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ABSTRACT: Deer keds (Lipoptena cervi) are blood-sucking flies in the family Hippoboscidae;
moose (Alces alces) are their main host in Scandinavia. There are no detailed reports of the
negative impacts of deer keds on moose. In 2006 and 2007, hunters in southeastern Norway and
midwestern Sweden found several moose cadavers with severe alopecia; numerous moose had
extensive hair loss. Between February 2006 and June 2007, materials from 23 moose were
submitted for laboratory examination and large numbers of deer keds were found in the coat of
most animals. The body condition of the moose varied but was poor in animals with severe
alopecia. The findings of enormous numbers of deer keds in the coat of the majority of the affected
animals and a consistent histologic image (acute to chronic, multifocal to coalescing, eosinophilic to
lymphocytic dermatitis), concurrent with the absence of any other lesions, trace element
deficiencies, or dermal infections which are known to cause alopecia, suggest that the hair-loss
epizootic was linked to massive infestations with deer keds. The emergence of this hair-loss
syndrome implies that the dynamics between parasite and host have been disrupted by a currently
unknown environmental or ecological factor. A high moose density, combined with extraordinarily
mild weather June 2006–June 2007 and a particularly long period with the absence of night-frost in
autumn of 2006, may have been ideal for deer ked development, survival, and optimal host
acquisition.

Key words: Alces alces, climate, deer ked, dermatitis, hair loss, Lipoptena cervi, population
density, pathology.

INTRODUCTION

The deer ked (Lipoptena cervi) is a
blood-feeding ectoparasite that infests sev-
eral cervid host species (Hackman et al.,
1983). Deer ked females are viviparous and
produce new prepupae throughout the
year. Fully developed pupae passively drop
out of the coat to the ground where they
develop into winged imagos in late summer
and early autumn. When the imagos reach
their hosts, they lose their wings and
remain on the same host for the rest of
their lives (Haarløv, 1964). Keds have been
present in continental Europe since the
stone age (Gothe and Schöl, 1994) and
were described in southern Sweden as
early as 1758 (Linné, 1758). This parasite
has expanded its distribution west and
northward in Scandinavia over the last
few decades and is now abundant in
southeastern Norway and central Sweden
(Fig. 1) (Välimäki et al., 2010). Factors

contributing to the increase in deer ked
distribution and abundance are not fully
elucidated, although increases in host
animal populations and changes in climate
have been suggested (Välimäki et al., 2010).

The deer ked is not reported to cause
disease in the host (Allan, 2001), although
Ströse (1916) blamed the parasite for
causing focal hair loss and eczema in red
deer (Cervus elaphus). Darling (1963)
reported that red deer seemed not to
react strongly to the deer ked but argued
that the effect on the host must be
considerable, without further describing
the cases. Fatigue and growth retardation
have been seen in fallow deer (Dama
dama) experiencing massive infestations of
deer keds (Ivanov, 1974). Laaksonen
(2009) reported that semidomesticated
reindeer (Rangifer tarandus) showed pru-
ritus and developed focal alopecia after
infestation with deer keds.
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We describe the clinical and pathologic
findings associated with epizootic hair loss
among moose in areas of southeastern Nor-
way and midwestern Sweden where the deer
ked is abundant. We discuss to what degree
the hair-loss syndrome was associated with
deer ked infestation and to what extent local
moose population densities and weather
conditions were factors in the outbreak.

MATERIALS AND METHODS

Study area

The study area was in southcentral Scandina-
via (59u069–62u169N, 10u279–15u139E; Fig. 1).
The elevation ranges from sea level in the
southwest to about 600 m in the north, covering
both the middle boreal, southern boreal, and
boreonemoral vegetation zones (Moen, 1998).
The landscape is undulating with forest-covered
hills and some farmland in intersecting valleys.
Forests are dominated by Scots pine (Pinus
sylvestris) and Norway spruce (Picea abies) and,
to some extent, birch (Betula spp.).

