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Abstract.  Historical records of five genera and 11 species of ticks were reported on 
domestic goats in the United States in literature published before 1951.  In a field-
based collection from random goats and pastures in eastern Oklahoma, we collected 
three species and three life stages of ticks.  Ticks were collected throughout the year 
from domestic goats even when they were not collected in pastures. 
 

Introduction 
 

Tick-borne diseases are becoming more of a concern in the U.S. as humans, 
companion animals, and livestock are affected by various disease agents transmitted 
by different tick species (Hairgrove et al. 2014, Biggs et al. 2016, Modarelli et al. 
2019).  The south-central U.S. has many cases of human tick-borne diseases like 
spotted fever group rickettsiosis and ehrlichiosis (Drexler et al. 2016, Nichols Heitman 
et al. 2016), including two tick-borne viruses (bourbon and heartland) (Savage et al. 
2017, 2018).  Historically, the region focused on impact of ticks on cattle (Drummond 
1967, Semtner et al. 1971, Semtner and Hair 1973, Barnard 1981, Barnard et al. 
1982, Koch 1988, Mount et al. 1993, reviewed by Noden 2016).  In recent years, 
regional studies focused on changes in distribution (Barrett et al. 2015, Mitcham et 
al. 2017) and risk of exposure to ticks in pastures (Polito et al. 2013, Noden et al. 
2022).  There is critical need on the southern Great Plains to re-examine the ecology 
of tick vectors in relation to specific kinds of domestic livestock.   

Livestock production is important for the economy of the U.S. (NASS 2017).  
While focus is on cattle production, domestic goats (2.7 million) are raised in all 50 
states.  Shift in goat production led to increased Extension programming and training 
(Cole et al. 2018), but knowledge of tick species that feed on goats in pastures is 
based on reports before 1951 when most domestic goats were produced in Texas 
(Hooker et al. 1912, Cooley and Kohls 1944, Bishopp and Trembley 1945, Eads and 
Hightower 1951).  Subsequent studies found producers use domestic goats to clear 
brush to limit tick infestation on cattle in pastures (USDA APHIS 2012, Cole et al. 
2018).  But, domestic goats in the U.S. can be reservoirs for human pathogens (E. 
ewingii, Panola Mountain Ehrlichia, Coxiella burnetii), and ticks that feed on infected 
goats can become infected and transmit pathogens to other hosts (Loftis et al. 2008, 
Körner et al. 2020, Yessinou et al. 2022).  Ticks that feed on goats in specific regions 
need to be understood because they are zoonotic reservoirs of spillover infection. 
________________________ 
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Oklahoma is 5th in the U.S. for numbers of farm-raised domestic goats (NASS 
2017).  However, no studies evaluated tick species and life stages on domestic goats 
in Oklahoma.  To address the information gap in literature, we developed a pilot study 
with aims to:  1) summarize historical reports of tick species from domestic goats in 
the U.S. and 2) collect ticks from goats and pastures to compare tick communities at 
two sites in eastern Oklahoma on five dates during the year. 

Web of Science® (Thompson Reuters, New York) and Pubmed® (National 
Center for Biotechnology Information, Bethesda, MD) were used to create a file of 
publications on U.S.-based studies on ticks and domestic goats based on keywords 
[goats, ticks, United States, North America] and key researchers.  Criteria included 
any peer-reviewed manuscript associated with the topic in the database.  Every 
publication was vetted to ensure the reference was peer-reviewed.  While every effort 
was made to account for all published papers, because of the variety of places where 
articles can be published and early dates for many, the search was not exhaustive. 

