difficult to 
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ascertain whether or not R. sanguineus was attracted to these chemicals, due to its 

unexpected tendency to choose the control arm in the Y-tube and unremarkable levels 

of response in the straight tube, it is likely that these chemicals are attractants based on 

the correlations between the findings of this study and that of Yunker et al. (1992). 

Rhipicephalus sanguineus previously demonstrated attraction to 2,6-

dichlorophenol in two-choice, short-range olfactory tests (Yoder et al. 2008).  All life 

stages, including separated males and females, were exposed to the chemical at 

varying concentrations and showed increased attraction as compared to the control.  

Yoder et al. (2008) also documented responses for 2,6-dichlorophenol at a 0.01% 

concentration, which contrasts with the Y-tube olfactometer results of the current study, 

wherein R. sanguineus attraction was demonstrated at 0.1% and 1.0%, but not at 

0.01% concentrations.  Such incongruence may be attributed to differences in the 

assays.  In particular, the current study incorporated air flow into the assay, which 

resulted in the movement of the airborne chemicals over the ticks and out of the 

olfactometer. This prevented an accumulation of the chemical around the ticks.  There 

was no forced air movement in the Yoder et al. (2008) study.  Therefore, in order to 

obtain a tick response in the moving air of the present study, chemical concentrations 

needed to be higher. 

Vale and Hall (1985) identified acetone as an important component of ox odor in 

tsetse fly (Glossina spp.) attraction.  Acetone is a component of vertebrate breath, much 

like CO2, and therefore seemed a likely candidate for R. sanguineus attraction.  

However, in the current study, acetone failed to elicit a response from the brown dog 

tick in the Y-tube olfactometer.  Despite these findings, acetone still could be involved in 
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R. sanguineus host attraction, perhaps requiring a synergistic compound.  When paired 

with lactic acid, acetone enhanced Ae. aegypti, attraction (Geier et al. 1999).  But when 

tested alone and in the presence of CO2, acetone was not attractive to this mosquito 

(Geier et al. 1999).  It is possible that pairing acetone with lactic acid, or some other 

compound, could result in a response from R. sanguineus.  As lactic acid was not 

evaluated in this study, this hypothesis was not tested.  Though some mixtures were 

tested in this study using the straight tube olfactometer, it would be beneficial in future 

studies to assess additional mixtures, such as lactic acid with acetone. 

Both male and female adult brown dog ticks were stimulated to activity by several 

of the chemicals tested.  Adults rather than immature stages were used due to their 

larger size that provided for improved observation while inside the Y-tube olfactometer.  

There was a significant difference between the responses of males and females when 

comparing the data in its entirety, although it is unlikely that these findings are 

biologically significant.  This was evidenced by a preliminary analysis that demonstrated 

no significant interactions between sex and chemical or air type. 

For most of the chemicals, the presence or absence of carbon dioxide did not 

significantly alter R. sanguineus activation behavior.  This was an unexpected 

observation, as CO2 has been shown to be an important attractant and/or synergist for 

many hematophagous arthropods (Vale and Hall 1985, Takken and Kline 1989, Steullet 

and Guerin 1992, Barré et al. 1997, Takken et al. 1997, Osterkamp et al. 1999, 

McMahon and Guerin 2002, Syed and Leal 2007, Allan et al. 2010, Carr et al. 2013).  In 

the present study, R. sanguineus did not respond to a 5% CO2 concentration when it 

was presented alone at a flow rate of 50 mL/min.  However, Carr et al. (2013) 
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demonstrated that Amblyomma americanum (L.) and Dermacentor variabilis (Say) 

responded differently to air containing 3% CO2, depending on the flow rate.  

Amblyomma americanum responded to 3% CO2 air at flow rates up to 150 mL/min, but 

no response was observed at the low flow rate of 25 mL/min (Carr et al. 2013).  

Dermacentor variabilis responded to 3% CO2 air at flow rates of 50 and 75 mL/min, but 

not at 25 or 100 mL/min (Carr et al. 2013).  In regard to the current study, it is possible 

that R. sanguineus would respond to CO2 if a flow rate, either higher or lower than 50 

mL/min, were tested. 

An enhanced R. sanguineus response was observed when CO2 was combined 

with some of the chemicals tested, namely benzyl alcohol, hexanal, and hexanoic acid 

at a 1.0% concentration, and 2,6-dichlorophenol, butyric acid, and methyl salicylate at a 

0.1% concentration.  Interestingly, the synergistic effects were not observed at multiple 

concentrations for any chemical, suggesting that CO2 acts synergistically only at certain 

concentrations of the chemicals. Eiras and Jepson (1991) found similar results with Ae. 

aegypti responses to CO2 and lactic acid/human sweat in a wind tunnel experiment.  

Synergism was observed after combining CO2 with either human sweat or lactic acid, 

but only for a small range of concentrations (Eiras and Jepson 1991). 

In conclusion, this study revealed several chemicals with potential for use in R. 

sanguineus attraction.  The experiments using the Y-tube provided a group of nine 

chemicals that elicited tick activation.  The straight tube experiments allowed for those 

nine chemicals to be filtered into a smaller subset of particularly interesting chemicals, 

namely 1-octen-3-ol, hexanoic acid, methyl salicylate, and benzyl alcohol, based on a 

more detailed analysis of tick behavior.  The chemicals identified in this study may 
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eventually serve as attractants for use in R. sanguineus management efforts.  However, 

there are still many questions that need to be addressed in more detail.  There are a 

multitude of potential combinations and ratios in which these and other chemicals may 

be mixed to induce improved tick responses.  Additional testing with CO2 flow rates is 

warranted as well.  Nevertheless, identifying ideal attractants can be a very complex 

and sensitive endeavor, and this study has established a base from which to expand 

our understanding of R. sanguineus attractants. 
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Table 2-1. All chemicals evaluated for adult mixed-sex Rhipicephalus sanguineus 
(Latreille) activation and response in a Y-tube olfactometer, with random 
assignment to group number. 

Group 1 Group 2 Group 3 Group 4 

Acetone 3-Pentanone Benzoic acid Salicylaldehyde 

Benzaldehyde Methyl salicylate Butyric acid Hexanal 

Benzyl alcohol o-Nitrophenol Hexanoic acid 2,6-Dichlorophenol 

1-Octen-3-ol γ-Valerolactone Nonanoic acid Squalene 

All chemicals were tested at three concentrations (0.01%, 0.10%, 1.00%) and with two 
different air supplies (clean and 5% CO2-enhanced) 
Hexane control tested in each group 
n = 10 
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Table 2-2. Mean distance (cm) from an initial release zone where five mixed-sex, adult 
Rhipicephalus sanguineus (Latreille) were recorded following a 15 min 
exposure to individual chemicals. 

Test Chemical % Distancea Effect of CO2 
    Clean air  CO2-enhanced air p-valueb 

o-Nitrophenol 0.01 2.37 1.33 0.526 
 0.1 15.19*** 16.55*** 0.407 
 1.0 19.69*** 21.75*** 0.210 
     

γ-Valerolactone 0.01 1.47 0.75 0.661 
 0.1 1.47 1.77 0.855 
 1.0 5.01 5.71* 0.670 

     
1-Octen-3-ol 0.01 2.72 1.26 0.374 

 0.1 2.28 1.26 0.534 
 1.0 21.18*** 22.44*** 0.433 

     
2,6-Dichlorophenol 0.01 2.31 2.27 0.981 

 0.1 10.35*** 17.63*** <0.001 
 1.0 15.25*** 17.93*** 0.103 

     
3-Pentanone 0.01 2.89 0.67 0.176 

 0.1 2.09 0.81 0.435 
 1.0 2.61 1.35 0.443 
     

Acetone 0.01 0.58 2.02 0.380 
 0.1 1.78 1.44 0.836 
 1.0 1.18 1.84 0.688 
     

Benzaldehyde 0.01 2.64 2.68 0.981 
 0.1 2.54 1.84 0.670 
 1.0 18.68*** 17.82*** 0.600 
     

Benzoic Acid 0.01 1.39 2.97 0.336 
 0.1 1.95 1.35 0.715 
 1.0 4.07 3.07 0.542 
     

Benzyl Alcohol 0.01 2.66 1.96 0.670 
 0.1 1.16 2.74 0.336 
 1.0 11.74*** 16.90*** 0.002 
     

Butyric Acid 0.01 2.47 2.13 0.836 
 0.1 5.93* 10.67*** 0.004 

 1.0 19.03*** 20.27*** 0.450 
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Table 2-2. Continued 

Test Chemical % Distancea Effect of CO2 
    Clean air  CO2-enhanced air p-valueb 

Hexanal 0.01 3.47 1.69 0.278 
 0.1 2.47 0.93 0.348 
 1.0 0.97 5.97* 0.002 
     

Hexane Solvent (Control)  2.19 2.22 0.971 
     

Hexanoic Acid 0.01 3.03 0.97 0.210 
 0.1 1.65 2.03 0.817 
 1.0 7.57* 18.57*** <0.001 
     

Methyl Salicylate 0.01 3.99 2.61 0.400 
 0.1 8.03*** 14.95*** <0.001 

 1.0 21.75*** 20.59*** 0.480 
     

Nonanoic Acid 0.01 4.69 1.85 0.084 
 0.1 2.73 2.05 0.679 
 1.0 1.69 0.69 0.542 

     
Salicylaldehyde 0.01 1.89 4.01 0.197 

 0.1 11.85*** 12.89*** 0.526 
 1.0 20.67*** 20.11*** 0.733 

     
Squalene 0.01 1.91 2.09 0.913 

 0.1 0.75 1.81 0.518 
 1.0 1.53 1.95 0.798 

Exposure occurred in a Y-tube olfactometer with an airflow rate of 50 mL/min in each 
arm and all concentrations of treatment chemicals tested were dissolved in hexane 
There were 10 replicates with 5 ticks per replicate 
Complete data set analyzed with a linear mixed model used to determine a difference 
between chemicals (F15,31 = 69.70, p <0.0001) and air types (F1,946 = 8.75, p = 
0.0032) 
SEM for all means was ±1.44 cm for all treatments, except the hexane control, which 
was ±0.68 cm 
a Within a column, adjusted means were compared to hexane solvent control using 
Least Significant Difference (LSD) tests (* = p <0.05; ** = p <0.01; *** = p <0.001) 
b Within a row, p-values calculated using LSD tests showing the probability of a 
significant difference between the chemical tested in clean air and CO2-enhanced air. 
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Table 2-3. Mean proportion of mixed-sex, adult Rhipicephalus sanguineus (Latreille) 
that activated in response to potential attractants. 

