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Summary
The status of tick-borne diseases (TBD) in the southeastern United States is uncertain due to a number of factors but not limited to emerging pathogens, misdiagnoses, and modifications to landscapes (Cohen et al. 2010, Moncayo et al. 2010, Stromdahl and Hickling 2012). Ehrlichiosis and Rickettsiosis are two of the most common TBDs caused by Ehrlichia and Rickettsia bacteria, which can be transmitted by a number of different tick species (Cohen et al
. 2010, Moncayo et al. 2010). The objective of this study was 
to identify and characterize the potential role of Amblyomma americanum (the Lone Star tick) in TBDs by (1) identifying the peak activity and distribution of each life stage and (2) identifying the pathogen prevalence and distribution in western Tennessee. 

Using vegetation drags and CO2 traps, ticks were collected monthly from April to September 2012 from 100 different sites within the Ames Plantation Research and Education Center (Ames). For A. americanum we identified the peak activity and correlated environmental variables for each life stage using an ANCOVA. Additionally, identified adult A. americanum (n = 926) were screened for Ehrlichia spp. (Takano et al. 2009) and Rickettsia spp. (Eremeeva et al. 1994, Mancayo et al. 2010) to identify which pathogens were potentially present at Ames. Using ArcGIS we displayed A. americanum collections by life stage and indicated locations with positive tick samples. These data were then analyzed for correlations with environmental variables. Significant environmental associations for life stages were displayed in ArcMAP to identify locations with increased tick populations and increased pathogen presence. To determine if there was clustering by life stage or pathogen prevalence Moran’s I values were calculated for each life stage and for each pathogen. 

The
 total number of ticks collected at Ames Plantation was 17,684; of which the specimens consisted of A. americanum (85.8%), Dermacentor variabilis (14.1%), and Amblyomma maculatum (0.3%). Larval A. americanum populations (46.8% of specimens) peaked in August and were significantly correlated with 0-50% ground cover and lower temperatures. Nymphal A. americanum populations (33.7% of specimens) peaked in June, and were significantly correlated with 0-50% ground cover. Adult A. americanum populations (5.3% of specimens) peaked in June and were significantly correlated with increased basal area. Of the 926 adult A. americanum screened for Ehrlichia and Rickettsia bacteria, 1.8% (n = 16) and 38% (n = 353) were PCR positive, of which 7 ticks (0.76%) were positive with both pathogens. All sequenced Rickettsia were confirmed as R. amblyommii and the 16 Ehrlichia sequences were identified as 11 E. ewingii, 1 E. chaffeensis, 2 Panola Mountain Ehrlichia, and 2 Anaplasma odocoilei. The prevalence of R. amblyommii was significantly associated with bottomland hardwoods and deep, well drained soils, but none of the environmental variables were significantly associated with Ehrlichia prevalence. Clustering analyses with Moran’s I indicated no significant clustering among life stages or by either pathogen. The identification of pathogens and co-infections within A. americanum from western Tennessee warrants further investigations to understand the role ticks and their environment have in the distribution of TBD. Research like this will provide insight into improving best management practices and inform the public on how to protect themselves from ticks and their associated pathogens. 
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1 Introduction
1.1
Abstract

Amblyomma americanum L. (The Lone Star tick) was the first human biting tick described in 1754, and has since been regarded as an economically important pest of humans and livestock (Hair and Howell 1970). Although extremely abundant, serious attention was not given to A. americanum as a vector of human pathogens until the identification of Ehrlichia species in the early 1990’s (Childs and Paddock 2003). To date the role of A. americanum in many human and animal disease cycles remains unclear at a time when the status of tick-borne disease cycles in the southeast are uncertain. Perhaps more clear yet frightening, is the increase in human tick borne disease cases in the southeast (including Tennessee) and the increasing abundance of A. americanum  and its associated pathogens in the southeast region. This review aims to summarize what is currently known about A. americanum development, hosts, distribution, ecology, and associated pathogens to provide a platform for research conducted in part to clarify the uncertainty surrounding tick-borne disease in the southeastern United States.   
1.2 Background and Significance
1.2.1 Tick Vectors of Concern in Tennessee

Ticks are ideal vectors of disease and are known to transmit a wider variety of zoonotic pathogens than any other known arthropod vector (Sonenshine 1991). One explanation is that ticks are more efficient vectors of disease because their internal tissues shed more gradually promoting maintenance of biological agents and allowing for pathogen transmission throughout different life stages (Hoogstraal 1980). Their affinity in human and animal disease cycles come from the various adaptations ticks have undergone such as long life cycles across multiple seasons, high reproductive potential, highly sclerotized bodies providing protection from the environment, and relative freedom from natural enemies (Mullins and Durden 2002). During their relatively long lifecycles hard ticks like A. americanum must feed three separate times on three potentially different hosts (including humans). The feeding process is slow allowing more time for increased pathogen dissementiation and an increased likelihood for pathogen transmission (Sonenshine 1991, Mullins and Durden 2002). While feeding ticks actively secrete saliva with pharmacologically active biological agents who are believed to promote feeding success, but also aid in the transmission of pathogens (Mullins and Durden 2002). 
Currently there are five tick species in Tennessee that are commonly encountered by humans and pets; black-legged tick (Ixodes scapularis Koch), American dog tick (Dermacenter variabilis Say), lone star tick (Amblyomma americanum L.), gulf coast tick (Amblyomma maculatum Koch), and brown dog tick (Rhipicephalus sanguineus Latreille) (Durden and Kollars 1992). While all of the ticks are capable of transmitting one or more pathogens, A. americanum is the most frequently encountered tick species in the southeastern United States. This rate of encounter makes it a public health concern because it is a nuisance, bites cause serious allergic reaction, and has been implicated in the transmission of pathogens to humans and animals (source). Perhaps most disconcerting, is its generalist and aggressive feeding behavior which leads it to actively seek out potential hosts (including humans) from which to feed. The aggressive nature is best documented on white-tailed deer fawns, Hair (1979) documented A. americanum abundance on a host that led to severe exsanguination and caused death. Additionally, A. americanum will feed on humans opportunistically at every life stage with such aggression that a larval A. americanum (commonly referred to as seed ticks ) have been found parasitizing sensitive regions such as the conjunctiva of the human eye making simple tick removal hazardous (Bode et al. 1987). 
1.2.2 Lone Star Tick Development and Control
Ticks are in the class Arachinda, and have evident physiological differences when compared to that of their insect vector counterparts. The most obvious differences are the lack of body segmentation and three pairs of walking legs in the mature stage which all insects share in common. In addition, ticks do not have a brain or ventral nerve cord instead their central nervous system is concentrated into a singular nerve mass called the synganglion (Sonenshine 1991). Hard ticks have three morphologically different life stages: larvae, nymphs, and adults. Larvae have three pairs of walking legs while nymphs and adults have four. Only adult ticks display sexual features such as the genital aperture located on the opisthisoma. Adult ticks are sexually dimorphic (Figure 1.1) and exhibit varying feeding behaviors. Female ticks feed for longer periods of time because their scutum extends only partly down the dorsal surface of the cuticle enabling their bodies to be more elastic; while male hard ticks feed for shorter periods of time because they cannot engorge due to a scutum which extends the entire length of the dorsal surface of the cuticle (Sonenshine 1991). 
	[image: image1.jpg]


