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The Parasitology of the Ground Squirrels of
Western Utah

ELRAY JENKINS* AND ALBERT W. GRUNDMANN
Department of Biology, University of Utah

ABSTRACT: The parasitology of six species of ground squirrels (Spermophilus and Amrnospermophiliis)
occupying the western half, or Bonneville Basin area, of Utah is reported. The study included intes-
tinal protozoa (except Coccidia), endoparasitic helminths and dipteran larvae, and ectoparasites. A
complete list is included. The probable results of host post-Pleistocene migration on parasitism are
described. Parasite-host interrelationships are discussed.

A parasitological study of the ground squir-
rels (Spermophilus and Ammospermophilus)
was conducted throughout the Bonneville Basin
and surrounding mountains that make up the
western half of Utah. Most of the six species
included reach the limits of their geographical
distribution in this region and represent the
present state of the migration that has occurred
since Pleistocene Lake Bonneville receded to
form the present Great Salt Lake. The ranges
of the species are, with several exceptions,
allopatric, and provide a probable record of
some host-restricted parasites carried in with
host migrations as well as those acquired
through interrelationships with other genera of
mammals in the region. Included in the study
were helminths, intestinal protozoa (excluding

Currently U. S. Army Medical Corps.

Coccidia), myiasis-producing Diptera larvae,
and ectoparasites.

Two extensive systematic and distributional
studies of the hosts in Utah are those by Dur-
rant (1952) and Hansen (1954). In addition
to systematics, Hansen also reported on the
parasitic fauna, especially the ectoparasites.
Helminths of the antelope ground squirrel were
reported by Grundmann (1957, 1958), and
Frandsen and Grundmann (1961) published
on the helminths of several additional host
species. Doran (1954, 1955) compiled para-
site lists for rodent species.

Excellent publications on fleas that provide
pertinent data are those of Stark (1958),
Jellison (1945), Jellison et al. (1953), Hansen
(1954), and Beck (1955). Sucking lice were
reported by Bell (1950) and Hansen (1954).
Edmunds (1951) compiled a check list of the
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ticks of Utah. Data contributed by these
studies are acknowledged in Table 1.

Kirby and Honigberg (1949) and Evans
(1955, 1956, 1957, 1959) studied the flagel-
lates of ground squirrels. Becker (1926a, b)
described Entamoeba citelli. Dajani (1962)
studied amoeba from a number of host species.

Several studies similar to the present one
have been conducted in North America. Most
of these have been concerned with defined
categories of parasites such as helminths or
protozoa, and none has covered as broad a
range as the present study. The most extensive
previous study was that of McLeod (1933) in
Manitoba, Canada, which covered helminths
and ectoparasites of three species of squirrels.
Rausch and Tiner (1948) surveyed 325 sciurids
from the North Central States. Voge (1956)
published a summary of California nematode
parasites. A number of parasite species re-
ported in these publications also were found
in the Bonneville Basin.

Material s and Methods
A total of 490 specimens was live-trapped

or shot from 60 localities distributed over the
14 western counties of Utah extending from
Boxelder and Summit on the north to Washing-
ton on the south. Trapsites ranged in elevation
from 4,200 feet adjacent to the Great Salt
Lake to 4,800 at the southern end of the
Bonneville Basin floor. In the higher mountain
ranges in and surrounding the basin, the study
extended to 11,000 feet elevation. The sample
included 181 rock squirrels, Spermophilus
variegatus Utah Merriam; 100 golden mantled
ground squirrels, S. lateralis lateralis (Say); 12
Belding squirrels, S. beldingi crebus Hall; 35
Uinta, S. armatus (Kennicott); 25 Townsend,
S. townsendi mollis Kennicott; and 135 ante-
lope ground squirrels, Ammospermophilus
leucurus leucurus (Merriam).