Test Chemical % Proportion Activateda Effect of CO2 
    Clean air  CO2-enhanced air p-valueb 

o-Nitrophenol 0.01 0.121 0.141 0.814 
 0.1 0.701*** 0.801*** 0.240 

 1.0 0.921*** 1.021*** 0.240 
     

γ-Valerolactone 0.01 0.121 0.061 0.481 
 0.1 0.101 0.121 0.814 
 1.0 0.281 0.341** 0.481 

     
1-Octen-3-ol 0.01 0.193 0.093 0.240 

 0.1 0.153 0.093 0.481 
 1.0 1.013*** 1.033*** 0.814 

     
2,6-Dichlorophenol 0.01 0.116 0.156 0.638 

 0.1 0.496*** 0.856*** <0.001 
 1.0 0.816*** 0.896*** 0.347 

     
3-Pentanone 0.01 0.161 0.061 0.240 

 0.1 0.141 0.081 0.481 
 1.0 0.161 0.101 0.481 
     

Acetone 0.01 0.053 0.133 0.347 
 0.1 0.113 0.093 0.814 
 1.0 0.093 0.153 0.480 
     

Benzaldehyde 0.01 0.193 0.153 0.638 
 0.1 0.153 0.133 0.814 
 1.0 0.933*** 0.813*** 0.158 
     

Benzoic Acid 0.01 0.090 0.190 0.240 
 0.1 0.090 0.110 0.814 
 1.0 0.230 0.130 0.240 
     

Benzyl Alcohol 0.01 0.193 0.113 0.347 
 0.1 0.093 0.173 0.347 
 1.0 0.613*** 0.873*** 0.002 
     

Butyric Acid 0.01 0.170 0.110 0.481 
 0.1 0.270 0.470*** 0.019 
 1.0 0.890*** 0.930*** 0.638 
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Table 2-3. Continued 

Test Chemical % Proportion Activateda Effect of CO2 
    Clean air  CO2-enhanced air p-valueb 

Hexanal 0.01 0.196 0.076 0.158 
 0.1 0.156 0.036 0.158 
 1.0 0.036 0.316* 0.001 
     

Hexane Solvent (Control)  0.155 0.130 0.557 
     

Hexanoic Acid 0.01 0.170 0.070 0.240 
 0.1 0.070 0.090 0.814 
 1.0 0.390** 0.910*** <0.001 
     

Methyl Salicylate 0.01 0.221 0.141 0.347 
 0.1 0.421*** 0.741*** <0.001 
 1.0 1.021*** 0.981*** 0.638 
     

Nonanoic Acid 0.01 0.290 0.070 0.010 
 0.1 0.110 0.090 0.814 
 1.0 0.070 0.030 0.638 

     
Salicylaldehyde 0.01 0.076 0.236 0.060 

 0.1 0.656*** 0.616*** 0.638 
 1.0 0.956*** 0.956*** 1.000 

     
Squalene 0.01 0.136 0.116 0.814 

 0.1 0.056 0.096 0.638 
 1.0 0.056 0.076 0.814 

Exposure occurred in a Y-tube olfactometer with an airflow rate of 50 mL/min in each 
arm and all concentrations of treatment chemicals tested were dissolved in hexane 
There were 10 replicates with 5 ticks per replicate 
Complete data set analyzed with a linear mixed model used to determine a difference 
between chemicals (F15,171 = 61.77, p <0.0001) and air types (F1,946 = 5.02, p = 
0.0253)  
SEM for all means was ±0.07 for all treatments except the hexane control, which was 
±0.04 
a Within a column, adjusted means were compared to hexane solvent control using 
Least Significant Difference (LSD) tests (* = p <0.05; ** = p <0.01; *** = p <0.001) 
b Within a row, p-values calculated using LSD tests showing the probability of a 
significant difference between the chemical tested in clean air and CO2-enhanced air. 
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Table 2-4. Mean proportion of mixed-sex adult Rhipicephalus sanguineus (Latreille) that 
chose the treatment arm subtracted from the mean proportion that chose the 
control arm. 

Test Chemical % Adjusted Choice Proportiona Effect of CO2 
    Clean air  CO2-enhanced air p-valueb 

o-Nitrophenol 0.01 0.100 0.060 0.606 
 0.1 0.680*** 0.720*** 0.606 
 1.0 0.880*** 1.000*** 0.122 
     

γ-Valerolactone 0.01 0.020 0.020 1.000 
 0.1 0.020 0.040 0.796 
 1.0 0.180** 0.240*** 0.439 

     
1-Octen-3-ol 0.01 0.040 0.040 1.000 

 0.1 0.000 0.020 0.796 
 1.0 0.960*** 0.980*** 0.796 

     
2,6-Dichlorophenol 0.01 0.080 0.060 0.796 

 0.1 0.480*** 0.720*** 0.002 
 1.0 0.560*** 0.700*** 0.071 

     
3-Pentanone 0.01 0.060 0.020 0.606 

 0.1 0.020 -0.020 0.606 
 1.0 -0.020 0.020 0.606 
     

Acetone 0.01 0.000 0.060 0.439 
 0.1 0.020 0.000 0.796 
 1.0 0.020 0.000 0.796 
     

Benzaldehyde 0.01 0.060 0.060 1.000 
 0.1 0.080 0.040 0.606 
 1.0 0.800*** 0.760*** 0.606 
     

Benzoic Acid 0.01 0.040 -0.020 0.439 
 0.1 -0.020 -0.040 0.796 
 1.0 0.060 0.120* 0.439 
     

Benzyl Alcohol 0.01 0.080 0.060 0.796 
 0.1 0.000 0.100 0.197 
 1.0 0.480*** 0.700*** 0.005 
     

Butyric Acid 0.01 0.120* 0.100 0.796 
 0.1 0.220*** 0.500*** <0.001 
 1.0 0.920*** 0.960*** 0.606 
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Table 2-4. Continued 

Test Chemical % Adjusted Choice Proportiona Effect of CO2 
    Clean air  CO2-enhanced air p-valueb 

Hexanal 0.01 0.080 0.040 0.606 
 0.1 0.080 0.020 0.439 
 1.0 0.060 0.280*** 0.005 
     

Hexane Solvent (Control)  -0.010 -0.005 0.897 
     

Hexanoic Acid 0.01 0.080 0.060 0.796 
 0.1 0.020 0.100 0.302 
 1.0 0.360*** 0.880*** <0.001 
     

Methyl Salicylate 0.01 0.060 0.000 0.439 
 0.1 0.240*** 0.660*** <0.001 
 1.0 0.980*** 0.960*** 0.796 
     

Nonanoic Acid 0.01 -0.120 0.060 0.020 
 0.1 -0.060 -0.060 1.000 
 1.0 0.060 0.000 0.439 

     
Salicylaldehyde 0.01 0.100 0.120* 0.796 

 0.1 0.440*** 0.520*** 0.302 
 1.0 0.940*** 0.880*** 0.439 

     
Squalene 0.01 0.060 0.020 0.606 

 0.1 0.060 0.080 0.796 
 1.0 0.000 -0.020 0.796 

Exposure occurred in a Y-tube olfactometer with an airflow rate of 50 mL/min in each 
arm and all concentrations of treatment chemicals tested were dissolved in hexane 
There were 10 replicates with 5 ticks per replicate 
Complete data set analyzed with a linear mixed model used to determine a difference 
between chemicals (F15,949 = 86.00, p <0.0001) and air types (F1,949 = 17.41, p 
<0.0001)  
SEM for all means was ±0.055 for all treatments except the hexane control, which was 
±0.027 
a Within a column, adjusted means were compared to hexane solvent control using 
Least Significant Difference (LSD) tests (* = p <0.05; ** = p <0.01; *** = p <0.001) 
b Within a row, p-values calculated using LSD tests showing the probability of a 
significant difference between the chemical tested in clean air and CO2-enhanced air. 
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Table 2-5. Summary of statistics for adult mixed sex Rhipicephalus sanguineus (Latreille) behaviors including movement, 
activation, end touch, and change direction in response to exposure to chemicals, with and without the 
presence of CO2-enhanced air in straight tube olfactometers. 

Effect Movement (s) Activation (s) End Touch Change Direction 

 Num DF p Num DF p Num DF p Num DF p 

Air 1 0.2986 1 0.0337 1 0.0148 1 0.3243 

Chemical 15 <0.0001 15 <0.0001 15 <0.0001 15 <0.0001 

Air*Chemical 15 0.0140 15 0.1851 15 0.1476 15 0.0076 

Air = CO2-enhanced or Clean 
n = 3
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Table 2-6. Movement duration (sec) of a group of five adult mixed-sex Rhipicephalus 
sanguineus (Latreille) exposed to chemicals in a straight tube olfactometer. 

Test chemical Movement in s (±SEM)a Effect of CO2 

 Clean air CO2-enhanced air p-valueb 

Benzyl alcohol 1,824 (±139)abc 2,444 (±139)a 0.391 

4% Kairomone blend 1,979 (±139)ab 2,285 (±170)a 0.168 

Hexanoic acid 2,032 (±139)a 2,142 (±139)a 0.579 

Methyl salicylate 1,481 (±139)cd 1,743 (±139)b 0.186 

1-octen-3-ol 1,844 (±139)abc 1,640 (±139)b 0.303 

9% All chemical blend 1,613 (±139)bcd 1,521 (±139)bc 0.639 

o-Nitrophenol 1,323 (±139)de 1,232 (±139)cd 0.645 

Benzaldehyde 1,371 (±240)cde 1,132 (±139)cde 0.391 

Butyric acid 1,695 (±139)abcd 1,093 (±139)de 0.003 

0.6% Pheromone blend 677 (±139)fg 936 (±139)def 0.191 

6% Pheromone blend 818 (±139)ef 772 (±139)efg 0.817 

2,6-Dichlorophenol 769 (±139)fg 614 (±139)fg 0.432 

0.9% All chemical blend 865 (±139)ef 597 (±139)fg 0.175 

Salicylaldehyde 721 (±139)fg 518 (±139)gh 0.304 

0.4% Kairomone blend 751 (±139)fg 432 (±139)gh 0.109 

Hexane solvent control 391 (±139)g 201 (±139)h 0.335 

Each chemical had three replicates of both air types with five ticks per replicate, and 
group totals of replicates were averaged 
Exposure occurred for 15 min with an airflow rate of 50 mL/min, and all single chemicals 
were tested at a 1.0% concentration 
Kairomone blend- 1-octen-3-ol, o-nitrophenol, butryric acid, and hexanoic acid 
Pheromone blend- methyl salicylate, salicylaldehyde, 2,6-dichlorophenol, 
benzaldehyde, benzyl alcohol, and o-nitrophenol 
a Letters a-e following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference (LSD) tests 
b Within a row, P-values calculated using LSD tests showing the probability of a 
significant difference between the chemical tested with and without CO2 
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Table 2-7. The average time to activation at the beginning of each assay for a group of 
five adult mixed-sex Rhipicephalus sanguineus (Latreille) in a straight tube 
olfactometer. 

