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Abstract.  The blacklegged tick, Ixodes scapularis Say, is the principal vector of 
Borrelia burgdorferi Johnson, Schmid, Hyde, Steigerwalt & Brenner east of the 
Rocky Mountains.  The population genetic structure was determined using DNA 
sequences of a 253-bp region of the mitochondrial DNA rRNA 16S gene from 46 
blacklegged ticks collected from canines, Canis lupus familiaris L., and white-tailed 
deer, Odocoileus virginianus (Zimmermann), in four Arkansas ecoregions.  Of the 
253 nucleotide characters, 21 were variable.  Eighteen haplotypes were identified of 
which 11 occurred only once.  Most of the sequences were haplotype Ix9 (30%) 
which was found in all three ecoregions and on both host species.  Molecular 
phylogenetic relationship of the 18 blacklegged tick haplotypes was constructed 
using other Ixodes species as outgroup taxa, and two I. scapularis clades were 
found representing the American and Southern lineages.  Our results indicated that 
blacklegged tick is genetically variable in Arkansas, and the presence of the 
American lineage increases the risk for Lyme disease in Arkansas. 
 

Introduction 
 

 Lyme disease, Borrelia burgdorferi Johnson, Schmid, Hyde, Steigerwalt & 
Brenner, is transmitted primarily by the blacklegged tick, Ixodes scapularis Say 
(Oliver et al. 1993).  The tick is common throughout eastern North America, along 
the Atlantic coast, the Midwest, and the Gulf coast (Dennis et al. 1998).  
Blacklegged ticks from all of the regions have transmitted Lyme disease in 
laboratory settings (Oliver et al. 1993).  Adult ticks commonly infest canines, Canis 
lupus familiaris L. (Daniels et al. 1993), white-tailed deer, Odocoileus virginianus 
(Zimmermann) (Apperson et al. 1990), and other mammals (Estrada-Pena and 
Jongejan 1999).  Consequently, the presence of the tick on canines and deer 
combined with antibodies in the serum of the host can provide a measurable risk for 
Lyme disease (Daniels et al. 1993).  Further understanding of the ticks on the two 
host species may illustrate that risk. 

Population genetic studies on blood-feeding arthropods provides information 
on the population structure of an ectoparasite, creates inferences and predictions 
into pathogen transmission, and identifies areas of high and low selection pressure 
(Black et al. 2001).  Genetic variability of ticks is often influenced by population size 
and migration; whereas the amount of genetic variation is best described by host 
abundance, host mobility, and degree of host specificity (Hilburn and Sattler 1986).  
________________________   

