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ABSTRACT 

 Ticks are important vectors for several pathogens and active surveillance through tick 

collection is an effective way to assess risk to tick-borne disease.  In this study we compared the 

efficiencies of three tick collection methods: tick drags, CO2-baited drags, and on-host 

extractions.  On-host tick extractions detected seven tick species compared to four species with 

traditional tick drags and four species with CO2-baited drags.  For the two tick species collected 

using all methods, on-host extractions collected more Ixodes scapularis overall whereas CO2-

baited tick drags collected more Amblyomma americanum.  On-host tick extractions involved 

greater time and monetary investment for effective deployment, but focusing on specific wildlife 

groups makes this technique much more efficient.  Pathogen prevalence in environmentally-

collected ticks was similar to previous research.  Comparing these active tick surveillance 

methods provides important information for researchers to inform the employment effective 

collection methods given their interests and resource limitations. 

 

 

INDEX WORDS: ticks, collection, pathogens, Amblyomma americanum, Ixodes scapularis 



 

 

 

 

COMPARISON OF DIFFERENT SURVEILLANCE METHODS FOR 

MODELING DISPERSAL OF TICKS 

 

by 

 

TROY MATTHEW KOSER 

B.A., Hendrix College, 2017 

 

 

 

 

 

 

A Thesis Submitted to the Graduate Faculty of The University of Georgia in Partial Fulfillment 

of the Requirements for the Degree 

 

MASTER OF SCIENCE 

 

ATHENS, GEORGIA 

2019 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2019 

Troy Matthew Koser 

All Rights Reserved 

  



 

 

 

 

COMPARISON OF DIFFERENT SURVEILLANCE METHODS FOR 

MODELING DISPERSAL OF TICKS 

 

by 

 

TROY MATTHEW KOSER 

 

 

 

 

 

      Major Professor: Michael J. Yabsley 

      Committee:  Joseph L. Corn 

         Gino J. D’Angelo 

 

          

          

 

 

 

 

 

 

 

Electronic Version Approved: 

 

Suzanne Barbour 

Dean of the Graduate School 

The University of Georgia 

May 2019



 iv 

DEDICATION 

I dedicate this thesis to my grandmothers, Judy Nodland and Linda Koser, for enabling 

my love of nature since I was little.  I would also like to dedicate this thesis to my parents, Kari 

and Dan Koser, who have supported me no matter what path I happen to travel down and to 

whom I owe a boundless sense of optimism for the future. 



ACKNOWLEDGEMENTS 

Numerous people have been absolutely instrumental in the completion of this project.  

First and foremost are my committee members, Drs. Michael Yabsley, Joe Corn, and Gino 

D’Angelo, who were quick to respond to questions and always helpful when I needed help 

navigating the logistics of graduate school.  Drs. Angela James and Morgan Wehtje with USDA-

APHIS were also crucial partners in this project.  Many faculty members at Warnell School of 

Forestry and Natural Resources provided expert advice in various areas, with advice ranging 

from specific areas like statistical analyses interpretation to work-life balance in academia.  I 

consider the faculty and various professionals who helped me with this project to be 

indispensable mentors and I look forward to maintaining contact with them in my academic 

career. 

A number of non-academia professionals were also involved in overseeing some of the 

specifics of this project.  Our study sites were located in Oconee National Forest, with some sites 

specifically in the Redlands WMA and near the Rock Eagle 4-H Center, as well as in the 

Richmond Hill WMA near Savannah, GA.  I’d like to thank the forest environmental coordinator 

of Oconee National Forest, Nelson Gonzalez-Sullow, and David Mixon, the Region 7 Supervisor 

for Georgia DNR, for allowing us to survey ticks and wildlife in their respective regions.  

Workers at our specific sites were especially helpful in advising us on where to locate our sample 

sites, so special thanks to Kara Day and Eric Esser at the Richmond Hill WMA and to Andy 

Jordan at the Redlands WMA for your help.   

v 



Special thanks are also in order for Sarah Ross, Craig Barrow, and Noble as well as the 

Wormsloe Historic Site staff.  While at the Richmond Hill WMA sites we required lodging, and 

Sarah permitted us to stay at the Center for Research and Education at Wormsloe (CREW) on the 

Wormsloe Historic Site.  The accommodations at the facility were spectacular and the site truly 

helped in energizing myself and other researchers on the project. 

The singular most important person who helped in facilitating this project is Seth 

Wyckoff, who served as technician for the first year of the project during field collections.  Not 

only was Seth’s presence necessary to employ as many wildlife collection techniques as we did, 

his expertise in handling wildlife proved extremely helpful in restraining wildlife for collections 

and collecting samples for other projects.  Seth’s companionship ensured that our collection 

seasons were not only effective, but also enjoyable, although I cannot yet call myself a true fan 

of ‘trap-rap’. 

Within the Yabsley clan itself I have so many people to thank for enabling this project.  

Maddy Pfaff helped me lay the groundwork for my collection seasons and molecular techniques 

while Kayla Garrett and Alec Thompson were indispensable allies in the ongoing war against 

PCR problems.  Special thanks to Jenna Gettings for walking me through the wonderful world of 

R coding.  Thanks to Kristen, Erin, Brianna, Kevin, John W., Sarah, Miss Jennifer, and Michelle 

in the general SCWDS environment for helping in various capacities, from going out to battle 

Pokémon to understanding how to lock hubs on an old Chevy truck.  For helping with the 

confusing world of reimbursements and per diems, thanks to Patricia, Jeannene, and Cindy.  

Finally, I cannot begin to express my gratitude toward my family and friends who helped 

me through the highs and lows of this project.  

vi 



vii 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ............................................................................................................ v 

LIST OF TABLES ........................................................................................................................viii 

LIST OF FIGURES ....................................................................................................................... ix 

CHAPTER 

1 INTRODUCTION .........................................................................................................1 

2 LITERATURE REVIEW ..............................................................................................4 

TICKS AND THE RISKS THEY POSE TO HUMAN AND ANIMAL 

HEALTH..................................................................................................................4 

ACTIVE SURVEILLANCE FOR TICKS & TICK COLLECTION METHODS .6 

SELECTED TICK SPECIES AND PATHOGENS IN THE SOUTHEAST ........13 

3 COMPARISON OF DIFFERENT SURVEILLANCE METHODS FOR MODELING 

DISPERSAL OF TICKS1 ............................................................................................55 

Abstract ..................................................................................................................56 

Introduction ............................................................................................................57 

Materials and Methods ...........................................................................................60 

Results ....................................................................................................................64 

Discussion ..............................................................................................................78 

Acknowledgements ................................................................................................80 

4 SUMMARY AND CONCLUSIONS ..........................................................................87 



viii 

LIST OF TABLES 

Page 

Table 3.1: PCR Protocols ...............................................................................................................63 

Table 3.2: Wildlife-tick infestation prevalence .............................................................................75 

Table 3.3: Pathogen Prevalence .....................................................................................................76 

Table 3.4: Resource Investment Comparison ................................................................................77 



ix 

LIST OF FIGURES 

Page 

Figure 3.1: Total number of ticks collected by collection method ................................................67 

Figure 3.2: Total number of tick species collected by collection method .....................................67 

Figure 3.3: Comparison of tick collection methods by physiographic region ...............................68 

Figure 3.4: Comparison of tick collection methods by habitat ......................................................69 

Figure 3.5: Comparison of tick collection methods by season ......................................................70 

Figure 3.6: Comparison of collection methods for Amblyomma americanum by habitat .............71 

Figure 3.7: Comparison of collection methods for Amblyomma americanum by season .............72 

Figure 3.8: Comparison of collection methods for Ixodes scapularis across habitat ....................72 

Figure 3.9: Comparison of collection methods for Ixodes scapularis across by season ...............72 



1 

CHAPTER 1 

INTRODUCTION 

Ticks are important vectors for human and companion animal pathogens and can be 

serious pests for livestock and wild animal populations.  In recent decades the distribution of tick 

vectors, the composition of their microbial communities, and the number of cases of tick borne 

illness have changed dramatically (Eisen et al., 2017).  Abundance and distribution of specific 

tick vectors are dictated by a complex relationship between abiotic environmental factors and 

wildlife host community dynamics.  Anthropogenic habitat changes have modified host 

community compositions and movement patterns while climate change has dramatically affected 

abiotic environmental factors such as relative humidity, temperature, and soil moisture, affecting 

and sometimes increasing the abundance and geographic ranges for some medically important 

ixodid (Family Ixodidae) tick species (Leger et al., 2013; LoGiudice et al., 2003; Sonenshine, 

2018).  Other important changes to tick ecology have also been noted, such as host associations, 

seasonal activity periods, and questing behavior differences which can result in shifts in tick 

community composition, pathogen prevalence, and contact frequency with reservoir hosts 

(Caminade, 2018; Eisen et al., 2017).  Accurately assessing risk to tick-borne pathogens in a 

given area requires an estimation of tick species distribution, host associations, relative 

abundance, species-specific questing behaviors, and pathogen prevalence.   

Because different tick species have different life histories, they are capable of vectoring a 

variety of pathogens which makes understanding tick community diversity critical to assessing 

disease risk in an area.  Even differences in questing behavior and host associations within a tick 
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species can have medically significant impacts on tick-borne pathogen prevalence and risk to 

infection, as is the case with the Northern and Southern clades of Ixodes scapularis.  The most 

common tick-borne disease in the United States is Lyme disease, caused by the spirochete 

bacteria Borrelia burgdorferi, which is vectored mainly by Ixodes scapularis (Black legged deer 

tick) (Stromdahl and Hickling, 2012).  This disease is endemic to the Northeastern and 

Midwestern United States, but not in the Southeastern United States where the tick vector is also 

present.  This is likely due to population-specific differences in questing behavior and host 

associations which make Ixodes scpaularis in the Southeast both less likely to attach to humans 

and less likely to vector Borrelia burgdorferi.  Several other tick species do parasitize humans 

regularly in the Southeast, such as Amblyomma americanum, Amblyomma maculatum, and 

Dermacentor variabilis (Stromdahl and Hickling, 2012).  Determining which species of 

medically important ticks are in an area, the hosts they may be parasitizing upon, and their 

pathogen prevalence relies upon effective tick collection methods.  The goal of this project is to 

compare several tick collection techniques and the tick communities they estimate in different 

habitats in the Southeast.  Objectives include the comparison of tick diversity and abundance 

collected by each method, resource investment in each method, and the determination of 

prevalence for six veterinary/medically important pathogens in collected tick populations.  
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CHAPTER 2: 

 

LITERATURE REVIEW 
 

TICKS AND THE RISKS THEY POSE TO HUMAN AND ANIMAL HEALTH 

Ixodid ticks (Family: Ixodidae), or hard ticks, are major vectors of disease-causing 

pathogens in humans, companion animals, livestock, and wildlife.  Ticks transmit the highest 

diversity of pathogens of all arthropod vectors and, in the United States, are responsible for 95% 

of the nationally notifiable human vector-borne disease cases reported to the Centers for 

Diseases Control and Prevention (CDC) (Parola and Raoult, 2001; Sonenshine, 2018).  Beyond 

their capabilities as vectors, ticks also cause considerable damage to livestock and wildlife when 

taking blood meals which, given heavy tick infestations, can lead to anemia, malnourishment, 

and excessive irritation (Glines and Samuel, 1989; Theuret and Trout Fryxell, 2018).  Ticks can 

transmit non-infectious agents as well as infectious pathogens, as is the case with the alpha-gal 

oligosaccharide which stimulates a sensitivity to red meat consumption in humans (Commins et 

al., 2011).   

 Not only are ticks recognized as important influencers in public and veterinary health 

fields, their importance has recently been described as increasing due to a number of different 

factors.  Climate change has been implicated in spreading the viable habitat range of medically 

important tick species such as Amblyomma americanum (Lone Star tick) and Amblyomma 

maculatum (Gulf Coast tick)(Leger et al., 2013; Sonenshine, 2018).  Shifts in habitat structure 

and composition across the United States have influenced vegetation and wildlife community 

organization which has, in turn, shifted tick abundance, distribution, and pathogen prevalence.  
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This has been shown repeatedly through community ecology studies on Ixodes scapularis (Black 

legged deer tick) in the Northeast and Midwest of the United States and a major pathogen of 

human and animal importance: Borrelia burgdorferi (causative agent for Lyme 

disease)(Blaustein et al., 2010; LoGiudice et al., 2003).  Because ticks are able to attach firmly to 

hosts for relatively long periods of time, they can be effectively transported by animal hosts 

around the world.  Tick introduction can occur through the natural migration of hosts, as with 

bird migration and Ixodes scapularis (Scott and Durden, 2014; Scott et al., 2017), through 

movement on human hosts, or through the movement of animals for recreation or commercial 

reasons.  The best example of a recent discovery of an exotic tick in the United States can be 

seen with Haemaphysalis longicornis (Asian long horned tick) on a sheep farm in Hunterdon 

County, New Jersey in 2017 (Rainey et al., 2018).  This tick species has since been found in 

seven states and in records reaching back as far as 2010, implying that there may have been 

several introduction events over a long period of time before establishment (Theuret and Trout 

Fryxell, 2018).   