Affected population

The moose population of the study area is
mainly limited (and regulated) by hunting.
Predation by wolves (Canis lupus) and a few

brown bears (Ursus arctos) also may have some
impact on the population (Sand et al., 2008).

Body mass and reproductive rates of moose
are relatively high, but variable, throughout the
study area. Observations by moose hunters
suggest a decline in body condition during the
last 15 yr, particularly in the north (Solberg
et al., 2010). The decline is associated with
increasing population density and is thought to
be caused by food limitation (Lavsund et al.,
2003). Data from radio-collared moose indicate
that moose in this area are sedentary (Lavsund
et al., 2003). Moose population density in the
study area is higher than the average for
Scandinavia. On a regional (county) scale,
hunters harvested, on average, about 0.3–0.6
moose per km2 of forest and bogs in 2000–2007
(Solberg et al., 2010). During the same period,
we estimated the preharvest moose density was
about 1.0–1.4 adult ($1 yr old) moose per km2

(E.J. Solberg, unpubl. data).

Data collection

Nonconfirmed observations of alopecic
moose were based on phone and email corre-
spondence with the National Veterinary Insti-
tutes in Oslo, Norway (NVI) and Uppsala,
Sweden (SVA). To estimate the prevalence of
alopecia in the moose population in September
and October 2007 and 2008, moose hunters in
five Norwegian counties, representing areas
within and outside the deer ked distribution
range, were asked to complete a questionnaire
during the moose hunting season. They were
asked to note if they had observed moose with
hair loss and to classify the pattern of alopecia on
a scale from 0 (no hair loss) to 5 (complete hair
loss) according to a figure (Fig. 2). In March
2007, two cows and one subadult with severe
hair loss were fitted with radio collars in Årjäng,
Sweden (Fig. 3a). The development of hair loss
was monitored in these three animals; blood
samples for hematology were drawn from the
jugular vein at the time radio collars were fitted.

Specimen analysis

The patho-anatomical part of the study was
based on an examination of material from
carcasses and biopsy material from alopecic
moose submitted to NVI and SVA from the
study area from February 2006–June 2007
(Fig. 1, Table 1). In the laboratory, whole
carcasses were carefully inspected and de-
scribed before the hide was removed and
examined. A full necropsy was performed and
samples of lung, heart, liver, kidney, brain,
lymph nodes, thyroid gland, adrenal gland,
and skin were collected and fixed in 10%
neutral buffered formalin, dehydrated and

FIGURE 1. A map of southeastern Norway and
midwestern Sweden. Dark grey color represents
municipalities with laboratory-confirmed cases of
alopecia caused by deer keds (Lipoptena cervi) in
moose (Alces alces), 2006–2007. Light grey repre-
sents municipalities with observed severe alopecic
moose in the field. The known distribution of deer
ked in Norway is east of the dotted line.
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embedded in paraffin, sectioned at 5 mm, and
stained with hematoxylin and eosin and van
Gieson for histologic examination. Standard
bacteriologic examination on calf blood agar
plates was performed on samples from liver
(n512), spleen (n59), and skin (n514). The
plates were incubated aerobically at 37 C and
examined after 24–48 hr. Biopsies from both
affected and normal skin were collected for
routine parasitologic (n511) and mycologic
(n515) examination. All visible deer keds and
pupae in the coat of four animals were
collected and counted. Liver samples from

FIGURE 3. (A) Adult, female moose (Alces alces)
with typical pattern of alopecia, radio collared in
March 2007 in Värmland county, Sweden. (B) The
same moose, in September 2007, showing regrowth
of the coat on neck and withers. Photo: Gunnar
Glöersen, Swedish Hunters Association.

r

FIGURE 2. Alopecia in moose (Alces alces), as
assessed by hunters in the field during the 2007
and 2008 hunting seasons in Norway and Sweden: 1)
No visible hair-loss, 2) slight hair loss; spots of
alopecia affecting about 5 to 20%, especially thorax
and ventral neck, 3) moderate hair loss; about 30 to
40% of coat lost and remaining coat sparse, 4) severe
hair loss, about 40 to 80% of coat lost, 5) naked
moose; more than 80% hair loss. Figure inspired by
figure 1 in Samuel (1989).
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TABLE 1. Chronologic listing of moose (Alces alces) received for laboratory examination during an outbreak of alopecia in southeastern Norway and midwestern
Sweden in 2006–2007.