Figure 1.1:Sexual dimorphism among male (Left) and female (Right) adult Amblyomma americanum


Feeding behavior differs not only between sexes, but between life stages as well. For most Ixodid ticks like A. americanum, larvae tend to feed for the shortest amount of time while adult females feed for the most prolonged amount of time (Sonenshine 1991, source). Additionally differences in feeding durations have even been demonstrated among ticks within the same life stage even under identical environmental situations (Sonenshine 1991, source). Thus, tick feeding duration is not heavily influenced by environmental factors such as temperature and humidity, but is strongly influenced by variables related to the host such as immunity (Sonenshine 1991, source). Tick species like A. americanum feed on a variety of host species some of which include white-tailed-deer (Odocoileus virginianus), and wild turkey (Meleagris gallopavo) (source). These significantly different host classes have differing levels of sensitivity to the biological agents in tick saliva depending on the number of previous tick bites (Sonenshine 1991, source). It is this steadily developing sensitivity that will dictate the amount of time future ticks feed on a host in order to secure a blood meal large enough to successfully molt.
In addition to the energy supplemented by hosts during tick development, hosts also serve as a mechanism for dispersal. Before acquiring a host, ticks must employ host seeking strategies namely ambush and hunter strategies (Mullens and Durden 2002). Of the two the ambush strategy is the technique employed by A. americanum during host seeking. This tactic involves crawling up vegetation and waiting (potentially hours) for an unsuspecting host to pass by and brush up against the vegetation where the tick is waiting (termed questing) (Mullins and Durden 2002). Questing ticks in temperate regions such as the United States are strongly influenced by host cues such as CO2, NH3, and body heat (Sonenshine 1991). The time of year and duration of questing behavior is reliant upon environmental conditions such as ambient temperature. As ticks quest they are exposed to the environment and prone to desiccation; ticks must descend the vegetation every so often to reacquire moisture from the cooler humid ground layer (Knulle and Rudolph 1982, Sonenshine 1993). Once A. americanum have latched onto one of the many transient hosts classes available they will feed for several days at which time they will drop off of the host into a naïve environment. It is this exhibition of generalist and aggressive behavior that has resulted in the continuing expansion of the A. americanum zoogeographic range in the United States. Currently, they are found in west-central Texas, north to the lower Midwest, east to the Atlantic coast, and northward to Maine (Paddock and Childs 2003, Goddard and Varela Stokes 2009) (Figure 1.2).
The range of A. americanum is so extensive that seasonal variation occurs within its geographic distribution in the United States. The seasonal activity of A. americanum in the northern part of its distribution occurs later than in the southeast portion (Schultze et al. 1984). The longevity of the hard tick life cycle is one of the most notable characteristics about tick development. Typically, it’s measured in years and trans-seasonally rather than in days or months like their insect vector counterparts (Sonenshine 1991). For example mosquitoes can complete their entire lifecycle from egg to adult in less than ten days during the warm summer months (Eldridge 2005) and unlike mosquitoes ticks are parasitic at every life stage (Klompen 2005). The life stage that survives trans-seasonally typically depends on the tick species (Sonenshine 1991). In the southeast, A. americanum are active from spring until early fall, but typically overwinter as nymphs and emerge in the spring to actively seek a host, and molt (Goddard and Varela Stokes 2009). Adult activity peaks in May or June and diminishes in July, during this time adults will seek a large mammalian host to feed and mate upon (Goddard and Varela Stokes 2009). Engorged female A. americanum will lay eggs in the environment after detaching from the host; these eggs will hatch into larvae as early as June in most cases (Goddard 2007, Goddard and Varela Stokes 2009). Typically larvae activity peaks in August and will diminish by October (Goddard and Varela Stokes 2009).  
	Figure 1.2: Distribution of A. americanum as of 2010 courtesy of the Centers for Disease Control and Prevention 2011
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Typically larvae activity peaks in August and will diminish by October (Goddard and Varela Stokes 2009). Larvae that successfully feed in August will molt into nymphs and undergo a diapause until more favorable environmental conditions are present. Diapause is a dynamic state of decreased metabolic and locomotive activity typically onset by unfavorable environmental conditions. Diapause may persist for several weeks or months depending on the tick species and the location, but is typically terminated by the onset of favorable environmental conditions (Sonenshine 1993). It is believed that ixodid ticks like A. americanum developed this ability in response to dynamic changes in climate during the transition from the Mesozoic to Cenozoic era to survive harsh dynamically changing environmental conditions (Sonenshine 1993). In addition to the increased survivability ixodid ticks gain from this adaptation it also enables them to synchronize their development and reproduction during times of maximum food availability (Sonenshine 1993). Each year there are two generations of A. americanum nymphs, one emerging from a previous state of diapause (emerge in spring as early as March) which will feed and become adults and a second which will have just molted into nymphs (late summer) and will undergo a behavioral diapause until more favorable conditions are present (Goddard 2007). 
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In addition to the diversity of Ehrlichia species found Anaplasma odocoilei was also identified within field collected A. americanum. A. odocoilei is a novel Anaplasma species with a strong association to A. americanum; as a result it is commonly found in deer populations throughout the southeastern United States (Brandsma et al. 1999) including Georgia, Oklahoma, Nebraska, Virginia, and Missouri (Little et al. 1997, Lockhart et al. 1997b, Arens et al. 2003). 
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2 Effect of Habitat type and Environmental Variables on the Distribution and Peak Activity of Amblyomma americanum L. at Ames Plantation