 With increased interest and research emphasis on tick-borne pathogens comes a 

concurrent call for increased surveillance for ticks to understand species range and habitat use 

patterns as well as pathogen prevalence.  Public health officials use environmentally collected 

data to accurately assess risk of exposure to ticks and tick-borne pathogens in an area.  Actively 

collecting ticks from an environment or wildlife hosts, as compared to passively collecting ticks 

from the public or various human, companion animal, or wildlife health agencies, still arguably 

represents the best way to quantify tick abundance, range, and pathogen diversity (Mays et al., 

2016b; Reye et al., 2012).  These active tick collection techniques vary in the types of tick-

related stimuli they produce in order to gather ticks from an environment (Cohnstaedt et al., 
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2012; Petersen et al., 2015; Springer et al., 2016).  For example, some conventional tick 

collection techniques involve a researcher dragging, flagging, or sweeping a section of cloth 

(corduroy, flannel, or other durable fabric) across vegetation to collect actively questing ticks 

(Chong et al., 2013a; Schulze et al., 1997).  This method uses movement stimulus as well as 

some slight semio-chemical stimulus from the researcher to ‘activate’ ticks and promote 

attachment to the cloth.  Carbon dioxide-baited traps (CO2 traps) use dry ice usually set upon 

some platform surrounded by sticky tape to lure ticks to a central location using carbon dioxide 

as a chemical attractant (Falco and Fish, 1989; Kinzer et al., 1990).  Similar traps can be made 

using tick pheromones as well (Cohnstaedt et al., 2012).  Extracting ticks off wildlife hosts is a 

method for collecting ticks that may be more attracted to specific hosts and their associated 

stimuli rather than general movement or chemical cues (Hertz et al., 2017; Trout Fryxell et al., 

2015).  Each of these methods is associated with certain biases that vary the tick community 

abundance and diversity collected and thus the predicted risk for humans or domestic animals.  

Understanding these differences in collection method bias is crucial to accurately estimating risk 

to tick-borne pathogens in an area.   

ACTIVE SURVEILLANCE FOR TICKS & TICK COLLECTION METHODS 

 The explosion in importance of Lyme disease in the United States in the late 1970s and 

early 1980s lead to the first genuine attempts at comprehensive comparisons of tick collection 

methods in the United States with specific emphasis on the tick vector: Ixodes scapularis (Gray, 

1985; Schulze et al., 1997).  At first, many tick collection studies reported using more traditional 

etymological collection techniques like chemical-lure traps and sweep netting, which were not 

effective at collecting the relatively stationary Ixodes scapularis tick.  Gray (1985) divided 

effective tick collection techniques into three major categories: flagging, carbon dioxide-baited 
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traps, and collection from wildlife hosts.  To this day these are the most common techniques used 

in tick collection.  Several other techniques using passive surveillance techniques have also been 

used to assess risk to ticks and tick borne pathogens (Nelder et al., 2014; Soucy et al., 2018; 

Tulloch et al., 2017), but these records are limited in the type of information researchers are 

capable of gathering about tick distribution and pathogen prevalence because they often rely on 

incomplete, voluntarily committed records.  Active surveillance can yield information on tick 

distribution, density, host-associations, pathogen prevalence, and habitat-use patterns which 

makes it the preferred method for assessing risk to ticks and tick borne pathogens in an area.   

Few studies have compared collection methods across multiple species and life stages (Mays et 

al., 2016a; Petry et al., 2010; Rynkiewicz and Clay, 2014b). 

Dragging, Flagging, and Sweep Netting 

Dragging and flagging have been effective techniques for collecting the nymphal and 

adult stages of Ixodes scapularis in the Northeast for decades.  Relatively simple and 

inexpensive, these techniques can be carried out by a single researcher who drags or flags a 

section of durable cloth, typically flannel or corduroy, across vegetation that is likely to have the 

target tick species present.  Dragging typically involves using a 1 meter by 1 meter section of 

cloth attached to a wooden dowel with a length of rope fastened to both ends which the 

researcher physically drags across low-lying vegetation.  For vegetation that may be higher or for 

tick species that quest further away from the soil, flagging may be used which involves a section 

of cloth being fastened to a wooden dowel with a section left bare for the researcher to grasp.  

The researcher then ‘flags’ across waist-to-chest high vegetation.  Rulison et al. (2013) found 

that, for Ixodes scapularis collection, these methods are similar in efficiency and thus may be 
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used interchangeably, but several studies investigating other tick species have assumed this to be 

true without quantitative studies (Portugal and Goddard, 2015; Tack et al., 2011).   

For many medically important tick species across the United States and the world, these 

techniques have proven effective at collecting sufficient individuals to study aspects of their 

populations like habitat use, abundance, distribution, and pathogen prevalence.  This has been 

the case for the two most important human-pathogen tick vectors in the United States: Ixodes 

scapularis and Amblyomma americanum (Dantas-Torres et al., 2013; Falco and Fish, 1992; 

Ginsberg and Ewing, 1989; Solberg et al., 1992a).  Both ticks have been actively collected by 

researchers with a dragging or flagging method since at least the 1950s, though recent studies 

have suggested that even the relatively high number of individuals collected with these 

techniques may not accurately represent the population of ticks as a whole (Baker, 1952; McCoy 

et al., 2013).   Ticks collected by these methods may, hypothetically, belong to a subpopulation 

of ticks that respond to more generalized stimuli and may have different pathogen loads than 

other subpopulations more closely associated with specific hosts (McCoy et al., 2013).  Even for 

known subpopulations of these two species there are some incongruences in collection method 

efficacy, as seen in the fact that there is no current environmental sampling technique which 

reliably collects Ixodes scapularis nymphs in the Southeast (Tietjen et al., 2019).  To be clear, 

Ixodes scapularis nymphs can be found on hosts and the adult stage can be found using the drag 

technique in the Southeast, but researchers have yet to use or develop an effective environmental 

collection method for the Ixodes scapularis nymph in the Southeast.   

 The inadequacies of dragging has been noted for several different tick species and 

communities (Daniels et al., 2000; Dantas-Torres et al., 2013; Dobson, 2013; Li and Dunley, 

1998; Rulison et al., 2013; Rynkiewicz and Clay, 2014a).  It is well known that several important 
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tick vectors like Dermacentor variabilis, Amblyomma maculatum, and Ixodes pacificus can be 

difficult to collect via dragging in flagging in various habitats, especially at the immature stages.  

Different versions of these techniques like ‘swabbing’ animal burrows with cloth fashioned to 

resemble a large cotton swab and weighing down the end of a drag to increase contact rates with 

soil and leaf litter (where many tick species are presumed to spend the majority of their questing 

time) have been used to collect endophilic (living inside host burrows) or nidicolous (spend all 

life stages in nest or burrow) tick species or stages (Cohnstaedt et al., 2012; Portugal and 

Goddard, 2015).  Although dragging and flagging can be used in a variety of different habitats 

and with relatively few resources, many vegetation types like briar, multiflora rose, and other 

dense, thorny underbrush plants make these techniques near impossible to execute.  Some studies 

have found significant researcher-linked bias in sampled tick populations, implying that specific 

walking techniques and personal semiochemicals may play a role in affecting the number of ticks 

collected in a drag or flag transect (Schulze et al., 1997).  These problems affect the 

reproducibility of these techniques across several seasons and a variety of habitats, which has 

repeatedly been reported as a major issue in dragging and flagging studies (as well as other tick 

collection studies) (Dobson, 2013; Hornok et al., 2017).   

Chemical Lures and Traps 

 The use of chemical lures to attract ticks to a specific location has been preferred method 

for many acarologists because it is relatively inexpensive, requires little time in the field, and can 

collect ticks in vegetation that may be more difficult to drag or flag. As early as at least the 

1960s, remote traps using dry ice bait have been deployed to collect ticks like Amblyomma 

americanum and also Dermacentor spp. to study the Colorado Tick Fever virus (Garcia, 1965; 

Grothaus et al., 1976; Miles, 1968; Wilson et al., 1972). Typical chemical-baited tick traps 
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involving the use of dry ice (frozen carbon dioxide) are meant to simulate the carbon dioxide 

gradient in the environment that is produced by the presence of a respiring host or group of hosts 

to lure ticks to a certain location for extraction.  Some traps can be as simple as placing dry ice 

on a section of white cloth and checking for ticks at specific time intervals (Mays et al., 2016a) 

while others may involve double-sided tape on a piece of wood or cardboard to hold ticks in 

place even after the dry ice has completely sublimated (Petry et al., 2010).  Even more elaborate 

mechanisms have been constructed like columns of funnels with vertical climbing platforms or 

compressed CO2 canisters which slowly release carbon dioxide into the environment more 

similarly to how a respiring host might be sensed (Carroll, 1988; Springer et al., 2016; Springer 

et al., 2015).  Chemical pheromones have also been used to lure ticks with middling success 

(Cohnstaedt et al., 2012), but the cost-effectiveness, easy access, and simple deployment of dry 

ice have made it a common tick lure.   

 Like flagging and dragging, chemical-baited traps are also imperfect in their ability to 

sample entire tick populations.  Several studies have shown that all tick species and stages are 

not equally attracted by dry ice traps (Kensinger and Allan, 2011; Mays et al., 2016a; Petry et al., 

2010; Solberg et al., 1992b), which collect adult and nymphal Amblyomma americanum ticks but 

rarely pick up Ixodes scapularis or Dermacentor variabilis.  Environmental variables such as 

wind speed, temperature, and relative humidity affect sublimation rates and concurrent efficiency 

of dry ice traps (Cohnstaedt et al., 2012; Springer et al., 2015) and the inability to assess the 

exact range from which ticks might be attracted makes density estimation for tick populations 

using dry ice trap surveillance inaccurate.   
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Combination Techniques 

 In the past decade several studies have proposed novel tick collection techniques which 

use a combination of stimuli to collect the greatest diversity and abundance of ticks possible 

using a single collection method.  Gherman et al. (2012) used a combination of dry ice and a 

drag and flag cloth to simulate both a movement and chemical attractant stimulus.  The apparatus 

constructed consisted of a length of pipe threaded with a section of hose with small holes 

punched into it.  The hose is connected to a compressed CO2 canister and the drag cloth is 

attached to the pipe.  These researchers found that the combinatorial collection technique 

collected more Ixodes ricinus and Dermacentor marginatus than the conventional flagging and 

dragging techniques, while Mays et al. (2016a) found that the same technique employed in 

Tennessee collected more Amblyomma americanum than other techniques in some months and 

collected the only Ixodes scapularis nymphs they were able to find, but overall did not collect a 

greater number of ticks than the conventional dry ice or drag techniques alone.   

 Although the efficiency of this hybrid technique when compared to conventional 

techniques has been mixed, the theory behind using multiple stimuli to collect sufficient diversity 

and abundance of ticks to accurately represent tick communities for risk assessment remains an 

attractive prospect for tick surveyors.  The ‘dry ice drag’ or ‘CO2 drag’ (or conversely flag) 

techniques give researchers the ability to use some form of density measure to assess risk and 

extrapolate abundances across an area while using two forms of tick stimulus.  The equipment 

required to conduct this collection method is markedly more expensive and technically more 

difficult to operate than the conventional methods, but materials are still available in most lab 

settings.   
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Wildlife Host Tick Extractions 

 Another common technique to determine species presence and abundance in an area is 

through sampling wildlife hosts.  For many medically important tick species and stages, such as 

the immature stages of Amblyomma maculatum and Ixodes scapularis, extracting from wildlife 

hosts may be the only reliable technique for collecting ticks from the environment.  Many game 

species in the United States, such as the large game species: Odocoileus virginianus, Cervus 

canadensis, Alces alces, have extensive association histories with their ectoparasite species, often 

found in the form of opportunistically collected records from harvested animals at hunter check 

stations (Keefe et al., 2009).  Collected ticks from harvested animals can be an efficient method 

to determine tick distribution and host associations, but only a subset of wildlife can be examined 

for tick associations in this way and only the harvestable proportion of the game species 

population would be sampled, thus affecting tick community predictions (Estrada-Pena et al., 

2013).  Few studies, however, actively survey several wildlife host species specifically for the 

purposes of extracting and identifying ticks, which can lead to erroneous host associations if 

conducted incorrectly (Cohnstaedt et al., 2012; Corn et al., 2011; Estrada-Pena et al., 2013; 

Hamer et al., 2012; Hertz et al., 2017; Merrill et al., 2018; Ogden et al., 2006; Rand et al., 2007).  