Test chemical Adjusted mean (LSM) in s (±SEM) 

1-Octen-3-ol 15 (±1.5)a 

9.0% All chemical blend 25 (±1.5)ab 

Methyl salicylate 50 (±1.5)bc 

4.0% Kairomone blend 50 (±1.5)bc 

6.0% Pheromone blend 64 (±1.5)bcd 

Butyric acid 76 (±1.5)cd 

o-Nitrophenol 168 (±1.5)de 

2,6-Dichlorophenol 182 (±1.5)de 

Salicylaldehyde 233 (±1.5)ef 

Benzyl alcohol 283 (±1.5)efg 

0.9% All chemical blend 336 (±1.5)efg 

Hexanoic acid 426 (±1.5)efg 

0.6% Pheromone blend 567 (±1.5)fg 

0.4% Kairomone blend 660 (±1.5)fg 

Benzaldehyde 1018 (±1.7)gh 

Hexane solvent control 3501 (±1.5)h 

Replicates of both air types were combined giving a total of six replicates for each 
chemical with five ticks per replicate, and group totals of replicates were averaged 
Exposure occurred for 15 min with an airflow rate of 50 mL/min, and all single chemicals 
were tested at a 1.0% concentration 
Kairomone blend- 1-octen-3-ol, o-nitrophenol, butryric acid, and hexanoic acid 
Pheromone blend- methyl salicylate, salicylaldehyde, 2,6-dichlorophenol, 
benzaldehyde, benzyl alcohol, and o-nitrophenol 
Letters a-h following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference tests 
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Table 2-8. The total number of times a group of five adult mixed-sex Rhipicephalus 
sanguineus (Latreille) contacted the upwind end of the tube where the 
chemical originated during chemical exposure in a straight tube olfactometer.  

Chemical Adjusted mean (LSM) (±SEM) 

Benzaldehyde 1.83 (±1.40)a 

Hexane solvent control 3.00 (±0.99)ab 

0.4% Kairomone blend 3.83 (±0.99)ab 

0.9% All chemical blend 4.17 (±0.99)ab 

2,6-Dichlorophenol 4.50 (±0.99)ab 

0.6% Pheromone blend 5.33 (±0.99)b 

6.0% Pheromone blend 5.50 (±0.99)bc 

Salicylaldehyde 6.17 (±0.99)bc 

Benzyl alcohol 6.67 (±0.99)bcd 

o-Nitrophenol 7.00 (±0.99)cd 

Butyric acid 7.83 (±0.99)d 

Methyl salicylate 8.67 (±0.99)de 

Hexanoic acid 8.83 (±0.99)e 

9.0% All chemical blend 9.17 (±0.99)f 

1-Octen-3-ol 12.83 (±0.99)f 

4.0% Kairomone blend 13.33 (±1.11)f 

Replicates of both air types were combined giving a total of six replicates for each 
chemical with five ticks per replicate, and group totals of replicates were averaged 
Exposure occurred for 15 min with an airflow rate of 50 mL/min, and all single chemicals 
were tested at a 1.0% concentration 
Kairomone blend- 1-octen-3-ol, o-nitrophenol, butryric acid, and hexanoic acid 
Pheromone blend- methyl salicylate, salicylaldehyde, 2,6-dichlorophenol, 
benzaldehyde, benzyl alcohol, and o-nitrophenol 
Letters a-f following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference tests 
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Table 2-9. The total number of times a group of five adult mixed-sex Rhipicephalus 
sanguineus (Latreille) changed movement direction during chemical exposure 
in a straight tube olfactometer.  

Test chemical No. of Direction Changes (±SEM)a Effect of CO2 

 Clean air CO2-enhanced air p-valueb 

4% Kairomone blend 48.33 (±5.05)bc 81.50 (±6.19)a <0.001 

Hexanoic acid 61.67 (±5.05)ab 74.00 (±5.05)a 0.090 

1-Octen-3-ol 69.67 (±5.05)a 58.00 (±5.05)b 0.1078 

Benzyl alcohol 36.33 (±5.05)cd 50.33 (±5.05)bc 0.0548 

9% All chemical blend 29.67 (±5.05)def 39.00 (±5.05)cd 0.1966 

Methyl Salicylate 36.00 (±5.05)cde 30.00 (±5.05)de 0.4046 

Benzaldehyde 23.00 (±8.76)defgh 27.33 (±5.05)def 0.6697 

Butyric acid 32.00 (±5.05)de 25.33 (±5.05)defg 0.3547 

0.6% Pheromone blend 15.00 (±5.05)gh 22.67 (±5.05)efgh 0.2877 

o-Nitrophenol 23.33 (±5.05)defgh 21.67 (±5.05)efgh 0.8164 

6% Pheromone blend 17.67 (±5.05)fgh 18.33 (±5.05)efghi 0.926 

Salicylaldehyde 15.00 (±5.05)gh 15.67 (±5.05)fghi 0.926 

2,6-Dichlorophenol 15.33 (±5.05)gh 15.00 (±5.05)fghi 0.963 

0.4% Kairomone blend 24.67 (±5.05)defg 12.33 (±5.05)ghi 0.0895 

0.9% All chemical blend 22.00 (±5.05)efgh 10.67 (±5.05)hi 0.118 

Hexane solvent control 9.33 (±5.05)h 6.67 (±5.05)i 0.7104 

Each chemical had three replicates of both air types with five ticks per replicate, and 
group totals of replicates were averaged 
Exposure occurred for 15 min with an airflow rate of 50 mL/min, and all single chemicals 
were tested at a 1.0% concentration 
Kairomone blend- 1-octen-3-ol, o-nitrophenol, butryric acid, and hexanoic acid 
Pheromone blend- methyl salicylate, salicylaldehyde, 2,6-dichlorophenol, 
benzaldehyde, benzyl alcohol, and o-nitrophenol 
a Letters a-e following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference tests 
b P-Within a row, values calculated using LSD tests showing the probability of a 
significant difference between the chemical tested with and without CO2



 

79 

 

Figure 2-1. Diagrammatic overview of the Y-tube olfactometer and air delivery system.  All measurements are lengths 
(cm).
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Figure 2-2. Olfactometer testing station with a 5% CO2-enhanced air tank on the left, 
and two Y-tube olfactometers with flow rate control devices in the center and 
surrounded by white cloth to reduce visual stimuli.
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CHAPTER 3 
EVALUATION OF FOUR BED BUG TRAPS WITH ATTRACTANT AUGMENTATION 

FOR CAPTURING BROWN DOG TICKS, RHIPICEPHALUS SANGUINEUS 
(LATREILLE) 

Introduction 

During the 1970s and 1980s it was widely recognized that the chemical 

pesticides being used could result in human health risks, environmental damage, and 

the development of pesticide resistance in the target pests (Heuskin et al. 2011).  The 

adverse effects of chemical pesticides stimulated the development of integrated pest 

management (IPM) strategies (Heuskin et al. 2011).  Integrated pest management relies 

on the use of several management strategies that together achieve acceptable pest 

population levels (Heuskin et al. 2011).  Currently the brown dog tick, Rhipicephalus 

sanguineus (Latrielle), is a particularly difficult pest to control due to acaricide resistance 

development as well as difficulties in treating all of the residential locations where this 

tick takes refuge (Miller et al. 2001).  As currently practiced, brown dog tick IPM 

programs rely heavily on animal and premise acaricide use and cultural controls and 

thus, are in need of additional tools to improve their success. 

Traps are commonly used as monitoring tools for indoor pest insect populations, 

such as cockroaches and bed bugs, Cimex lectularius L.(Ballard and Gold 1982, Sever 

et al. 2007, Shahraki et al. 2011, Wang et al. 2011).  Bed bug traps that contain 

attractive lures and traps placed under furniture legs can be used to detect low-level 

bed bug infestations. These traps also can be used to check the effectiveness of 

treatments for bed bug control following the use of other control methods.  After an 
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initial insecticide application, traps could be used to capture the few remaining bed 

bugs, thus reducing the need for further insecticide applications (Wang et al. 2011). 

Over the years, various volatile chemicals have been used to attract ticks to 

localized areas, either to kill them with a contained acaricide, or to trap them.  The use 

of CO2 as a standalone attractant can be effective for trapping ticks, although all studies 

to date have evaluated trapping in outdoor environments and dog kennels.  The lone 

star tick, Amblyomma americanum (L.) (Wilson et al. 1972) and Ixodes ricinus (L.) (Gray 

1985), can be successfully attracted and captured in a CO2-augmented trap.  Wilson et 

al. (1972) found that CO2-baited traps were capable of capturing 50 adult A. 

americanum for every one adult that was captured using the flagging method.  Gray 

(1985) also found CO2-baited traps captured more adult I. ricinus than did flagging. 

The tropical bont tick, Amblyomma variegatum Fabricius, and the bont tick, 

Amblyomma hebraeum Koch, have been successfully attracted to semiochemical-

baited traps outdoors (Norval et al. 1989, Maranga et al. 2006, Nchu et al. 2010b).  

Norval et al. (1989) demonstrated that a lure consisting of blood-fed adult male A. 

hebraeum ticks in combination with CO2 attracted more ticks than an extract from fed 

males with CO2, or o-nitrophenol with CO2.  Maranga et al. (2006) and Nchu et al. 

(2010b) both successfully lured A. variegatum to traps using synthetic attraction-

aggregation-attachment pheromone (AAAP).  These studies demonstrated that A. 

variegatum and A. hebraeum, can be attracted to traps using semiochemicals and CO2.  

Another Amblyomma spp., Amblyomma maculatum Koch, also has a pheromone that is 

similar in function to the bont ticks (Gladney et al. 1974). 
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Attract and kill field trials were conducted recently on R. sanguineus in a dog 

kennel in India (Ranju et al. 2013).  Carbon dioxide and 2,6-dichlorophenol were 

evaluated as attractants with the killing agent deltamethrin added to the mixture.  In this 

study, 50 brown dog ticks were released at distances of 0.5, 1.0, and 1.5 m from a 

platform holding the attractants and acaricide.  Ticks attracted to the platform by the 

volatile chemicals would die when they contacted deltamethrin.  At the 0.5 m distance, 

40% of the ticks released were attracted, whereas 34% were attracted at a distance of 

1.0 m, and 28% were attracted at a distance of 1.5 m (Ranju et al. 2013).  This study 

demonstrated that brown dog ticks could be drawn to a localized area using olfactory 

attractants and that distance influenced attraction. 

There are several commercial bed bug traps that are available for use in 

population monitoring (Weeks et al. 2011).  These traps may be interceptive or baited.  

Interceptive traps capture or kill bed bugs as they attempt to leave or access the bed.  

Baited traps utilize constituents such as heat, chemical lures, or a combination of the 

two, to attract the bed bugs (Weeks et al. 2011). Wang et al. (2011) constructed a 

simple bed bug trap out of an inverted plastic cat feeder and an insulated jug filled with 

dry ice to dispense CO2.  The bed bugs, attracted by CO2, crawled up the side of the cat 

feeder, and fell into the talcum powder-coated lip that acted as a moat where they 

remained trapped.  Bed bugs and brown dog ticks are both endophilic pests that hide in 

the cracks and crevices of homes and come out to host seek.  Due to the behavioral 

and habitat similarities between bed bugs and R. sanguineus, some of the commercially 

available bed bug traps may be useful in residential R. sanguineus monitoring. 
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NightWatch™, Climbup®, Verifi™, and the Bed Bug Beacon™ are all 

commercially-available bed bug traps for use in monitoring infestations as well as 

reducing established populations.  NightWatch™ and ClimbUp® have been evaluated 

for bed bug-capturing efficacy with varying results (Wang et al. 2009, 2011).  Based on 

a previous study, it is likely that the efficacy of these traps for capturing bed bugs is 

related to the amount of CO2 that they produce, where traps that produce more CO2 

capture greater numbers of bed bugs than traps with lower CO2 production (Wang et al. 