Abstract
Introduction

The Lone Star tick, Amblyomma americanum L., is the most frequently encountered tick species in the southeastern United States and is considered both a nuisance and important vector of various Ehrlichia and Rickettsia species with differing pathogenicity to humans and animals (Stromdahl and Hickling 2012). Of serious concern A. americanum is the primary vector of Ehrlichia chaffeensis, causative agent of Human Monocytic Ehrlichiosis (HME),in the southeast (Goddard and Varela Stokes 2009), and has been implicated in the transmission of R. rickettsii, causative agent of Rocky Mountain Spotted Fever to humans (RMSF) (Berrada et al. 2011). In Tennessee, Human Ehrlichiosis is the second most frequently reported tick borne disease second only to RMSF (Cohen et al. 2009), but it is unclear why Ehrlichiosis is so frequently reported (Childs and Paddock 2003, Cohen 2009). One explanation is that the increase in case numbers are the result of better informed physicians, and improved surveillance tools to identify human infections (Childs and Paddock 2003, Cohen et al. 2009). There is speculation that the cases of human illness will continue to increase over the next 25 years as a direct result of increased reservoir host populations, suburbanization, and habitat fragmentation on the geographic distribution of infected A. americanum (Childs and Paddock 2003).  

A. americanum is considered an aggressive and generalist feeder; because of this behavior there are numerous suitable mammalian and non-mammalian hosts such as: small rodents, opossums, squirrels, canids, ground-dwelling birds, and ruminants that it will feed on (Childs and Paddock 2003). Of the numerous hosts mentioned, white tailed deer (Odocoileus virginianus, Zimmermann) have played the biggest role in the dynamic geographic expansion of A. americanum (source, Childs and Paddock 2003). In the early 1900’s, white tailed deer populations had drastically diminished as a result of excessive hunting, but reforestation efforts resulted in a 50 fold increase in white tailed deer populations and by the mid 1930’s white tailed deer populations had increased from a mere 350,000 to 17 million animals (McCabe and McCabe 1970). Although the white tailed deer is considered the principal host of A. americanum other non-mammalian host such as the wild turkey (Meleagris gallopavo, L.) has contributed to the introduction of A. americanum (Means and White 1997, Mock et al. 2001) and eventual spread Ehrlichia into naïve landscapes (Child and Paddock 2003). Currently the distribution of A. americanum ranges from the southeastern United States to south central United States with a few reported cases as far north as Maine (Keirans and Lacombe 1998).
In the southeast part of their distribution A. americanum are active from spring until early fall and are known to feed on humans at every life stage (Goddard and Varela Stokes). Consequently, 90-93% of Ehrlichia and Rickettsia human infections occur during the spring and summer months which coincide with spring and summer outdoor activities (Fishbein et al. 1994, Treadwell 2000, Gardner et al. 2003). During this time men are thought to be at the greatest risk for exposure to infected A. americanum because of the time they spend outdoors occupationally or recreationally in potential tick habitat (Chapman et al. 2006). Preferred A. americanum habitat is described as young second growth oak, hickory, or elm forests with a dense understory and high relative humidity (Hair and Howell 1973). A. americanum can also be found questing in scrub, meadow margins, hedgerows, and marginal vegetation along streams and rivers (Schulze et al. 1997, Paddock and Yabsley 2007). Questing A. americanum can be found in various landscapes, but there are habitats where A. americanum are notably more abundant or active longer seasonally due to external environmental factors associated with each habitat type (Semtner and Hair 1973). 
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The purpose 
of this study was to identify habitat types and environmental variables associated with increased A. americanum nymphal and adult populations in western Tennessee. The identification of these habitats and variables will lead 
to future investigations regarding tick-borne disease management such as habitat specific modifications (e.g., application of acaricides) for control. 
We determined 
the relative density of nymph and adult A. americanum populations in different habitats and different environmental conditions to develop an accurate description of preferred questing habitat for the most abundant and notorious human biting tick in all of the southeastern United States. 
Materials and Methods

Site Selection

Our study site was Ames Plantation Research and Education Center(AMES), a University of Tennessee managed facility in western Tennessee encompassing more than 74.5km2 (18,400 acre) of mixed landscapes. AMES mixed landscapes include a variety of different ecological systems such as commodity row crops (i.e. cotton, soybean, wheat, and corn), forests (i.e. pine, upland hardwoods, and bottomland hardwoods), and pastures (i.e. horse and beef cattle). Each of the different ecological systems provide habitat to different animals and plants including ticks. Current and past research at AMES has focused on quail, deer, wetland ecology, and forest succession. Due to the various landscapes and available hosts, AMES is home to several human biting tick species of which A. americanum is most abundant. Based on a previously established deer harvest grid system (each grid consisting of 150 acres) used currently for Deer Quality Management research at AMES (35.115366 N, -89.216735 W) 100 grids and a single transect representing approximately 0.12km within each grid was selected and represented a single habitat type (pine, upland hardwood, bottomland hardwood, or grassland/pasture). Sites randomly generated in inaccessible areas like rivers where replaced with neighboring grids. All sites were randomly selected and displayed in ArcGIS (ESRI Redlands, CA USA). 

Tick Collection

From each site, ticks were collected monthly from each site May – September 2012 using a combination of vegetation drags and dry ice baiting (CO2 trapping). Vegetation drags were constructed from a 1m2 piece of corduroy cloth attached to a 0.025m diameter wooden dowel rod with a 0.96m rope handle. To collect passively questing ticks (defined here as ticks actively questing on vegetation but not actively dispersing through the vegetation), 30 sec vegetation drags were conducted at each site for a total of six transects or three min
. To collect actively questing ticks (defined here as ticks actively dispersing through the vegetation for a host), CO2 traps were constructed from a 1.9L cylindrical blue cooler (manufacture) with seven holes drilled around the circumference of the cooler to allow CO2 sublimation. Each cooler was filled with approx. 1.6 kg of dry ice and was placed on a 1.37m2 piece of light colored duct cloth in the field; the duct cloth and dry ice remained at each site for a minimum of 12 hr to attract actively seeking ticks. All ticks collected with each sampling method were stored in individually labeled vials containing 80% ethanol, until they were identified to species, life stage, and sex using the keys of (Keirans and Litwak 1989)

Environmental Data Collection

Environmental variables were classified as discrete or continuous for consideration of appropriate statistical analysis (Table 1
). Deciduous habitats were subdivided into upland deciduous (n = ) and bottomland deciduous  (n = ) forests by drainage, soil texture, and woodland tree suitability using soil data (Jamie Evans per comm. 2012
). A 3500 Kestrel unit (Nielson Kellerman Boothwyn, PA) was used to record climate data such as temperature (oC), relative humidity (%RH), and barometric pressure (hPa)  at chest level. and averaged to obtain a single data value for each parameter per site in a given sampling period
. A 10x factor wedge prism (product info) was used to record the basal area (m2/ha) for each transect and then averaged to determine the percent canopy cover at each site (source). Percent ground cover (%) was estimated at the end of each thirty second transect by classifying percent vegetation in a 5m2 area around the end point of each transect, then averaged to obtain a single value for the entire site (source). All habitat and environmental data were displayed in ArcGIS 9.3 
(ESRI, Redlands, CA).