Some animals tend to function as generalists in their environment and are frequent hosts to a 

number of different tick species and stages, making them ideal sentinels for tick distribution and 

abundance.  Some proposed sentinels in the Southeast include white-tailed deer (Odocoileus 

virginianus), raccoons (Procyon lotor), Virginia opossums (Didelphis virginiana), and wild hogs 

(Sus scrofa) (Lee et al., 2013; Levi et al., 2012; Merrill et al., 2018; Ouellette et al., 1997).  

Game animals and nuisance species harvested regularly for various reasons are easier targets for 

active surveillance studies because they are abundant, their trapping methods are well-
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understood, and they can be relatively easy animals to approve for scientific research permits.  

Birds and rodents are also important hosts whose movement patterns and demographics have 

profound effects on tick distribution and abundance (Blaustein et al., 2010; Hamer et al., 2012).  

Wildlife tick collection in general is less reliant on environmental variables such as weather and 

temperature than other tick collection methods, making it a desirable collection method in 

extreme or variable environments.  It is difficult, however, to extrapolate host infestation data 

across the host’s range without detailed information about host distribution and habitat use, 

which may not be available.   

 Some host-tick sampling methods involve surveying domestic animals such as dogs 

(Canis familiarus) and cattle (Bos taurus, Bos indicus), but the widespread use of acaricides and 

complicated task of relating data to other locations makes this technique less than ideal for 

determining risk to ticks and tick borne pathogens (Abdullah et al., 2016; Theuret and Trout 

Fryxell, 2018).  No matter what host population may be sampled, pathogen prevalence 

information is more problematically obtained from ticks on wildlife hosts (Estrada-Pena et al., 

2013).  Partially-fed ticks will contain the blood from their host which may have a suite of 

pathogens therein that the tick may or may not be able to vector competently from the next stage.  

Additionally, tick distribution and abundance can be grossly over or under-estimated by host 

surveillance studies because tick movement does not necessarily result in population 

establishment and host infestation rates can vary wildly, requiring large-scale and seasonally 

repeated surveillance events to obtain reliable estimates of prevalence of infestation.   

SELECTED TICK SPECIES AND PATHOGENS IN THE SOUTHEAST 

 The five species most likely to bite and transmit a pathogen to humans in the Southeast 

are Amblyomma americanum (Lone star tick), Amblyomma maculatum (Gulf Coast tick), 
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Dermacentor variabilis (American dog tick), Ixodes scapularis (Blacklegged tick), and 

Rhipicephalus sanguineus (Brown dog tick) (Stromdahl and Hickling, 2012).  Amblyomma 

americanum, Amblyomma maculatum, Dermacentor variabilis, and Ixodes scapularis were 

collected in this study.  Other species of tick found in the Southeast and collected in this study, 

such as Ixodes affinis, Ixodes texanus, Haemaphysalis leporispalustris, and Ixodes muris, are less 

likely to bite humans but may play important roles in the enzootic life cycles of certain 

pathogens. 

Amblyomma americanum 

 Amblyomma americanum, named the ‘Lone Star tick’ due to a distinctive white spot on 

the posterior portion of the scutum on the adult female, is the most common tick species 

encountered in the Southeast and is known for its aggressive, generalist biting habits (Childs and 

Paddock, 2003).  First described in 1754, A. americanum was considered only a nuisance species 

that commonly attached to livestock, humans, and companion animals in relatively high 

numbers, but posed no serious concern to medical or veterinary health because no pathogens 

were associated with the species.  Some of the earliest evidence incriminating A. americanum as 

a pathogen vector in human disease cases came from major outbreaks of acute febrile illness in 

areas with high concentrations of A. americanum, as occurred in 1942 in Camp Bullis, Texas 

(Murray and Dooley, 2004).  It was not until the early 1990s, however, when several pathogens 

associated with illness in humans and animals were isolated from A. americanum, that this 

common tick species came to prominence.  In Georgia the adult A. americanum is most active in 

the spring while the nymphal stage has two population peaks in the spring and early fall (Gleim 

et al., 2014).  A. americanum associations in Georgia have not been updated in recent surveys, 

but neighboring or nearby states (Tennessee and Florida) have found all A. americanum life 
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stages on raccoons, opossums, black bears, coyotes, feral swine, white-tailed deer, wild turkey, 

grey fox, eastern cottontail rabbits, marsh rabbits, and red fox (Cohen et al., 2010a; Hertz et al., 

2017).  Passerine birds are frequent hosts for immature A. americanum and large rodents such as 

cotton rats and eastern wood rats have been reported as having A. americanum infestations, 

though several recent studies in the Southeast have not found A. americanum on rodents (Clark 

et al., 2002; Clark et al., 2001; Durden et al., 1997; Keirans and Durden, 1998). 

 The pathogens that first made A. americanum a notable threat to public health belong to 

the Ehrlichia genus of bacteria and have been associated with disease cases in humans, 

companion animals, and livestock (Anderson et al., 1992b; Carmichael et al., 2014; Loftis et al., 

2008; Paddock and Childs, 2003).  Of particular note, the pathogens Ehrlichia chaffeensis, 

Ehrlichia ewingii, and Panola Mountain Ehrlichia have caused disease cases in humans and are 

primarily transmitted by A. americanum (Loftis et al., 2008; Paddock and Childs, 2003; Paddock 

and Yabsley, 2007).  Another bacteria genus, Rickettsia, was also important in establishing the 

pathogen-transmitting capabilities of A. americanum.  Rickettsia rickettsii, the causative agent of 

Rocky Mountain Spotted Fever (RMSF), was long associated with Dermacentor variabilis in the 

Western United States but thought not to be a disease of public health concern in the Eastern 

United States (Goddard and Varela-Stokes, 2009).  Some studies reporting this pathogen in A. 

americanum in Oklahoma brought discipline focus to the species and fueled several studies on A. 

americanum vectorial capacity for R. rickettsii as well as many other tickborne disease 

pathogens, elucidating important information about A. americanum and its microbial community 

(Goddard and Varela-Stokes, 2009).  Although several studies have called into question A. 

americanum’s ability to vector the etiologic agent of RMSF, the quest for R. rickettsii in A. 

americanum has found several other Rickettsia species such as Rickettsia amblyommatis and 
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Rickettsia parkeri, which may play important roles in causing Rickettsia-associated febrile 

illnesses in people across the Southeast (Stromdahl and Hickling, 2012).   

 Another tickborne disease associated with A. americanum is tularemia, caused by the 

bacteria Francisella tularensis.  Since as early as 1949 this disease has been associated with tick 

bites, but quantifying the proportion of tularemia cases attributable to tick bites versus other 

forms of transmission (contact with infected animal tissues) and determining the vectorial 

capacity of different tick species took nearly a decade of additional research (Calhoun et al., 

1956; Washburn and Tuohy, 1949).  Several studies have found that F. tularensis prevalence 

decreases across A. americanum maturation stages and experiments have determined that F. 

tularensis concentrations also decrease across instars, raising questions about transovarial 

transmission, which has yet to be experimentally established (Petersen et al., 2009).   

 Though Borrelia burgdorferi may be the most famous bacteria of this genus, other 

Borrelia species do exist and are known to cause disease in humans and animals (Boulanger et 

al., 2019).  The discovery of a novel Borrelia sp. in A. americanum in 1996 linked A. 

americanum with an emerging tickborne disease in the Southeast known as STARI: Southern 

Tick-Associated Rash Illness (Barbour et al., 1996; Childs and Paddock, 2003).  Dubbed 

Borrelia lonestari after its vector, this spirochete has been purported to cause the Lyme-like 

STARI disease though little evidence has been produced to define this etiological link (Goddard 

and Varela-Stokes, 2009). 

 On top of their ability to transmit a diverse array of bacterial pathogens, several viruses 

associated with diseases in humans have also been isolated from A. americanum.  The tick-

associated acute leukopenia and thrombocytopenia of two farmers in Missouri in 2009 was at 

first assumed to be the result of an acute Ehrlichia chaffeensis infection but later revealed the 
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discovery of a novel Phlebovirus: Heartland virus (HRTV) (Brault et al., 2018; Vasconcelos and 

Calisher, 2016).  The subsequent detection of HRTV in field-collected A. americanum adults 

solidified its association with this tick species while additional studies on vertebrate wildlife 

neutralizing antibodies to HRTV demonstrated widespread distribution in the central and eastern 

United States (Riemersma and Komar, 2015; Savage et al., 2016).  Since 2009, HRTV disease 

cases in humans have been reported in the states of Oklahoma, Arkansas, Kansas, Indiana, 

Kentucky, Tennessee, Georgia, and South Carolina, mainly mirroring the predominant 

distribution of A. americanum across the American Midwest and Southeast (Brault et al., 2018). 

 Another novel arthropod-borne virus was discovered to be associated with A. 

americanum in 2015 in Bourbon County, Kansas.  Bourbon virus (BRBV) belongs to Genus 

Thogotovirus and was the first virus of this genus to be identified in the Western hemisphere 

(Savage et al., 2018a).  BRBV became infamous for causing severe illness and subsequent death 

in a single human case in 2014, spurring surveillance studies on ticks in the area that revealed 

nymphal and adult A. americanum carrying BRBV (Savage et al., 2018a; Savage et al., 2018b).  

Field collections of A. americanum in eastern Kansas in 2016 and Missouri (following a case of 

human disease) detected BRBV once more and, surprisingly, surveillance for tickborne viruses 

in Ehime, Japan in 2016 revealed a Thogotovirus closely related to BRBV isolated from A. 

testudinarium ticks (Ejiri et al., 2018; Lambert et al., 2015; Savage et al., 2017; Savage et al., 

2018b).  Reports of human cases have not spread beyond Kansas, Oklahoma, and Missouri, but 

the extent of this virus is poorly understood as compared to HRTV (Vasconcelos and Calisher, 

2016). 

 Interestingly, A. americanum may be most infamous not for the diversity of bacterial 

pathogens it can vector nor the potentially fatal viruses it can transmit, but for a non-infectious 
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agent it can transmit to humans that triggers delayed anaphylaxis response to red meat 

consumption.  Spontaneous development of IgE antibodies to the oligosaccharide galactose-α-

1,3-galactose (alpha-gal), which is found in red meat, has been reported in sporadic cases around 

the United States since 2005, but strangely seemed limited to the Southeast and specifically 

Tennessee, North Carolina, Arkansas, Virginia, and the southern half of Missouri (Commins et 

al., 2011).  In 2009, studies on this immune sensitivity and its association to patients with tick 

bite histories and areas with high A. americanum abundances revealed a strong correlation 

between A. americanum presence and the development of the red meat allergy as well as a strong 

correlation between IgE antibodies to alpha-gal and IgE antibodies to A. americanum salivary 

proteins (Commins et al., 2011; Wagner et al., 2012).  Further research on mice definitively 

linked A. americanum-derived proteins and the development of an IgE response to alpha-gal 

(Choudhary et al., 2019).  Since the definition of this link, the alpha-gal phenomenon has been a 

frequent topic for news coverage, which often depict A. americanum as causing a ‘reverse 

zombie’ allergy (Fulton, 2017).  Although the response to this specific aspect of A. 

americanum’s public health importance has often been overinflated and misinformed, it does 

highlight the interesting complexity of A. americanum and its capability to vector an incredible 

diversity of pathogens and important allergens.   

 Dog and cat tickborne pathogens are also a concern when it comes to A. americanum, 

which can transmit Ehrlichia canis as well as E. chaffeensis and E. ewingii, causing mild but 

often chronic infections in dogs (Little et al., 2014).  A similar story can be seen with cats in the 

United States, which can suffer from A. americanum-borne Anaplasma and Ehrlichia species. 

 A. americanum abundance and distribution have shifted dramatically in the past decade, 

making large shifts northward into Canada and westward toward Colorado and Nebraska (Barrett 
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et al., 2015; Childs and Paddock, 2003).  Additionally, the pathogen-transmitting abilities of A. 

americanum are just now becoming evident through the discovery in the past decade of several 

novel bacterial and viral pathogens, making A. americanum a significant threat to public health 

and an important species to survey for distribution, abundance, and pathogen prevalence (Childs 

and Paddock, 2003; Goddard and Varela-Stokes, 2009). 