Goat operations used in the study were chosen because of locations in eastern 
Oklahoma where ticks probably would be in the pasture habitat.  One farm close to 
Ada, OK, had mainly open pasture with limited cross-timbers oak habitat while the 
other farm near Hulbert, OK, had open pasture and mixed oak habitat.  Collections 
from domestic goats and pastures occurred five times in 2016 to coincide with main 
peaks for various tick species and life stages in Oklahoma.  Collection at Ada ended 
in July because ticks were absent after three rounds.  During each visit, 15 goats 
were randomly chosen, and their ears, heads, flanks, and stomachs inspected.  The 
collection protocol was approved by the Institutional Animal Care and Use Committee 
at Oklahoma State University.  During each visit, vegetation was sampled using 
flagging and CO2 trapping (Noden et al. 2022).  For both sites, 200-m transects were 
sampled in the pasture and tree line with two CO2 traps put randomly in each habitat 
for 1 hour.  After collection from animal or vegetation, ticks were put into separate 
tubes containing 70% EtOH.  Pictorial keys (Keirans and Litwak 1989, Keirans and 
Durden 1998, Dubie et al. 2017) were used in the laboratory to identify all ticks to 
species, life stage, and sex.  Statistical analysis focused on differences in tick species 
and abundance between goats and pasture habitat.  A likelihood test (SAS JMP pro 
15) was used to evaluate differences between ticks on vegetation and goats between 
sampling times.  To evaluate differences between abundance of ticks on goats versus 
the pasture, numbers of infected ticks of each species were transformed by log10 to 
meet assumptions of normality and homogeneity of variance, and ANOVA was used 
to evaluate relationships between mean numbers of different stages of Amblyomma 
americanum (L.) (response variables) and goat/pasture. 
 

Results 
 

Historical records of ticks on domestic goats mainly exist in published literature 
before 1951 (Table 1).  Based on available records, five genera and 11 species of 
ticks were reported from domestic goats in the U.S.  Most locations were in Texas.  
Numbers, except one study that recorded 314 adult A. mixtum on one goat (Table 1), 
ranged between 1-73 ticks from an individual or a group of goats. 

All ticks collected on goats and in the pasture were at the domestic goat farm 
at Hulbert, OK.  Three species of ticks (n = 228) were collected from goats during 
sampling (Table 2).  Most (n = 220, 96.5%) were three life stages of A. americanum.  
Adults were collected between March and July, nymphs between May and August, 
and larvae  in July  and August.  One Dermacentor variabilis (Say)  was collected on 

Downloaded From: https://bioone.org/journals/Southwestern-Entomologist on 27 Jun 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Oklahoma State University



271

 Ta
bl

e 
1.

  
Ti

ck
 S

pe
ci

es
, L

ife
 S

ta
ge

, R
an

ge
 o

f N
um

be
rs

 R
ep

or
te

d,
 a

nd
 L

oc
at

io
n 

of
 C

ol
le

ct
io

n 
fro

m
 H

is
to

ric
al

 R
ec

or
ds

 o
f C

ol
le

ct
io

ns
 

fro
m

 G
oa

ts
 in

 th
e 

U
ni

te
d 

S
ta

te
s 

Sp
ec

ie
s 

Li
fe

 s
ta

ge
 (#

 ra
ng

e)
 L

oc
at

io
n 

So
ur

ce
 

A
m

bl
yo

m
m

a 
am

er
ic

an
um

 (L
.) 

L(
1)

, N
(7

-7
3)

, A
(3

-4
1)

 T
ex

as
 H

oo
ke

r e
t a

l. 
19

12
, C

oo
le

y 
&

 K
oh

ls
 1

94
4,

 B
is

ho
pp

 &
 T

re
m

bl
ey

 1
94

5 
A

m
bl

yo
m

m
a 

m
ac

ul
at

um
 K

oc
h 

N
(1

), 
A

(2
-4

) 
Te

xa
s 

H
oo

ke
r e

t a
l. 

19
12

, B
is

ho
pp

 &
 T

re
m

bl
ey

 1
94

5 
A

m
bl

yo
m

m
a 

m
ix

tu
m

 K
oc

h 
L,

 A
(3

14
) 

Te
xa

s 
H

oo
ke

r e
t a

l. 
19

12
, C

oo
le

y 
&

 K
oh

ls
 1

94
4 

A
m

bl
yo

m
m

a 
tri

st
e 

Ko
ch

 
A

(1
) 

Te
xa

s 
M

er
tin

s 
et

 a
l. 