Statistical 
Analysis

Tick count data were log transformed to standardize variance and analyzed along with the environmental variables collected during each sampling period. 
Comparisons 
were made by sampling collection (May – September), collection method (drag – CO2 trap), and total 
in Statistix 8.0 (product info). Analysis of covariance (ANCOVA) was used for habitat preference analysis with vegetation drag tick counts
, and to compare collection methods for each month a one way analysis of variance (ANOVA) was used (program). Least significant difference values were obtained for the significant discrete variables in the habitat preference analysis and the different collection methods and months. 
 Confidence intervals were calculated for significant continuous variables. Z values from Moran’s I were calculated by collection month in Geoda (product info) for environmental variables and A. americanum lifestage counts to investigate spatial autocorrelation in the dataset.  Significant environmental variables were displayed in ArcGIS (ESRI, Redlands, CA) for graphical representation of A. americanum preferred habitat. 

Results.
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3 Identification and Characterization of Amblyomma americanum L. Associated Bacterial Pathogens at Ames Plantation in Southwestern Tennessee
Abstract

The reported incidence of tick-borne disease has increased in the last decade and continues to cause serious human illness and death when left untreated. Previous work in eastern Tennessee implicated Amblyomma americanum in the transmission of Human Monocytic Ehrlichiosis as well as Spotted Fever Group Rickettsiae. Consequently, the objective of this study was to identify different species of Ehrlichia and Rickettsia associated with Amblyomma americanum and each pathogen’s temporal and spatial distribution in western Tennessee. Ticks were collected from May to September 2012, using vegetation drags and CO2 traps. Associations between expected and observed prevalence, habitat type, collection month, and site differences were evaluated using a Chi Square analysis and adjusted with Bonferroni’s Correction. Moran’s’ I values were calculated to assess spatial autocorrelation present for pathogen prevalence and habitat type. Of the 925 adult A. americanum screened for Ehrlichia and Rickettsia bacteria, 1.8% (n = 17) and 38% (n = 353) were PCR positive, of which 8 ticks (0.08%) were positive with both pathogens. All sequenced Rickettsia were confirmed as R. amblyommii and the 17 Ehrlichia sequences were identified as 12 E. ewingii, 1 E. chaffeensis, 2 Panola Mountain Ehrlichia, and 2 Anaplasma odocoilei. The identification of pathogens and co-infections within A. americanum from western Tennessee warrants further investigations to understand the role ticks and their environment have in the distribution of TBD. Research like this will provide insight into improving best management practices and inform the public on how to protect themselves from ticks and their associated pathogens. 

Key Words: Ehrlichia, Rickettsia, Amblyomma americanum, and Tennessee

Introduction
While the southeastern United States has minimal risk of exposure to Borrelia burgdorferi (the causative agent of Lyme disease) (Mixson et al. 2006, Stromdahl and Hickling 2012), other pathogens are present and may account for the large number of tick-borne diseases (TBDs) reported in the region (Mixson et al. 2006, Fritzen et al. 2011, Stromdahl and Hickling 2012). Specifically in the southeastern United States the two TBDs of concern are Ehrlichiosis (Ehrlichia species) and Rickettiosis (Rickettsia species) (Goddard and Varela-Stokes 2009, Moncayo et al 2010, Fritzen et al 2011, Stromdahl and Hickling 2012). Although distinctly different in their etiology and epidemiology Ehrlichia and Rickettsia species are morphologically and genetically similar and invoke diagnostically similar symptoms in human TBD cases (Chapman et al. 2006). These non-Borrelia bacteria are rarely reported in humans due to changing case definitions and clinicians unfamiliar with these TBDs (Goddard and Varela-Stokes 2009, Harmon et al 2010). The most characteristic symptom of human tick borne infection is a rash; however, only 30% of Human Ehrlichiosis and 80% of Human Rickettsiosis patients will present the rash (Dumler and Bakken 1998). The reported incidence of TBD’s has increased in the last decade and continues to cause serious human illness and death when left untreated (CDC 2000, CDC 2003, Chapman et al. 2006).
The bacterial agents that cause Ehrlichiosis and Rickettiosis are transmitted by a variety of tick species including Amblyomma americanum L. (Chapman et al. 2006). The majority of Ehrlichiosis and Rickettiosis cases are reported from the southeastern United States including Missouri, Oklahoma, Tennessee, Arkansas, and Maryland (Chapmen et al. 2006
). Prior to the recognition of Human Ehrlichiosis in 1986, A. americanum was regarded primarily as an economically important nuisance species because it is the most frequently encountered tick in the southeastern United States (Paddock and Childs 2003, Goddard and Varela Stokes 2009). The tick can also transmit E. ewingii, Panola Mountain Ehrlichia, and E. chaffeensis which have been implicated in human Ehrlichiosis cases (Childs and Paddock 2003, Paddock and Yabsley 2007, Loftis et al 2008). While A. americanum is not an efficient vector of R. rickettsii the causative agent of Rocky Mountain Spotted fever (RMSF) (Goddard and Norment 1986), other Spotted Fever Group Rickettsiae (SFGR) may be transmitted by A. americanum more efficiently (Stromdahl and Hickling 2012). 

Previously, the distribution of A. americanum was limited to the southeastern region, but it has expanded its range northward to the lower Midwest and as far north as Maine, likely with the range expansion of white-tailed deer and wild turkeys (Paddock and Yabsley 2007, Goddard and Varela Stokes 2009).  It can also be dispersed by a variety of mammals including opossums, coyotes, turkeys, and white-tailed deer (Ellis 1955, Strohlein and Christensen 1983, Kollars et al. 2000, Merten and Durden 2000, Mock et al. 2001, Childs and Paddock 2003). 