Animals removed from traps were placed
in muslin bags for transport to the laboratory.
Animals shot were also bagged to gain maxi-
mum recovery of ectoparasites. Live animals
were etherized while still in the bags, and
upon removal were combed, washed in de-
tergent, and beaten to remove ectoparasites
before autopsy. Before discarding, the carcass
was placed in a bag and refrigerated at 36 F
for 24 hr. This procedure caused the ecto-

parasites remaining to move to the hair tips
where they could be collected. In the case of
animals examined for protozoa, specimens
were taken from the ileum, cecum, and colon
immediately after the abdominal cavity was
opened. Slide material was fixed in Schaudinn's
and stained with iron hematoxylin. Tapeworms
were relaxed in chloretone-saline solution, flat-
tened, fixed in AFA, stained in acid alum
carmine, and mounted. Nematodes were fixed
either in hot 70% alcohol or in Kahle's, washed
to remove the formaldehyde, and stored in
70% alcohol. Specimens were cleared in
chlorolactophenol d'Amann for study and re-
turned to storage in 70% alcohol.

Examination for Trichinella spiralis was done
by removing a sample of approximately 1.25 g
of muscle tissue from the diaphragm, tongue,
and leg muscles. The sample was cut into
small pieces and subjected to digestion (Hoff-
man, 1956), at 37-39 C using a shaker.

Fleas and ticks were prepared for mounting
by being placed in warm 10% KOH for 2 hr,
neutralized in acid alcohol, dehydrated in
alcohol, and mounted in Hoyer's solution.
Mites and lice were prepared in a similar
manner omitting the KOH step.

Host Distributio n
The six ground squirrel species are currently

divided among three subgenera of Spermophi-
lus and one of Ammospermophilus. The sub-
genus Spermophilus is represented by S.
armatus, S. beldingi, and S. townsendi. The
former two species are thought to have entered
the Bonneville Basin region from the north and
the northwest while townsendi invaded from
the west (Hansen, 1954). S. beldingi has the
most limited distribution in the region and oc-
curs only in the Raft River Mountains located
in the extreme northwest corner of Utah where
the animal also reaches the most southern and
eastern limits of its range. The habitat of the
Belding ground squirrel is primarily the moist
upland meadow.

S. armatus inhabits the drier situations in
mountains, foothills, and high valleys in the
Wasatch and central mountain chain that forms
the eastern rim of the Bonneville Basin. The
range as it occurs marks both the western
limi t of migration in northern Utah with the
southern limi t being reached in Sevier County
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near the center of the state. These animals
select cultivated fields and pastures around
developed areas and are abundant in well-
drained situations such as knolls and in
man-constructed banks of canals, roads, and
railroads. Where its habitat coincides with
recreational areas, the species is a frequent
inhabitant of garbage areas and campgrounds.

Spcrmophilus townsendi mollis inhabits the
northern three-fourths of the Bonneville Basin
and is a desert valley form located in discrete
population groups about moist areas such as
springs and seeps. Townsendi range is allo-
patric in relation to its two closest relatives
described above although farther north in
Idaho there are limited areas of overlap with
beldingi. The Townsend squirrel is closely
associated in the habitat with the antelope
ground squirrel, Ammospermophilus leucurus
leucurus Merriam, that also inhabits the desert
conditions of the basin and with whom it
shares most of its parasites.

The subgenus Otospermophilus is repre-
sented by S. variegatus utah Merriam. Rock
squirrel distribution in Utah coincides with
the distribution of the scrub oak, Quercus
gambellii Nuttall, which the animal utilizes for
its basic food resources. Rock squirrels have
extended their distribution into some of the
desert mountain ranges of the basin where it
is usually the only squirrel present above the
foothill habitat where one encounters the ante-
lope ground squirrel. The rock squirrel, how-
ever, has extended its niche greatly by adapting
to suburban and urban living in human com-
munities. It has also moved into the niche
afforded by forest service garbage dumps and
campgrounds and by so doing has expanded
both its population density and its parasite
diversity. Rock squirrel range overlaps that
of the golden mantled ground squirrel, S.
lateralis lateralis Say, at elevations around
7,000 to 7,500 ft. S. variegatus reaches its
northern limi t near the Utah—Idaho border
and is considered to have invaded the region
from the south as ancient Lake Bonneville
receded.

