
Attempts to understand the 
range expansion of 

Amblyomma maculatum

Rebecca Trout Fryxell, Ph.D. (RFryxell@utk.edu)

Assistant Professor of Medical & Veterinary Entomology
Department of Entomology & Plant Pathology
February 2018, MAMCA Carolina Beach, NC



Life Cycle: 3-host tick



Amblyomma 
americanum (AA)

Amblyomma 
maculatum (AM)

Dermacentor 
variabilis (DV)

Investigate the tick populations & 
associated SFGR at a hotspot

Trout Fryxell et al. 2015 PLoS ONE
Mays et al. 2015 JME
Baldwin et al. in prep.
Trout Fryxell & DeBruyn in prep. 
Trout Fryxell & Staton in prep.
Theuret et al. in prep.



Wildlife
Ecology

History Farming 
Livestock 
Education

Vector Ecology Site
Ames Plantation Research & 
Education Center

http://www.amesplantation.org/sites/411/uploaded/images/Manor_House.jpg
http://www.amesplantation.org/sites/411/uploaded/images/Manor_House.jpg


http://www.cdc.gov/ticks/maps/gulf_coast_tick.html

Bishop & Trembly (1945)
Livestock pest in states 
bordering Gulf of Mexico

Teel et al. 2010
New collections & new hosts

Amblyomma maculatum
Range Expansion



An estimated distribution of A. maculatum in the United States for 2014 that interpolates contemporary data (Wilson and 
Baker 1972, Goddard and Norment 1983, Harrison et al. 1997, Clark et al. 1998,Williams et al. 1999, Reeves et al. 

2002, Barker et al. 2004, Goddard and Paddock 2005, Cohen et al. 2010, Teel et al. 2010, Trout et al. 2010, Brown et al. 
2011, Fornadel et al. 2011, Varela-Stokes et al. 2011, Wright et al. 2011, Pagac et al. 2014, and Florin et al. 2014). 

Amblyomma maculatum
Range Expansion

http://jme.oxfordjournals.org/content/52/2/230.full#ref-231
http://jme.oxfordjournals.org/content/52/2/230.full#ref-77
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1) Environment
Phenology, Behavior, 
Overwintering, & 
Natural Enemies

2) Host Communities
Dispersal, Fecundity, &  
Mating Populations

4) Population Structure
Gene flow, Genetic drift, &
Selection pressures

3) Microbial Communities
Synergistic, Antagonistic,  
& Informative

Amblyomma maculatum:
Range Expansion Impact?
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GRASSLANDS CONIFEROUS

UPLAND 
DECIDIOUS

BOTTOMLAND 
DECIDIOUS

1) Environment: Questing Site
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June 2014 @ 80 sites
Ticks samples every 20 m (300 m) (●)
Center transect: habitat 
characterization

Soil (●) & Vegetation (●)

1) Questing Site
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1) Questing Site

RESPONSE PREDICTOR STAT

Amblyomma
maculatum

NDVI
Habitat type x Plant Diversity

P = 0.0308
P = 0.0195

GRASSLANDS
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Local Long-distance Anthropogenic

2) Host Communities
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Source (n) 2012 2013 2014 2015 2016 2017 Total
Questing (?) 20 74 17 . . Tbd >111
Cattle (~700) - 83 27 . 149 . 259

Deer (~300/yr) 0 0 - . . . 0
Rodents (295) - 7 - . . Tbd >7

Human (85) 0 30 5 1 0 6 42
Birds (295) - 0 - . . . .

Total 20 194 49 1 149 >6 419

2) Host Communities

Local Long-distance Anthropogenic
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Bacterial Taxa

N = 24 N = 92 N = 75

OTU
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Standardise Samples by Total
Transform: Square root
Resemblance: S17 Bray-Curtis similarity

Species
AA
AM
DV

3) Microbial Communities

All from Ames Plantation
Collected 2012-2014

= 3 distinct microbial communities

Protobacteria
Protobacteria

&
 

B
acteroidetes

Firmicutes & 
Chlamydiae
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OTU

-60 -40 -20 0 20 40
PCO1 (27.4% of total variation)
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Standardise Samples by Total
Transform: Square root
Resemblance: S17 Bray-Curtis similarity

Sex
F
M

Simpson 
Diversity

(F = 14.08; P < 0.001)