While Tennessee accounts for only 2.4% of reported RMSF cases in the United States, these cases represent 26% of the fatal or severe cases in the country; consequently, these data suggest Tennessee is a potential hotspot for clinically severe RMSF cases (Adjemian et al. 2009). Canines were implicated as possible risk factors in human exposure to tick borne Rickettsial agents due to their close proximity to humans and increased tick burdens (Sexton et al. 1976, Paddock et al 2002). In addition to the direct introduction of infected ticks in the home by dogs, handlers can also come into contact with tick borne Rickettsial agents by simple removal of engorged ticks from their pets (Goddard 1997). Studies investigating the sero-prevalence of Ehrlichia and Rickettsia species in dogs found prevalence’s as high as 20.6% from South Carolina (Beall et al. 2012) and 83% from North Carolina (Breitschwerdt et al. 1987) respectively in dogs from the southeastern United States.     

In 2009, an outbreak of Human Ehrlichiosis in a Tennessee retirement community led to an investigation of A. americanum the predominate vector of E. chaffeensis (Beall et al. 2012). The study identified E. ewingii (6.03%), Panola Mountain Ehrlichia (1.72%), and E. chaffeensis (0.86%) in A. americanum collected in eastern Tennessee (Harmon et al 2010). Vegetation drags were the primary means of collection for that particular study, but other studies have removed A. americanum from canines, humans, and wildlife and identified E. ewingii (0.8%), and E. chaffeensis (2.6%) from 309 A. americanum (Cohen et al. 2009) and R. amblyommii (40%) and R. montana (0.3%) from 655 A. americanum (Moncayo et al. 2010). Despite previous surveillance efforts the uncertainty surrounding tick borne disease in Tennessee continues to persist and people in Tennessee continue to be ravaged by ticks and tick borne diseases like A. americanum and Human Ehrlichiosis, an encounter which can result in death if left untreated. Past monitoring of A. americanum associated bacteria came from ticks collected from vegetation drags and mammals in Tennessee, but did not include dry ice baited traps or a comparison of methods most efficient for collecting pathogen positive ticks. Previous studies have documented differences in the number of pathogen positive ticks collected in Tennessee on a small scale eco region level, but have yet to investigate the large scale interactions between Ehrlichia and Rickettsia positive A. americanum. This study approaches these shortcomings head on in an effort to improve monitoring protocols and further our understanding of the presence of tick borne disease in Tennessee. To address this need our objectives were (1) to screen questing A. americanum for Ehrlichia and Rickettsia species, (2) to investigate the seasonal occurrence, (3) to characterize pathogen positive tick habitat type, and (4) to compare collection methods for Rickettsia and Ehrlichia species positive A. americanum collected from southwestern Tennessee. 

Materials and Methods
Tick Collection and Identification. Ticks were collected from Ames Plantation Research and Education Center (AMES) (35.115366 N, -89.216735 W) in southwestern Tennessee from 100 randomly chosen sites (Figure 1). Sites were sampled six times (May through September 2012) and collections took place between the hours of 7:00am and 7:00pm. Collections were conducted using vegetation drags for ticks questing on vegetation (Falco and Fish 1992) and dry ice baited traps for ticks questing at ground level (Falco and Fish 1992, Kensinger and Allan 2011). Vegetation drags were constructed using a 1m2 piece of corduroy cloth and consisted of six thirty sec drags in an approximate 0.12 km transect representing a singular habitat.  Dry ice baited traps consisted of a 1.9L cylindrical cooler (manufacture http://www.walmart.com/ip/Igloo-Legend-Beverage-Jug-Red-and-White-1-2-Gallon/14550423) with seven holes drilled around the circumference and filled with approximately 5 lbs of dry ice, the dry ice then sublimated from the holes as CO2, a known tick attractant. Dry ice baited traps were placed on a 1m2 piece of light colored duck cloth at each site  for a minimum of 12hrs. All ticks attached to vegetation drags and attracted to the dry ice were stored in ethanol vials until identified to species, sex, and life stage using morphological keys (Keirans and Litwak 1989) at the Medical and Veterinary Entomology lab at the University of Tennessee, Knoxville. 
DNA Extraction and Pathogen Identification.  A total of 925 adult A. americanum representing 98% of the total adult A. americanum collected were screened for Ehrlichia and Rickettsia pathogens. Prior to DNA extraction, each tick was rehydrated in Milli-Q Water (EMD Millipore Billerica, MA) for a minimum of 4 hours to prevent ethanol from disrupting the extraction process.  Each specimen was then longitudinally dissected using a scalpel and blades were sterilized with a Hot Glass Dry Bead Sterilizer (Fisher Scientific Pittsburgh, PA). The left half was stored as a voucher specimen and the right side underwent total DNA extraction using Fermentas Gene Jet Genomic DNA Purification Kit and protocol (Thermo-Scientific Pittsburgh, PA) which yielded a 200ul final product of genomic DNA which was stored at -20oC until pathogen detection via polymerase chain reaction (PCR). Extraction, PCR, and gel electrophoresis were each conducted in different labs with equipment specific to each procedure to prevent contamination. To screen for each pathogen, separate pathogen specific master mixes were made under a laminar flow hood (LabConco Kansas City, MO) using Maxima Hot start (Thermo-Scientific Pittsburgh, PA) with Ehrlichia specific primers (Takano et al. 2009) and Rickettsia specific primers (Eremeeva et al. 1994). PCR reactions used the previously published Ehrlichia (Takano et al 2009) and SFGR (Eremeeva 1994) protocols. Within each 96 well plate, eight positive and eight negative controls (nuclease free water) were used as indicators for optimal PCR conditions as well as contamination absence. Positive controls were obtained from the Vector Borne Disease Section Tennessee Department of Health and consisted of tick DNA previously positive with Rickettsia amblyommii and Ehrlichia chaffeensis. To save time and resources, 5ul of 10 tick DNA extraction final products were pooled into a single tube (~50 ul pooled DNA), and 5ul of that pooled DNA sample was used for primary screening for each pathogen. If the pool was positive each tick from that positive pool was then individually screened for each pathogen. Following each PCR reaction, 8ul of PCR product were loaded onto a 1.5% agarose gel (1x TAE buffer and ethidium bromide) and subjected to gel electrophoresis for two hours at 120 V. To verify the PCR amplicon size a 100bp ladder (Life Technologies Carlsbad, CA) was loaded in four wells of the gel along with the samples. The gel was visualized using ChemiDocTM Universal Hood (Bio-rad Hercules, CA). Ehrlichia PCR products that produced an amplicon for Ehrlichia at ~350 bp were bidirectional sequenced at the University of Tennessee Division of Biology Sequencing Facility (UTDBSF) to confirm positivity and identity. Rickettsia PCR products that produced the ~510 bp amplicon were subjected to a species specific restriction digest using PST I and RSA I restriction enzymes (Regency et al 1991, Eremeeva et al 1994, Moncayo et al 2010). Digested samples with different amplicon patterns from the positive control (R. amblyommii) were also bidirectionally sequenced at UTDBSF for Rickettsia species identity (n =54) and 54 that were identified as R. amblyommii from the digest. Resulting sequence reads were aligned in Sequencher 5.1 (Gene Codes Corporation Ann Arbor, MI) and compared with homologous Genebank sequences in Bio-edit 7.2.0 (IBS Biosciences Carlsbad,CA). Phylogenetic trees were assembled using BEAST v1.0 software package (Drummond and Rambaut 2003) and the consensus tree was generated in FigTree 1.4.0 (Rambaut 2007).
Statistical Analysis. Pathogen prevalence was calculated by dividing the number of PCR positive samples by the total number of adult A. americanum screened. Contingency tests (chi-square) were used to compare pathogen prevalence, monthly prevalence, habitat prevalence, number of positive sites, and efficacy of trapping methods for Ehrlichia and Rickettsia positive adult A. americanum collected. Bonferroni’s correction was used to adjust calculated P values to prevent type I error caused by the various comparisons. Lastly Moran’s I z values were calculated for pathogen positive sites to test for spatial autocorrelation. A k-nearest neighbors spatial weight (N=4) was used for our pathogen positive site evaluation after examining the spatial weight histogram and determining no islands existed in the connectivity of our data. 