The subgenus Callospermophilus has one
representative, S. lateralis lateralis Say, in the
region. The golden mantled ground squirrel
is an inhabitant of canyon bottoms and suitable
forested areas in the aspen-fir and spruce—fir
belts from about 7,000 to 10,500 feet elevation.

Colorado is considered to be the center of dis-
persal of this species and its migration into
Utah has been from the east and north down
the central mountain chain. The golden
mantled ground squirrel had the lowest inci-
dence of parasitism in the study group (7%)
and, to date, only two parasite species have
been present that have not been recovered
from other ground squirrels. These are a larval
tapeworm, Taenia mustelae Gmelin, and an
adult of Cittotaenia.

Ammospermophilus leucurus leucurus Mer-
riam, the antelope ground squirrel, is the lone
representative of its genus in the region. The
species inhabits the dry desert of the basin
floor and low foothills where the rainfall is less
than 10 inches per year. Antelope ground
squirrels favor rocky outcrops and vegetated
dunes and do not extend above the pinyon
pine-juniper region along hillsides. Parasitism
was found to be more individualistic in this
species than in other ground squirrels of the
region, being approximated in this regard only
by S. variegatus. The major species of helminth
is Citellina triradiata Hall, present in 74.7%
of specimens. Several additional species of
nematodes, Spirura infundibuliformis McLeod,
and a species of Subulura also appear to be
restricted to this host.

Discussion and Results
It is interesting to note that S. townsendi,

which occurs sympatrically with A. leucurus,
also possesses Citellina triradiata as its major
parasite rather than possessing the parasites
of its two nearest relatives, S. armatus and S.
beldingi. Townsend ground squirrels appear
to be primarily vegetarian in diet and do not
acquire the parasites requiring insect inter-
mediate hosts found in A. leucurus. Townsend
ground squirrels also have an activity period
that varies greatly from that of S. armatus, S.
beldingi, and A. leucurus in that these animals
are active only from February to July after
which they enter into a 71/£-month period of
inactivity. This unique activity pattern, vege-
tarian diet, and independent migration into
the area from the west has produced an
almost totally different parasitic fauna in the
Townsend squirrel than occurs in its two
nearest relatives in the subgenus. Additional
evidence that the Townsend squirrel has ac-
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Table 1. Parasite-host records for  ground squirrels of Western Utah.*

Parasite species

PROTOZOA
Rhizopoda:

Entamoeba citelli
Becker, 1926

Mastigophora:
Chilomastix magna

Becker, 1926

Hexamastix rnuris
Wenrich, 1924

Hexamites teres
Kirby and Honigberg,
1949

Monocercomonoides
pilleata Kirby and
Honigberg, 1949

M. robustus Gabel, 1954

Tritrichomonas muris
Grassi, 1879

THEMATODA
Brachylaimidae :

Brachylaime microti
Kniidenier and
Gallecchio, 1959

CESTODA ( adult ) :
Mesocestoididae :

Mesocestoides corti
Hoeppli, 1925

Anoplocephalidae :
Cittotaenia sp.

Hymenolepididae :
Hi/menolepis citelli

McLeod, 1933

Davaineidae:
Raillietina retractilis

Stiles, 1925

S
u

b
g

e
n

us 
O

to
sp

cr
m

o
p

h
ilu

s
S

p
e

rm
o

p
h

ilu
s 

va
ri
e

g
a

tu
s

U
ta

h 
M

e
rr

ia
m

S
u

b
g

e
n

us 
S

p
e

rm
o

p
h

ilu
s

S
p

e
rm

o
p

h
ilu

s 
a

rm
a

tu
s

( K
e

n
n

ic
o

tt )

I f 2

18/50:1: 9/16

6/50 6/16

10/50 5/16

1/16

28/50 15/16

6/50 7/16

9/50 13/16

4/154

1/154

4/154

5/154

S
p

e
rm

o
p

h
ilu

s 
b

e
ld

in
g

i
cr

e
b

u
s 

M
e

rr
ia

m

S
p

e
rm

o
p

h
ilu

s 
to

w
n

se
n

d
i

m
o

lis
 (

 K
e

n
n

ic
o

tt )