 Because of its generalist questing habits, A. americanum has been easily collected using a 

variety of methods, including flagging or dragging, dry ice traps, and extraction from wildlife 

hosts (Mays et al., 2016a; Petry et al., 2010; Schulze et al., 2011; Springer et al., 2015).  Each 

collection comparison study which used dry ice as a chemical lur e showed that this method 

collects a significantly higher number of nymphs and most demonstrated that dry ice methods 

collect more adults.  Collecting A. americanum off wildlife has proven an important research 

objective for determining the routes of invasion through which this generalist tick species may 

invade new areas, as has been shown repeatedly with bird migrations northward into Canada (de 

la Fuente et al., 2015; Hamer et al., 2012; Nelder et al., 2019). 

Amblyomma maculatum 

 Another important member of the Amblyomma genus in the Southeast is Amblyomma 

maculatum: the Gulf Coast tick.  Although one of the more aggressive tick species in the 

Southeast, Amblyomma maculatum was only considered to potentially be of import to animal or 

human health when renowned microbiologist Ralph R. Parker isolated a novel Rickettsia sp., 

Rickettsia parkeri, from A. maculatum in southeastern Texas in 1937 (Paddock et al., 2010; 

Parker et al., 1939; Teel et al., 2010).  It was not until 2004, however, that this association was 

related to a human disease case (Paddock et al., 2010).  Now A. maculatum is considered a 

significant threat to human and animal health due to a number of different pathogens it can 
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vector as well as evidence that its geographical range has been increasing (Stromdahl and 

Hickling, 2012; Trout et al., 2010).  As its name suggests, A. maculatum’s original geographic 

range was thought to be restricted to the Gulf Coast and humidity was once believed to be an 

important limiting factor to its spread, but recent studies have found that A. maculatum can be 

the dominant tick species in open, dry grasslands and in burned habitats and its populations have 

extended along the Atlantic coast up to Maryland and inland to Illinois, Kansas, Oklahoma, and 

even southern Arizona (with isolated expansion events recorded in Maine, Iowa, and New York) 

(Gleim et al., 2014; Sonenshine, 2018).  Common hosts for A. maculatum immature stages 

include rodents and birds while adult stages prefer large mammals such as coyotes, white-tailed 

deer, feral hogs, black bear, grey fox, red fox, and raccoons (Clark et al., 2001; de la Fuente et 

al., 2015; Teel et al., 2010). 

 Since the first confirmation of Rickettsia parkeri-associated disease in humans in 2004, 

several studies have shown increases in the number of reported human disease cases and spread 

in the geographical distribution of these cases (Paddock et al., 2010; Sonenshine, 2018; Sumner 

et al., 2007).  Belonging to a group of rickettsial bacteria that cause spotted fever group 

rickettsioses (SFGR), Rickettsia parkeri is recognized as an emerging zoonotic pathogen of 

increasing public health concern because of its relatively high prevalence in some A. maculatum 

populations and because its vector range has been increasing and its seasonality has begun to 

shift in response to climate change (Paddock et al., 2010; Sonenshine, 2018).  Additionally, 

research on co-feeding of A. americanum and A. maculatum has shown that this rickettsial 

pathogen could spillover into the much more generalist and widespread Lone Star tick 

populations and that it is transtadially and transovarially transmitted in its main A. maculatum 

vector (Wright et al., 2015a; Wright et al., 2015b).  Another human disease-causing pathogen 
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transmitted by A. maculatum is Panola Mountain Ehrlichia, which was initially believed to be a 

A. americanum-specific pathogen, thus further highlighting potential microbial community 

synergies between populations of A. americanum and A. maculatum. 

 As well as serving as an important vector for human disease-causing pathogens, A. 

maculatum also vectors several pathogens of veterinary medicine importance.  A. maculatum is 

considered to be the principle vector for Hepatozoon americanum; a protozoal pathogen which 

causes American canine hepatozoonosis (although Rhipicephalus sanguineus is also an important 

vector) (Ewing and Panciera, 2003; Teel et al., 2010).  A significant threat to dogs in the United 

States, canine hepatozoonosis is considered an emerging disease in the Southeast and is 

transmitted to dogs when they ingest an infected A. maculatum, likely during routine grooming 

(Ewing and Panciera, 2003).  Additionally, A. maculatum can vector Leptospira pomona, the 

causative agent for leptospirosis, and Ehrlichia ruminantium, the causative agent for heartwater 

disease, to livestock and ruminants respectively, making it an economically important threat to 

the agriculture sector in the United States (Teel et al., 2010; Theuret and Trout Fryxell, 2018).   

 Collection of A. maculatum has a more varied history than that of A. americanum.  

Although also a generalist species, the immature stages of A. maculatum seem to be more host-

specific in their questing behavior and are therefore not frequently collected via dragging or 

flagging (Mays et al., 2016b; Portugal and Goddard, 2015; Sumner et al., 2007).  Adult A. 

maculatum are commonly collected in surveillance studies from grassland habitats while nymphs 

and larvae are typically found on rodents and birds (Durden et al., 1997; Teel et al., 1998; Trout 

et al., 2010).   
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Dermacentor variabilis 

 The American Dog tick, Dermacentor variabilis, has a complicated history in the public 

health realm.  D. variabilis is found throughout the United States, from the Southeast all the way 

to Canada and up through Idaho and Colorado, with an isolated population located west of the 

Rocky Mountains in California (Minigan et al., 2018; Stromdahl and Hickling, 2012; Yunik et 

al., 2015).  This tick species was first implicated in the transmission cycle of Rickettsia rickettsii; 

the causative agent of Rocky Mountain spotted fever (RMSF), a serious pathogen of human 

health concern in the United States.  RMSF was first reported in the late 19th century in sporadic 

disease events in Idaho but was soon recognized in human disease cases throughout several 

western and central American states (Bishopp and Trembley, 1945; Spencer, 1929).  Although 

Dermacentor andersoni was often regarded as the principle vector for R. rickettsii in the west, in 

the eastern United States D. variabilis was often referred to as the principle vector of this 

pathogen (Kakumanu et al., 2018).  Several studies on Rickettsia spp. diversity in D. variabilis 

and molecular verification of clinically-determined ‘RMSF’ cases in the Southeast have called 

into question the true relationship between Rickettsia rickettsii, the disease RMSF, and D. 

variabilis (Dantas-Torres, 2007; Hecht et al., 2019; Sonenshine, 2018; Stromdahl and Hickling, 

2012).  Other pathogens of interest to human health which D. variabilis can vector include 

Francisella tularensis (the causative agent for tularemia), Coxiella burnetti (the causative agent 

for Q fever),  Ehrlichia chaffeensis and E. ewingii, as well as other member of the Rickettsia 

genus which cause spotted fevers distinct from RMSF (Stromdahl and Hickling, 2012).   

 Over recent decades, as the importance of D. variabilis in the realm of human health and 

RMSF cases has diminished, the realization of its importance to livestock health has come to the 

veterinary community.  The isolation of Anaplasma marginale from D. variabilis demonstrates 
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this tick’s potential role in causing bovine anaplasmosis in the cattle industry around the United 

States, which makes it an economically important pest (Atif, 2015; Kaufman et al., 2018).  A 

recent study on Anaplasma marginale seroprevalence in Georgia beef cattle highlighted the 

disease’s importance to the industry in Georgia and subsequent control for its primary tick 

vector: Dermacentor variabilis (Okafor et al., 2019). 

 Collecting D. variabilis has also been a debated topic in the tick collection community, 

mostly because the vast range of D. variabilis has led to some more regionally-specific host 

preferences and, conversely, questing habits that make different collection methods more 

effective in different areas (Garcia, 1965; Li and Dunley, 1998; Yoder et al., 2017).  In the 

western and southeastern United States, D. variabilis adults can be collected by dragging in 

appropriate habitats, but significant numbers for pathogen testing may not be available.  

Immature stages are typically collected off their wildlife hosts, which include rodents and 

mesomammals (Cohen et al., 2010a; Durden et al., 1997; Kollars et al., 2000; Mays et al., 

2016a).  In the Midwest and Northeast, D. variabilis adults are generally more aggressive and 

easier to collect by drag or dry ice trap (Petry et al., 2010). 

Ixodes scapularis 

 Of all the ixodid tick species in the United States, none is more likely to be recognized as 

a major threat to human health than Ixodes scapularis: the Blacklegged tick.  The discovery in 

the mid-1970s that I. scapularis transmits spirochete bacteria of the Borrelia burgdorferi sensu 

lato complex, the causative agents of Lyme disease in humans and Lyme borreliosis in dogs and 

cats, was one of the stimulating factors responsible for the recent explosion in research on the 

diversity of pathogens transmitted by ixodid ticks (Halsey et al., 2018).  The complexity of the 

Lyme disease story and Ixodes scapularis ecology, the host-tick-pathogen relationships in this 
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system, confounds researchers to this day, not to mention the incredible array of other pathogens 

that Ixodes scapularis has been found capable of vectoring (Caminade et al., 2018; Eisen and 

Eisen, 2018; Nelder et al., 2016; Ogden and Lindsay, 2016).  Associated with many different 

forest habitats across the United States, Ixodes scapularis, like D. variabilis, has a generalist 

habitat and host life strategy that make it a good vector for zoonotic pathogens and may also be 

responsible for some regional differences in questing behavior and pathogen prevalence 

depending on host availability (McCoy et al., 2013).  The diversity of hosts included within 

Ixodes scapularis’s associations is extensive, but importantly it encompasses birds, rabbits, 

mesomammals such as raccoons and opossums, rodents, large mammals such as deer and black 

bear, and reptiles (Logiudice et al., 2008).  Deer populations were first implicated in maintaining 

Ixodes scapularis populations and serving as reservoirs for Borrelia burgdorferi sensu stricto, 

but experimental studies on white-tailed deer-Borrelia infection and correlative studies on Lyme 

disease cases and deer populations vs. white-footed mice populations (Peromyscus leucopus) 

demonstrated that white-tailed deer are important hosts for adult Ixodes scapularis but white-

footed mice populations are ultimately more important predictors for the distribution of human 

Lyme disease cases on the landscape (Halsey et al., 2018; Levi et al., 2012).  The use of birds as 

a host, as has already been mentioned, also serves as an important invasion route through which 

Ixodes scapularis has been able to spread throughout most of the United States and up into 

Canada (de la Fuente et al., 2015; Kulkarni et al., 2019). 

 The scope of Lyme disease as a public health issue is still being studied, but it is clearly 

the most common vector-borne disease in the United States, with 50,000 cases of locally-

acquired Lyme reported annually (and 300,000 estimated) making up more than 70% of the tick-

borne disease case reports (Eisen and Eisen, 2018).  Two other Borrelia species within the 
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Borrelia burgdorferi sensu lato complex (not Borrelia burgdorferi sensu stricto), B. mayonii and 

B. miyamotoi, have also been found in Ixodes scapularis and have caused disease in humans.  In 

2016 researchers from the Mayo Clinic described the novel spirochete Borrelia mayonii as being 

present in both Ixodes scapularis ticks as well as the blood and synovial fluids of six patients 

with Lyme disease-type symptoms but with markedly higher spirochete loads and more acute 

neurological symptoms (Pritt et al., 2016).  Although this pathogen’s importance in the public 

health realm is still unfolding, the observed symptoms in the clinical cases associated with 

infection have made it a potential concern as an emerging pathogen.  The spirochete Borrelia 

miyaomotoi was discovered much earlier than Borrelia mayonii, but a human case was not 

reported until 2013 (Wormser and Pritt, 2015).  Infection with Borrelia miyamotoi has been 

described as being milder than most Lyme disease cases, with asymptomatic and self-resolving 

cases more common, but the ability of the Borrelia miyamotoi spirochete to be transmitted 

transovarially and its rapid transmission from tick to host increases its human-transmission 

potential higher than that of Borrelia burgdorferi sensu stricto, making it a significant risk to 

public health (Wormser et al., 2019). 

 Beyond just Lyme disease, Ixodes scapularis is also capable of vectoring several other 

pathogens that can cause debilitating diseases in humans, many of which are considered 

emerging diseases in the United States.  The causative agent for human granulocytic 

anaplasmosis, Anaplasma phagocyophilum, has also been isolated from Ixodes scapularis and 

has been identified as an emerging pathogen as has Ehrlichia muris eauclarensis (Wormser and 

Pritt, 2015).  Interestingly, before the discovery of Borrelia burgdorferi in Ixodes scapularis, the 

first zoonotic pathogen isolated from this tick was the protozoal pathogen: Babesia microti, 

which causes human babesiosis (Nelder et al., 2016).  As with A. americanum, Ixodes scapularis 
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can also transmit a rather pathogenic arbovirus to humans, which is known as the ‘deer tick 

virus’, a genotype of the Powassan virus (POWV Lineage II).  Powassan virus was found in 

Ixodes scapularis and in humans in the 1950s, but recent studies have found that case numbers 

for this virus have been increasing which poses a serious threat to public health because POWV-

associated infections can lead to severe encephalitis and even death (Ebel, 2010).  Ixodes 

scapularis can also transmit Bartonella henselae, the causative agent for cat-scratch fever. 

