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ABSTRACT: From February 1998 to July 1999,
65 western gray squirrels (Sciurus griseus gri-
seus) were trapped at three sites in Klickitat
County, Washington (USA) as part of a home
range and habitat use study. No squirrels (0/9)
with mange lesions were identified in the initial
trapping session (February and March 1998).
During all subsequent trapping sessions (Au-
gust 1998 through July 1999), squirrels with le-
sions consistent with notoedric mange, caused
by the mite Notoedres centrifera (douglasi),
were captured or recaptured at all three study
sites. The diagnosis was confirmed by histopa-
thology and examination of mites obtained
from skin scrapings from two affected squirrels.
Of the 56 squirrels captured from August 1998
to July 1999, 33 (59%) had characteristic
mange lesions, and 14 (42%) affected squirrels
died directly of mange or of secondary compli-
cations of mange. Only four breeding females
of 22 radio-collared animals (males and fe-
males) in the study population were known to
have survived the mange outbreak (12 died, 6
missing). Factors potentially contributing to
this mange outbreak include a mast crop failure
in the fall of 1998 and transmission of mites
from animal to animal during trapping and pro-
cessing sessions.

Key words: Notoedres centrifera (douglasi),
notoedric mange, Sciurus griseus griseus, west-
ern gray squirrel.

Notoedric mange, caused by the mite
Notoedres centrifera (douglasi) (Lavoipier-
re, 1964; Klompen, 1992), has been de-
scribed in several squirrel species in the
United States including the western gray
squirrel (Sciurus griseus griseus) (Bryant,
1921), the eastern gray squirrel (Sciurus
carolinensis) (Carlson et al., 1982), and the
fox squirrel (Sciurus niger) (Kazacos et al.,
1983). Although most cases of notoedric
mange in squirrels have been limited to
isolated events affecting individuals or
small groups of animals, one significant

epizootic associated with considerable
morbidity and mortality has been report-
ed. In the Eldorado National Forest in
California an outbreak of notoedric mange
nearly decimated a local population of
western gray squirrels in 1921, with nu-
merous dead squirrels found at bases of
trees and in streams. Death was attributed
largely to emaciation caused by mange le-
sions around the eyes interfering with vi-
sion and normal foraging behaviors (Bry-
ant, 1921, 1926). This report describes a
similar outbreak of notoedric mange in a
population of western gray squirrels from
Washington.

Western gray squirrels were trapped for
a home range and habitat use study in
three different areas within Klickitat
County, Washington (458509N, 1218009W)
from February 1998 to July 1999. Toma-
hawk live traps (number 204, Tomahawk
Live Trap Co., Tomahawk, Wisconsin,
USA) were used and animals $ 675 g were
anesthetized with isoflurane using an in-
halation cone, examined, ear tagged in
both ears (size 1005-1 tags, National Band
and Tag Co., Newport, Kentucky, USA),
and fitted with radio collars (model RI-
2Csp or SI-2C, Holohil Systems, Ltd.,
Carp, Ontario, Canada). During the initial
trapping period (February and March
1998) 0/9 squirrels captured at one site
demonstrated mange lesions. Beginning in
August 1998 and continuing through July
1999 squirrels from all three trapping sites
were captured or recaptured having le-
sions consistent with notoedric mange. Af-
ter the initial trapping session, 56 squirrels
were captured and of this total 33 (59%)
had lesions consistent with mange. Of the
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FIGURE 1. Representative case of notoedric
mange in a western gray squirrel, with patchy alo-
pecia of the ears, head, trunk, and tail.

33 affected squirrels, seven were eventu-
ally found dead and presumed to have
died from mange, and seven carcasses or
partial remains with necropsy evidence of
predation were found. In the predation
cases it was assumed that mange contrib-
uted to increased susceptibility, based
upon repeated field observations of abnor-
mal flight behavior, decreased activity, in-
coordination, and emaciation associated
with advancing mange lesions. Two addi-
tional squirrels that were never trapped or
handled also were found dead with severe
mange lesions during the trapping and te-
lemetry sessions (one drowned, one found
dead at the base of a tree). Of 22 radio-
collared squirrels (males and females) in
the initial study group, only four breeding
females were known to have survived the
mange outbreak. Radio-collared males ap-
peared to be affected with mange more
commonly over the entire course of the
study, with 14/18 (78%) displaying lesions
consistent with mange versus 9/22 (41%)
collared females.