1Acari: Ixodidae 
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The expected high levels of gene flow in ectoparasites can be attributed to 
genetic diversity in mitochondrial DNA among the host populations; large amounts 
have been found in populations of white-tailed deer from Georgia and South 
Carolina (15 deer haplotypes among six sites) (Purdue et al. 2000).  Often dispersal 
of ticks by deer and consequently their ectoparasites is limited because of 
geographical boundaries and overharvesting the host. 
 Both mitochondrial and nuclear DNA have been used to identify phylogenetic 
relationships among ixodid ticks (McLain et al. 1995, Fukunaga et al. 2000).  
Phylogenetic analysis of the mitochondrial 16S rDNA (ribosomal DNA) region 
revealed that hard ticks did not evolve until the early Cretaceous Period (Black and 
Piesman 1994).  Nuclear ribosomal DNA ITS-1 (first internal transcribed spacer) 
and ITS-2 regions were used to validate the single species of I. scapularis and I. 
dammini (Spielman, Clifford, Piesman & Corwin) (Wesson et al. 1993).  However, 
the ITS-2 region is not useful for assessing phylogenetic relationships among ticks 
because the region is variable and ticks evolved relatively recently (Rich et al. 
1997).  Other genetic studies using allozymes for I. pacificus Cooley (Kain et al. 
1997) and I. ricinus (L.) (de Laye et al. 1997) found a lack of differentiation among 
the populations between nearby localities and high rates of gene flow, indicating a 
rapid expansion of each population.  Those allozyme studies concluded that the 
dispersal and population size of the host as well as use by ticks of a broad host 
range contributes to the great amounts of gene flow.   
 Previous work on genetic variation using the mtDNA 16S gene (Rich et al. 
1995, Norris et al. 1996), 18S nuclear rDNA gene (Norris et al. 1996), ITS-1 nuclear 
DNA gene (McLain et al. 1995), and D3 rDNA gene (McLain et al. 2001) of 
blacklegged ticks in North America found this tick species to separate into American 
and Southern lineages.  These studies used ticks collected from laboratory colonies 
or immature specimens from the field; however, none of these studies used ticks 
collected from identified hosts.  Only one of those studies used a relatively large 
sample size (Norris et al. 1996); the other studies used less than 30 ticks from 
several U.S. states (typically two or three ticks per state).  Additionally, these 
studies were focused along the eastern coast of North America and a few field 
samples were from the Midwest, Alabama, and Mississippi. 
 We used PCR and direct sequencing of a portion of the mtDNA 16S gene of 
blacklegged ticks from Arkansas to assess the extent of genetic variation among 
populations by ecoregion and host species.  Mitochondrial markers are often 
reliable for identifying diverse populations because they are maternally inherited, do 
not recombine, and lineages can rapidly become extinct (Rich et al. 1995).  We 
believe the tick populations will be closely associated because mitochondrial genes 
are often used to examine relationships among closely related species and 
blacklegged tick is the most common tick infesting deer and the second most 
common tick infesting canines in Arkansas (Trout and Steelman unpublished).  Data 
from this study provides insight into use by ticks of canines and deer for dispersal 
and help illustrate potential pathogen dispersal patterns among blacklegged tick 
haplotypes in Arkansas. 