2011). 

Evaluating bed bug traps for their efficacy in capturing brown dog ticks would 

provide much needed data for the development of effective brown dog tick monitoring or 

control devices.  The objective of this study was to evaluate four commercially-available 

bed bug traps in a semi-field setting for their efficacy in capturing brown dog ticks.  

Traps were either evaluated as provided by the manufacturer, with a few modifications, 

as well as with the addition of suspected attractive semiochemicals. 

Materials and Methods 

Ticks 

Male and female R. sanguineus adults that were two-to four-weeks-old were 

used for this study following purchase from Oklahoma State University.  All ticks were 

unfed and aptly described as flat in appearance.  As soon as they were received, they 

were sorted by sex and stored in glass jars (diam 2.7 cm, ht 3.7 cm).  Each jar had 1 

mm of Plaster of Paris in the bottom to retain moisture, and plastic lids with 1 cm holes 

cut in the center.  Cloth mesh placed between the lid and the jar allowed for adequate 

ventilation while preventing escape.  The jars were held inside a Nalgene™ desiccator 

cabinet (457 x 305 x 305 mm) (Mod. 5317-0180) that contained plastic cups filled with 
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tap water to provide greater than 90% relative humidity (RH).  The cabinet door was 

equipped with an airtight rubber seal that maintained room humidity.  The temperature 

of the cabinet was not controlled and so the ticks experienced a standard room 

temperature of 21°C, and room lighting was automated to a 14:10 LD cycle. 

Ticks were moved and sorted by hand with the aid of a fine-tipped paintbrush 

and soft metal forceps.  All handling occurred inside a plastic insect cage (92 x 47 x 47 

cm; BugDorm) at 21°C and 70-80% relative humidity (RH).  Ticks were placed onto a 

Petri dish (14.5 cm diam) that rested inside a larger plastic dish (23.8 x 23.8 cm).  The 

larger dish was filled with water so that the Petri dish containing the ticks was 

surrounded by water, preventing tick escape.  When ticks were handled, nitrile gloves 

were worn to prevent direct contact of ticks with human skin volatiles. 

For the first experiment, ticks were released into specially designed rooms to 

evaluate the efficacy of four commercial trap models.  For the second experiment, one 

of the four trap models from the first experiment was selected for additional study based 

on tick capture efficacy as well as the potential for daily use by stakeholders.  The 

selected trap model was used in conjunction with the chemicals selected and 

conclusions drawn from the olfactometer experiments from Chapter 2. 

Rooms 

 Two rooms were constructed within a building located at the USDA, ARS, 

CMAVE in Gainesville, FL.  Each room was 2.159 m high, 1.918 m wide, with a length 

of 2.057 m.  The upper boundaries of the rooms were sealed with fine mesh screen (8 

squares per cm) to prevent tick escape but allow air exchange.  The doors were spring 

loaded to ensure that they stayed securely closed by default, and were made of clear 

polyacrylate so that the interior of the rooms could be observed without opening the 
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doors.  To prevent tick escape through small cracks around the door seals or when the 

doors were opened on conclusion of the assay, a perimeter of fly paper (Atlantic paste 

and Glue Corporation, Brooklyn, NY, EPA # 057296-WI-001) coated with 32 UVR soft 

glue, was taped around each door.  Any small cracks or depressions found on the walls 

or floors of each room were filled with white caulk (DAP® Alex Ultra 230), and the entire 

room was sealed with two coats of white paint (Valspar™ semi-gloss 19910 White).  

The caulk and paint combination helped prevent tick escape, and made tick monitoring 

and relocation more efficient due to the contrast between the white room and the brown 

ticks. 

Both rooms were fitted with an air ventilation system receiving fresh air from a 

fan drawing from outdoors, and air was removed from the rooms by a second fan 

drawing from the rooms with outdoor deposition (Fig. 3-1, 3-2).  Both fans (Home 

Ventilating Institute, Phoenix AZ) were connected to the rooms using aluminum foil 

tubing (10.16 cm diam; Imperial™ flexible dryer transition duct).  In each room, the 

incoming air was introduced through a connection in the top of the wall, and the 

outgoing air was vented through four points (10.16 cm) around the base of the walls.  All 

air entry and exit points were sealed using the same mesh that was used to tick-proof 

the ceiling.  In order to achieve at least two complete air exchanges per hour, each of 

the four vents in each room was adjusted to vent air at a rate of 9.144 m/min.  The 

incoming air was drawn from an air conditioned room located between both rooms, 

through a humidifier (Essick Air® Mod. H12 300, Little Rock, AR) that was positioned 

underneath the fan so that the air being introduced into the rooms maintained a relative 

humidity greater than 60%. The air entering the humidifier was charcoal filtered (AIR 
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HANDLER Activated Carbon Air Filter hem # SW095 CCL4 Activity 0.6; 6.35 mm thick) 

to remove impurities.  The temperature within the rooms was controlled as much as 

possible using wall mounted air conditioning units.  The temperatures and RH for each 

room were recorded at the beginning and end of each assay as well as the overall 

minimum and maximum temperatures and RH for the six hour testing period using 

AcuRite® weather thermometers with outdoor sensors (Chaney Instrument Co., Lake 

Geneva, WI).  The average temperature during the morning (a.m.) evaluation period 

was 24.85°C with a range of 21.11-28.89°C.  The average temperature during the 

afternoon (p.m.) evaluation period was 26.54°C with a range of 22.78-29.44°C.  There 

were two fluorescent light bulbs (Cool White Exolux Watt-Miser, 34W, GE, U.S.A.) in 

each room that were kept on for the duration of each evaluation period. 

Traps 

 Four models of commercial bed bug traps were evaluated for their efficacy 

in capturing brown dog ticks.  Three of the traps are commercially available as baited 

traps NightWatch™ (BioSensory Inc., Putnam, CT), Verifi™ (FMC Corporation, 

Philadelphia, PA), Bed Bug Beacon™ (PackTite, Fort Collins, CO) and one is 

commercially available as an interceptive trap, ClimbUp® (Susan McKnight Inc., 

Memphis, TN).  All four of the traps had pitfalls designed for the capture of bed bugs 

(Fig. 3-3).  In preliminary trials, only the ClimbUp® was able to contain ticks in its pitfall 

trap as designed, due to the presence of a thin layer of talcum powder that coated the 

inner surfaces of the pitfall.  Therefore, odorless talcum powder (Trident®) was applied 

to the inner pitfall surfaces of the other three bed bug traps using a watercolor 

paintbrush to facilitate tick containment in all traps. 
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The ClimbUp® trap was modified for use in this study with the addition of a 1.89 

Liter Igloo Legend™ thermos (Igloo Products Corp., Houston, TX) filled completely with 

pelleted dry ice to produce CO2 as an activator and attractant.  The thermos was placed 

upside down in the center of the ClimbUp® trap, and had a 1.2 cm hole drilled in the 

bottom to allow the CO2 to escape.  The NightWatch™ trap had an automated 

electronic system, producing CO2 at a rate of 161 mL/min from a 567 g canister of 

compressed gas (Wang et al. 2011), and also emitting heat (44.7°C) from a section of 

its surface with the intention of mimicking the warmth produced by a homeotherm.  The 

Verifi™ trap had pre-manufactured CO2 booster packs that contained an unmixed 

collection of propriety compounds which, when mixed, produced low levels of CO2 for a 

24 hr period.  The Bed Bug Beacon™ was supplied with a CO2 production kit much like 

the one used with the Verifi™ trap, consisting of proprietary compounds that needed to 

be mixed with water to activate. 

Carbon dioxide levels (ppm) were measured using a carbon dioxide transmitter 

(Vaisala Type: GMT222 CON1BOC1AOB Serial No: H3330057).  Measurements were 

taken from the anti-chamber at the start of each assay to determine the ambient CO2 

levels indoors (705 ppm), whereas the outdoor ambient CO2 levels were approximately 

400 ppm.  To determine initial CO2 levels within each room after trap placement, a 

probe attached to the CO2 transmitter was placed inside the room, approximately 

equidistant from the trap and the wall.  This measurement was repeated at the end of 

each assay to determine the CO2 ppm levels within the room following trap use.  The 

mean changes in CO2 levels were calculated by averaging eight individual recordings 

for each trap. 
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Evaluation of Trap Model 

Morning assays were initiated daily between 6:00 and 7:00 a.m. EST and 

afternoon assays were initiated between 2:00 and 3:00 p.m EST.  Nitrile gloves (Fisher 

Scientific Inc.) and shoe guards (Trimaco, Morrisville, NC) were worn when entering the 

rooms.  The gloves prevented potential skin oils from being transferred to ticks, traps, 

and room surfaces.  The shoe guards reduced the amount of debris that was 

transferred into the rooms.  Ten ticks, of mixed sex were released in each of the four 

corners of both rooms, at least 15 cm from the walls.  Therefore, a total of 40 ticks were 

released in each room, with a total of 160 ticks used per day.  Once released, ticks were 

allowed a one hour acclimatization period before traps were introduced. 

Following the acclimatization period, one trap was placed in the center of each 

room approximately 1 m from the walls, the door was sealed and the rooms were left 

undisturbed for a period of six hours.  One replicate consisted the combined morning 

and afternoon (a.m. and p.m.) placements for each day, so that all four traps were 

evaluated once per day. 

At the end of the six hour capture period, the positions of the ticks within the 

rooms and on traps were recorded.  The number of ticks captured, attracted, and 

activated were recorded for each room.  Only ticks recovered in the pitfall of the trap 

were considered captured.  The sum of the ticks counted both on the trap and in the 

pitfall of the trap were classified as attracted.  The combination sum of the ticks counted 

on the trap and in the pitfall of the trap, and on the floor of the room were considered to 

be activated. 

Final CO2 levels were determined, all ticks were re-collected from the room, and 

the traps were removed.  New groups of 40 ticks were released into the rooms and 
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allowed one hour to acclimatize.  A high powered fan was run during the first 15 minutes 

of tick acclimatization to help return the room CO2 levels to near the inside background 

level of 705 ppm.  After tick acclimatization, the remaining two traps were placed in the 

rooms and the second assay was run for a six hour period.  Procedures as described 

previously were conducted.  The rooms were then left vacant overnight with the regular 

ventilation fans running in preparation for assays the following day. 

Assays were conducted for a period of eight days.  To adjust for possible 

discrepancy in tick behavior due to time-of-day effects, differences between the two 

rooms, and the traps impacting each other when paired together, modifications to the 

study design were made.  Over eight days each of the 4 traps was tested 8 times with 

40 ticks per test (n = 8).  Traps were randomized to room and time of day (a.m. or p.m.) 

ensuring that all combinations were equally represented. 