S
u

b
g

e
n

us 
C

a
llo

sp
e

rm
o

p
h

ilu
s

S
. l

a
te

ra
lis

 l
a

te
ra

lis
(S

a
y)

3 4 5

3/5 8/20 15/38

3/38

1/5 4/38

X 1/38

4/5 4/20 20/38

1/5 5/38

3/5 4/20 12/38

4/100

2/100

G
e

n
us

 A
m

m
o

sp
e

rm
o

p
h

ilu
s

A
m

m
o

sp
e

rm
o

p
h

ilu
s  
le

u
cu

ru
s

le
u

cu
ru

s 
M

e
rr

ia
m

6

3/10

5/10
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2/10
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8/135

Previous reports in literature

Dajani, 1962 (It , 5, 6)

Evans, 1955 (6)

Kirby and Honigberg, 1949 (3,

Kirby and Honigberg, 1949 (3,

Kirby and Honigberg, 1949 (3,
Evans, 1955 (6)

Kirby and Honigberg, 1949 ( 5 )
Evans, 1955 (6)

Grundmann, 1958 (6)
Hansen, 1954 (6)

5)

5)

5)

CESTODA (larval)
Taeniidae:

Taenia hydatigena
Pallas, 1866

2/154 2/135 Hansen, 1954 (1)
Grundmann, 1958 (6)
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Table 1 cont'd.

|-cs c

!seo, r^-i ^

2 3

r~ s

»"8 »";3 s e . ^ s . s3 _<«
C/3 C/3 CO o IX! ft C/}  (_)

Parasite species

2'. mustelae
Gmelin, 1790

T. rifeyi Loewen, 1929

T. taxidicnsis
Skinker, 1935

Cladotacnia globifera
Batsch, 1786

NEMATODA
Trichuridae:

Trichuris citelli
Chandler, 1945

Trichuris sp. (possibly
T. perognathi)

Capillarinae:
Capillaria hepatica

Bancroft, 1843

Trichostrongylidae :
Citellincma bifurcatum

Hall, 1916
Ostertagia circumcincta

Stradelmann, 1894
Trichostronglus

colubriformis Giles

Oxyuridae:
Citellina triradiata

Hall, 1916

Syphacia citelli
Tiner and Rausch,
1950

If 2 3 4 5 6 Previous reports i n literature

5/154 1/35 2/100

2/154 1/135 Grundmann, 1958 (6)

3/154

3/154

18/154

1/154

3/154

7/154 6/35 1/12

1/35 1/12

1/35 1/12 1/100

1/35 8/12 100/135 Grundmann, 1957 (6)

101/154 22/35 1/12 Tiner and Rausch, 1950 (2)

Spiruroidea:
Rictulariidae:

Ritcularia coloradensis
Hall, 1916

Rictularia sp. (possibly
affinis or splcndida)

Spiruridae:
Spirura infundibuli-
formis McLeod, 1933

Subuluridae:
Subulura sp.

Physalopteridae:
Physaloptera massino

Schultz, 1927

1/54

1/100

1/25

3(135 Grundmann, 1957 (6)

5/135

2/135

7/135 Grundmann, 1957 (6)

ACANTHOCEPHALA

Moniliformidae:
Moniliformis clarki

Ward, 1917
1/154 1/100 2/135
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Table 1 cont'd.