No. Collection date Locationa Sexb Agec Euthanized Weightd
Amount of deer

kedse Alopeciaf Gross lesions

1 2/13/2006 Marker F Subadult (1,5) Yes 210 Large 3 None
2 10/25/2006 Rømskog F Adult Yes — Large 3 None
3 12/7/2006 Rømskog F Calf (0,5) No — Large 3 None
4 12/15/2006 Filipstad F Adult Yes — Moderate 3 None
5 12/20/2006 Årjäng M Subadult (1,5) Yes — Large 3 None
6 1/8/2007 Rømskog F Adult Yes 365 Large (11,014) 4 None
7 1/22/2007 Aurskog-Høland F Adult (18) Yes 290 Large (16,496) 4 Solitary fibropapillomas
8 1/29/2007 Rømskog F Adult Yes 390 Large (5,938) 3 None
9 2/12/2007 Aurskog-Høland F Subadult (2) Yes 240 Large 3 None

10 2/12/2007 Aurskog-Høland F Adult Yes 350 Large 3 Solitary kidney cysts
11 2/15/2007 Rendalen M Subadult (2) Yes — None 3 None
12 2/26/2007 Rendalen M Subadult (2) Yes 290 None 2 None
13 3/1/2007 Aurskog-Høland F Adult (5) Yes 330 Large 3 None
14 3/1/2007 Aurskog-Høland F Subadult Yes 110 Large (10,687) 1 None
15 3/2/2007 Nannestad F Adult(9) No 170 None 3 None
16 3/12/2007 Eidskog F Adult Yes — Large 2 None
17 5/2/2007 Aurskog-Høland M Adult Yes 350 Moderate 3 Generalized fibropapillomatosis
18 5/11/2007 Aurskog-Høland F Adult (12) Yes 360 Small 4 Front leg fracture (hit by car)
19 5/21/2007 Nittedal M Subadult (2) Yes 180 Small 4 None
20 5/21/2007 Aurskog-Høland F Adult (22) Yes 275 Large 3 Malignant etmoidal tumor
21 6/8/2007 Frogn M Adult (10) Yes 330 None 4 Peruke antlers
22 6/20/2007 Aurskog-Høland F Adult Yes 325 None 3 None
23 6/28/2007 Aurskog-Høland M Adult (5) Yes 350 None 3 Solitary fibropapillomas

a Municipality in Norway and Sweden.
b M5male; F5female.
c In brackets, estimated age based on dental cementum annuli counts.
d In kilograms, dash indicates weight was not measured.
e In brackets, total count of deer keds.
f Degree of alopecia by range; 1 (normal coated) to 5 (naked); see Figure 2 for details.
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12 moose were frozen at 220 C prior to
carrying out trace element analysis for copper,
selenium, and cobalt (Vikøren et al., 2005).

Meteorologic data collection

We used meteorologic data from Garder-
moen (elevation: 202 m) weather station,
which is representative for the inland areas
of southeastern Norway and adjacent areas of
Sweden. Gardermoen is an automated weath-
er station that provides hourly measurements
of precipitation, temperature, humidity, wind,
and pressure. Prior to 2009, these variables
were measured manually every 3–6 hr, de-
pending on weather and time of day. We
wanted to elucidate factors that may influence
off-host survival and development of deer
keds, as well as host acquisition of winged
keds. Temperature influences deer ked devel-
opment (Härkönen et al., 2010) and repeated
freezing and thawing may be unfavorable for
parasite survival (Davidson et al., 2008), with
the pupal stage on the ground being most
vulnerable. Hence, we looked at the depth and
duration of snow cover and temperature
fluctuations around zero degrees C. Warm
and sunny weather may facilitate host acqui-
sition by winged keds, while frost is probably
less beneficial; therefore, we also included
degree-days (daily mean temperature multi-
plied by the number of days), length of
growing season (sum of days with daily mean
temperature .5 C), precipitation, and first
frost in the autumn.