Evaluation of Different Attractants 

For this experiment eight treatments were evaluated.  A single trap model was 

utilized in combination with one of three chemicals with and without dry ice as a CO2 

source, as well as heat without chemicals or dry ice and dry ice without heat or 

chemicals.  Based on the findings of the trap comparison using only CO2 as an 

attractant, and the relative ease of use and practicality observed among the traps 

tested, the ClimbUp® trap was selected for use in the chemical combinations 

experiment.  Three chemicals were selected for use based on the findings of the 

experiments completed in Chapter 2.  Briefly, chemicals were selected based on R. 

sanguineus responses to chemicals that were significantly different in from responses to 

a hexane solvent control, as well as tick responses to chemicals that were significantly 
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greater than tick responses to other attractant candidates.  The chemicals evaluated 

were 1-octen-3-ol, hexanoic acid, and methyl salicylate (Sigma-Aldrich, Milwaukee, WI). 

Assays were conducted in the same manner as described previously for the trap 

comparison study, with a few modifications.  The high powered fan was run for 30 min 

at the end of each assay, with all of the room doors open, to return the room CO2 levels 

to background levels of 705 ppm, as well as to remove remaining chemical volatiles.  

This was done before the placement of new ticks.  This air purging method was used in 

place of the procedure described for the trap comparison study for two reasons: it 

ensured that the new ticks were not affected by the high-powered fan during 

acclimatization, and it was more effective in returning the CO2 to indoor background 

levels.  As before, groups of 40 ticks were placed into each room prior to trap 

placement, however instead of allowing the ticks one hour to acclimatize, they were left 

undisturbed for 30 min.  The acclimatization time given to the ticks was shortened 

based on observations during the previously described trap comparison study wherein 

the ticks finished aggregating within 30 min. 

For each assay, two ClimbUp® traps were prepared with chemicals, chemicals 

with CO2, CO2 alone, or a heat source.  Aliquots (500 μL) of pure, undiluted (100% v:v) 

chemicals were used for each assay. Preliminary studies verified that 500 μL of pure 

chemical easily lasted for a six hour duration, volatilizing throughout the time period.  

Each 500 μL aliquot was pipetted into a clear glass vial with a hole in the lid (5 mm 

diam), and an 8 cm piece of pipe cleaner was folded in half and inserted into the lid of 

the vial to facilitate diffusion of the chemical volatiles.  For combinations that did not 

utilize CO2, the chemical-primed lures were placed in the ClimbUp® trap on top of a 
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folded piece of paper towel to prevent chemicals in the vial from contaminating the trap 

surfaces.  For combinations that required CO2, the vials were attached to the top of the 

dry ice-containing thermos, approximately 2 cm from the hole where the CO2 gas was 

released from the thermos, the vial was secured in position using double sided Scotch® 

tape (3M, U.S.A.).  For the heat only treatment, an air-activated Hot Hands® hand 

warmer (HeatMax Inc., Dalton, GA) was placed in the center of the ClimbUp® trap with 

an average temperature of 44.1°C and 45.1°C at the beginning and end of each assay, 

respectively. 

As with the trap comparison test, the number of ticks on the floor of the room, on 

the trap, and the number captured in the trap’s pitfall were recorded at the end of each 6 

hr evaluation period. The ticks found in the pitfall trap were considered to be captured 

ticks.  The number of ticks observed in the pitfall of the trap plus the ticks found 

elsewhere on the trap, but not in the pitfall, were considered to be attracted to the trap.  

The sum of the number of ticks observed in the trap pitfall, on the trap, and on the floor 

of the room were considered to be activated.  The temperature and humidity conditions 

were recorded as previously described. 

Statistical Analysis 

Evaluation of trap model 

The data were analyzed using a one-way analysis of variance (SAS v.9.2 PROC 

MIXED) with the blocking factors of room (one or two) and time-of-day (a.m. or p.m.).  

The test factor for this analysis was trap model (NightWatch™, Verifi™, Bed Bug 

Beacon™ and ClimbUp®).  The three variables analyzed were the average number of 

ticks captured, attracted, and activated within an individual experimental unit.  Each 

analysis was checked for normality, and it was determined that no transformations were 
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necessary.  Means from the statistical analysis were used for the presentation of the 

data, and Least Significant Difference tests (α = 0.05) were used to compare the means 

of the different traps tested.  

Evaluation of attractants 

Experimental data from the attractant combinations were analyzed using a one-

way analysis of variance (SAS v.9.2, PROC MIXED) with the blocking factors of room 

(one or two) and time (a.m. or p.m.).  The test factor for this analysis was attractant (1-

octen-3-ol, hexanoic acid, and methyl salicylate with and without CO2, CO2 alone, and 

heat alone).  The three variables analyzed were the average number of ticks captured, 

attracted, and activated, with definitions as previously described.  Each analysis was 

checked for normality, and it was determined that no transformations were necessary.  

Least Square Means were used for data presentation, and Least Significant Difference 

tests were used to compare the means of the different attractant combinations tested. 

Following the initial analysis, the ANOVA was repeated with the addition of covariates 

including average temperature and average relative humidity for each of the variables 

activated, attracted, and captured. Each covariate that was significant (α <0.05) was 

incorporated into the model to obtain a maximal model. Any covariates that were not 

significant in the maximal model (α >0.05) were removed resulting in a minimal 

(parsimonious) model.  

Results 

Evaluation of Trap Model 

The mean increase in room CO2 level for each trap, was 1,023.75 (±111.15), 

1,082.5 (±117.97), 1,118.75 (±81.71), and 4,130 (±3.78) ppm for the Bed Bug 

Beacon™, Verifi™, NightWatch™, and ClimbUp®, respectively.  The mean numbers of 
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ticks captured, attracted and activated were out of a group of 40 ticks released at the 

beginning of each evaluation period.  Significantly fewer (F1,26 = 6.85, p = 0.0146) ticks 

were attracted to traps tested in the morning (a.m.) evaluations (5.94 ±0.61) as 

compared to ticks attracted to traps placed in afternoon (p.m.) evaluations (8.1 ±0.61; 

Table 3-1).  There also was a significant difference (F1,26 = 5.40, p = 0.0282) in the 

mean number of ticks captured between the two rooms (5.31 ±0.67 in room one versus 

3.13 ±0.67 in room two; Table 3-1). 

There were significant differences between trap models in the number of R. 

sanguineus captured (F3,26 = 10.44, p = 0.0001), attracted(F3,26 = 24.41, p <0.0001), 

and activated (F3,26 = 12.06, p <0.0001; Table 3-1).  The mean number of ticks captured 

with the ClimbUp® bed bug trap was the greatest, at 6.63 (±0.94), but was not 

significantly different from the number of ticks captured with the NightWatch™ and 

Verifi™ bed bug traps (Table 3-2).  However, the Bed Bug Beacon™ did not catch any 

ticks during any of the evaluation periods (0.00 ±0.94), and was significantly lower (α = 

0.05) than all other traps tested.  The ClimbUp® and NightWatch™ traps attracted the 

greatest number of ticks, with 11.63 (±0.86) and 9.25 (±0.86) ticks, respectively.  The 

number of ticks attracted by the ClimbUp® and NightWatch™ was significantly higher (α 

= 0.05) than the number of ticks attracted to the Verifi™ and the Bed Bug Beacon™ 

(Table 3-2).  Continuing the trend, the ClimbUp® trap also had the greatest mean 

number of activated ticks, with 15.38 (±1.25).  This was significantly greater (α = 0.05) 

than all three of the other traps tested.  The Bed Bug Beacon™ activated the fewest 

number of ticks, 4.88 (±1.25). 
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Evaluation of Attractants 

There were significant differences in the mean number of ticks captured (F1,27.6 = 

4.95, p = 0.0344), attracted (F1,46 = 32.64, p <0.0001), and activated (F1,46 = 17.52, p = 

0.0001) in the morning (a.m.) and afternoon (p.m.) evaluation periods (Table 3-3).  Out 

of a group of 40 released ticks, the mean number of ticks captured was higher for the 

afternoon evaluations, with 2.01 (±0.66) and 4.14 (±0.66) ticks captured in the morning 

and afternoon, respectively.  The mean number of ticks attracted was 7.60 (±0.80) and 

14.33 (±0.80) in the morning and afternoon, respectively, while, the mean number of 

ticks activated was 12.42 (±0.89) and 17.90 (±0.89) in the morning and afternoon, 

respectively. 

The mean number of ticks attracted (F1,46 = 8.11, p <0.0065) and activated (F1,46 

= 7.03, p = 0.0110) were significantly different between the two evaluation rooms.  The 

mean number of ticks attracted to the ClimbUp® trap was 9.39 (±0.78) in room one, and 

12.53 (±0.78) in room two.  The mean number of ticks activated by the ClimbUp® trap 

was 13.54 (±0.86) in room one, and 16.78 (±0.86) in room two. 

There were significant differences between the attractants presented in the 

ClimbUp® trap for the number of ticks captured (F7,31.8 = 6.36, p = 0.0001) and activated 

(F7,46 = 3.19, p = 0.0077) (Table 3-3).  The mean number of ticks captured was highest 

with the 1-octen-3-ol and CO2 combination, with 5.86 (±1.00) ticks captured (Table 3-4).  

However, the mean number of ticks captured in the ClimbUp® trap using the 1-octen-3-

ol and CO2 attractant combination was not significantly different (α = 0.05) from any of 

the remaining treatments that included CO2.  Heat, hexanoic acid and 1-octen-3-ol 

without the inclusion of CO2 resulted in mean capture numbers that were significantly 

lower (α = 0.05) than treatments that included CO2, ranging from 0.24 (±0.99) for 1-
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octen-3-ol to 1.20 (±0.99) for heat alone.  Although numeric alignment between capture 

and activation responses were not congruent, trends were similar.  All CO2-containing 

treatments generated the greatest activation responses, ranging from 14.94 (±1.74) to 

19.69 (±1.74) and were statistically equivalent (α = 0.05; Table 3-4). 

There were no significant differences between the attractants for the number of 

ticks attracted.  The mean number of ticks attracted to the different treatments ranged 

from 7.89 (19.72%) to 13.81 (34.53%). 

Due to the significant differences observed between morning and afternoon 

assays, e.g. higher temperatures in the afternoon, attempts were made to determine the 

cause through covariate analysis. Average temperature and relative humidity were 

added to the model individually to determine their relationship with ticks caught, 

attracted and activated.  There was a significant effect of the mean temperature (F1,23.3 

= 28.74, p <0.0001) on the number of ticks captured (Table 3-5), but no significant 

effects on the numbers of ticks attracted and activated.  A one degree Celsius increase 

in temperature translated into 0.75 more ticks captured (taken from the solution 

estimate for average temperature).  Analysis of the data, with the mean relative humidity 

(RH) values that were collected for each evaluation period included as a covariate, 

generated a restructured output for the variable captured, but mean RH was not 

relevant for the variables attracted and activated (Table 3-5).  There was a significant 

effect of mean RH (F1,22.8 = 13.84, p = 0.0011) on the number of ticks captured (Table 3-

5).  A one percent increase in RH resulted in 0.20 fewer ticks captured.  When the two 

significant covariates, i.e. average RH and average temp, were combined into a 

maximal model only average temperature remained significant (F1,24 = 11.2, p = 
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0.0027).  Therefore, average RH was removed and only average temp remained in the 

minimal model. 