Results

Pathogen Identification. Of the 925 adult A. americanum screened 1.8% (17/925) were PCR positive for Ehrlichia, 38% (353/925) were positive for SFGR, and 0.08% (8/925) were PCR positive for both pathogens. Four different Ehrlichia species were identified in adult A. americanum at 13% (13/100) of sites sampled (Figure 1) Of the 17 Ehrlichia positives 70% (12/17) were E. ewingii and represented seven different SNPs with 97-100% homology to GenBank sequence AF19527.1 (Table 1a), 6% (1/17) were E. chaffeensis and represented one SNP with 99% homology to GenBank sequence L10917.1 (Table 1b), 12% (2/17) were Panola Mountain Ehrlichia and were 100% homologous to previously published GenBank sequence HQ658904, and 12% (2/17) were Anaplasma odocoilei and represented two SNP’s that were 99% homologous to GenBank sequence JX876642 (Table 1c). All 353 positive SFGR were identified as R. amblyommii (353 restriction digest, 54 sequencing) and represented seven different sequence variants characterized by seven SNPs (Table 2). These seven variants were homologous with previously published GenBank sequences 97-100% EF450696 and 96-100% HM446484 and were identified at 79% (79/100) of the sites sampled (Figure 2). Of the 0.08% (8/926) adult A. americanum which tested positive for both Ehrlichia and Rickettsia six were sequenced, 75% (4/6) tested positive for E. ewingii and R. amblyommii and 25% (2/6) tested positive for Panola Mountain Ehrlichia and R. amblyommii. 

Pathogen Characterization. We first calculated the expected prevalence as 8.6% (Harmon et al 2010) and 40% (Moncayo et al 2010) for Ehrlichia and Rickettsia respectively. The number of expected positive ticks was then calculated using the given prevalence (Bhattacharyya and Johnson 1977). The observed prevalence of Ehrlichia in the 925 adult A. americanum tested was significantly lower (X2 = 42.23; df = 1; P < 0.001) than the expected prevalence given for eastern Tennessee (Harmon et al. 2010). However there was no significant difference (X2 = 0.07; df = 1; P = 0.2463) between the observed prevalence of R. amblyommii in field collected A. americanum from southwestern Tennessee and the expected prevalence of R. amblyommii in A. americanum for Tennessee (Moncayo et al. 2010).
There was no significant difference (X2  = 0.04; df =2; P = 0.4286) found between the number of Ehrlichia positive ticks collected during any one month, but there was a significant relationship (X2 = 5.58; df = 3; P < 0.001) between collection month and the number of R. amblyommii positive ticks collected (Table 3). A significant difference (X2 = 6.47; df = 3; P < 0.001) was found between the number of Ehrlichia positive ticks and the type of habitat sampled, but no such relationship (X2 = 0.86; df = 3; P = 0.28622) was identified for R. amblyommii positive ticks (Table 4). There was no significant difference (X2 = 0.07; df = 1; P = 0.2244) identified for the number of positive ticks collected at our chosen sites. Sites which tested positive for E. ewingii (Z = -0.0111), E. chaffeensis (Z = -0.0076), Panola Mountain Ehrlichia (Z = 0.2398) and A. odocoilei (Z = -0.0230) were dispersed randomly throughout our chosen sampling sites. The R. amblyommii positive sites (Z = 0.0306) and those sites which tested positive for both pathogens (Z = -0.15) were also dispersed randomly throughout our chosen sampling sites. Additionally, no trapping method was significantly better at collecting adult A. americanum positive for Ehrlichia (X2 = 0.15; df = 1; P = 0.1535) and Rickettsia (X2 = 0.01; df = 1; P = 0.3667) (Table 5). 
Discussion

This study evaluated the prevalence of Ehrlichia and Rickettsia in southwestern Tennessee, with a specific focus on Amblyomma americanum. Post PCR sequencing of the 925 adult A. americanum identified three Ehrlichia (E. ewingii, E. chaffeensis, Panola Mountain Ehrlichia) one Anaplasma (A. odocoilei), and one Rickettsia (R. amblyommii) species. Despite the lower prevalence of Ehrlichia species found in A. americanum collected from western Tennessee the detection of these pathogens is enough to implicate them as possible suspects in human disease cases in western Tennessee (Cohen et al. 2009). In addition to the pathology related to human and animal disease, a greater diversity of pathogenic Ehrlichia related organisms found in western Tennessee complicates proper diagnosis of human and animal disease and increases the need for proper and consistent surveillance efforts. Although, A. americanum have been implicated in the maintenance of Rocky Mountain Spotted Fever in nature (Stromdahl and Hickling 2012, Berrada et al. 2011, Burgdorfer 1974) no R. rickettsii was detected in field collected A. americanum. The only member of the SFG Rickettsiae detected was R. amblyommii a non-pathogenic member. The high (38%) detection of this non-pathogenic bacterium in field collected A. americanum adults does not implicate this tick in the transmission of pathogenic SFGR to any great degree at this time, but it does complicate the proper diagnosis of Human Rickettiosis. Tennessee is an epicenter for clinically severe or fatal cases of Human Rickettiosis (Adjemian et al. 2009). Finding co-infections of Ehrlichia and Rickettsia related organisms in field collected A. americanum is of serious health concern. Aside from pathological risk tick borne co-infections have in human health concerns, they also complicate the proper reporting of tick borne infections in the state. Due to their similar clinical manifestations a patient may be diagnosed with RMSF, but actually be infected with a pathogenic Ehrlichia related organism such as E. chaffeensis (Apperson et al. 2008).