 
Materials and Methods 

 
 The University of Arkansas Veterinary Entomology Laboratory assembled 
and mailed collection kits to 323 veterinarian clinics throughout the state.  Samples 
sent from a clinic were processed and an additional kit was returned for additional 
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collections (14% participation).  Kits included collection and mailing instructions and 
100% ethanol-filled vials.  Collection kits also were assembled and distributed to the 
Arkansas Game and Fish Commission to collect ticks from hunter-killed deer 
examined for chronic wasting disease (a separately funded study).  Ticks were 
collected from March 2006 to January 2008 and all collections were from the state 
of Arkansas including small portions of the Ozarks.  Collectors removed ticks from 
the host; stored them in 100% ethanol-filled vials; recorded information such as 
date, location, and host species; and sent the specimens to the University of 
Arkansas where they were identified to engorgement state, gender, and species 
(Arthur 1961, Lancaster 1973, Goddard and Norment 1985).  Voucher specimens 
are maintained in the University of Arkansas Arthropod Museum, Fayetteville, AR.
 To minimize contamination, DNA extraction and PCR were done in different 
laboratories, negative checks were used, and supplies were dedicated to each 
procedure.  A subsample of the blacklegged tick collections was used for molecular 
analyses and the tick DNA was isolated in the Veterinary Entomology Laboratory at 
the University of Arkansas.  After each specimen was dried on paper towels, it was 
longitudinally cut and subjected to the Qiagen Dneasy Insect Protocol (Qiagen Inc. 
Rohm and Haas Company, Valencia, CA).  Samples were stored at -20EC in a 
freezer to delay DNA degradation until further analyses. 
 PCR and gel electrophoresis were done in the Social Insects Genetic 
Laboratory at the University of Arkansas.  Each PCR set included a negative and a 
positive check.  A master mix reaction was prepared according to the protocol of 
Szalanski et al. (1997), and a Flexigene thermocycler (Techne Duxford, Cambridge, 
UK) was used for all reactions.  Negative checks substituted sterile water for 
template DNA.  Reaction products were analyzed by electrophoresis in 1% agarose 
gels stained with ethidium bromide and visualized and documented with a UVP 
biodoc-it system (UVP Inc., Upland, CA).   
 Extracted DNA from blacklegged ticks was assessed by PCR with 
mitochondrial primers 16S+2 (5’ TTG GGC AAG AAG ACC CTA TGA A 3’) and 
16S-1 (5’ CCG GTC TGA ACT CAG ATC AAG T 3’) (Black and Piesman 1994).  
Each reaction was initially denatured for 2 minutes at 94°C.  Amplification included 
35 cycles of denaturing at 95°C for 30 seconds, annealing at 55°C for 30 seconds, 
and extension at 72°C for 60 seconds.  At the end of the cycles, the samples were 
held for 5 minutes for a final extension at 72°C.  Reaction products were analyzed 
with gel electrophoresis in 1% agarose gels stained with ethidium bromide, and 
visualized with a UVP biodoc-it system (UVP Inc., Upland, CA).  Amplified products 
were purified and concentrated with minicolumns according to the manufacturer’s 
instructions (Wizard PCRpreps, Promega, Madison, WI).  Samples were sent to the 
University of Arkansas Medical Sciences DNA Sequencing Facility (Little Rock, AR) 
for direct sequencing in both directions using an Applied Biosystems Genetic 
Analyzer (Model 3100, Foster City, CA).   
 Sequences were initially aligned using MAAFTv6 (Katoh et al. 2005), and 
PAUP* 4.0b10 (Swofford 2001) was used for phylogenetic analyses.  Consensus 
sequences were derived from both directions of the DNA sequences using Bioedit 
5.09 (Hall 1999) to verify nucleotide polymorphisms.  Mitochondrial DNA haplotypes 
were aligned with MacClade version 4 (Sinauer Associates, Sunderland, MA).  
Representatives of each haplotype were submitted to GenBank as accession 
numbersGQ368831-GQ368848.  PAUP* 4.0b10 distance matrix option (Swofford 
2001) was used to calculate genetic distances according to the Kimura 2-parameter 
model of sequence evolution (Kimura 1980), maximum likelihood, and unweighted 
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parsimony analysis on the alignments.  Bootstrap tests were used to test the 
reliability of the tree (Felsenstein 1985).  We used Bayesian Evolutionary Analysis 
Sampling Trees (BEAST) version 1.4.2 software (Drummond and Rambaut 2003) 
as described by Szalanski et al. (2008) to obtain phylogenetic trees with the GTR + 
G model.  The consensus tree used four Markov chains run at 106 generations with 
a burn-in of 2 x 104.  Parsimony bootstrap analysis and maximum likelihood 
analysis was by the method of Tripodi et al. (2006) (Felsenstein 1985), and 
genealogical relationships among mtDNA haplotypes were constructed using TCS 
(Clement et al. 2000) with the method described by Templeton et al. (1992).  Briefly, 
PAUP* 4.0b10 was used for maximum likelihood and unweighted parsimony 
analysis on the alignments, the Branch and Bound algorithm of PAUP* was used for 
parsimony bootstrap analysis, and a heuristic search used the neighbor-joining tree 
as the starting tree with PAUP*.  Outgroup taxa obtained from GenBank are 
presented in Table 1. 
 

Results 
 

A total of 1,636 blacklegged ticks was collected from 33 canines and 224 
white-tailed deer.  Most of the ticks (1,515) were collected from deer.  We chose to 
test a similar sample size of canines and deer from similar regions, so we focused 
on the northwestern region of the state.  Consequently, 46 DNA sequences 
representing specific parts of the state (four ecoregions) and animals (16 canines 
and 30 deer) were analyzed (Table 2).   