 The importance of Ixodes scapularis to the veterinary medicine community for its ability 

to transmit pathogens to companion animals and livestock is often overshadowed by the massive 

number of human Lyme disease cases associated with the tick every year.  Similar to Borrelia-

infections in humans, Borrelia burgdorferi sensu lato spirochetes can also infect dogs and cats 

and cause significant morbidity in companion animal populations every year (Little et al., 2014).  

Some species of Anaplasma also cause significant disease in dogs, like Anaplasma platys, which 

has been isolated from Ixodes scapularis.  With livestock, Theileria and Babesia infections can 

be serious concerns, specifically with horse and cattle operations (Hall et al., 2013).   

 Increased surveillance for Ixodes scapularis for Lyme disease research has made this tick 

the major species compared in collection method studies in the United States (Daniels et al., 

2000; Falco and Fish, 1991, 1992; Rynkiewicz and Clay, 2014b; Schulze et al., 2011; Schulze et 

al., 1997).  Adult Ixodes scapularis have been collected in the Northeast and Midwest, where this 

species is generally a more aggressive quester, for decades yet in other areas of its range adults 

can still be collected by drag, but in much lower numbers.  This phenomenon, as well as some 

slight morphological differences, lead to the delineation of the Northeastern/Midwestern ticks 

into the ‘Ixodes dammini’ species whereas other tick populations, namely in the southern United 

States, were called ‘Ixodes scapularis’.  Research of genetic relatedness later revealed that these 
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tick populations do belong to the same species, but still questing behavior, pathogen prevalence, 

and host associations differ between the Northern and Southern ‘Clades’ of Ixodes scapularis.  In 

the Northeast and Midwest, immature Ixodes scapularis can often be found on rodents and birds, 

making them good wildlife host populations to sample, whereas common immature hosts in the 

Southeast include reptiles such as snakes and lizards as well as rodents and birds (LoGiudice et 

al., 2003).  This difference in host associations and questing behavior has been used to explain 

some of the differences in Lyme disease case distribution across the range of Ixodes scapularis, 

since white-footed mice are reservoirs for Borrelia bacteria and reptilian blood is usually 

Borreliacidal, killing the bacteria before the nymphal or adult stages have the opportunity to pass 

it to humans.  The differences in activity patterns for different regional populations of Ixodes 

scapularis exemplifies the need to study the efficiency of several different collection methods for 

collecting every life stage of a tick species in a specific area. 

Ixodes affinis 

 Some tick species are worth noting not because they can directly vector a pathogen to 

humans or companion animals or livestock directly, but because they maintain these pathogens 

in wildlife populations and specifically within reservoir host populations.  Ixodes affinis is an 

example of a tick species present in coastal areas around the Southeast which may not play an 

important role in transmitting disease-causing pathogens directly to humans, but rather because it 

is an enzootic tick vector for pathogens of medical and veterinary importance.  First described in 

1953 then at length in 1965, Ixodes affinis was not considered by many tick researchers to be a 

hugely important tick species because it was infrequently reported, found on few wildlife 

species, and had a fairly limited geographic range in the United States (Gerrish and Ossorio, 

1965; Kohls and Rogers, 1953; Oliver et al., 1987).  Original range was expected to be along the 
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southeastern-central Atlantic coast and coastal plain states, from Florida up through North 

Carolina, with hosts including white-tailed deer and raccoons for adults and birds and rodents for 

immature stages.  Morphologically, Ixodes affinis resembles Ixodes scapularis and Ixodes muris 

to an extent that most researchers without expert experience in morphological tick identification 

can rarely distinguish between species, and the fantastic abundance, host variety, and geographic 

range of Ixodes scapularis made it a more commonly identified species.   

Since molecular techniques became widely available and tick researchers gained funding 

for pathogen testing, the differentiation of Ixodes affinis became both possible for a lab to verify 

and also important in distinguishing from Ixodes scapularis.  Many studies found Ixodes affinis 

much further north, throughout North Carolina and into Virginia, with some sporadic reports 

further north, including reports from birds migrating into Canada (Harrison et al., 2010; Maggi et 

al., 2010; Nadolny et al., 2011; Yabsley et al., 2009).  Importantly, the hosts included within this 

tick’s associations grew to include several species of mammals and rodents as well as birds, but 

no reptilian hosts to date (Heller et al., 2016).  Borrelia burgdorferi , B. bissettiae, and B. henselae 

prevalence in Ixodes affinis have repeatedly been much higher than in the human-vector Ixodes 

scapularis, making Ixodes affinis likely a critical enzootic vector for Borrelia bacteria in the 

Southeast (Maggi et al., 2019).  Several reports of Ixodes affinis on dogs and cats have also raised 

concern about the potential importance of this tick species in companion animal Lyme borreliosis 

(Hernandez et al., 2015; Nadolny and Gaff, 2018).   

The increasing body of evidence that Ixodes affinis plays a crucial role in the enzootic of 

the most important tickborne pathogen in the United States has made its efficient collection a goal 

for many southeastern tick researchers.  Although adult Ixodes afffinis can be collected via drag 

and flag along the Atlantic coastal plain, typically few adults can be gathered in this manner when 
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compared to Ixodes scapularis or Amblyomma maculatum (Nadolny and Gaff, 2018).  Immature 

stages of Ixodes affinis, however, are not often collected via drag or flag. The relatively recent 

realization of Ixodes affinis as a medically significant species and the noted importance of its 

wildlife associations in maintaining pathogen enzootic cycles has made it so that studies on Ixodes 

affinis often do include collection via several methods (Nadolny and Gaff, 2018; Nadolny et al., 

2011).  As the range of this enzootic vector extends further north, into the range of the Northern 

Clade of Ixodes scapularis which are known to bite humans more frequently, fears are that Borrelia 

prevalence in amplifying wildlife hosts will increase and prevalence in Ixodes scapularis will 

increase, raising the likelihood that a human or companion animal will come into contact with an 

infected tick (Heller et al., 2016).  This means Ixodes affinis surveillance will be critical in areas 

with northern Ixodes scapularis. 

Ixodes texanus 

 The raccoon tick, Ixodes texanus, has a less cryptic history than that of Ixodes affinis, 

because it is fairly distinctive from other Ixodes species morphologically and has commonly been 

found on its namesake host: Procyon lotor (raccoon).  Originally thought to have a fairly limited 

number of host associations and small geographic range, Ixodes texanus has been found on a 

number of different hosts and across the mainland United States, from at least Florida up to New 

York and west to Kansas, and up into Canada and Alaska (Durden et al., 2016; Mock et al., 1991; 

Rainwater et al., 2017; Smith et al., 2019).  Although the raccoon is an important host for nymphal 

and adult Ixodes texanus, they have also been found on numerous mustelid species, some rabbit 

species, as well as grey and red fox (Brillhart et al., 1994; Gabriel et al., 2009; Lindquist et al., 

1999).  Studies on the ability of Ixodes texanus as an enzootic vector for Borrelia or Ehrlichia 

species of bacteria have not shown high prevalences, but more research is likely warranted in this 
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area given the detection of Ehrlichia, Anaplasma, and Borrelia species bacteria in their host 

populations (Cohen et al., 2010b; Dugan et al., 2005; Ouellette et al., 1997).  As an exclusively 

wildlife-host tick species, Ixodes texanus is an example of a tick that must be collected via 

extracting ticks from wildlife hosts and the recent discovery of some novel hosts for Ixodes texanus 

highlights the importance of sampling a broad range of hosts even when host associations can 

appear simple. 

Ixodes muris 

 Alongside Ixodes affinis, Ixodes muris was also believed to be an important enzootic vector 

for Borrelia spp., mainly because its primary hosts tend to be rodents and birds (Dolan et al., 2000).  

First described as a rodent-specialist tick species in the Northeast United States & Canada, Ixodes 

muris seemed like a perfect enzootic Borrelia vector, but studies on Borrelia prevalence and 

transmission abilities have shown middling vector capabilities compared to Ixodes scapularis 

(Dolan et al., 2000; Scott and Durden, 2015).  The discovery of Ixodes muris infected with Borrelia 

burgdorferi in Canada, as well as multiple reports of Ixodes muris in new state tick records, 

implicates this tick as an important invasion vector for moving Borrelia spp. around North 

America (Gabriele-Rivet et al., 2015; Scharf and Walker, 2002; Scott and Durden, 2015; Scott et 

al., 2001).  This tick species has also gained notoriety for having an extremely high association 

between its bites and severe illness in cats and dogs, which has been hypothesized to be due to the 

host-specific nature of its salivary secretome (Lacombe et al., 1999; Strong-Klefenz and Gaskill, 

2008).  Studies have called for renewed focus on this underreported tick species to understand its 

geographic range and host associations.  As would be suggested by its host associations, the best 

techniques for collecting Ixodes muris involve sampling its main hosts: songbirds and rodents.   
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Haemaphysalis leporispalustris 

 A relatively common tick species, Haemaphysalis leporispalustris (the rabbit tick) has 

long been noted as an important enzootic vector for Rickettsia spp., namely Rickettsia rickettsii, 

in the United States but recently little research has been done on this species.  The discovery of 

Haemaphysalis longicornis on a sheep farm in Hunterdon County, New Jersey in 2017 and the 

subsequent realization of this invasive tick’s distribution across the United States has brought a 

renewed focus to Haemaphysalis spp. in the US (Egizi et al., 2019; Rainey et al., 2018).  H. 

leporispalustris has a wide distribution, from coast-to-coast across the continental United States 

and has recently been found in Alaska (Durden et al., 2016).  Able to competently vector the 

human pathogens R. rickettsii and Francisella tularensis, H. leporispalustris is considered an 

important enzootic human pathogen vector as well as a potential invasion vector because of its 

association with birds at immature stages (Freitas et al., 2009; Hun et al., 2008; Mukherjee et al., 

2014; Roth et al., 2017).  As its name would suggest, many lagomorph species have host 

associations with H. leporispalustris, but songbird associations with its immature stages are also 

notable as are some sporadic records of rare host associations on invasive or introduced species 

such as Lepus europaeus and Antelope cercicapra (Barros-Battesti and Labruna, 2005; Mertins 

et al., 1992).  These records demonstrate the ability of H. leporispalustris to seek out ecological 

niches on the ectoparasite landscape and has been given as a reason for its wide distribution 

(Gabriele-Rivet et al., 2015).  Collection of H. leporispalustris is most commonly achieved 

through the sampling of passerine birds and rabbit species, although rare associations with larger 

birds such as turkey and hawks and various larger mammals make them potentially important 

hosts to sample as well (Lane et al., 2006; Scharf, 2004). 
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Abstract 

Ticks are important vectors for several pathogens and active surveillance through tick 

collection is an effective way to assess risk to tick-borne disease.  In this study we compared the 

efficiencies of three tick collection methods: tick drags, CO2-baited drags, and on-host 

extractions.  On-host tick extractions detected seven tick species compared to four species with 

traditional tick drags and four species with CO2-baited drags.  For the two tick species collected 

using all methods, on-host extractions collected more Ixodes scapularis overall whereas CO2-

baited tick drags collected more Amblyomma americanum.  On-host tick extractions involved 

greater time and monetary investment for effective deployment, but focusing on specific wildlife 

groups makes this technique much more efficient.  Pathogen prevalence in environmentally-

collected ticks was similar to previous research.  Comparing these active tick surveillance 

methods provides important information for researchers to inform the employment effective 

collection methods given their interests and resource limitations. 

 

 

INDEX WORDS: ticks, collection, pathogens, Amblyomma americanum, Ixodes scapularis 
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Introduction 

 Ticks are important vectors for human and companion animal pathogens and can be 

serious pests for livestock and wild animal populations.  They transmit the highest diversity of 

pathogens of any arthropod vector and are responsible for 95% of all nationally notifiable human 

vector-borne disease cases reported to the Centers for Disease Control and Prevention (CDC) 

every year (Eisen et al., 2017).  Ticks can also transmit pathogens or otherwise cause damage to 

economically important livestock populations, like the US$105 billion cattle industry (Theuret 

and Trout Fryxell, 2018), as well as to susceptible wildlife populations, such as Alces alces 

(Addison, 2007).  There are several tick species in the Southeast that are important because they 

contribute to human and animal disease cases, including: Amblyomma americanum (the Lone 

Star tick), Amblyomma maculatum (the Gulf Coast tick), Dermacentor variabilis (the American 

Dog tick), and Ixodes scapularis (the Blacklegged tick).  These tick species are capable of 

transmitting a wide array of different pathogens such as Anaplasma phagocytophilum (the 

causative agent for anaplasmosis), Borrelia burgdorferi sensu stricto (the causative agent for 

Lyme borreliosis), and multiple Ehrlichia spp. and Rickettsia spp. (the causative agents for 

ehrlichiosis and rickettsiosis) (Stromdahl and Hickling, 2012).  The effective deployment of 

public health and animal management interventions to address tick-borne diseases relies upon 

active surveillance for ticks to represent risk for human and animal encounters with specific tick 

species and their associated pathogens.   