After identifying the Ehrlichia and Rickettsia species present in adult A. americanum we focused on characterizing positive tick seasonal, habitat, and trapping preferences. Ehrlichia positive ticks had no seasonal or trapping preference, but grass sites hosted significantly more Ehrlichia positive ticks then the other habitat types sampled. One possible explanation for the increased prevalence of Ehrlichia species in the grass areas is availability of infected reservoir hosts. The majority of grass sites sampled at Ames Plantation are home to the National Bird Dog trials held in western Tennessee. AMES releases a large number of ground dwelling bobwhite quail (Colinus virginianus) to accommodate the needs of the bird dog trials. Forage grasses such as fescue and lespedeza are grown amongst the grass sites to support the nesting needs of the bobwhite quail as well as other ground dwelling birds such as the wild turkey (Meleagris gallopavo) which also uses the grasses to nest. Both species of ground dwelling birds are known hosts of A. americanum and wild turkeys are suspected reservoir hosts of Ehrlichia species (Harmon et al 2010). In addition to the nesting provided by the grasses, they also provide cover to protect from predators such as coyotes. Like most predators coyotes spend much of their time searching for prey such as ground dwelling birds to feed upon; because of this behavior they might  frequent forage grasses regularly. Coyotes serve as a host for every life stage of A. americanum and have been identified as a significant source of natural infection for Ehrlichia species (Kocan et al.2000). Of serious concern the dogs which participate in the bird trials are known reservoir hosts of Ehrlichia and Rickettsia species and are capable of introducing or transporting the human pathogens to naïve locations via the ticks they come in contact with while participating in the sport (Nicholson et al. 2010). Rickettsia positive ticks had no habitat or trapping preferences, but adult A. americanum collected in May had a significantly lower prevalence of R. amblyommii when compared to prevalence’s detected in later sampling months. The comparably low numbers of A. americanum adults collected during May suggests seasonal variation by location is a possible explanation for the low prevalence of R. amblyommii detected. The typical peak activity for adult A. americanum in the southeast is May or June (Goddard and Varela Stokes 2009), but peak activity can varying between months depending on the type of environmental conditions present that year. If the climate is unfavorable ticks will undergo a behavioral diapause and remain inactive (Sonenshine 1993), and because they would not be actively questing the number of positive ticks collected would decrease. Our results indicated that the peak activity for A. americanum in western Tennessee is June. This finding is consistent with previous work surveying A. americanum abundance in Mississippi, Tennessee’s neighbor to the southwest, which found peak activity of adults to be in mid-June (Goddard 1997). 

Conclusions

In this study, we documented the various Ehrlichia and Rickettsia species associated with A. americanum collected from western Tennessee. A lower prevalence of Ehrlichia was detected than expected, but interestingly enough a greater diversity was found. Much needed habitat considerations were applied to positive tick collections which led to the identification of Ehrlichia species habitat preferences at our positive sampling sites. Seasonal variations of R. amblyommii prevalence were explored and distributions of pathogens at AMES were investigated. Further research is warranted at Ames Plantation to explore the diversity of tick borne bacteria present, and to investigate the extent of possible combinations of these bacteria co-infecting the human biting tick species of Ames Plantation. The results of this study provide preliminary insight into improving surveillance protocols for pathogen positive tick species as well as documenting Ehrlichia and Rickettsia species present at AMES including the unique combinations these bacteria found within adult A. americanum collected during the study.  
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Table 1a: Seven sequence variants (298 base pairs) of Ehrlichia ewingii identified in adult A. americanum (N=12) sequenced after targeting the groEL gene for Ehrlichia species
	Sequence
	Accession       
	%
	N
	Base Pairs
4      17      38       50      97      247   259     275    289    292   293     294     296  297

	GenBank
	AF195273.1
	100
	NA
	A
	-
	-
	-
	G
	-
	-
	T
	G
	T
	T
	A
	A
	G

	Variant  0806
	AF195273.1
	100
	5
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Variant  0618
	AF195273.1
	97
	2
	C
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Variant  0478
	AF195273.1
	97
	1
	.
	.
	.
	.
	.
	.
	.
	C
	A
	A
	A
	T
	T
	-

	Variant  0885
	AF195273.1
	99
	1
	.
	T
	T
	C
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Variant  0808
	AF195273.1
	99
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	A
	.
	T
	.
	A

	Variant  0810
	AF195273.1
	99
	1
	.
	.
	.
	.
	A
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Variant  0821
	AF195273.1
	99
	1
	.
	.
	.
	.
	A
	A
	A
	.
	.
	.
	.
	.
	.
	.


	Sequence
	Accession
	% 
	N
	Base Pairs

    31               52

	GenBank 
	L10917.1
	100
	NA
	-
	-

	Variant 0822
	L10917.1
	99
	1
	T
	T


Table 1b: Sequence variant Ehrlichia chaffeensis (349 base pairs) identified in adult A. americanum (1) sequenced after targeting the groEL gene for Ehrlichia species
Table 1c: Two Sequence variant of Anaplasma odocoilei (295 base pairs) identified in adult A. americanum (2) sequenced after targeting the groEL gene for Ehrlichia species

	Sequence
	Accession
	%
	N
	Base Pairs
    13                21                40

	GenBank
	JX876642
	100
	NA
	-
	-
	-

	Variant 0820
	JX876642
	99
	1
	T
	C
	A

	Variant 0893
	JX876642
	99
	1
	.
	C
	.


Figure 1: groEL identified species phylogeny (A) and distribution (B) of positive sites (N=13) at Ames Plantation Research and Education Center
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(A). Phylogeny of groEl identified species (300 base pairs) in adult A. americanum collected from Ames Plantation Research and Education Center in southwestern Tennessee identified using groEl primers (Takano et al 2009, Harmon et al 2010). Dark grey highlights our sequence variants and closely related pathogenic Ehrlichia species 
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(B). Distribution of groEl identified species positive sites (N=13) at Ames Plantation Research and Education Center in southwestern Tennessee from testing adult A. americanum using groEl primers (Takano et al. 2009, Harmon et al. 2010). (A) Map of the counties of western Tennessee and location of Ames Plantation, (B) distribution of total Ehrlichia and Anaplasma species positive sites at Ames Plantation, (C) distribution of Ehrlichia ewingii positive sites, (D) distribution of Ehrlichia chaffeensis positive sites, (E) distribution of Panola Mountain Ehrlichia positive sites, and (F) distribution of Anaplasma odocoilei positive sites. 