Using the minimal model with the blocking factors time and room and the 

covariate average temperature for the variable captured, the significance of the effect of 

time (a.m. or p.m.) was reduced so that the difference between morning and afternoon 

evaluation periods was no longer significant (Table 3-5).  The mean number of ticks 

captured in the ClimbUp® trap was significantly different (F7,40.9 = 7.65, p <0.0001) for 

the attractant combinations evaluated, with mean temperature included as a covariate 

(Table 3-5).  Ticks captured following exposure to the eight treatment groups separated 

into two discrete and significantly different (α = 0.05) groups (Table 3-6).  The 

treatments that included CO2 resulted in significantly greater numbers of ticks captured 

than treatments that did not include CO2.  Although the numerical response of tick 

activation appeared to generally mirror that of the capture data and significant 

differences (α = 0.05) were observed between treatment groups, the overlap in the 

means separation made data interpretation more ambiguous (Table 3-6). 

Discussion 

During both the trap comparison and the attractant evaluation studies, a large 

proportion of the ticks attracted to the traps were found somewhere on the trap, but not 

in the containment area of the trap.  For example, the mean number of ticks captured in 

the ClimbUp® pitfall trap in the trap evaluation test was 6.63 (16.58%) while the mean 

number of ticks on various surfaces of the trap plus the number captured in the pitfall 

was 11.63 (29.08%).  Personal observations revealed that the ticks were often content 

to crawl onto the initial vertical surfaces of the trap and then aggregate, either on the 

vertical side of the trap or on the highest edge prior to the pitfall, as though they 
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preferred not to move downwards.  Indeed, the brown dog tick has a high affinity for 

crawling upward (Goddard 1987).  It therefore stood to reason that the number of ticks 

captured was not necessarily an accurate representation of the attractiveness of the 

trap.  Observing this behavior in preliminary evaluations prompted the counting of not 

only the ticks caught in the pitfall, but also the ticks found crawling on the sides of the 

trap and the ticks found on the floor.  Inclusion of ticks on the floor was utilized as most 

ticks crawled up the wall in the absence of a trap placed in the room. 

In trap model comparisons, the ClimbUp® bed bug trap equipped with dry ice 

proved to be the most efficacious trap in all areas evaluated.  Although the 

NightWatch™ trap was similar in efficacy to the baited ClimbUp® trap, the ClimbUp® is 

considered more practical for consumer use based on challenges with CO2 canister 

acquisition and initial investment expense.  Specifically, the cost of supplying each of 

the traps with CO2 include refilling a compressed canister for the NightWatch™ and 

filling a thermos with dry ice for the ClimbUp®. The refill costs are relatively similar, but 

refilling canisters can be challenging in some locations, while dry ice is more readily 

available in most markets.  Additionally, the upfront cost of the NightWatch™ unit at 

$350.00 was not comparable to the relatively inexpensive plastic dish design of the 

ClimbUp® which costs from $10.00 to $40.00, depending on size.  Therefore, the 

ClimbUp® trap was designated for further study with potential chemical attractants. 

The results of this study suggested that the efficacy of the traps as tick 

monitoring devices were directly related to the amount of CO2 produced by each trap.  

Based on the mean CO2 levels that were recorded for each trap at the end of the six-

hour evaluation period, higher CO2 production resulted in higher trap efficacy.  The dry 
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ice used in the ClimbUp® trap generated the highest CO2 concentrations (ppm) within 

the test room with the NightWatch™ trap releasing the second-highest concentration, 

albeit substantially lower than the ClimbUp®.  These two traps were also the most 

efficacious.  This relationship is similar to the findings of Wang et al. (2011), where traps 

with the highest CO2 output caught the most bed bugs.  In fact, Wang et al. (2011) 

found the most effective trap to be a homemade device consisting of an inverted cat 

feeder baited with a dry ice-filled thermos.  This trap used by Wang et al. (2011) is very 

similar to the dry ice-baited ClimbUp® trap used in the current study.  However, it is 

worth noting that the NightWatch™ trap also produced heat while the other three traps 

did not, and that may have played a role in the efficacy of the NightWatch™ trap. 

Furthermore, there is still room for speculation regarding the relationship 

between CO2 output and the efficacy of the traps.  Carr et al. (2013) determined that the 

highest CO2 flow rates did not induce the greatest tick attraction when examining A. 

americanum and Dermacentor variabilis (Say) responses to different CO2 rates in a Y-

tube olfactometer using variable flow rates.  With air that contained 3% CO2, A. 

americanum demonstrated the greatest attraction at a flow rate of 100 mL/min, with a 

significant reduction in attraction at 150 mL/min (Carr et al. 2013).  Similarly, D. 

variabilis were most attracted to the CO2-enhanced air at a flow rate of 75 mL/min, but 

at 100 mL/min, there was no significant difference in attraction between the CO2-

enhanced air and clean air (Carr et al. 2013).  Clearly there is an upper limit to the 

amount of CO2 that will enhance tick attraction, and increasing CO2 levels beyond it can 

decrease tick responsiveness. 
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The results of the experiment with different attractants suggest that the brown 

dog tick can be consistently lured to a trap baited with CO2.  The importance of CO2 in 

tick activation and attraction has been demonstrated many times, either as a standalone 

attractant (Wilson et al. 1972, Gray 1985), or in combination with other semiochemicals 

(Norval et al. 1989, Maranga et al. 2006, Nchu et al. 2010b, Ranju et al. 2013).  In the 

current study, R. sanguineus were significantly more activated and significantly more 

ticks were captured in the ClimbUp® trap when the attractant combination included CO2, 

indicating that, as with other species of ticks, CO2 is an important component in tick 

attraction, and thus should be considered for inclusion in a brown dog tick trap. 

However, previous studies have indicated that for some ticks, the presence of 

CO2 alone is not enough to attract the ticks but merely activates them.  Norval et al. 

(1989) reported that the bont tick, A. hebraeum, did not move towards CO2 sources in 

the field unless the sources were synergized with AAAP through the use of fed adult 

males, extracts thereof, or o-nitrophenol.  In the current study, 1-octen-3-ol, hexanoic 

acid, or methyl salicylate, selected based on conclusions from Chapter 2, did not 

significantly increase the mean number of ticks activated, attracted or captured by the 

ClimbUp® trap.  This could indicate that CO2 alone is sufficient to use as bait in brown 

dog tick traps, as demonstrated with A. americanum (Wilson et al. 1972) and I. ricinus 

(Gray 1985).  In both studies, CO2-baited traps were shown to be more effective in 

capturing ticks than the flagging method.  In the case of A. americanum, 50 ticks were 

captured in traps for every single tick that was captured flagging (Wilson et al. 1972).  

On the contrary, it could be that the three chemicals tested in the current study were 

simply not appropriate and additional semiochemicals need to be evaluated.  The three 
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chemicals in this study were used without being diluted, and so rates of volatilization 

were only limited by surface area and the properties of each chemical.  Therefore, it 

may be that the chemicals were too strong to invoke a natural attraction response from 

R. sanguineus.  The chemicals tested were selected for this study because they 

demonstrated the greatest significant differences from the hexane control in straight 

tube experiments (Chapter 2).  Determining the correct semiochemicals and 

semiochemical mixtures is an area that demands further study for brown dog tick 

management. 

In a similar study, traps were baited with CO2, 2,6-dichlorophenol and a blend of 

guanine, xanthine, adenine, and hematin, and treated with the acaricide deltamethrin 

(Ranju et al. 2013).  The ratio of the purines was 12:1:1:1.  These traps were evaluated 

in a dog kennel in India (Ranju et al. 2013), where they attracted 40% of adult male ticks 

released at a distance of 0.5 m, 34% of ticks released 1.0 m from the traps, and 28% of 

ticks released 1.5 m from the traps (Ranju et al. 2013).  It was concluded that CO2 

together with the aforementioned semiochemicals provided the tick attraction observed.  

In the current study, the highest percent of ticks attracted was with CO2 and 1-octen-3-

ol in combination (42.68%) and CO2 alone (48.55%; Table 3-6).  Although not 

significantly different, CO2 alone attracted more ticks than CO2 in combination with 1-

octen-3-ol.  The percentages attracted in this study are similar, if slightly higher, than 

the percentages reported by Ranju et al. (2013).  However, in the previous study, CO2 

was not tested as a standalone attractant as it was in the current study.  Therefore, it 

may be that CO2 would have attracted just as many ticks without the presence of 2,6-

dichlorophenol and the purine blend.  Additional studies comparing the efficacy of traps 
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baited with CO2 alone, to traps baited as described by Ranju et al. (2013) would provide 

much needed clarity on this issue. 

In this study, the traps were intended to capture and contain the ticks, but this is 

only one potential use for a baited trap.  Maranga et al. (2006) and Nchu et al. (2010b) 

used traps baited with semiochemicals and CO2 to attract A. variegatum, but not to 

permanently contain the ticks.  Instead the traps were designed to expose attracted 

ticks to pathogenic fungi, after which they could leave the trap and return to their natural 

habitat.  In both experiments, inoculation with the fungi significantly reduced tick 

populations when compared to control treatments (Maranga et al. 2006 and Nchu et al. 

2010b).  One common problem with trying to use pathogenic fungus in pest control is 

the difficulty in retaining spore viability while under field conditions, such as sunlight.  

Using semiochemical and CO2-baited traps treated with pathogenic fungi could be more 

effective with brown dog ticks, because they are indoor pests, and so the fungi may 

remain viable for longer periods of time as the fungal spores would be protected from 

the outdoor environment. 

The mean number of ticks activated by the attractant combinations did not align 

directly with the mean numbers captured (Table 3-4).  For example, the combination 

that activated the numerically largest number of ticks was CO2 alone, with 49.23% of 

ticks activated.  The combination that resulted in the most ticks captured, was 1-octen-

3-ol plus CO2, capturing 42.48% of the ticks released.  Overall, there was a 

considerable overlap in the confidence intervals between attractant combinations for the 

mean number of ticks activated, but in general, the combinations that included CO2 

activated more ticks than the combinations without CO2 (Table 3-4).  The lack of 
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significant differences between attractants for the variable activated indicates that there 

is likely more error associated within this variable in comparison to the variable 

captured.  Ticks were considered activated if found captured in the trap, observed on 

the trap, or observed on the floor of the room and excluded if aggregated on the walls.  

In some cases, ticks on the floor of the room were likely not activated, but only located 

on the floor at the end of the 6 hr evaluation by chance. 

In a related study conducted by Ranju et al. (2013), varying the tick starting 

distance from traps impacted the percentages of ticks that were attracted.  Ticks placed 

farther from the traps were less likely to be attracted than ticks that were placed closer 

to the traps.  Of the ticks that were placed a distance of 1 m from the traps, 34% were 

attracted (Ranju et al. 2013).  In the current study, ticks were placed about 1 m from the 

ClimbUp® trap, which is comparable to the 1 m distance tested in the study conducted 

by Ranju et al. (2013).  The percentage of ticks that were attracted at 1 m in the study 

by Ranju et al. (2013) is similar to the highest percentage of ticks that were attracted to 

the ClimbUp® trap baited in the current study, which was 34.53%.   