RESULTS

Field observations

Earlier reports of alopecia in moose in
the study area are scarce. On February 13,
2006, wildlife managers in Marker munic-
ipality, Norway (Fig. 1), reported a sub-
adult, female moose with severe hair loss,
emaciation, and abnormal behavior. The
animal was euthanized after seeking shel-
ter in a farm building and submitted to
NVI for necropsy (moose 1, Table 1). In
October 2006, wildlife managers in the
neighboring municipality of Rømskog
(Fig. 1) reported that five of 60 hunted
moose had severe hair loss and that
moose, in general, were severely infested
with deer keds. Skin samples from one of
the alopecic moose were submitted to NVI
(moose 2, Table 1). In November and

December 2006, 11 alopecic moose were
reported in the same area; three were
found dead and eight were euthanized (J.
Moen, pers. comm.). In Sweden, between
Årjäng and Filipstad (Fig. 1), hunters
euthanized 12 and observed another 50
moose with severe hair loss during the
autumn of 2006 and winter of 2007 (G.
Glöersen, pers. comm.). From December
2006 to June 2007, skin samples or whole
carcasses from an additional 21 moose
(moose 3–23), representing seven differ-
ent municipalities in the study area in
Norway and two in Sweden, were submit-
ted to NVI and SVA (Table 1). During this
period, wildlife managers and laymen also
reported observations of alopecic moose in
another nine municipalities; two in Feb-
ruary, one in March, three in April, and
three in May (Fig. 1). According to the
reports, severely alopecic moose seemed
to be in poor condition and did not
respond to human activity. Pruritus, how-
ever, was not observed.

Necropsy findings

Seventeen whole carcasses and biopsy
material from six animals were submitted
to NVI (n521) and SVA (n52) from the
study area from February 2006–June 2007
(Fig. 1). Twenty of the animals were
euthanized because of severe alopecia,
two were found dead, and one (moose 14)
was a normally coated calf, shot simulta-
neously with a female alopecic moose.

The necropsy of the index case (moose
1, Table 1) revealed severe, bilateral
alopecia and moderate, crusting dermatitis
involving the cheeks, ventral neck, lateral
thorax, abdomen, and haunch. A large
number of deer keds were observed on
the carcass, most in areas that were still
covered with hair. The lymph nodes of the
body were generally enlarged, but no
other specific gross lesions were noted.
Histologic examination of alopecic areas
revealed moderate and diffuse orthoker-
atotic hyperkeratosis and diffuse, moder-
ate hyperplasia of the epidermis, with
moderate formation of rete ridges (Fig. 4).
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The hair follicles showed moderate kera-
tosis, with the infundibulum of the major-
ity of the follicles dilated with keratin
plugs of exfoliated corneum and debris.
The hair bulbs had the appearance of
‘‘flame follicles’’ (i.e., follicles morpholog-
ically characterized by excessive trichilem-

mal keratinization, giving the impression
of a flickering flame). Sebaceous and
sweat glands appeared relatively normal
but had prominent, thickened basal mem-
branes. The dermis showed increased
cellularity consisting of diffuse, mild to
moderate infiltrates of eosinophilic granu-

