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ABSTRACT: Between February 1992 and

March 1994, four species of rodent from the
Snake River Birds of Prey Area near Boise, Ida-

ho (USA) were necropsied. Hemorrhagic gas-

tntis was observed in 16 of 131 Townsend’s
ground squirrels (Spermophilus townsendii),

one of 1 1 Ord’s kangaroo rats (Dipodomys or-

dii) and the one Great Basin pocket mouse (Pe-

rognathus parvus) evaluated. No lesions were

observed in 14 white-footed deer mice (Pero-

myscus maniculatus). Tissue from one Town-

send’s ground squirrel was negative for Heli-

cobacter sp.-like bacteria.
Key words: Hemorrhagic gastritis, Gastric

lesions, Spermophilus, Dipodomys, Perornys-
cus, Perognathus, rodent, Idaho.

Gastrointestinal ulceration is a concern

for human health, domestic animal pro-

duction and zoo management. Skinner

(1922) reported that wild pronghorns (An-

tilocapra americana) did not adjust well to

captivity and often developed stress-relat-

ed stomach ulcers. Selye (1936) first

showed that stomach ulcers could be cx-

perimentally induced in rats exposed to

stressors such as cold and excessive exer-

cisc. Gastric lesions, including hemorrhage

and ulceration, resulting from Selye’s Syn-

drome (stress) have subsequently been re-

ported from captive and domestic

mals including zebras (Equus sp.), rhinoc-

eroses (Diceros sp.), ranch-raised mink

(Mustela vison) (Wallach and Boever,

1983), pigs (Sus scrofa) (Hessing et al.,

1992) and vervet monkeys (Cercopithecus

aethiops) (Suleman et al., 1995). Gastric

lesions also have been correlated with the

bacterium Helicobacter pylon in humans

(Graham, 1991) and H. pylori and Gas-

trospirillum spp.-like organisms in captive

cheetahs (Acinonyxjubatus) (Eaton et al.,

1993), nematode infection in domestic cats

(Felis domesticus) (Curtsinger et al., 1993),

canine distemper in captive black-footed

ferrets (Mustela nigripes) (Williams et al.,

1988), and creosote poisoning in black rhi-

noceroses (Diceros bicornis) (Kock et al.,

1994). Reports of gastric lesions from free-

living animals appear to be rare; however,

gastric erosion and hemorrhage has been

observed in 83 (55%) of 152 oil contami-

nated and four (6.5%) of 62 non-contam-

mated carcasses of sea otters (Enhydra lu-

tris) that died in the wild at Prince William

Sound, Alaska (USA) (Lipscomb et al.,

1994).

Between February 1992 and March

1994 we surveyed four species of rodent

at the Snake River Birds of Prey Area

(SRBOPA) (43#{176}17’N, 116#{176}25’W), Idaho

(USA), for intestinal helminths. In the

course of this study, we observed hemor-

rhagic gastritis in Townsend’s ground

squirrels (Spermophilus townsendii), Ord’s

kangaroo rats (Dipodomys ordii) and one

plains pocket mouse (Perognathus par-

vus). To our knowledge, this is the first re-

port of gastric lesions in these rodents.

During our study, we examined 131

Townsend’s ground squirrels, 1 1 Ord’s kan-

garoo rats, one Great Basin pocket mouse,

and 14 white-footed deer mice, (Peromys-

cus maniculatus) from the SRBOPA.

Townsend’s ground squirrels are obligate

hibernators (Rickart, 1982) and are active

only from February to June in most years

(Smith and Johnson, 1985). During

monthly collections in 1992, we collected

a total of 76 adult squirrels. Juveniles

emerged from their natal burrows in

March and April in 1992 and we collected

46 juveniles between April and June.