 Active surveillance for ticks can be divided into two broad categories: off-host or 

questing-tick collection (i.e. dragging, flagging, CO2 traps) and on-host collection (i.e. wildlife 

sampling, domestic animal sampling, sentinel animal deployment).  Different information 

relevant to tick research can be obtained from these methods and they are associated with their 
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own logistic and economic costs.  For example, collection by dragging and flagging is relatively 

simple and cost-effective, yields information on tick abundance and density, and can be used to 

understand epidemiologically important relationships like tick habitat associations and 

phenology (Estrada-Pena et al., 2013).  Ticks collected via these methods can also be tested for 

various pathogens, whereas ticks from hosts could carry pathogens from their hosts that they 

could not maintain into their next stage, making pathogen screening for estimating risk to 

humans problematic.  Sampling wildlife populations and even livestock or domestic animals can 

be prohibitively expensive, time consuming, or procedurally difficult for researchers, but these 

methods provide critical information about tick community dynamics.  Some tick species, such 

as Ixodes texanus, or certain stages of tick species, such as Ixodes scapularis nymphs in the 

Southeast, have close associations with their hosts and are nearly exclusively collected from their 

wildlife hosts (Ouellette et al., 1997; Tietjen et al., 2019).  Even though tick species like Ixodes 

texanus may not directly transmit pathogens to humans, they can still play a crucial role as 

enzootic vectors, maintaining pathogens in wildlife communities, making their detection crucial 

in informing regionally-specific aspects of a pathogen’s enzootic cycle (Ouellette et al., 1997).  

Additionally, tick-host associations can differ for a single tick species across its range, as is the 

case for the Northern and Southern Clades of Ixodes scapularis, affecting tick questing behavior 

and pathogen prevalence, thus highlighting the importance of regional sampling of widespread 

generalist tick species in assessing local risk to ticks and tick-borne pathogens (McCoy et al., 

2013).  

 Relatively few studies compare tick collection methods across multiple tick species 

(Chong et al., 2013b; Dantas-Torres et al., 2013; Ginsberg and Ewing, 1989; Li and Dunley, 

1998; Mays et al., 2016a; Ramos Vdo et al., 2014; Rynkiewicz and Clay, 2014b; Schulze et al., 
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1997; Solberg et al., 1992b; Terassini et al., 2010).  Few of these studies sampled across multiple 

seasons and in different regions or even different habitats, as would be necessary for sampling 

entire tick communities (Estrada-Pena et al., 2013), and only one has done this in the Southeast 

(Mays et al., 2016a).  Only one study in the United States has compared the tick species richness 

and abundance collected from off-host and on-host sampling methods (Rynkiewicz and Clay, 

2014b), but there has not been a study comparing these methods in the Southeast or by sampling 

a broad diversity of tick hosts.  The purpose of this study is to compare the number of tick 

species and respective abundances collected by three tick collection methods: tick dragging, 

CO2-baited tick dragging, and on-host tick extraction.  Methods were also compared by the 

amount of time and resources invested into their employment.  We employed each collection 

method in two physiographic regions (the Piedmont and the Lower Coastal Plain), three habitats 

in each region, with three replicate sites sampled for each habitat type.  We also sampled these 

sites seasonally from November 2017 – November 2018.  Finally, ticks collected via the 

dragging and CO2-baited dragging methods were screened for six different pathogens important 

to human and animal health. 
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Materials and Methods 

Study Site 

 Each collection method was deployed in three different habitat types within two different 

physiographic regions in Georgia.  In the Piedmont physiographic region we sampled the habitat 

types: mixed pine-hardwood forest, loblolly (Pinus taeda) pine stands, and bottomland hardwood 

forest.  In the Lower Coastal Plain we sampled maritime forest, longleaf pine (Pinus palustris) 

stands, and bottomland hardwood forest habitats.  The Piedmont sites were located in Oconee 

National Forest while the Lower Coastal Plain sites were located in Richmond Hill WMA.  

Three replicate sites for each habitat were chosen based on previous research (Pfaff et al., 

Unpublished research), yielding a total of 18 sites.  One loblolly pine stand site in the Piedmont 

region was moved due to logging in Spring 2018 and one mixed pine-hardwood forest site in the 

Piedmont region was moved in Summer 2018 due to prescribed fire.  Other than these two sites 

for two habitat types in the Piedmont, each site was sampled seasonally between 2018 and 2019: 

winter collections occurred during January and February, spring during April and May, summer 

during July, and fall during October and November.   

Collection Methods 

 Ticks were collected using three different collection methods: tick dragging, CO2-baited 

tick dragging, and on-host wildlife tick extraction.  For each method, a record of time and 

resource investments was detailed for later comparisons.  Tick dragging involved dragging a 1 

m2 flannel cloth attached to a wooden dowel across uniform patches of vegetation at each site 

(Rulison et al., 2013).  Tick drags were conducted across twenty parallel 25 meter transects (500 

m2 for each site) at each site and drag clothes were checked for ticks every 10 steps. 
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 Tick collection via CO2-baited tick dragging was similar to tick dragging, with an added 

stimulus of dry ice.  This type of collection method using two common tick methods: physical 

stimulus with a tick drag and a chemical stimulant with carbon dioxide, has been used previously 

(Gherman et al., 2012; Mays et al., 2016a), but this specific technique is novel.  At each site over 

a 500 m2 transect area, approximately 3 pounds of dry ice (frozen carbon dioxide) was chunked 

into pellets and scattered across the area.  Tick draggers waited 30 minutes for the carbon 

dioxide to sublimate then conducted a tick drag as normal.  CO2-baited tick drags were 

conducted in transect areas that were separate from traditional drag transects yet still across 

similar vegetation.  These areas were also sampled after using the traditional tick drag to mitigate 

the effects of attracting ticks in the area. 

 On-host tick extraction focused on three groups of important tick hosts: mesomammals 

(i.e. Procyon lotor, Didelphis virginiana), rodents (i.e. Peromyscus gossypinus, Sigmodon 

hispidus, Neotoma floridana), and passerine birds (i.e. Cardinalis cardinalis, Spizella passerina, 

Melospiza melodia).  Mesomammals were trapped using forty 36 x 10 x 10 inch metal cage traps 

(Tomahawk Live Trap ©), rodents with thirty 6.5 x 2 x 2.5 inch and twenty 15 x 5 x 5 inch 

Sherman-style metal box traps (Tomahawk Live Trap ©), and passerine birds were captured 

using two 1.2 x 2.6 meter and one 1.2 x 5.2 meter mist net (Nixalite ©).  Traps were deployed at 

locations where animal sign was visible (trails, markings, waste) across three sites for 4 days 

then rotated to the next three sites until all 9 sites per physiographic region were sampled.  Mist 

nets were erected for three hours for three mornings at each site then rotated to the next site.  All 

wildlife hosts were identified to species, age class, and sex if possible and inspected for ticks.  

We either manually restrained or chemically immobilized the animals if they could not be safely 

handled.  All animal handling was approved by AUP IUCUC UGA (A2018 02-010-Y1-A1). 
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 Collected ticks were stored in 70% ethanol and identified under a dissecting microscope 

using dichotomous keys (Keirans and Clifford, 1978; Keirans and Durden, 1998; Keirans and 

Litwak, 1989).  Questionable larval ticks or ticks collected from wildlife with identifying 

features removed were identified to life stage and genus and identified using molecular methods. 

 Ten randomly selected points within drag transect areas were used for vegetation surveys. 

Canopy closure was measured with a spherical densiometer, shrub cover was measured using a 

line intercept method, and litter depth was estimated with a pin flag randomly dropped within a 1 

m2 frame at each point (Lemmon 1957). We also collected microclimate measurements at three 

randomly selected points in each transect area using a Kestrel Weather Meter (Loftopia LLC, 

Birmingham, MI).  The microclimate measurements collected were temperature, relative 

humidity and wind speed at ground level and 1 m above ground. 

Pathogen Screening 

 Adult ticks collected via the dragging and CO2-baited dragging methods were bisected 

and DNA was extracted from half the tick using a commercial kit (Qiagen DNeasy Blood and 

Tissue kit, Valencia, CA) and the other half was stored in empty, labeled tubes in a -20º C 

freezer.  We screened the extracted tick DNA for six pathogens using protocols outlined in Table 

1.1.  Each pathogen required a nested polymerase chain reaction (PCR) protocol.  Each primary 

reaction (except for Barbour et al. (1996)) involved assembling 25 µL volumes consisting of 

11µL of molecular grade biological water (MGBW), 2.5 µL of MgCl2, 5 µL of GoTaq Flexi 

Clear Buffer (Promega, Madison, WI), 0.25 µL of DNTPs (20 mM initial concentration), 0.5 µL 

of each primer (50 µM initial concentration), 0.25 µL of GoTaq Flexi (Promega, Madison, WI), 

and 5 µL of extracted tick DNA.  The Borrelia fla primary procedure involved using 10 µL of 

extracted DNA and 6 µL of MGBW (Barbour et al., 1996).  The secondary reactions were 
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similar, also reaching 25 µL in total volume, but 11 µL of MGBW was used and 1 µL of primary 

PCR product.  Negative controls of MGBW in place of extracted DNA or PCR product were 

included at the tick DNA extraction, primary PCR, and secondary PCR steps and a positive 

control for a given pathogen was included in the primary PCR step for each batch of ticks.  

Batches typically included 20 ticks of one species being tested for the same pathogens.  Each 

step was conducted in separate laboratory areas in dedicated hoods equipped with UV lights for 

decontamination between screening batches.   

 Secondary PCR products were separated using gel electrophoresis on a 2.5% agarose gel 

stained with GelRed (Biotium, Fremont, CA).  After electrophoresis was completed, gels were 

visualized using UV light from an AlphaImager (ProteinSimple, San Jose, CA).  All samples 

positive for Borrelia or Panola Mountain Ehrlichia and subsets of positive Rickettsia samples 

were extracted with a gel extraction kit (Qiagen) for bi-directional sequencing at Georgia 

Genomics Facility (Athens, GA).  Sequences were then compared to available sequences on 

GenBank. 

Table 3.1 Established PCR protocols for isolating gene targets from selected pathogens. 

Pathogen Tick Species 

Screened 

PCR 

gene 

target 

Target 

size 

(bp) 

Primers 

(Primary and 

Secondary) 

References 

Rickettsia spp. A. americanum 

A. maculatum 

D. variabilis 

17kDa 434 17k5/17k3 and 

17lD1/17kD2 

(Labruna et 

al., 2004) 

Ehrlichia 

chaffeensis 

A. americanum 

A. maculatum 

D. variabilis 

16S 

rRNA 

389 ECC/ECB and 

HE1/HE3 

(Dawson et 

al., 1996) 

Ehrlichia 

ewingii 

A. americanum 

A. maculatum 

D. variabilis 

16S 

rRNA 

400 ECC/ECB and 

EE72/HE3 

(Anderson 

et al., 

1992a) 

Panola Mountain 

Ehrlichia 

A. americanum 

 

gltA 405 CS-185F/CS-777R 

(primary) and CS-

214F/CS-619R 

(secondary) 

(Loftis et 

al., 2008) 
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Anaplasma 

phagocytophilum 

Ixodes scapularis 

Ixodes affinis 

16S 

rRNA 

410 ECC/ECB (primary) 

and GE9F/GAU1R 

(secondary) 

(Little et al., 

1997) 

Borrelia spp. Ixodes scapularis 

Ixodes affinis 

flaB 330 FLALL/FLARL 

(primary) and 

FLALS/FLARS 

(secondary) 

(Barbour et 

al., 1996) 

 

Statistical analysis 

 All analyses were completed in RStudio 1.1.463 (2019).  Zero-Inflated Poisson 

Generalized Linear Mixed Models (ZIP GLMM) were used to compare collection methods 

across both physiographic regions, all habitat types (nested within physiographic regions), and 

across all four seasons (repeated measures) with site included as a random factor (Bolker et al., 

2012).  Amblyomma americanum and Ixodes scapularis were the only tick species collected 

using all three collection methods, so ZIP GLMMs analyzing the efficiency of collection 

methods across all of the previously described factors were also conducted individually on these 

two species.  We compared AIC values and used likelihood ratio tests to compare variable 

predicting power to a null model to determine the best-fit model.  Multiple comparisons for all 

three (all ticks, Amblyomma americanum, Ixodes scapularis) ZIP GLMMs by factor level were 

conducted by separating means with pairwise comparisons and Tukey-Kramer adjustment.   