Chao 
RichnessSex: F = 7.389; P = 0.001

Contributing TaxaFemale Male
Female Male

Male

-10 -5 0 5 10

Francisella-OTU002
Rickettsia-OTU001
Chlamydiales-OTU004
Proteobacteria-OTU005
Sphingomonas-OTU007
Methylobacterium-OTU009
Pseudomonas-OTU006
Singulisphaera-OTU012
Cloacibacterium-OTU019
Xanthomonadaceae-OTU010
Rhizobiales-OTU013
Elizabethkingia-OTU020
Delftia-OTU015
Gammaproteobacteria-…
Acinetobacter-OTU008
Brevundimonas-OTU037
Hymenobacter-OTU032
Acidovorax-OTU046
Enterobacteriaceae-OTU022
Beijerinckia-OTU064

3) Microbial Communities

Female
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OTU
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Standardise Samples by Total
Transform: Square root
Resemblance: S17 Bray-Curtis similarity

YearPeriod
20121
20122
20123
20124
20125
20131
20132
20133
20134
20135

Season: 
F = 1.9663; P = 0.001

Period 
1

Period 
4

Contributing Taxa

-10 -5 0 5 10
Francisella-OTU2
Sphingomonas-…
Methylobacterium-…
Rhizobiales-OTU13
Xanthomonadacea…
Hymenobacter-…
Beijerinckia-OTU64
Acidovorax-OTU46
Alphaproteobacter…

Rickettsia-OTU1
Gammaproteobact…
Singulisphaera-…
Cloacibacterium-…
Pseudomonas-OTU6
Acinetobacter-OTU8
Comamonadaceae…
TM7_genus_incert…

3) Microbial Communities

Simpson 
Diversity

(F = 7.881; P < 0.001)

Chao 
Richness

(F =28.49; P < 0.001)

En
vi

ro
nm

en
t, 

H
os

t C
om

m
un

iti
es

, M
ic

ro
bi

al
 C

om
m

un
iti

es
,P

op
ul

at
io

n 
St

ru
ct

ur
e



3) Microbial Communities
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Microbial 
differences

by region 

& by feeding 
status



4) Population Structure
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16S rDNA from GenBank
MS, OK, KS, TX, NC, AR =
4 populations

16S rDNA of ticks from 
VA, KY, MS, NC, & TN =
1 population

4) Population Structure
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1) 95 samples for GBS sequencing (Cornell)
1) Habitats: Deciduous & Grasslands  3) ompA: pos. & neg.
2) Hosts: Cattle & Humans

2) Optimization & Library Construction
ApeKI for optimization & Pst/MSPI for double digest

3) 100bp single end reads generated on Illumnia 
HiSeq 2500

4) Bioinformatics
23,275,556 / 235,335,191 (9.8%) unique reads
More filtering = 8,392 biallelic SNPs w/ 4x coverage per individual
95 specimens sent, but 64 specimens produced good results
SNPs calling: Ixodes scapularis genome or UNEAK 

4) Population Structure
En

vi
ro

nm
en

t, 
H

os
t C

om
m

un
iti

es
, M

ic
ro

bi
al

 C
om

m
un

iti
es

, P
op

ul
at

io
n 

St
ru

ct
ur

e



Linked SNPs via
lDNA analysis

Removed: 
788 not in 

HWE, 
3 singleton, 
&  98 lDNA

SNPs
Allowed 15% 
missing data

4) Population Structure
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SNP Discovery Pipeline Differences

Cluster2
Cluster1

Cluster4
Cluster3
Cluster2
Cluster1

Cornell: BRC pipeline aligned to Ix. scapularis = 575 SNPs

US: UNEAK Pipeline, no genome alignment = 2130 SNPs

64 individual tick specimens
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4) Population Structure
En

vi
ro

nm
en

t, 
H

os
t C

om
m

un
iti

es
, M

ic
ro

bi
al

 C
om

m
un

iti
es

, P
op

ul
at

io
n 

St
ru

ct
ur

e



Cluster4
Cluster3
Cluster2
Cluster1

Clusters do not 
align with 
phenotypes:
sex, pathogen, 
habitat, or host

4) Population Structure 
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5) Summary: 
Amblyomma maculatum
from western Tennessee

• Environment 
– Prefer grasslands; verified with low NDVI values 

(shrubs & grasslands) 
• Hosts

– Cattle >  human > cotton rats = deer; None on birds 
(yet)

• Microbial Communities
– Lots of variation (sex, infection, collection period, 

region, & feeding status)
• Population Structure

– Established population with high rates of genetic 
admixture 

– Established population mixing with new population



5) Putting the Pieces Together
Future Direction

Incorporate tick & data 
submissions 

from other locations
Texas (Hamer)

Oklahoma (Coburn)
Mississippi (Portugal)

Alabama (Ray)
Florida (Weeks & Hertz)

Collaborations Needed 
to understand 

Range Expansion
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