20
10

 
D

er
m

ac
en

to
r a

nd
er

so
ni

 S
til

es
 

A
(1

) 
N

/A
 

B
is

ho
pp

 &
 T

re
m

bl
ey

 1
94

5 
D

er
m

ac
en

to
r n

ite
ns

 (N
eu

m
an

n)
 

N
(1

) 
N

/A
 

B
is

ho
pp

 &
 T

re
m

bl
ey

 1
94

5 
D

er
m

ac
en

to
r v

ar
ia

bi
lis

 (S
ay

) 
A

(1
) 

Te
xa

s 
H

oo
ke

r e
t a

l. 
19

12
, B

is
ho

pp
 &

 T
re

m
bl

ey
 1

94
5,

 E
ad

s 
&

 H
ig

ht
ow

er
 1

95
1 

H
ae

m
ap

hy
sa

lis
 le

po
ris

pa
lu

st
ris

 
P

ac
ka

rd
 

L(
1)

, N
(1

) 
Te

xa
s 

B
is

ho
pp

 &
 T

re
m

bl
ey

 1
94

5,
 E

ad
s 

&
 H

ig
ht

ow
er

 1
95

1 

Ix
od

es
 s

ca
pu

la
ris

 S
ay

 
A

(1
) 

N
/A

 
B

is
ho

pp
 &

 T
re

m
bl

ey
 1

94
5 

Ix
od

es
 s

cu
lp

tu
s 

N
eu

m
an

n 
A

(1
) 

N
/A

 
B

is
ho

pp
 &

 T
re

m
bl

ey
 1

94
5 

O
to

bi
us

 m
eg

ni
ni

 (D
ug

ès
) 

N
(1

) 
Te

xa
s 

B
is

ho
pp

 &
 T

re
m

bl
ey

 1
94

5,
 E

ad
s 

&
 H

ig
ht

ow
er

 1
95

1 
   Ta

bl
e 

2.
  S

um
m

ar
y 

of
 T

ic
ks

 C
ol

le
ct

ed
 fr

om
 G

oa
ts

 a
nd

 P
as

tu
re

 a
t H

ul
be

rt,
 O

kl
ah

om
a 

du
rin

g 
20

16
 

Ti
ck

 
Li

fe
 s

ta
ge

 
H

ab
ita

t 
M

ar
ch

 
M

ay
 

Ju
ly

 
A

ug
us

t 
N

ov
em

be
r 

To
ta

l 
A

m
bl

yo
m

m
a 

am
er

ic
an

um
 

A
du

lt 
G

oa
t 

1 
16

 
  1

1 
   

 0
 

0 
   

 2
8 

 
 

P
as

tu
re

 
3 

  5
 

   
 0

 
   

 0
 

0 
   

   
8 

 
N

ym
ph

 
G

oa
t 

0 
20

 
   

 1
 

  2
8 

0 
   

 4
9 

 
 

P
as

tu
re

 
0 

  6
 

   
 3

 
   

 1
 

0 
   

 1
0 

 
La

rv
a 

G
oa

t 
0 

  0
 

   
 2

 
14

1 
0 

  1
43

 
 

 
P

as
tu

re
 

0 
  0

 
50

6 
50

0 
0 

1,
00

6 
D

er
m

ac
en

to
r v

ar
ia

bi
lis

 
A

du
lt 

G
oa

t 
0 

  0
 

   
 0

 
   

 1
 

0 
   

   
1 

Ix
od

es
 s

ca
pu

la
ris

 
A

du
lt 

G
oa

t 
0 

  0
 

   
 0

 
   

 0
 

7 
   

   
7 

 
To

ta
l 

 
4 

47
 

52
3 

67
1 

7 
1,

25
2 

Downloaded From: https://bioone.org/journals/Southwestern-Entomologist on 27 Jun 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Oklahoma State University