Amplification of the 16S rRNA gene by PCR resulted in a ~300 bp amplicon.  
An aligned 253-bp segment was used for analysis.  From the 46 DNA sequences, 
18 haplotypes were identified (Table 2, Fig. 1).  Haplotypes Ix9 and Ix10 were most 
common, accounting for 30 and 24% of the sequences, respectively.  Most of the 
haplotypes were unique, only occurring once (11 haplotypes).  Of the 253 
nucleotide characters used for analysis, 221 were constant, 21 were variable, and 
24 sites represented mutations (Table 3).  Seventeen sites were parsimony-
informative characters, of which 14 sites were informative with two variants and 
three sites were informative for three variants.  Four of the sites were singleton-
variable sites.  Sequences were AT rich, with adenine consisting of 38.7% and 
thymine representing 37.4% of the bases (guanine 7.2%, cytosine 16.7%).  
Summary statistics of blacklegged tick genetic variation by ecoregion, host animal, 
and the combinations are presented in Table 4.  The statistical tests were not 
significant (Fu’s FS, Fu and Li’s D, Fu and Li’s F, and Tajima’s D) (P > 0.10); thus, 
we cannot predict whether the populations are expanding or reducing.  Pairwise 
Tajimia-Nei distances ranged from 0.4150 to 6.62% within the blacklegged tick 
population, 0.4160 to 14.162% within the blacklegged ticks from GenBank, and 
8.159 to 20.23% among all the Ixodes from GenBank. 

The TCS-spanning tree created two distinct trees (Fig. 2).  The first tree 
rooted haplotype Ix9 was found on both hosts in the Ozark Mountains, Boston 
Mountains, and Arkansas River Valley.  The second tree rooted haplotype Ix3 was 
found on deer in the Boston Mountains.  Six haplotypes were derived from Ix9, and 
five distinct haplotypes were derived from Ix3.  Haplotype Ix10 (the second most 
common haplotype) was one nucleotide change from Ix9 and observed on both host 
animals in the Ozark and Boston mountains.   

Maximum parsimony analyses resulted in a single tree with a length of 184 
steps and a consistency index (CI) of 0.625 (Fig. 2).  The Bayseian tree created a 
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distinct monophyletic blacklegged tick clade separated from the other Ixodes 
species.  Within the clade of the blacklegged tick, the tree divided into two clades 
(0.98).  This was also demonstrated by the TCS-tree separation of haplotypes Ix9 
and Ix3 (Fig. 3).  The maximum likelihood tree was identical in topology to the tree 
derived from maximum parsimony analysis, and the bootstrap values are included 
in Fig. 3.  These inferred relationships were supported in 100% of the 1,000 
bootstrap replications.  Haplotype did not seem uniform by ecoregion or host. 
 
 
 
Table 1.  Species Information and GenBank Accession Numbers 

Taxon Collection site GenBank Reference 
Ixodes scapularis McIntosh Co., GA L43856 Norris et al. (1996) 

I. scapularis Liberty Co., GA L43854 Norris et al. (1996) 
I. scapularis McIntosh Co., GA L43859 Norris et al. (1996) 
I. scapularis Liberty Co., GA L43860 Norris et al. (1996) 
I. scapularis Bulloch Co., GA L43861 Norris et al. (1996) 
I. scapularis McIntosh Co., GA L43866 Norris et al. (1996) 
I. scapularis Jackson Co., AL L43870 Norris et al. (1996) 
I. scapularis Beaufort, SC AF309012 Qiu et al. (2002) 
I. scapularis Long Island, NY AF309028 Qiu et al. (2002) 
I. scapularis Fire Island, NY AF309029 Qiu et al. (2002) 
I. scapularis Barnstable Co., MA L43857 Norris et al. (1996) 
I. scapularis North Carolina AF309013 Qiu et al. (2002) 
I. scapularis Currituck laboratory, NC L43863 Black and Piesman (1994)
I. scapularis Currituck laboratory, NC L43864 Norris et al. (1996) 
I. scapularis Payne laboratory, OK L43865 Norris et al. (1996) 
I. scapularis Payne laboratory, OK L43869 Norris et al. (1996) 
I. scapularis Morrison Co., MN L43872 Norris et al. (1996) 
I. scapularis Adams Co., MS L43873 Norris et al. (1996) 
I. scapularis Orangeburg Co., SC L43874 Norris et al. (1996) 
I. scapularis Collier Co., FL L43876 Norris et al. (1996) 
I. scapularis Collier Co., FL L43877 Norris et al. (1996) 
I. scapularis 
(dammini) Spooner, WI U26618 Rich et al. (1995) 