Results 

 In total we collected 2,218 ticks of 8 species using 3 collection methods across 18 sites 

over the course of 4 seasons.  Of these, 609 ticks of four species (558 Amblyomma americanum, 

44 Ixodes scapularis, 3 Amblyomma maculatum, and 4 Ixodes affinis) were collected via tick 

drags. For CO2-baited drags, 1089 ticks of four species (1029 A. americanum, 57 I. scapularis, 1 

Ixodes affinis, and 2 Dermacentor variabilis) were collected.  A. americanum larval clusters were 

recorded as a single tick for this study.  Ticks collected off wildlife hosts included 520 
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individuals of seven species (125 A. americanum, 152 Ixodes scapularis, 121 D. variabilis, 45 

Ixodes texanus, 73 A. maculatum, 3 Haemaphysalis leporispalustris, and 1 Ixodes muris).   

 The collection method, field season, and habitat factors included in the total ticks ZIP 

GLMM had significant effects on total ticks collected (all factors AIC = 1875.7, LR Test p<0001).  

Overall, collection method had a significant effect on the total number of ticks collected (zATD = -

6.48, p < 0.0001, zTD = -3.87, p<0.0001, zwildlife = 2.32, p<0.0001)(‘ATD’ = ‘Augmented tick drag’ 

or ‘CO2-baited tick drag’, ‘TD’ = Traditional ick drag, ‘Wildlife’ = on-host tick extractions), with 

the CO2-baited tick drags collecting more ticks (Figure 3.1) than both the traditional tick drag and 

on-host tick extraction methods.  The on-host tick collection method detected 7 species of tick 

total, including three species not collected in the environmental sampling methods (Figure 3.2).  

The three methods also varied in the number of ticks they collected by physiographic region 

(Figure 3.3), but not significantly (z = -0.822, p = 0.411).  Tick collection method efficiency varied 

again over the 6 habitat types sampled (zBLH(P)=4.33, p<0.0001, zMF=0.74, p=0.46, zPine=-1.02, 

p=0.308, zPine(P)=-2.17, p=0.03, zUMH=0.99, p=0.32, zBLH=3.78, p<0.0001,) (Figure 1.4), with more 

ticks collected with CO2-baited tick drags in both bottomland hardwood forest habitats and 

maritime forest habitat, but within the upland mixed forest habitat of the Piedmont region, on-host 

tick extraction collected significantly more ticks than all other collection methods (z value = -

14.886, p < 0.0001).  Total ticks collected across field seasons also varied significantly (zFall = 

10.067, p <0.0001, zWinter = 12.148, p <0.0001, zSpring = 8.047, p <0.0001, zSummer = 6.660, p 

<0.0001) (Figure 1.5), with CO2-baited tick drags collecting significantly more ticks in the spring, 

summer, and winter seasons (z range : 3.866 - -3.854, p<0.0001) while on-host tick extraction 

collected more ticks in the fall (z=-3.854, p<0.0001). 
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 Two species of tick were collected with all three collection methods: Amblyomma 

americanum and Ixodes scapularis.  Overall, A. americanum was collected more often with CO2-

baited tick drags (z=15.79, p<0.0001), but this is especially true for the bottomland hardwood 

forest habitats (z=4.88, p<0.0001), upland mixed forest habitat (z=-4.93, p<0.0001), and 

maritime forest habitat (z=-5.48, p<0.0001) and in the spring field season (z=-6.32, p<0.0001).  

Ixodes scapularis was collected less uniformly with one collection method (p range : 0.113-

0.490), but was collected in much higher numbers using the on-host wildlife extraction method 

specifically in the upland mixed forest habitat (z=2.398, p=0.032). 

The wildlife group with both the highest infestation and prevalence rate was, by far, 

mesomammals, with an infestation prevalence rate of 47.26% and an infestation density of 

roughly 4 ticks per infested individual.  Both Procyon lotor and Didelphis virginiana 

demonstrated similar tick species diversities, with 4 tick species found on each, and 

approximately half of the individuals sampled for these two species across all seasons had some 

tick burden (56.52 % and 44.13 %).  Prevalence of infestation was much lower for the rodent and 

passerine wildlife groups (5.65 – 25% and 9.58%). 
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Figures 3.1 & 3.2: 

Total number of ticks collected with three different collection methods (CO2-baited tick 

drags, traditional tick drags, and wildlife tick extractions).  Ticks were collected seasonally 

from 3 replicate sites for 3 different habitat types in two physiographic regions of Georgia. 
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Figure 3.3: 

Total number of ticks collected with three different collection methods (CO2-baited tick 

drags, traditional tick drags, and wildlife tick extractions) in two physiographic regions of 

Georgia: the Piedmont and Lower Coastal Plain regions.  Ticks were collected seasonally 

from 3 replicate sites for 3 different habitat types in each region. 
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Figure 3.4: 

Total number of ticks collected seasonally with three different collection methods (CO2-

baited tick drags, traditional tick drags, and wildlife tick extractions) in 3 habitat types and 

in two physiographic regions.  Bottomland Hardwood Forest (BLH), Loblolly Pine Forest 

(Pine), and Upland Mixed Hardwood Forest (UMH) were sampled in the Piedmont region 

and Bottomland Hardwood Forest (BLH), Maritime Forest (MF), and Longleaf Pine Forest 

were sampled in the Lower Coastal Plain region. 
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Figure 3.5: 

Total number ticks collected with three different collection methods (CO2-baited tick 

drags, traditional tick drags, and wildlife tick extractions) across four collection seasons 

spanning 2018-2019.  Ticks were collected in 3 different habitat types in two physiographic 

regions of Georgia. 
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Figure 3.6: 

Total number of Amblyomma americanum collected seasonally with three different 

collection methods (CO2-baited tick drags, traditional tick drags, and wildlife tick 

extractions) in 3 habitat types and in two physiographic regions.  Bottomland Hardwood 

Forest (BLH), Loblolly Pine Forest (Pine), and Upland Mixed Hardwood Forest (UMH) 

were sampled in the Piedmont region and Bottomland Hardwood Forest (BLH), Maritime 

Forest (MF), and Longleaf Pine Forest were sampled in the Lower Coastal Plain region. 
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Figure 3.7: 

Total number of Amblyomma americanum collected with three different collection methods 

(CO2-baited tick drags, traditional tick drags, and wildlife tick extractions) across four 

collection seasons spanning 2018-2019.  Ticks were collected in 3 different habitat types in 

two physiographic regions of Georgia. 
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Figure 3.8: 

Total number of Ixodes scapularis collected seasonally with three different collection 

methods (CO2-baited tick drags, traditional tick drags, and wildlife tick extractions) in 3 

habitat types and in two physiographic regions.  Bottomland Hardwood Forest (BLH), 

Loblolly Pine Forest (Pine), and Upland Mixed Hardwood Forest (UMH) were sampled in 

the Piedmont region and Bottomland Hardwood Forest (BLH), Maritime Forest (MF), and 

Longleaf Pine Forest were sampled in the Lower Coastal Plain region. 
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Figure 3.9: 

Total number of Ixodes scapularis collected with three different collection methods (CO2-

baited tick drags, traditional tick drags, and wildlife tick extractions) across four collection 

seasons spanning 2018-2019.  Ticks were collected in 3 different habitat types in two 

physiographic regions of Georgia. 
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 Table 3.2: 

Wildlife-host tick prevalence of infestation for all species collected (2nd column) and for 

individual tick species (columns 3-9) collected seasonally from 3 different habitats in two 

physiographic regions of Georgia, 2018-2019.  A. amer=Amblyomma americanum, A. mac= 

A. maculatum, D. var= D. variablis, I. scap= Ixodes scapularis, I. tex= I. texanus, I. mur= I. 

muris, H. lepo= H. leporispalustris. 

 

 

 Pathogen Prevalence 

 All adult ticks collected with the traditional tick drag and CO2-baited tick drag were 

screened for associated pathogens except for a small number of representative individuals which 

were removed for establishing a voucher collection.  Of the 318 A. americanum adults tested, 

272 (85.53%) were positive for Rickettsia spp. and all sequenced PCR products were most 

 Hosts No. infested 

/No sampled(%) 

No. infested (Average number of ticks per infested host) 

A. amer A. mac D. var I. scap I. tex I. mur H. lepo 

Raccoon  26/46 (56.52) 12 (4)   9 (5) 6 (1)  7 (7)    

  

Opossum  79/179 (44.13)  8 (1)  1 (1) 30 (2) 44 (3)      

  

Grey Fox  3/3 (100)  1 (1)   1 (2) 3 (2)      

  

Eastern 

cottontail 

 3/6 (50) 1 (1)            2 (1) 

Marsh 

rabbit 

1/3 (33.33) 1 (1) 
    

 1(1) 

Cotton rat  9/78 (11.54)   7 (7)   1 (1)       

  

Cotton 

mouse 

 6/129 (5.65)    5 (11)   1 (1)       

  

E. woodrat  2/8 (25)    2 (4)          

  

E. gray 

squirrel 

 1/12 (8.33) 1 (5)            

  

Passerine 

birds 

 23/240 (9.58) 9 (6) 5 (4)   9 (1)   1 (1)  1 (1) 
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closely related to Rickettsia amblyommatis.  All 3 A. maculatum and both D. variabilis tested for 

Rickettsia spp. were positive, with the A. maculatum samples closely resembling Rickettsia 

tamurae (2/3) and the other A. maculatum sample closely aligning with the Boutonneuse fever  

agent: Rickettsia parkeri.   The D. variabilis samples most closely resembled Rickettsia 

amblyommatis.  All A. maculatum and D. variabilis ticks tested for E. chaffeensis, E. ewingii, 

and Panola Mountain Ehrlichia were negative.  For A. americanum, 17 out of 318 (5.35%) 

screened ticks were positive for E. chaffeensis, 18 out of 318 (5.66%) were positive for E. 

ewingii, and 12 out of 318 (3.77%) were positive for Panola Mountain Ehrlichia (Table 1.3). 

 Of the 99 Ixodes scapularis adults screened for Borrelia spp., only 2 (2.02%) came back 

as positive and their sequences most closely aligned with Borrelia burgdorferi.  Out of the 3 

adult Ixodes affinis screened for Borrelia spp., all 3 were positive with Borrelia burgdorferi as 

well.  For Anaplasma phagocytophilum, 3 Ixodes scapularis adults were positive (3.03%) and 

none of the Ixodes affinis adults were positive (Table 1.3). 

Table 3.3: 

Pathogen prevalence for six tick-borne pathogens in 5 tick species collected seasonally with 

two different tick drag techniques in Georgia, 2018-2019. 

 

 Pathogen 

Tick 

Species 

Rickettsia 

spp. 

Ehrlichia 

chaffeensis 

Ehrlichia 

ewingii 

Panola 

Mountain 

Ehrlichia 

Borrelia 

spp. 

Anaplasma 

phagocytophilum 

A. 

americanum 

272 / 318 

(85.53%) 

17 / 318 

(5.35%) 

18 / 318 

(5.66%) 

12 / 318 

(3.77%) 

N/A N/A 

A. 

maculatum 

3 / 3 

(100%) 

0 / 3 0 / 3 0 / 3 N/A N/A 

D. variabilis 2 / 2 

(100%) 

0 / 2 0 / 2 0 / 2 N/A N/A 

Ixodes 

scapularis 

N/A N/A N/A N/A 2 / 99 

(2.02%) 

3 / 99 

(3.03%) 

Ixodes 

affinis 

N/A N/A N/A N/A 3 / 3 

(100%) 

0 / 3 
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Table 3.4: 

Resource (monetary and time) investment for three different tick collection methods over 

the course of sampling at 18 sites repeatedly for 4 seasons.  Included are resources such as 

traps, bait, ethanol and tubes but excluded are expenses such as gas, permit applications, 

chemical immobilization drugs and equipment. 