Table 2: Seven sequence variants (478 base pairs) of Rickettsia amblyommii identified in adult A. americanum (N=54) sequenced after Spotted Fever Group Rickettsiae pathogen screening targeting the ompA gene 

	Sequence
	Accession
	%
	N
	Base Pairs 
31     35      36      37      39      45      46      59      71    177     337    440    461   468   472  475 

	GenBank
	EF450696
	100
	NA
	T
	G
	-
	-
	C
	-
	A
	A
	A
	C
	T
	-
	-
	-
	T
	A

	Variant 0009
	EF450696
	100
	48
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Variant 0206
	EF450696
	99
	1
	.
	.
	.
	.
	.
	.
	.
	.
	C
	.
	.
	.
	.
	.
	.
	.

	Variant 0269
	EF450696
	96
	1
	T
	C
	G
	C
	T
	A
	C
	.
	.
	.
	.
	.
	.
	.
	C
	T

	GenBank
	HM446484.1
	100
	NA
	T
	G
	-
	-
	C
	-
	A
	A
	A
	C
	T
	-
	-
	-
	T
	A

	Variant 0050
	HM446484.1
	99
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	A
	.
	.
	A
	.

	Variant 0203
	HM446484.1
	99
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	C
	.
	.
	.
	.
	.

	Variant 0799
	HM446484.1
	98
	1
	A
	.
	.
	.
	.
	T
	.
	T
	.
	.
	.
	.
	A
	.
	.
	.

	Variant 0803
	HM446484.1
	97
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	G
	.
	.
	.
	.
	.
	.


Figure 2: ompA identified species phylogeny (A) and distribution (B) of positive sites (N=79) at Ames Plantation Research and Education Center 


(A) Phylogeny of Rickettsia amblyommii in adult A. americanum collected from Ames Plantation Research and Education Center in southwestern Tennessee identified using ompA primers (Eremeeva et al 1994, Moncayo 2010). Light grey highlighting pathogenic members of the Spotted Fever Group Rickettsiae (SFGR), and dark grey highlights our sequence variants and non-pathogenic SFGR individuals.
(B). Distribution of ompA identified species positive sites (N=79) at Ames Plantation Research and Education Center in southwestern Tennessee from testing adult A. americanum using ompA primers (Eremeeva et al. 1994, Moncayo et al. 2010). The map on the left is an overview of western Tennessee counties and the location of Ames Plantation. The map on the right displays the 79 sites which tested positive for R. amblyommii.
Table 3: Seasonality and frequency of tick-borne bacteria in adult A. americanum tested using ompA and groEL primers for identification of Rickettsia and Ehrlichia species at Ames Plantation in southwestern Tennessee

	Month
	Adults 
Collected
	Adults 
Screened
	ompA
Pos/total
	groEL
Pos/total
	Co-infections
Pos/total

	May
	220
	214
	67/214 

(31%)
	5/214 

(2.3%)
	2/214 

(0.9%)

	June
	387
	384
	154/384 

(40%)
	0/384 

(0%)
	0/384 

(0%)

	July
	251
	242
	97/242 

(40%)
	10/242 

(4.1%)
	5/242 

(2.0%)

	Aug
	88
	85
	35/85 

(41%)
	2/85 

(2.4%)
	1/85 

(1.1%)

	Sept
	0
	0
	0
	0
	0


Table 4: Habitat type and frequency of tick-borne bacteria in adult A. americanum tested using ompA and groEL primers for identification of Rickettsia and Ehrlichia species at Ames Plantation in southwestern Tennessee

	Habitat
	Adults 
Collected
	Adults 
Screened
	ompA
Pos/total
	groEL
Pos/total
	Co-infections
Pos/total

	Bottomland 
Hardwood
	203
	191
	79/191 (41%)
	1/191 (0.5%)
	0/191 

(0%)

	Pine 
	253
	248
	96/248 (39%)
	7/248 (2.8%)
	3/248

(1.2%)

	Grass/Pasture
	68
	64
	21/64 

(33%)
	3/64 

(4.6%)
	0/64 

(0%)

	Upland 
Hardwood
	422
	422
	157/422

(37%)
	6/422

(1.4%)
	5/248

 (2.0%)


Table 5: Trapping Method and frequency of tick-borne bacteria in adult A. americanum tested using ompA and groEL primers for identification of Rickettsia and Ehrlichia species at Ames Plantation in southwestern Tennessee

	Trap Type
	Adults 
Collected
	Adults 
Screened
	ompA
Pos/total
	groEL
Pos/total
	Co-infections
Pos/total

	Vegetation
Drag
	361
	340
	129/340 (38%)
	7/340 (2.1%)
	2/340 
(0.5%)

	Dry Ice Baited
	585
	585
	224/585
(38%)
	10/585
(1.7%)
	6/585 
(1.0%)
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�I stopped here, after al is a . Hendricks et al. 2013  - keep an eye out but so far you’ve missed everyone


�You’ve finished it so it is now past tense


�Needs updated


�Purpose sentence


�Reason sentence


�Are you comparing methods with variables? If so, include it, if not remove it


�Another purpose sentence


�This is eerily similar to the acorn grant


�Are you really calculating how many ticks you would get / hr for each site?


READ how others word this


�Did you record these every time you collected or only once per the entire sampling scheme? There is nothing in here on when you did these collections, for all we know you did them in 1999


�I keep thinking you are going to go ahead and make this table


�How was this really done? This may be true but how would you explain this to someone so they could repeat it?


�WHAT?


�Why?


�You need to include why you did each statistical test


�Rewrite this sentence, flow is not there; I have no idea what you did


�What comparisons? Why?


�Total what? 


�What are you REALLY trying to do?


�I have no idea what you are trying to write…way too many nouns and ‘and’s





Break this up into each objective or question…this will then guide your results


Overall associations


Trap – month 


Total, �What did you get, seasonality? Trap differences?


�Describe the habitat, number of each different variable, what did you get?


�I forget if you were looking at totals or 


�Only the drag collections


�Only the Co2 traps, no climate variables b/c no hobo station


�Give me one or two more huzaah sentences in this paragraph, so what?
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