I. pacificus Vancouver Island, BC, 
Canada AF309010 Qiu et al. (2002) 

I. pacificus Yolo Co., CA U14150 Rich et al. (1995) 
I. ricinus Russia AF549842 Xu et al. (2003) 
I. ricinus NA L34292 Black and Piesman (1994)

I. nipponensis 
Okutani and 
Kubodera 

Japan/Korea AB006021 Fukunaga et al. (2000) 

I. spinipalpis 
Hadwen and 

Nuttall 
NA U96233 Norris et al. (1997) 

I. jellisoni Cooley 
and Kohls NA U95888 Norris et al. (1998) 

Argas brevipes 
Banks NA U95863 Norris et al. (1998) 
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Table 2.  Haplotype Results for mtDNA Polymorphisms in Ixodes scapularis Ticks 
among Four Ecoregions and Two Host Animals 

 ns
a nh

b Unique “Ix” haplotypes
Multiple-occurring  

“Ix” haplotypes (frequency)
Analysis by ecoregion: 
Ozark Mountains 12   7 2, 5, 6, 7, 13  9(4), 10(3) 

Boston Mountains 30 14 2, 3, 4, 6, 12, 14, 
15, 16, 17, 18 8(2), 9(8), 10(8), 11(2) 

Arkansas River Valley   3   2 5 9(2) 
Mississippi Alluvial 
Plains   1   1 1 . 

Analysis by host animal: 
Canine 16   8 1, 2, 6, 11, 12 5(2), 9(6), 10(3) 

Deer 30 15 2, 3, 4, 6, 7, 11, 13, 
14, 15, 16, 17, 18 8(2), 9(8), 10(8) 

ans = number of sequences. 
bhn = number of haplotypes. 
 
 
 

 
 
Fig. 1.  Distribution of the two Ixodes scapularis lineages in Arkansas ecoregions.   
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Wright’s FST statistic revealed that gene flow occurred (FST = 0.0157, Nm = 
3.87) among all of the studied populations.  However, the Ozark Mountains and 
Arkansas River Valley populations had an FST value of 0.227 indicating barriers to 
gene flow between these populations (Table 5).  Comparing levels of heterozygosity 
by ecoregion and host animal, our observed heterozygosity was less than expected.  
None of the analyses by ecoregion, host animal, or the combination was significant 
for Fu’s FS, Fu and Li’s D, Fu and Li’s F, or Tajima’s D (Table 4).  The number of 
migrants necessary to maintain the observed FST value (0.014822) was 3.87 
individuals per generation and was calculated using the formula (Nm  [(1 – FST) / 4 
FST]) (Wright 1951).  Comparisons of the amount of genetic variation within and 
between populations (FST values) among the ecoregions, the host animals, and a 
factorial analysis are presented in Table 5.       
 
 
 
Table 4.  Summary Statisticsa for mtDNA Polymorphisms in Ixodes scapularis Ticks 
among Ecoregions, Hosts, and Combinationsb 
Analysis by 
ecoregion: ns hn Hd (± SD) s  (k) Fu & 

Li’s D+ 
Fu & 

Li’s F+ 
Tajima’s

D 

Ozark Mountains 12 7 0.864 ± 0.079 0.027 0.026
(6.258) 0.048 -0.031 -0.242 

Boston Mountains 30 14 0.867 ± 0.044 0.021 0.017
(4.143) 0.069 -0.179 -0.625 

Arkansas River Valley 3 2 0.667 ±0.314 0.036 0.036
(8.667) . . . 

Mississippi Alluvial 
Plain 1 1 . . . . . . 