Parasite species

S
u

b
g

e
n

us 
O

to
s
p

e
rm

o
p

h
ilu

s
S

p
e

rm
o

p
h

ilu
s 

v
a

ri
e

g
a

tu
s

U
ta

h 
M

e
rr

ia
m

It

S
u

b
g

e
n

us 
S

p
e

rm
o

p
h

ilu
s

S
p

e
rm

o
p

h
ilu

s  
a

rm
a

tu
s

( K
e

n
n

ic
o

tt 
)

2

S
p

e
rm

o
p

h
ilu

s 
b

e
ld

in
g

i
c
re

b
u

s 
M

e
rr

ia
m

S
p

e
rm

o
p

h
ilu

s 
to

w
ti
s
c
n

d
i

m
o

lis
 (

K
e

n
n

ic
o

tt)

S
u

b
g

e
n

us 
C

a
llo

s
p

e
rm

o
p

h
ilu

s
S

. l
a

te
ra

lis
 l

a
te

ra
lis

(S
a

y)

3 4 5

G
e

n
us

 
A

m
m

o
s
p

e
rm

o
p

h
ilu

s
A

m
m

o
s
p

e
rm

o
p

h
ilu

s 
le

u
c
u

ru
s

le
u

c
u

ru
s M

e
rr

ia
m

6 Previous reports in literature

AllTHBOPODAf

Siphonaptera:
Fain. Hystrichopsyllidae

(Tiraboschi)

Subfam. Hystrichopsyllinae
Hystrichopsylla dippei

truncata Holland
Hystrichopsylla sp.
Rhadinopsylla heiseri

(McCoy)

Subfam. Neopsyllinae
Neopsylla inopina

Rothschild
Catallagia decipiens

Rothschild
Mcringis dipodomys Kohls
M . parkeri Jordan

Subfam. Anomiopsyllinae
Conorhinopsylla stanfordi

Stewart
Megarthroglossis smiti

Mendez
Fam. Ceratophyllidae Dampf

Thrassis acamatus
utahensis ( Wagner )

T. francisi francisi
(Fox)

T. pandorae Jellison

T. petiolatus (Baker)
T. bacchi caducus

( Jordan )
T. b. gladiolus (Jordan)

T. b. consimilis Stark
T. arizonensis arizonesis

(Baker)

Diamanus montanus
(Baker)

Nosopsyllus fasciatus
(Bosc)

Oropstjlla idahoensis
(Baker)

O. rupcstris
Opisthocrostis

tubcrculatus (Baker)

4/61

3/61

X
1/61

X

X

43/61

X

1/61

8/61

X
X

X
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X
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X

X
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3/14
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X
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X 3/12 4/24

X 2/12 3/24

X

X
X
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X
X

X
X
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2/14
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Stark, 1958 (2)
Stark, 1958 (2, 5)
Hansen, 1954 (6)
Stark, 1954 (6)

Hansen, 1954 (2)
Stark, 1958 (2)

Stark, 1958 (1)
Stark, 1958 (6)
Stark, 1958 (6)

Stark, 1958 ( 4)

Stark, 1958 (6)

Hansen, 1954 (4)
Stark, 1958 (1 ,2)

Stark, 1958 (1,2, 4, 6)
Hansen, 1954 (2, 4)
Stark, 1958 (1, 2, 4, 6)

Stark, 1958 (2)

Stark, 1958 ( 5, 6 )
Hansen, 1954 (4, 6)
Stark, 1958 (1, 2, 4, 6)
Stark, 1958 (1, 6)

Stark, 1958 (2)

Hansen, 1954 (1, 2, 4, 5, 6)
Stark, 1958 (1, 2, 5, 6)
Stark, 1958 (1, 2)

Hansen, 1954 (2, 3, 4, 5)

Stark, 1958 (1, 2, 5, 6)

Hansen, 1954 (2, 3, 4, 6)
Stark, 1958 (1, 2)
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Table 1 cont'd.