Squirrels were collected in single-door,

wire-mesh collapsible live-traps (Toma-

hawk No. 201, Tomahawk, Wisconsin,

USA) during the day, transported to the

lab by 5:00 p.m. and immediately euthan-

ized with Halothane (Sigma, St. Louis,
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FIGURE 1. Macroscopic view of hemorrhagic le-

sions (arrow heads) in the stomach of a female Town-

sen(ls ground squirrel (Spermoplzilus t(nvnsen(lu)

from the Snake River Birds of Prey Area, Idaho.

Scale bar = 5 mm.

Missouri, USA). Carcasses were frozen at

-20 C until necropsy in June 1992. In

1993, four trap mortalities from a mark-

recapture study and five animals that were

found dead were necropsied in August

1993. The prevalence of stomach lesions

in adult versus juvenile squirrels was com-

pared using Fisher’s Exact Test (Mehta

and Patel, 1992). Relative body condition

(excellent, good, fair, poor) in squirrels was

estimated froni the relative abundance of

fat in the abdominal cavity. Body masses

of squirrels with lesions versus squirrels

without lesions was compared using a two

sided t-test (Zar, 1984) for animals for

which we had those data. Two squirrels

that died after being held in captivity for

less than a month also had lesions. These

animals were not included in the totals or

the statistical analyses, but a macroscopic

view of a fresh stomach with lesions (Fig.

1) and a photomicrograph of a lesion (Fig.

2) were obtained from the adult female

squirrel, captured on 9 February 1993 and

which died in captivity on 25 February

1993. This animal was necropsied shortly

after death and lesions were photographed

FIGURE 2. Histological section of a portion of a

stomach lesion in a female To�vnsend�s ground squir-

rel (Spermopliilus towPisen(lii) from the Snake River

Birds of Prey Area, Idaho USA. Note normal gastric

mucosa (gin) 1)fl the left and lesion (1) on the right:

the lesion does not extend through the muscularis
mucosae (mm): the sparse mixed inflammatory cell
infiltration (arrowheads) in the submucosa; and the

accumulation of fibrin thronibi in the small vessels at

the base of the lesion (arrow). Hematoxvlin and losin.

Scale bar = 0.2 mm.

immediately. The tissue was fixed for 24 hr

in aqueous Bouin�s fixative (Pritchard and

Kruse, 1982), rinsed for 12 hr in tap water,

and embedded in paraffin. Specimens

were sectioned (3 to 4 �xm) and stained in

Harris’ hematoxylin and eosin. Samples

from this one stomach were examined for

Helicobacter sp. -like organisms using \Var-

thin-Starry silver stain (Luna, 1992).

The other three species of rodent are

active all year, but we collected specimens

only on 15 and 16 March 1994. Animals

were euthanized on site with Halothane

and transported to the lab within 1 hr

where they were frozen ( -20 C) until nec-

ropsy in April 1994 or April 1995. No

weights or body condition estimates were

obtained for these individuals. Stomach

tissue from two animals with stomach le-

sions also was fixed and sectioned, except

that this tissue had been frozen prior to

preservation and sectioning. These tissues

were not tested for Helicohacter sp.-like

organisms.

Gastric abnormalities were first ob-

served macroscopically during the necrop-
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Significantly (P < 0.01) lower than animals without lesions.

FIGURE 3. The prevalence (number posi-

tive/number sampled) of stomach lesions in a free-

living population of Townsend�s ground squirrels at

the Snake River Birds of Prey Area, Idaho by month

in 1992.

sy examination of Townsend’s ground

squirrels. Although we prepared histolog-

ical sections from only one fresh squirrel

stomach and one frozen stomach each

froni a kangaroo rat and a pocket mouse,

the macroscopic abnormalities were un-

mistakable. They included slits that ranged

from 1 to 2 �nm, to about 10 mm in length

(Fig. 1), were consistently dark-red to

black, were hemorrhagic in appearance

and could not be removed by scraping the

surface. These lesions were observed in 13

(11%) of 122 squirrels in 1992 and three

of nine squirrels in 1993. In 1994, no

squirrels were sampled, but one of 11 kan-

garoo rats and one of one pocket mouse

had lesions. None of the 14 deer mice ex-

amined in 1994 had lesions.