Analysis by host:         

Canine 16 8 0.842 ± 0.075 0.024 0.024
(5.800) 0.282 0.251 0.052 

Deer 30 15 0.869 ± 0.045 0.023 0.018
(4.260) -0.074 -0.367 -0.820 

Factorial analysis  
(ecoregion x host):         

Deer from Ozark 
Mountains 2 2 1.000 ± 0.500 . 0.008

(2.000) . . . 

Canine from Ozark 
Mountains  10 5 0.800 ± 0.100 0.025 0.027

(6.511) 0.386 0.436 0.388 

Deer from Boston 
Mountains 23 8 0.775 ± 0.061 0.019 0.019

(4.490) 0.264 0.183 -0.091 

Canine from Boston 
Mountains 2 2 1.000 ± 0.500 . 0.008

(2.000) . . . 

Total 46 18 0.854 ± 0.038 0.023 0.020
(4.760) 0.182 -0.033 -0.424 

ans = number of sequences; hn = number of haplotypes; Hd ± SD = haplotype 
diversity ± standard deviation;  = nucleotide diversity; k = mean number of 
nucleotide differences; Fu and Li’s D+ and F+ statistics are detailed in the text (Fu 
and Li 1993); D = Tajima’s (Tajima and Nei 1984) statistic is detailed in the text. 
bFactorial analysis of Arkansas River Valley and the Mississippi Alluvial Plain was 
not done because of limited sample size. 
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Fig. 2.  Bayseian tree based on maximum likelihood and maximum parsimony 
analyses on 16S rRNA sequence data for Ixodes scapularis ticks.  Numbers in line 
are bootstrap support variables. 
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Fig. 3.  Genealogical relationships among 18 Arkansas haplotypes of Ixodes 
scapularis and defined by nucleotide variability sites and estimated by TCS 
(Clement et al. 2000).  A unit branch (small circle) represents one mutation. 
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Table 5.  Fst (Nm Valuesa) for mtDNA Comparing Genetic Variation Within and 
Between Ixodes scapularis Ticks Based on Ecoregions, Host Animals, and their 
Factorial Combinationb 

Analysis by ecoregion 
 Boston Mountains Arkansas River Valley 

Ozark Mountains 0.031 (8.341) 0.227 (1.353) 
Boston Mountains . 0.169 (1.728) 

Analysis by host 
 Deer 

Canine -0.016 (-16.174) 

Factorial analysis  (ecoregion x host) 

 Deer from 
Ozark Mountains

Canine from 
Ozark Mountains

Canine from 
Boston Mountains

Deer from Boston Mountains 0.282 (0.636) 0.048 (5.440) 0.101 (2.231) 
Deer from Ozark Mountains . 0.279 (0.647) 0.335 (0.496) 
Canine from Ozark 
Mountains . . 0.124 (1.775) 
aFst values were calculated from Hudson, Slatkin and Maddison (1992) and the 
number of migrants (Nm) was calculated from Wright (1951). 
bFactorial analysis of Arkansas River Valley and the Mississippi Alluvial Plain was 
not done because of limited sample size. 

 
 
 

Discussion 
 

 This study revealed that blacklegged ticks collected from canines and deer in 
Arkansas have two lineages based on the 16S mtDNA sequence.  The genetic 
divergence between the two groups was great, as demonstrated by Bayesian 
analysis (0.98) and bootstrap values (American lineage 93, Southern lineage 75).  
Finding both lineages in Arkansas was similar to other studies that identified 
American and Southern lineages in the southern U.S. (Rich et al. 1995, Norris et al. 
1996, Xu et al. 2003).  When comparing the Bayseian tree to the TCS-spanning 
tree, haplotypes in the Ix9 TCS tree were similar to specimens from the American 
lineage, whereas haplotypes derived from the Ix3 TCS tree represent the Southern 
lineage (Rich et al. 1995, Norris et al. 1996).  Populations of blacklegged ticks in 
Arkansas may be isolating because of the Wahlund effect where the populations 
are hybridizing near geographical barriers.  This was similar to other findings that 
identified the geographical structure (American and Southern lineages) as part of 
the reasoning for limited gene flow (Qiu et al. 2002).  We believe significant values 
would have resulted if more samples were used, more hosts were sampled, more 
and additional ecoregions were sampled, or a gender ratio had been determined, 
because male I. ricinus are more likely to disperse greater distances than are 
females (deMeeus et al. 2002).  Additionally, all the ticks used in our studies were 
adults.  We believe if immature stages of blacklegged ticks were used, more 
variation would be encountered because the immatures use a greater variety of 
hosts (and consequently more environments) (Sonenshine 2005). 
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Although our study was limited in sample size, the study correlated with 