Parasite species

O. t. cynomuris Jellison
O. hirsutus (Baker)

O. labis (Jordan and
Rothschild)

Dactylopsljlla ignota
utahensis (Wagner)

D. ignota apachina Fox

Orchopeas leucopus
(Baker)

O. sexdentatus (Baker)
Opisodasys keeni keeni

(Baker)
Malareus bitterrootensis

( Dunn )

M. sinomus Jordan
Monopsljllus wagneri

wagneri Baker

Monopsljllus vision
(Baker)

M. eumolpi (Rothschild)

M. e, cyrturus Jordan
Megabothris abantis

(Rothschild)
Fain. Pulicidae Stephens

Subfam. Pulicinae
Pulex sp. pos. irritans
Subfam. Spilopsyllinae
Echidnophaga gallinacea

Westvvood
Cediopsylla inaequalis

inaequalis (Baker)
Hoplopsljlla anomalus

Baker

Phtheraptera : Fam .
Hematopinidae
Enderleinellus suturalis

Osborn
Enderleinellus sp.
Hoplopleura acanthopus

Burmeister
Neohaematopinus citcl-

linus Ferris
N. laeviusculus Grube
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Stark, 1958 (2, 4, 6)
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Hansen, 1954 (2, 5, 6)
Stark, 1958 (1, 2, 5)

Stark, 1958 (5)

Hansen, 1954 (2, 5)
Stark, 1958 (1, 2, 5)
Stark, 1958 (2)
Stark, 1958 (2 ,5)

Hansen, 1954 (1)
Stark, 1954 (6)
Hansen, 1954 (1)
Stark, 1958 (5)

Stark, 1958

Hansen, 1954 (2, 4, 5,
Bell, 1950 (4, 5)

Bell, 1950 (2, 5)

Hansen, 1954 ( 6)
Hansen, 1954 (1,2, 3,
Bell, 1950 (2, 4, 5)

8)

4)

ACAHIN A

Suborder Mesostigmata
Fain. Dermanyssidae

Kolenati
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Table 1 cont'd.
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Parasite species If 2 3

Hirstionyssus
carniflex Koch X

H. incomptus Eads
and Hight

H. trlcanthus Koch X
Fam. Laelaptidae Berlese

Hypoaspis levicitlus
Ewing

Hacmolaclaps
glasgowi Ewing 3/61 2/14

Haemolaelaps sp. 2/14
Suborder Trombidiformes
Fam. Trombiculidae Ewing

Enschongastia sp. 2/61 1/14
Trombicula sp. 1/61

ACARINA (ticks)
Dermacentor andersoni

Stiles 23/61 9/14 X
D. parumapertus

Neumann 2/61 2/14 1/5
Ixodes marmotae

Cooley and Kohls 1/12
I. sculptus Neumann X
/. kingi Bishopp

INSECTA
Order Diptera
(larvae determined to
family with the
exception of one case)

Anthomyidae 1/54
Calliphoridae

Cecidomyidae Sp. I
Sp. II 1/154
Sp. Il l

Hylemya Sp. I
Sp. II
Sp. Il l
Sp. IV
Sp. V 1/154
Sp. VI 1/154
Sp. VII 1/154
Sp. VII I 1/135

Mycetophyllidae Sp. I
Sp. II

Muscidae 1/135
Nitidylidae

Chijchramus adastris
Phoridae 1/154
Rhagoletis
Sarcophagidae 1/154

j^ .&>  to co
^o •%*>-

co S co

4 5

X

X 4/24

4/24

21/24

X

1/24
1/24

1/25

1/100
1/100

2/100

1/100
1/100
1/100
1/100
1/100

2/100

1/100

2/100

2/100

§g|

o
6 Previous reports in literature

Hansen, 1954 (2)

2/14
1/14 Hansen, 1954 (2)

Hansen, 1954 (5)

Hansen, 1954 ( 2 , 4 ,5)

Hansen, 1954 (5)
X Hansen, 1954 (6)

Hansen, 1954 (1, 2, 3, 5)

X Hansen, 1954 (4, 6)
Edmunds, 1948 (2)
Hansen, 1954 (2, 3, 5)
Edmunds, 1948 ( 2 )

1/14

1/135

1/135

*  Includes data from all sources. Data contributed by the present study is expressed by number of infected animals over
number processed. Records from literature only are represented by X and followed by reference.

f Host species are numbered to correspond to previous reports in literature in right-hand column.
:;: Not all specimens were processed for protozoa and ectoparasites.
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quired its parasites from its association with
the antelope ground squirrel is that a second
nematode, Physaloptera massino Shultz, is also
present in both but not in other ground squir-
rels of the region.