In 1992, the prevalence of these lesions

in the squirrel population that was sam-

pled increased from February to April, but

declined to zero in May and June (Fig. 3).

Lesions were more likely (P < 0.05) to oc-

cur in juveniles (eight of 46, 17%) than in

adults (five of 76, 7%). All juveniles with

lesions were in poor condition with little

or no abdominal fat while adults with le-

sions (only females) had body conditions

that ranged from poor to good. Juveniles

with lesions had a significantly lower (P <

0.01) mean body mass than those with no

lesions (Table 1). The mean body mass of

adult females with lesions was less than for

adult females without lesions, but the dif-

ference was not significant (Table 1).

In 1993, three of nine squirrels had the

lesions. Interestingly, lesions occurred in

three of five squirrels found dead on trap

sites but in none of four squirrels that died

due to trap-stress. There was no difference

in prevalence of lesions between adults

(one of three) and juveniles (two of six).

Animals with lesions always lacked abdom-

inal body fat. The mean body mass for

squirrels with lesions was less than for

squirrels without lesions, but the differ-

ence was not significant (Table 1). All

three squirrels with lesions were male.

Based on the microscopic examination

of the lesions in the female ground squir-

rd that died in captivity (Fig. 2), necrosis

and hemorrhage involved half to three-

fourths of the thickness of the mucosa. Fi-

brim thrombi were evident in the small

vessels at the base of the lesions and there

was accumulation of proteinaceous fluid

and a sparse, mixed inflammatory cell in-

filtrate in the submucosa. The lesions did

TABLE 1. Mean ± SD � mass (g) of adult and juvenile Townsend’s ground squirrels (Spermophilu,s

town.sen(lii) with and without stomach lesions at the Snake River Birds of Prey Area, Idaho, in 1992 and

1993. Sexes were combined when both males and females were captured.

Year Age

Ntirnber
sampled

Lesions

present

Number

sampled
Lesions
absent

1992 Juveniles 7 69 ± 15U 33 103 ± 29

1992 Adult females 4 158 ± 42 36 163 ± 39

1993 Juveniles 2 46 ± 25 4 75 ± 32

1993 Adult males 1 128 1 226
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not extend through the muscularis muco-

sa. The prepared sample was examined for

Helicobacter spp. -like organisms after

staining with Warthin-Starry silver stain,

but no silver-positive organisms were de-

tected.

Microscopically, the lesions in the kan-

garoo rat and the pocket mouse were sim-

ilar to those in the ground squirrel. How-

ever, there was no inflammation in the

lamina propria.

In summary, this is the first report of

he morrhagic gastritis in Townsend’s

ground squirrel, Ord’s kangaroo rat, and

plains pocket mouse. Additional testing is

needed to determine the possible causa-

tive agents. Of the 16 squirrels with le-

sions, 1 1 had poor body condition, two

were in fair condition and one was in good

condition. No squirrels in excellent con-

dition were affected. Prevalence of ulcer-

ation increased in the squirrel population

we sampled from February to April (Fig.

3). During this time (February to June)

there was a severe drought at the SRBOPA

that negatively impacted both individual

squirrels and the squirrel population (Wil-

ber et al., 1996). This relation between

poor body condition and increased preva-

lence of stomach lesions supports the hy-

pothesis that higher incidence of disease

may occur when animals are in poor phys-

ical condition (Esch et al., 1975; Scott,

1988). The absence of lesions in May and

June of 1992 is puzzling, but perhaps af-

fected animals were in such poor physical

condition that they had died or had begun

dormancy by May.

We suspect that similar lesions, includ-

ing true gastric ulceration, may occur in

wild rodents in a variety of locations, but

among hundreds of rodents (> 20 species)

necropsied in North and South America,

such lesions have never been observed (D.

Duszynski, unpubl.). Further study on

hemorrhagic gastritis and possible ulcera-

tion in wild rodents is warranted.
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