 

Collection Method Total Financial 

Investment 

Per site 

Financial 

Investment 

Time 

Investment 

(Nearest Hour) 

Per site Time 

Investment 

(Nearest Hour) 

Traditional Tick 

Drag 

USD$ 97.37  USD$ 1.35 108 Hours 1.5 Hours 

CO2-Baited Tick 

Drag 

USD$ 920.33 USD$ 12.78 144 Hours 2 Hours 

On-host Tick 

Extraction 

USD$ 5157.21 USD$ 71.63 1112 Hours 15 Hours 

     Mesomammal USD$ 3819.00 USD$ 53.04 672 Hours 9 Hours 

     Rodents USD$ 1237.50 USD$ 17.19 224 Hours 3 Hours 

     Passerine Birds USD$ 101.21 USD$ 1.41 216 Hours 3 Hours 

 

Resource Investment 

 Total time and monetary investment varied by collection method, with more money and 

time spent on on-host tick extractions ($ 5,157.21 and 1112 hours) than both the traditional and 

CO2-baited tick drags.  When examined further, the majority of the time (9/15 site hours) and 

money ($53.04 / $71.63 per site) invested in on-host tick extractions came from mesomammal 

trapping efforts specifically, with rodent and passerine investments more closely resembling 

those of the traditional and CO2-baited tick drags. 
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Discussion 

 We evaluated the effectiveness of two environmental tick collection techniques, the 

traditional tick drag and the novel CO2-baited tick drag, as well as on-host tick extraction and 

compared these methods based on the total number of ticks they collected, number of different 

species they collected, and the amount of resources invested into each method.  The novel tick 

collection method collected a higher abundance of total ticks and was especially effective in the 

bottomland hardwood forest and maritime forest habitats (Figures 3.1 & 3.4), but the majority of 

these ticks were represented by one generalist species: Amblyomma americanum (Figure 3.6).  

As for collecting multiple tick species, the traditional tick drag and CO2-baited tick drag methods 

detected 4 species of tick each (Figure 3.2), including the common tick species Amblyomma 

americanum and Ixodes scapularis as well as the less-frequently collected Amblyomma 

maculatum, Dermacentor variabilis, and Ixodes affinis.  On-host tick extraction collected a 

similar overall tick abundance as the traditional tick drag technique, but detected a total of 7 tick 

species, including 3 (Ixodes texanus, Ixodes muris, and Haemaphysalis leporispalustris) tick 

species not collected with either environmental sampling technique.  Only two tick species were 

collected using all three collection methods: Amblyomma americanum and Ixodes scapularis.  

The CO2-baited tick drag method collected the greatest numbers of Amblyomma americanum, 

specifically in the bottomland hardwood, maritime, and upland mixed forest habitats (Figure 3.6) 

while the three collection methods generally faired similarly in collecting Ixodes scapularis 

across habitats except for the upland mixed forest habitat of the Piedmont region, where on-host 

tick extraction collected significantly higher Ixodes scapularis numbers. 

 As is evident in these results, the tick communities estimated in a specific habitat vary by 

which tick collection method is used.  If specific tick species are targeted, then the use of an 
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efficient tick collection method for that species in the correct habitat type is recommended, but if 

multiple tick species are targeted then multiple tick collection methods are likely necessary to 

collect representative samples of each tick species in the community.  Many studies have found 

that specific collection techniques employing a single stimulus, like a semiochemical stimulus 

such as carbon dioxide, will collect specific tick species or life stages, as with carbon dioxide and 

A. americanum adults and nymphs, thus yielding information on a single tick species and its 

pathogen prevalence but not necessarily representing the tick community as a whole (Ginsberg 

and Ewing, 1989).  Research on tick-pathogen ecology, and specifically on the influences of tick 

species co-feeding and the presence of enzootic vectors on pathogen prevalence, has highlighted 

the importance of assessing not only the prevalence of tick-borne pathogens in human-biting 

vectors, but also the presence and pathogen prevalence of other tick species in these communities 

(Harrison et al., 2010; Ouellette et al., 1997; Wright et al., 2015b).   

 The employment of multiple tick collection methods does, however, come with the 

subsequent costs of deploying more equipment and spending more time at sample sites.  One of 

the main reasons why the traditional tick drag is such a widely used tick collection method is 

because it is cheap, effective at collecting two tick species which are important human-biting 

vectors, and takes little time to employ (Table 3.3).  Using another stimulus such as carbon 

dioxide in the form of dry ice is slightly more expensive and time-consuming than simply 

conducting a tick drag, but it does collect significantly higher numbers of A. americanum, which 

may prove important for pathogen surveillance studies.  The on-host tick extraction method 

collects the greatest species richness of all the tick collection methods compared here, thus better 

representing the tick community than the other two collection methods, but this method required 

a much higher financial and time resource investment.  This method may be the only technique, 
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however, to collect some important and infrequently environmentally detected species such as 

Ixodes texanus, Ixodes muris, and Haemaphysalis leporispalustris. On-host tick extraction also 

collected greater numbers of D. variabilis and A. maculatum, found on the mesomammal group 

and the rodent or bird groups respectively, than the other collection methods, making the 

targeting of on-host tick extraction onto specific wildlife host groups an effective method for 

detecting these ticks in the environment, even though it may be difficult to test collected 

individuals for pathogens.  In this study we did not attempt to compare collection efficiency with 

another important group of tick hosts: large animals (i.e. Odocoileus virginianus, Sus scrofa, 

etc.).  Large animals are important hosts for all stages of some tick species and for the adult 

stages of many tick species, making them another wildlife host group to consider when 

attempting to determine tick community composition in an area. 

 Using effective and efficient tick collection methods given a project’s goals and resource 

limitations is an important way to improve risk assessments for humans and animals to ticks and 

tick-borne pathogens.  Knowing which pathogen is targeted, the specific human-biting vector 

and relevant enzootic vectors, and the appropriate habitats and times of year to collect these tick 

species are all important factors to consider when selecting a tick collection method.  The 

appropriate use of tick collection methods for active surveillance research will provide more 

accurate estimations of tick abundance, distribution, and habitat associations so that this 

information can be relayed into effective public health and animal management strategies.  
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CHAPTER 4:  

SUMMARY AND CONCLUSIONS 

 

 Tick communities vary across a number of different characteristics such species 

composition, relative abundance, as well as host associations and preferences.  These qualities 

affect the likelihood that a person or domesticated animal will encounter a tick carrying a 

disease-causing pathogen.  Determining risk to ticks and tick borne pathogens in an area rely 

upon surveillance methods to estimate tick community parameters.  Active surveillance either 

through direct environmental sampling for ticks or indirect sampling of wildlife hosts represents 

an effective way to estimate these parameters.  In our study comparing three of these active 

surveillance techniques, we found that the total number of ticks collected varied by collection 

method and across habitats and seasons.  In total we collected 2,218 ticks of 8 species using 3 

collection methods across 18 sites over the course of 4 seasons.  Of these, 609 ticks of four 

species (558 Amblyomma americanum, 44 Ixodes scapularis, 3 Amblyomma maculatum, and 4 

Ixodes affinis) were collected via tick drags. For CO2-baited drags, 1089 ticks of four species 

(1029 A. americanum, 57 I. scapularis, 1 Ixodes affinis, and 2 Dermacentor variabilis) were 

collected.  A. americanum larval clusters were recorded as a single tick for this study.  Ticks 

collected off wildlife hosts included 520 individuals of seven species (125 A. americanum, 152 

Ixodes scapularis, 121 D. variabilis, 45 Ixodes texanus, 73 A. maculatum, 3 Haemaphysalis 

leporispalustris, and 1 Ixodes muris).  Significantly more ticks were collected with the CO2-

baited tick drag overall, with more ticks collected in the bottomland mixed hardwood forest 

habitats specifically and in the spring, summer, and winter field seasons.  Wildlife or on-host tick 
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extractions collected significantly higher numbers of ticks only in the upland mixed hardwood 

forest habitat of the Piedmont physiographic region and in the fall season. 

In addition, for two tick species which were collected using all three collection methods, 

number of individuals collected varied by collection method.  For Amblyomma americanum, 

collection methods also varied by habitat and field season while collection methods only varied 

significantly by habitat for Ixodes scapularis.   CO2-baited tick drags collected significantly 

higher numbers of Amblyomma americanum at the bottomland mixed hardwood forest habitat 

types and in the spring field season but did not vary significantly from the other collection 

methods otherwise.  Collection methods did not vary significantly in the total number of Ixodes 

scapularis collected, but they did vary in the number of ticks collected in the upland mixed 

hardwood forest habitat of the Piedmont physiographic region, in which wildlife tick extractions 

collected a greater number of individuals than the other collection methods. 

Six pathogens that can cause disease in humans and animals were also screened for in 

environmentally-collected adult ticks.  Infection prevalence for Rickettsia spp. in A. americanum 

adults tested was 85.53% and all sequenced PCR products were most closely related to Rickettsia 

amblyommatis.  All 3 A. maculatum and both D. variabilis tested for Rickettsia spp. were 

positive, with the A. maculatum samples closely resembling Rickettsia tamurae (2/3) and the 

other A. maculatum sample closely aligning with the Boutonneuse fever fever agent: Rickettsia 

parkeri.   The D. variabilis samples most closely resembled Rickettsia amblyommatis.  All A. 

maculatum and D. variabilis ticks were negative for Ehlrichia spp..  E. chaffeensis infection 

prevalence in A. americanum was 5.35%, 5.66% for E. ewingii, and 3.77% for Panola Mountain 

Ehrlichia (Table 1.3). 
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 Ixodes scapularis infection prevalence for Borrelia spp. was 2.02% and their sequences 

most closely aligned with Borrelia burgdorferi.  Out of the 3 adult Ixodes affinis screened for 

Borrelia spp., all 3 were positive with Borrelia burgdorferi as well.  For Anaplasma 

phagocytophilum, 3 Ixodes scapularis adults were positive (3.03%) and none of the Ixodes 

affinis adults were positive. 

 Total time and monetary investment varied by collection method, with more money and 

time spent on on-host tick extractions ($ 5,157.21 and 1112 hours) than both the traditional and 

CO2-baited tick drags.  When examined further, the majority of the time (9/15 site hours) and 

money ($53.04 / $71.63 per site) invested in on-host tick extractions came from mesomammal 

trapping efforts specifically, with rodent and passerine investments more closely resembling 

those of the traditional and CO2-baited tick drags. 

 As is evident in these results, the tick communities estimated in a specific habitat vary by 

which tick collected method is used.  If specific tick species are targeted, then the use of an 

efficient tick collection method for that species in the correct habitat type is recommended, but if 

multiple tick species are targeted then multiple tick collection methods are likely necessary to 

collect representative samples of each tick species in the community.  Assuming that a single 

collection method employing a single activating stimulus is accurately representing multi-species 

or even single-species tick community diversity can lead to dangerously inaccurate conclusions 

that may impact public health interventions (Ginsberg and Ewing, 1989).  Research on tick-

pathogen ecology, and specifically on the influences of tick species co-feeding and the presence 

of enzootic vectors on pathogen prevalence, has highlighted the importance of assessing not only 

the prevalence of tick-borne pathogens in human-biting vectors, but also the presence and 
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pathogen prevalence of other tick species in these communities (Harrison et al., 2010; Ouellette 

et al., 1997; Wright et al., 2015b).   

 The employment of multiple tick collection methods does, however, come with the 

subsequent costs of deploying more equipment and spending more time at sample sites.  One of 

the main reasons why the traditional tick drag is such a widely used tick collection method is 

because it is cheap, effective at collecting two tick species (Ixodes scapularis and Amblyomma 

americanum) which are important human-biting vectors, and takes little time to employ (Table 

3.3).  Using another stimulus such as carbon dioxide in the form of dry ice is slightly more 

expensive and time-consuming than simply conducting a tick drag, but it does collect 

significantly higher numbers of A. americanum, which may prove important for pathogen 

surveillance studies.  The on-host tick extraction method collects the greatest species richness of 

all the tick collection methods compared here, thus better representing the tick community than 

the other two collection methods, but this method required a much higher investment of financial 

time resource.  This method may be the only technique, however, to collect some important and 

infrequently environmentally detected species such as Ixodes texanus, Ixodes muris, and 

Haemaphysalis leporispalustris. On-host tick extraction also collected greater numbers of D. 

variabilis and A. maculatum, found on the mesomammal group and the rodent or bird groups 

respectively, than the other collection methods, making the targeting of on-host tick extraction 

onto specific wildlife host groups an effective method for detecting these ticks in the 

environment, even though it may be difficult to test collected individuals for pathogens.  In this 

study we did not attempt to compare collection efficiency with another important group of tick 

hosts: large animals (i.e. Odocoileus virginianus, Sus scrofa, etc.).  Large animals are important 

hosts for specialized tick species and for the adult stages of many tick species, making them 
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another wildlife host group to consider when attempting to determine tick community 

composition in an area. 

 Using effective and efficient tick collection methods given a project’s goals and resource 

limitations is an important way to improve risk assessments for humans and animals to ticks and 

tick-borne pathogens.  Knowing which pathogen is targeted, the specific human-biting vector 

and relevant enzootic vectors, and the appropriate habitats and times of year to collect these tick 

species are all important factors to consider when selecting a tick collection method.  The 

appropriate use of tick collection methods for active surveillance research will provide more 

accurate estimations of tick abundance, distribution, and habitat associations so that this 

information can be relayed into effective public health and animal management strategies. 
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