Most of the helminths listed in Table 1 were
restricted to one or two species of ground
squirrels. Few are host-specific to the species
listed except in this area, and the majority
have a wide distribtuion in North America.
Seven species were found to inhabit at least
three of the six host species. Continued collec-
tion wil l probably increase this number. Para-
sites exhibiting broad host involvement in
addition to residence in ground squirrels are:
Trematodes: Brachylaime microti Kruidinier
and Gallecchio (ground squirrels, deer mice,
and voles). Cestodes: Mesocestoides corti
Hoeppli (ground squirrels, house mice, and
carnivores); Hymenolepis citelli McLeod
(ground squirrels, deer mice, chipmunks,
grasshopper mice, pocket gophers, and Ord
kangaroo rats); Raillietina retractilis Stiles
(ground squirrels, jack rabbits, and kangaroo
rats); larval Taenia mustelae Gmelin (ground
squirrels and deer mice). Nematodes: Capil-
laria hepatica Bancroft (ground squirrels, deer
mice, pocket gophers, and voles); Citellonema
bifurcation Hall (ground squirrels and mar-
mots); Trichostrongylus colubriformis Giles
(ground squirrels, sheep, goats, and cattle);
Ostertagia circumcincta Stradelman (ground
squirrels, deer mice, chipmunks, tree squirrels,
sheep, and goats); Physaloptera massino Shultz
(ground squirrels, house mice); and Rictularia
coloradensis Hall (ground squirrels, deer mice,
chipmunks, pocket mice, and weasels). Acan-
thocephala: Monilijormis clarki Ward (ground
squirrels, deer mice, pocket gophers, chip-
munks, and voles).

Special mention should be made of Trich-
ostrongylus colubriformis and Ostertagia cir-
cumcincta, both considered to be mainly para-
sites of sheep and goats. It is likely these
species were introduced into the region along
with sheep. These species probably were
transferred from sheep to ground squirrels in
mountain habitats capable of sustaining the
lif e history of the worms but not in desert
habitats used by sheep as winter range. What
is important is that ground squirrels could
possibly act as a reservoir of infection in suit-

able locations and complicate control measures
designed for sheep.

Why S. lateralis and S. variegatus have but
two helminth species of a total of 21 in com-
mon even though their habitats overlap can
be explained only through physiological and
behavioral differences resulting from speciation.
However, both hosts share all of the protozoan
species. It is easier to explain why A. leucurus
and S. lateralis have two helminths in common
because one is a desert rodent and the latter
a high-mountain resident. Moreover, both
common parasite species in this instance have
intermediate hosts that are burrow-dwelling
insects and are not restricted by altitudinal
differences. S. armatus and S. beldingi have
four helminth species in common, but these
two hosts belong to the same subgenus and
occupy adjacent ranges.

Parasites suggesting specificity to genus of
host are the following: Syphacia citelli (S.
armatus, S. beldingi, and S. variegatus). This
oxyurid has been previously reported by Tiner
and Rausch (1950) from S. armatus in Wyo-
ming and from S. variegatus by Kruidinier
and Peebles in Arizona. Trichuris citelli (S.
variegatus) has been previously reported from
S. beecheyii in California by Chandler (1945).
Furthermore, in the total of 18 cases T. citelli
was never found as a single infection but was
always accompanied by Syphacia citelli sug-
gesting dependence on either previous or con-
current infection with the latter species.