The mean temperature during the morning evaluation period was lower than the 

mean temperature during the afternoon evaluation period.  Covariate analysis revealed 

that mean temperature significantly influenced the mean number of ticks captured for 

the attractant combination experiment.  Subsequently, more ticks were caught in traps 

in the afternoon evaluations, when tick testing rooms were warmer (26.54°C), than in 

the morning evaluations (24.85°C).  These findings suggest that slight differences in 

temperature play an important role in R. sanguineus behavior, and activity increases in 

temperatures slightly higher than standard temperature conditions (22°C).  Gray (1985) 
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suggested that temperature may have affected the rate of capture of I. ricinus in the 

field using a CO2-baited trap.  Temperatures were recorded for each day of trapping, 

and ranged from 14°C to 21°C.  Higher temperatures coincided with greater numbers of 

captured ticks (Gray 1985). 

There are undoubtedly temperature extremes, both hot and cold, that reduce R. 

sanguineus activity, as it has been shown that excessively cold temperatures slow down 

R. sanguineus egg development.  Dantas-Torres et al. (2010) exposed eggs to 

environments at 8°C for various amounts of time and reported slower development, a 

lower hatch percentage, and larvae that did hatch demonstrated reduced longevity 

compared to eggs held at 26°C.  Thus, finding the ideal temperature at which brown dog 

ticks reach peak activity would be helpful in developing an effective management and 

monitoring program for this pestiferous tick because it would allow for the optimization 

of trap performance. 

While temperatures were lower during the morning assays and higher during the 

afternoon assays, relative humidity was inversely related.  During the morning assays 

relative humidity was higher than it was during the afternoon assays.  Covariate 

analysis suggested that higher relative humidity reduced the number of ticks caught.  

However, covariate analysis using temperature and relative humidity together caused 

relative humidity to lose significance.  The most likely explanation is that temperature is 

the true explanatory variable, while relative humidity inversely mirrored the temperature 

differences between the morning and afternoon assays. 

The number of ticks captured in these studies was much lower than the number 

found in the general vicinity of the traps.  Therefore, to improve the tick capture rate, a 
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different method of capture, such as immobilizing the ticks, seems necessary.  Perhaps 

a sticky, flat surface, similar to the one used by Gray (1985) to effectively capture I. 

ricinus, could be used in place of the pitfalls.  As mentioned before, R. sanguineus have 

an affinity for crawling upwards (Goddard 1987), and that seems to reduce the efficacy 

of pitfall traps due to their design.  In order to become trapped in a pitfall, the ticks must 

crawl downwards.  A horizontal sticky surface would probably be more effective, 

because the ticks would contact the surface and become immobilized without the 

requirement of downward movement. 

There was a significant difference between the rooms in the number of ticks 

caught for the trap comparison and the number of ticks attracted and activated for the 

attractant evaluation studies.  For the number of ticks caught in the trap comparison 

study, room one caught more ticks than room two.  For the number of ticks attracted 

and activated in the attractant evaluation study, room two had significantly greater 

numbers than room one.  The significantly superior room was different for each study, 

and the significant differences between the rooms was unexpected.  Therefore the 

differences between the rooms were likely not biologically significant.   

In conclusion, the use of traps baited with semiochemicals and/or CO2 has great 

potential to aid in brown dog tick management efforts.  The results of this study 

demonstrated that bed bug traps have potential to serve as traps for brown dog ticks, 

perhaps with modifications, such as sticky trap surfaces rather than smooth-walled 

pitfalls.  Specifically, our data suggest that CO2 was the most influential attractant 

evaluated for the brown dog tick.  We established baseline data on three 

semiochemicals, their combinations with CO2, and heat, upon which further research 
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can build to identify brown dog tick-specific chemicals and chemical mixtures to improve 

tick capture rates.  Furthermore, the results of this study indicate that tick capture can 

be significantly increased by raising the indoor temperature slightly above standard 

room temperature (22°C).  Overall, these findings will assist future research in the 

development of effective trapping systems for R. sanguineus. 
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Table 3-1. Summary statistics of the ANOVA analyses documenting adult mixed-sex 
Rhipicephalus sanguineus (Latreille) interactions with four CO2-baited bed 
bug trap models including the mean numbers of ticks captured, attracted, and 
activated at the conclusion of a 6 hr evaluation period. 

 Captureda Attractedb Activatedc 

Effect F-value p F-value p F-value p 

Trap model 10.44 0.0001 24.41 <0.0001 12.06 <0.0001 

Time (a.m. or p.m.) 3.21 0.0847 6.85 0.0146 2.39 0.1345 

Room (1 or 2) 5.40 0.0282 0.53 0.4736 0.02 0.8823 

Trap models included: NightWatch™ (BioSensory Inc., Putnam, CT), Verifi™ (FMC 
Corporation, Philadelphia, PA), Bed Bug Beacon™ (PackTite, Fort Collins, CO) and 
ClimbUp® (Susan McKnight Inc., Memphis, TN) 
n = 8 
Time = period of the day when study was initiated (a.m. or p.m.) 
Room = the two rooms where the traps were placed 
a Mean number of ticks captured in the pitfall of the trap 
b Mean number of ticks captured in the pitfall of the trap and observed on the trap 
c Mean number of ticks captured in the pitfall of the trap, observed on the trap, and 
observed on the floor of the room 
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Table 3-2. Mean (±SEM) numbers of 40 mixed-sex adult Rhipicephalus sanguineus 
(Latreille) released into a room and subsequently captured, attracted to, and 
activated by each of the four CO2-baited bed bug trap models evaluated over 
a 6 hr period. 

Trap model a Capturedb Attractedc Activatedd 

Bed Bug Beacon™ 0.00 (±0.94)a 2.00 (±0.86)a 4.88 (±1.25)a 

Verifi™ 4.00 (±0.94)b 5.38 (±0.86)b 9.00 (±1.25)b 

NightWatch™ 6.25 (±0.94)b 9.25 (±0.86)c 10.88 (±1.25)b 

ClimbUp® 6.63 (±0.94)b 11.63 (±0.86)c 15.38 (±1.25)c 

ANOVA used to determine a difference between traps for each of the following 
measurement variables: Captured (F3,26 = 10.44, p = 0.0001), Attracted (F3,26 = 24.41, p 
<0.0001), and Activated (F3,26 = 12.06, p <0.0001) 
Letters following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference tests 
n = 8 
 a Trap models included: NightWatch™ (BioSensory Inc., Putnam, CT), Verifi™ (FMC 
Corporation, Philadelphia, PA), Bed Bug Beacon™ (PackTite, Fort Collins, CO) and 
ClimbUp® (Susan McKnight Inc., Memphis, TN) 
b Mean number of ticks captured in the pitfall of the trap 
c Mean number of ticks captured in the pitfall of the trap and observed on the trap 
d Mean number of ticks captured in the pitfall of the trap, observed on the trap, and 
observed on the floor of the room 
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Table 3-3. Summary statistics for the ANOVA analyses of attractants on the efficacy of 
the ClimbUp® bed bug trap to capture, attract, and activate mixed-sex adult 
Rhipicephalus sanguineus (Latreille) at the conclusion of a 6 hr evaluation 
period. 

 Captureda Attractedb Activatedc 

Effect F-value p F-value p F-value p 

Time (a.m. or p.m.) 4.95 0.0344 32.64 <0.0001 17.52 0.0001 

Room (1 or 2) 0.69 0.4146 8.11 0.0065 7.03 0.0110 

Attractants 6.36 0.0001 1.98 0.0782 3.19 0.0077 

ClimbUp® (Susan McKnight Inc., Memphis, TN) 
Time = period of the day when study was initiated (a.m. or p.m.) 
Room = the two rooms where the traps were placed 
n = 7 
Attractants included individual presentation of 1-octen-3-ol, hexanoic acid, or methyl 
salicylate with and without CO2-augmentation, and heat without CO2-augmentation or 
chemicals, and CO2-augmentation without chemicals or heat. 
a Mean number of ticks captured in the pitfall of the trap 
b Mean number of ticks captured in the pitfall of the trap and observed somewhere on 
the trap 
c Mean number of ticks captured in the pitfall of the trap, observed somewhere on the 
trap, and observed on the floor of the room 
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Table 3-4. Mean (±SEM) numbers out of 40 mixed-sex adult Rhipicephalus sanguineus 
(Latreille) released into a room and subsequently captured and activated 
under eight attractants in evaluations of the ClimbUp® bed bug trap. 

Attractants Captureda Activatedb 

1-Octen-3-ol + CO2 5.86 (±1.00)a 16.99 (±1.78)abc 

CO2 5.25 (±1.00)a 19.69 (±1.74)a 

Methyl salicylate + CO2 5.24 (±0.99)a 18.52 (±1.72)ab 

Hexanoic acid + CO2 4.46 (±1.00)ab 14.94 (±1.74)abcd 

Methyl salicylate 1.90 (±0.99)bc 12.09 (±1.72)cd 

Heat 1.20 (±1.00)c 14.23 (±1.74)bcd 

Hexanoic acid 0.42 (±0.99)c 10.84 (±1.72)d 

1-Octen-3-ol 0.24 (±0.99)c 13.98 (±1.72)bcd 

ClimbUp® (Susan McKnight Inc., Memphis, TN) 
ANOVA used to determine a difference between attractants for each of the response 
variables Captured (F7,31.8 = 6.36, p = 0.0001) and Activated (F7,46 = 3.19, p = 0.0077) 
Letters following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference tests 
n = 7 
a Mean number of ticks captured in the pitfall of the trap 
b Mean number of ticks captured in the pitfall of the trap, observed on the trap, and 
observed on the floor of the room 
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Table 3-5. Summary statistics of the ANOVA analyses evaluating the efficacy of the ClimbUp® bed bug trap in activating, 
attracting, and capturing mixed-sex adult Rhipicephalus sanguineus (Latreille) at the conclusion of a 6 hr 
evaluation period using several attractants.  

  Captureda Attractedb Activatedc 

Covariate Effect F-value p F-value p F-value p 

Mean RH Mean RH 13.84 0.0011 1.00 0.3229 3.78 0.0581 

 Time (a.m. or p.m.) 0.38 0.5418 21.07 <0.0001 8.47 0.0056 

 Room (1 or 2) 0.77 0.3903 8.11 0.0066 7.44 0.0091 

 Attractants 6.93 <0.0001 1.99 0.0770 3.43 0.0050 

Mean Temperature Mean temperature 28.74 <0.0001 3.17 0.0817 2.40 0.1282 

 Time (a.m. or p.m.) 0.04 0.8527 15.77 0.0003 7.56 0.0086 

 Room (1 or 2) 0.80 0.3796 8.43 0.0057 7.19 0.0102 

 Attractants 7.65 <0.0001 1.82 0.1074 3.02 0.0109 

ClimbUp® (Susan McKnight Inc., Memphis, TN) 

Time = period of the day when study was initiated (a.m. or p.m.) 

Room = the two rooms where the traps were placed 

n = 7 

Attractants included individual presentation of 1-octen-3-ol, hexanoic acid, or methyl salicylate with and without CO2-

augmentation, and heat without CO2-augmentation or chemicals, and CO2-augmentation without chemicals or heat. 