Two squirrels (one male, one female)
with typical lesions suggestive of notoedric
mange were submitted to the Southeast-
ern Cooperative Wildlife Disease Study
(College of Veterinary Medicine, The Uni-
versity of Georgia, Athens, Georgia, USA)
for examination. Both squirrels had been
found dead at the bases of trees during the
trapping sessions, and both squirrels had
been captured and ear tagged before
death. Both animals were mature adults,
and each was nearly emaciated with patchy
to extensive alopecia affecting the ears,
head, dorsal trunk, and tail (Fig. 1). Alo-
pecic areas of skin were thickened, cor-
rugated, and often were covered by ad-
herent tan crusts. In one squirrel, the ears
adjacent to the ear tags were most severely
affected, whereas the distribution of le-
sions was more widespread in the second
squirrel. Representative samples of skin
were fixed in 10% neutral buffered for-
malin, embedded in paraffin, sectioned at
3–4 mm, stained with hematoxylin and eo-
sin, and examined by light microscopy. Mi-

croscopic lesions consisted of extensive
epidermal hyperplasia (acanthosis) with
both orthokeratotic and parakeratotic hy-
perkeratosis. There were multifocal ero-
sions and ulcers in affected epidermis with
extensive serocellular crusting, together
with numerous intracorneal and intraepi-
dermal tunnels containing sections of
mites (Fig. 2). In the dermis of both squir-
rels there were light perivascular and in-
terstitial infiltrates of neutrophils, lympho-
cytes, plasma cells, and macrophages with
multifocal regions of dermal fibrosis. Skin
scrapings revealed numerous adult mites
(females 186–250 mm 3 122–181 mm;
males 128–142 mm 3 98–118 mm), eggs
(128–142 mm in length), and mite feces.
The mites were identified as Notoedres
centrifera (douglasi) according to the de-
scriptions of Lavoipierre (1964) and Klom-
pen (1992). Representative specimens
were deposited in the U.S. National Par-
asite Collection (Beltsville, Maryland,
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FIGURE 2. Section of skin from a western gray
squirrel with notoedric mange demonstrating mites
within tunnels in the epidermis (arrow). H&E. Bar
5 100 mm.

USA; Accession number 089192.00). The
cause of death for both squirrels was ema-
ciation.

This outbreak of notoedric mange ap-
pears to have significantly impacted the lo-
cal western gray squirrel population within
the study sites in Klickitat County (M. J.
Linders, unpubl. data). The western gray
squirrel is listed as threatened in Washing-
ton (Washington Department of Fish and
Wildlife, 1999) and generally reproduces
at a much lower rate than the related east-
ern gray squirrel, making the loss of a large
part of a local population a significant
event. The cause of this outbreak remains
unknown, but several factors may have
played contributory roles. The first factor
was a mast crop failure in the fall of 1998
(M. J. Linders, unpubl. data). Poor nutri-
tional status and stress appear capable of
increasing the severity of mange in squir-

rels and other animals (Lavoipierre, 1964;
Carlson et al., 1982); mast crop failure and
limitations of other essential resources
(such as suitable habitat) also could facili-
tate transmission of mites from animal to
animal by increasing dispersal, emigration,
and contact between hosts (Valenzuela et
al., 2000). A second factor potentially in-
volved in this mange outbreak was the
trapping and processing of the squirrels.
Notoedres spp. mites are transmitted from
animal to animal by direct contact and po-
tentially by contact with recently contam-
inated bedding and fomites on equipment
or in the environment. Whether transmis-
sion or development of clinical diseases
was facilitated in these trapped squirrels
by ear tagging or trapping equipment is
unknown. Mange lesions were observed in
several squirrels that had never been
trapped or handled, and similar lesions
were observed in several squirrels at initial
capture (prior to handling and ear tag-
ging). Efforts to prevent subsequent trans-
mission during trapping, handling, and ear
tagging were implemented after this out-
break of mange began, including cleaning
trapping and tagging equipment between
squirrels, use of disposable gloves, use of
disposable paper filters in anesthesia
masks, and other precautions. Similar pro-
tocols are encouraged for other investiga-
tors in the future whenever squirrels are
captured and handled.

An important question that remains un-
answered is whether Notoedres mites are
endemic in this squirrel population (and
other affected populations), with disease
cycling at periodic intervals, or are intro-
duced by immigrating squirrels or other
sources. A similar outbreak of notoedric
mange was observed in another rodent
species, the white-footed mouse (Peromys-
cus leucopus), on Nantucket Island (Mas-
sachusetts, USA) in 1995, after 10 years of
trapping without detecting mange lesions.
The author of this report speculated that
such infestations may exist in small, easy
to miss, circumscribed foci and that vari-
ations in host and parasite populations may
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lead to periodic intensification of cycles of
transmission and development of disease
(Telford, 1998).
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