Infection rates were based on both the di-
versity and number of parasite species present
in each host and the high incidence produced
by principal species having highly developed
patterns of dissemination. Most heavily para-
sitized were S. variegatus (70.5%), S. town-
sendi (72%), and A. leucurus (71.5%). These
were followed by S. armatus (39.2%) and S.
beldingi (42.8%). S. lateralis at 7.3% showed
the lowest parasitism. S. variegatus would
reasonably be expected to have the highest
rate in that it (1) has the largest number of
parasitic species, (2) has expanded its niche
to include urban and suburban habitat as well
as taking over the role of the Norway and
brown rat in recreational areas, (3) normally
inhabits the transitional habitat between desert
and higher mountains where environmental
conditions are more variable and the commu-
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nity consists of a greater number of species,
and (4) is parasitized by an oxyurid species,
Syphacia citelli Tiner and Rausch, that is
extremely prevalent. In the case of S. town-
sendi and A. leucurus leucurus, both desert
forms, the high percentage of parasitism is
associated with the high incidence of Citellina
triradiata Hall, mediated by the variety and
succession of food in a desert habitat that en-
sures that fecal pellets will constitute a con-
siderable part of the diet when other food is
not abundant.

Males of most of the host species showed
higher incidence of parasitism than females.
Trapping success in S. variegatus yielded ap-
proximately 40% males and 60% females of
which 35.6% of the former and 23.5% of the
latter were parasitized with one or more spe-
cies. A similar situation was present in S.
armatus where 41.6% of males and 33.3% of
females were infected. In S. lateralis, however,
the majority of infections in males were cases
of myiasis while females revealed Rictularia
coloradensis and Moniliformis clarki cases not
recovered from males, suggesting greater de-
pendence of nesting females on burrow-in-
habiting insects such as the camel cricket,
Ceuthophilus utahensis, the natural host of
these species. Lower infection rates in females
also may be due to sex-hormone-induced re-
sistance as established by Mathies (1959) in
studies with Aspiculuris tetraptera in mice.
Testosterone in males is also known to enhance
susceptibility.

A trichinosis survey was conducted on 100
selected specimens from the six host species.
The bulk of the specimens (S. variegatus, S.
armatus, and S. lateralis} were collected about
campgrounds and garbage disposal areas in
the Wasatch Mountains where a potential for
infection exists. Completely negative results
were obtained but these results are not con-
sidered conclusive because the specimens came
from too limited a number of localities. How-
ever, with the heavy visitor pressure now
present in most recreational areas and with
the present garbage disposal methods where
Forest Service sanitaiy landfills are left ex-
posed for long periods, it will be only a matter
of time before T. spiralis is introduced. As far
as is known, all ground squirrel species, with
the possible exception of S. townsendi, are sus-
ceptible to infection.

Three protozoan species were present in all
host species. These were Entamoeba citelli
Becker which is specific to ground squirrels.
The flagellates, Monocercomoides pileata Kirby
and Honigberg, and Tritrichomonas muris
Grassi, were also present in all host species.
Additional study of the host species other
than the antelope ground squirrel that was
thoroughly studied by Evans (1955, 1956,
1959) might reveal that other protozoans listed
may also occur universally in ground squirrels.

Littl e host selectivity could be demonstrated
in the ectoparasites recovered. Most have been
recovered from rodent species other than
ground squirrels and it appears that consider-
able normal exchange occurs. Two species of
flea, Opisthocrostis tuberculatus Baker and
Oropsylla idahoensis Baker, were present on
all six hosts, although individuals of these spe-
cies were not as numerous nor did they have
the incidence of parasitism that Diamanus
montanus Baker and Hoplopsyllus anomalus
Baker had on five of the six hosts. Among the
lice, only Neohematopinus laeviuscula Grube
was universal in distribution and quite numer-
ous. Among the mites, the most frequently
recovered was Haemolaelaps glascowi Ewing.

In western Utah, the Rocky Mountain
spotted fever tick, Dermacentor andersoni
Stiles, is generally present above 6,000 feet in
elevation while D. parumapertus Neumann is
present in the lower areas. These species lack
host specificity and the absence of either spe-
cies on a host is due to altitudinal restriction.
The restriction of Ixodes kingi to A. leucurus
could also be distributional.

The Diptera larvae recovered probably
represent accidental ingestion of fly-infested
food while the host was feeding in garbage
cans and dumps about forest recreation areas.
It was not possible to establish that true myiasis
was present in these cases although a number
of the genera represented are known to as-
sume this role. Adult flies were not reared
since most specimens were preserved at the
time of collection.
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