ANOVA was performed for each of the response variables captured, attracted, and activated, considering the covariates 

mean temperature and mean relative humidity 
a Mean number of ticks captured in the pitfall of the trap 
b Mean number of ticks captured in the pitfall of the trap and observed on the trap 
c Mean number of ticks captured in the pitfall of the trap, observed on the trap, and observed on the floor of the room 
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Table 3-6. Mean (±SEM) numbers out of 40 mixed-sex adult Rhipicephalus sanguineus 
(Latreille) released into a room and subsequently captured and activated 
under eight attractants in evaluations of the ClimbUp® bed bug trap, adjusted 
with respect to the covariate average temperature. 

Attractants Captureda Activatedb 

1-Octen-3-ol + CO2 5.97 (±0.88)a 17.07 (±1.75)abc 

CO2 5.22 (±0.87)a 19.42 (±1.72)a 

Methyl salicylate + CO2 4.87 (±0.86)a 18.41 (±1.69)ab 

Hexanoic acid + CO2 4.74 (±0.87)a 15.21 (±1.72)abcd 

Methyl salicylate 2.10 (±0.86)b 12.40 (±1.7)cd 

Hexanoic acid 0.64 (±0.86)b 10.97 (±1.69)d 

Heat 0.60 (±0.87)b 13.93 (±1.72)bcd 

1-Octen-3-ol 0.42 (±0.86)b 13.88 (±1.69)bcd 

ClimbUp® (Susan McKnight Inc., Memphis, TN) 
Using the covariate mean temperature, ANOVA was used to determine a difference 
between attractants for each of the response variables Caught (F7,40.9 = 7.65, p 
<0.0001) and Activated (F7,45 = 3.02, p = 0.0109) 
Letters following means within a column indicate significant differences (p <0.05) 
calculated using Least Significant Difference tests 
n = 7 
a Mean number of ticks captured in the pitfall of the trap 
b Mean number of ticks captured in the pitfall of the trap, observed on the trap, and 
observed on the floor of the room



 

113 

 

 
Figure 3-1. Diagrammatic top-down layout of the Rhipicephalus sanguineus (Latreille) trap evaluation experimental rooms 

and the ventilation system.  Ventilation tubing was equidistant for both rooms. 
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Figure 3-2. Diagrammatic side view of the Rhipicephalus sanguineus (Latreille) trap evaluation experimental rooms and 
the ventilation system. 
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Figure 3-3. Four bed bug trap models evaluated for Rhipicephalus sanguineus 
(Latreille) attraction and capture capabilities.  A) The NightWatch™ trap 
baited with heated sides and intermittent CO2 production originating from a 
pressurized air tank.  B) The Verifi™ trap, with a CO2-production kit contained 
internally.  C) The Bed Bug Beacon™ trap fully assembled and primed with 
CO2-producing liquid mixture.  D) The ClimbUp® bed bug trap primed with a 
chemical lure alone and E) the ClimbUp® bed bug trap primed with a CO2-
producing thermos and a chemical lure. 

A B 

C D E 
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CHAPTER 4 
SUMMARY AND FUTURE DIRECTIONS FOR THE DEVELOPMENT OF NOVEL 

MANAGEMENT METHODS FOR THE BROWN DOG TICK, RHIPICEPHALUS 
SANGUINEUS (LATREILLE), IN RESIDENTIAL ENVIRONMENTS 

The use of acaricides in the treatment of brown dog tick, Rhipicephalus 

sanguineus (Latreille), infestations needs to be supplemented with new management 

strategies.  Acaricide use alone can lead to acaricide resistance within populations of R. 

sanguineus, (Miller et al. 2001), which can eventually lead to the acaricides becoming 

less effective for control purposes.  Due to the fact that R. sanguineus infestations often 

occur within human-inhabited areas, such as houses, the use of acaricides is also 

undesirable because of the potential toxin exposure that homeowners and their pets 

may experience.  An integrated pest management (IPM) program that uses multiple 

methods to achieve control of the brown dog tick would reduce the severity of the 

negative impacts that currently result from complete reliance on acaricides.  My 

research has identified much needed tick attractant information that will provides a 

foundation for the future development of semiochemical-baited traps. Such traps would 

be useful for R. sanguineus early infestation detection, post-treatment monitoring and, 

perhaps, population elimination in residential environments. 

My Y-tube olfactometer study provided the first comprehensive screening for the 

behavioral reaction of brown dog ticks to 17 chemicals suspected of being either 

pheromones or kairomones.  Following this screening, nine chemicals were identified 

that invoked an activation and movement response from R. sanguineus.  Clear 

activation and movement was demonstrated with a 1% hexane solution of 1-octen-3-ol, 

benzaldehyde, benzyl alcohol, hexanoic acid, butyric acid, methyl salicylate, o-

nitrophenol, 2,6-dichlorophenol and salicylaldehyde.  Previous R. sanguineus studies 
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have been conducted to identify potential semiochemicals (Chow et al. 1975, Haggart 

and Davis 1980, Louly et al. 2008, Yoder et al. 2008, Ranju et al. 2012a, 2012b, Yoder 

et al. 2013), but none have included this many chemicals for a comprehensive 

comparison, and for the specific purpose of identifying activators and attractants. 

My follow-up study using straight tube olfactometers allowed for the 

differentiation of the nine activating chemicals based on real-time tick behavior during 

each chemical’s exposure.  This approach also provided an opportunity to include basic 

mixtures of representatives from the nine chemicals to characterize possible synergistic 

effects.  The amount of time ticks spent moving, the time to activation, the number of 

times they changed direction, and the number of times they approached the source of 

the semiochemical volatiles were all behavioral responses that were quantified and 

used as an indication of the relative efficacy of potential chemical attractants. 

Upon analyzing the data from the straight tube study, three of the nine chemicals 

were particularly interesting, because they were consistently among those 

demonstrating the greatest response among all of the behavioral variables tested.  

Chemicals in this group were 1-octen-3-ol, hexanoic acid, methyl salicylate, and benzyl 

alcohol.  Of these four chemicals, only methyl salicylate has been positively identified as 

a brown dog tick attractant (Yoder et al. 2008).  Two of the remaining three had not 

been evaluated with the brown dog tick (hexanoic acid and benzyl alchohol), and 1-

octen-3-ol was shown to have no attractant properties for R. sanguineus (Ranju et al. 

2012b).  At the concentrations and ratios tested, the chemical mixtures were not 

significantly different from their single chemical components in regard to R. sanguineus 

attraction, based on the results of this study. 
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Future studies aimed at identifying chemical mixtures attractive to R. sanguineus 

will undoubtedly improve the efficacy of attractants for these ticks.  One of the best 

known tick semiochemical attractant complexes, the attraction, aggregation, and 

attachment pheromone (AAAP) produced by fed male bont ticks, has been identified 

and successfully used to attract and trap the bont tick, Amblyomma hebraeum Koch, 

and the tropical bont tick, Amblyomma variegatum Fabricius (Rechav et al. 1977, 

Schöni et al. 1984).  The mixture of chemicals and the ratio of the chemicals relative to 

each other are important aspects of the AAAP.  For example, the components of the 

AAAP for A. variegatum are o-nitrophenol, methyl salicylate, and nonanoic acid.  The 

quantity and ratio of these chemicals in a single fed male tick is 2:1:8 x 10-6 g (Schöni et 

al. 1984).  A synthetic blend of these chemicals in the aforementioned ratio will attract 

conspecific ticks in a manner similar to a fed male naturally producing the pheromone, 

whereas o-nitrophenol presented alone will invoke a response, but to a lesser degree.  

Methyl salicylate or nonanoic acid presented alone do not attract A. variegatum 

conspecifics (Schöni et al. 1984).  This phenomenon most likely applies to the brown 

dog tick as well, and therefore future studies involving gas chromatography-mass 

spectrometry of host volatiles, similar to the study conducted by Schöni et al. (1984), will 

likely clarify some of the questions that have been raised by my olfactometer-based 

studies. 

The results of my bed bug trap comparison study pertaining to their efficacy for 

brown dog ticks indicated that some, but not all, of the commercially-available traps may 

be useful with brown dog ticks.  Of the four traps tested, only two (ClimbUp® and 

NightWatch™) consistently attracted and trapped adult R. sanguineus.  One of these 
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two traps, the ClimbUp®, was a pitfall trap equipped with a thermos filled with dry ice to 

provide CO2 as an attractant.  This design was very similar to a homemade trap that 

was found to be the most efficacious in a trap comparison study with bed bugs, Cimex 

lectularis Linnaeus (Wang et al. 2011).  It was suggested by Wang et al. (2011) that the 

amount of CO2 produced by the bed bug traps determined how well each trap 

performed, so that traps producing more CO2 captured more bed bugs than traps 

producing less CO2.  I identified a similar trend with brown dog ticks in the trap 

comparison study.  The ClimbUp® produced the most CO2, followed distantly by the 

NightWatch™, Verifi™, and Bed Bug Beacon™.  In general, I personally observed that 

R. sanguineus have an extremely high affinity for gripping and climbing smooth, vertical 

surfaces.  The efficacy of future brown dog tick traps could be enhanced greatly by 

altering the capture mechanism found in bed bug traps from a pitfall design to some 

form of sticky surface, such as the one described by Wilson et al. (1972). 

My chemical combination studies further supported the notion that CO2 is 

important in brown dog tick activation and attraction.  ClimbUp® traps equipped with 

CO2 tended to capture and activate significantly greater numbers of brown dog ticks 

than traps without CO2.  Unfortunately, no significant differences were observed based 

on the presence or absence of 1-octen-3-ol, hexanoic acid, or methyl salicylate.  These 

findings may indicate that CO2 alone is sufficient for use in BDT traps (Wilson et al. 

1972, Gray 1985), but it seems more likely that the proper mixture and ratio of 

chemicals simply has yet to be determined.  Nonetheless, this study verified that large 

quantity of CO2 produced by dry ice is at effective as an attractant in brown dog tick 

traps. 
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As pesticide resistance continues to become increasingly common in human 

attempts to control pests, the development of IPM strategies will progressively become 

more important.  The impact of the semiochemical and trap development research 

herein provides the foundation for improved tick management using reduced-risk 

methodologies that fit an IPM program. It is critical for the success of a future brown dog 

tick IPM program that an efficacious trap be developed that will allow for monitoring and 

population reduction.  Such a device could be used for population reduction through an 

attract-treat-and-release program that could have a devastating impact within a 

localized region.  Conceptually, an autodissemination device could utilize pathogenic 

fungi as the killing agent.  A device baited with semiochemical attractants and used for 

the autodissemination of fungi already has been demonstrated to have potential with 

other tick species in an outdoor environment (Maranga et al. 2006, Nchu et al. 2010b).  

Additionally, a brown dog tick trap will provide a much needed monitoring method, so 

that homeowners can identify infestations before they reach high populations and ticks 

are seen crawling up the walls (Goddard 1987, Demma et al. 2005, Dantas-Torres et al. 

2006).  Such a device could be used to determine which rooms in a residence are 

infested, reducing treatment costs and exposures.  Finally, homeowners and pest 

control companies will be able to monitor for ticks following the implementation of other 

control methods, to verify tick eradication was successful. 
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