previous findings.  Rich et al. (1995) compared 16S mtDNA from 21 sites east of the 
Mississippi River and along the Atlantic Coast from Maine to Florida and found a 
distinct separation of American and Southern blacklegged ticks.  These distinct 
lineages were isolated in the northern U.S., but in the southern U.S. the American 
lineage may have been reintroduced to the region by elk, Cervus canadensis 
(Erxleben); deer; or birds.  Much nucleotide variation in the 12S and 16S genes 
from blacklegged ticks along the Atlantic Coast was identified, and two 
mitochondrial lineages existed that gave rise to two allopatric lineages (Norris et al. 
1996).  Investigations into other genetic regions found the ITS-1 region separating 
the blacklegged tick species into three clades representing the northeast 
(Massachusetts, New Jersey, and New York), mid-east (Maryland and North 
Carolina), and southeast (Georgia and Florida) (McLain et al. 1995).  Our study 
found two lineages, previously recognized as the American and Southern lineage, 
of blacklegged ticks in Arkansas, with most of the specimens more similar to ticks 
from the American lineage.  This is important because the American lineage is more 
likely to transmit Borrelia (Qiu et al. 2002). 
 Interestingly, there was little geographic- or host-specific population structure 
among blacklegged ticks in Arkansas.  All ecoregions and both host animals had 
little gene flow occurring between the populations, but this may be because of 
recent human demographic changes in Arkansas that include a 14% gain in the 
population of the state from 1990 to 2000 (Anonymous 2001).  The northwestern 
Arkansas region of Springdale, Fayetteville, and Bentonville (Benton and 
Washington counties) is one of the 10 fastest growing metropolitan areas in the 
U.S., accounting for more than 47% of the population growth of Arkansas 
(Anonymous 2001).  This metropolitan area is in the northern Ozark Mountains and 
southern Boston Mountains.  The greater gene flow between the Boston Mountain 
canines and the Ozark Mountain deer may be because pet owners in the Boston 
Mountains transport canines into the Ozark Mountains and allow their pets to come 
into contact with tick-infested deer habitat.  Conversely, the Ozark Mountains 
provide less food selection (Rogers et al. 1990), forcing deer to leave the Ozark 
Mountains and enter the Boston Mountains to search for better habitat.   
 Our finding that blacklegged ticks from the American lineage are in Arkansas 
raises a concern because the American lineage is more likely than the Southern 
lineage to transmit Lyme disease (Qiu et al. 2002).  Analyses of the ompC gene of 
B. burgdorferi identified differences in the American and Southern lineages for 
blacklegged tick vector competence.  There are differences in genetic structure, 
evolutionary history, and epidemiological characters between the American and 
Southern lineages of blacklegged ticks that may contribute to the differences in 
vector competence differences (Qiu et al. 2002).  This study identified ticks capable 
of vectoring Lyme disease in Arkansas, whereas previous studies identified the 
causative agent and similar agents in Arkansas and neighboring states (Gullo 1998, 
Bacon et al. 2003, Moore et al. 2003, Stromodahl et al. 2003).  This study adds 
more questions about southern cases of Lyme disease (Goddard 2001) such as 
haplotype-bacteria interactions and prevalence of specific pathogens.  Because we 
identified blacklegged ticks in Arkansas capable of vectoring Lyme disease, it is 
important to investigate the identity and prevalence of tick-borne bacteria in 
Arkansas. 
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