272

one goat in August, while one Ixodes scapularis Say was removed from each of six 
goats in November.  Only A. americanum (n = 1,024) was collected from vegetation, 
with most (98.2%) being larvae (Table 1).  Overall, the likelihood of A. americanum 
adults (χ2 = 21.99, df = 4, P = 0.0002), nymphs (χ2 = 26.79, df = 4, P < 0.0001), and 
larvae (χ2 = 30.56, df = 4, P < 0.0001) on goats differed by month, but only adults 
differed by month in pastures (χ2 = 9.89, df = 4, P = 0.0423).  While there was no 
significant difference between mean abundance of adult and nymphal A. americanum 
between habitats, abundance of larvae significantly differed on goats compared with 
pastures (F = 24.69, df = 1, P < 0.0003). 

The study found a gap in knowledge of species and behaviors of ticks feeding 
on domestic goats in the U.S.  Data from the pilot study showed goats in eastern 
Oklahoma exposed to different species of ticks throughout most of the year.  Ticks 
were collected from goats at every sampling period even if ticks were not encountered 
in the pasture at that time of year.  Overall, there was no significant difference in the 
likelihood of encountering ticks on goats, while likelihood in the pasture depended on 
the time of collection.  Historical records and this study indicated ticks were more 
abundant on domestic goats than in pastures.  This probably was because of 
grooming behavior (Koch 1988). 

Ticks on U.S.-based domestic goats were recorded in literature since the early 
1900s.  However, studies were vague on locations of collections, with most recorded 
in Texas (Hooker et al. 1912, Cooley and Kohls 1944, Eads and Hightower 1951).  
With domestic goats raised in all 50 states (NASS 2017), there is a large gap in 
knowledge regarding species of ticks on domestic goats throughout most of the U.S.  
While most personnel providing information about ticks to domestic goat producers 
make inferences between knowledge of local ticks in pastures and other animals 
(Koch 1988, Talley 2019), results from this study demonstrated that ticks (D. variabilis 
and I. scapularis) on goats might not always be found in surrounding pastures.  This 
could indicate that surveys based only on vegetation might miss tick species that 
impact well-being of domestic goats in each region.  This might be important not only 
for the health of the goat but also for humans and other animals near goats.  Ehrlichia 
ewingii and Panola Mountain Ehrlichia, two human pathogens, were cultured from 
infected domestic goats in the U.S (Loftis et al. 2008).  Infection of goats by the two 
pathogens were infectious to ticks for 5 months.  Direct contact with domestic goats 
is also a risk factor for Q fever in the U.S., a disease caused by Coxiella burnetii, 
accounting for 20% of human cases between 2000 and 2012 (McQuiston and Childs 
2002, Dahlgren et al. 2015).  The zoonotic pathogen can be acquired and excreted 
by different ticks (Körner et al. 2020, Yessinou et al. 2022) and was detected in 
Amblyomma mixtum Koch in Texas (Sanders et al. 2008).  Recent invasion by 
Haemaphysalis longicornis Neumann in 15 states in the U.S. (Schappach et al. 2020), 
presence on goats in other countries (Heath et al. 1987), and competence for 
significant tick-borne pathogens (Kang et al. 2016) amplify the need to focus on the 
topic in goat communities throughout the U.S.    

In conclusion, the study focused on need for increased surveillance in the 
growing domestic goat industry in America.  While Oklahoma is fifth in the U.S. for 
domestic goat production (NASS 2017), this is the first time a study monitored ticks 
on goats in pastures during a year.  Grooming behavior of goats significantly reduces 
ticks, with restrained goats having 77 times more ticks than unrestrained goats (Koch 
1988).  That several tick species were collected throughout the year and domestic 
goats play a zoonotic role as reservoirs for several human tick-borne pathogens 
indicate more attention is needed in this sector of the livestock market. 
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