FIGURE 4. Skin histology of alopecic moose (Alces alces). (a) Sparse coat; inflammatory infiltrates in
dermis, flame follicles, and follicular keratosis. (b) Sparse coat; perivascular infiltration of eosinophils,
macrophages, and plasma cells. (c) Alopecic skin, orthokeratotic hyperkeratosis, acanthosis, intracorneal
pustule, and follicular keratosis. (d) Sparse coat; orthokeratotic hyperkeratosis, perivascular infiltration of
eosinophils, macrophages, and plasma cells and a follicle filled with these cells. (e) Alopecic skin; acanthosis,
dermal fibrosis, and perivascular infiltration of macrophages and lymphocytes. (f) Sparse coat; acanthosis, and
fibrosis. a, b, c5moose 6 (see Table 1), d5moose 16, e5moose 18, f5moose 20. All are hematoxylin and
eosin-stained sections, except for f, which is van Gieson stained. Bar5100 mm in all sections.
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locytes, macrophages, plasma cells, and
lymphocytes. A diffuse, mild edema and a
diffuse, moderate increase in the amount
of regularly organized connective tissue in
the dermis were also observed. The vessels
of the dermis appeared contorted and
were characterized by hypertrophic endo-
thelium with prominent nuclei and a
thickened basal membrane. In areas
where some hair was still present, the skin
was characterized by mild, diffuse ortho-
keratotic hyperkeratosis, a mild focal
hyperplasia of the epidermis, and occa-
sional intraepidermal pustules. The chang-
es in the dermis were similar to those in
alopecic areas, but the increase in con-
nective tissue was less prominent and
characterized by irregularly organized
fibers.

The macroscopic changes in animal
numbers 2–23 showed large similarities
with each other and with the case
described above. The general pattern was
bilateral, fairly symmetric alopecia on the
ventral neck, sides, and abdomen while
the dorsal neck, back, and limbs showed
less-prominent hair loss. Moose 14 did not
show alopecia but had skin changes as
described below. In the alopecic animals,
the naked skin showed varying degrees of
hyperpigmentation (increasing with day
length) and was diffusely thickened and
covered by light, removable crusts but
appeared otherwise relatively smooth and
did not show obvious papules, erythema,
or erosive ulcerative lesions. Although
single hairs were broken, the general
impression was that hairs were either
present at full length or not present. Self
trauma, consistent with scratching, was
not a common finding. The remaining hair
coat appeared dull and the hairs were
easily epilated. Ked infestation was con-
firmed in the majority of cases (17 of 23;
Table 1). Keds were distributed through-
out the animal, except distally on the
limbs, but only a few specimens were
found in alopecic areas. The keds aggre-
gated in the axillae, neck, groin, and
perineal region. In fresh carcasses, the

insects were located on the surface of the
skin, their head oriented towards the skin,
while they crawled out on the protective
hairs as the carcass cooled. The woolen
hairs of severely infested animals were
smeared with a reddish-brown, dust-like
material, probably deer ked feces mixed
with moose blood. The infestation inten-
sity was highest in the animals examined in
December–February (2006–2007), while
few deer keds were found in May and
June 2007. The body condition of the
moose varied, although it was poor in the
animals with severe alopecia, and there
were no consistent changes in the internal
organs.

Histologic presentation varied depend-
ing on the month of examination. In
general, histologic examination of the
skin revealed a mild to moderate diffuse
orthokeratotic hyperkeratosis and mild to
moderate multifocal to diffuse hyperplasia
of the epidermis (acanthosis). In some
cases, affected epidermis showed multifo-
cal small ulcerations, micropustules, and
serocellular crusts. The dermis was charac-
terized by multifocal to coalescing, mild to
moderate infiltrates of inflammatory cells.
The infiltrates had a perivascular distribution
and were found in both the superficial and
the deep dermis. During the first half of the
epizootic, they were dominated by eosino-
philic granulocytes while lymphocytes, mac-
rophages, and plasma cells were more
prominent in the spring and early summer.
Blood vessels adjacent to inflammatory
infiltrates were contorted and showed endo-
thelial hypertrophy. Inflammatory changes
were most severe and acute in areas with a
remaining coat, while alopecic areas were
often characterized by milder, mononuclear
infiltrates. Increased amounts of irregularly
organized connective tissue (fibrosis) were
most pronounced in chronic cases (i.e., in late
winter and spring) and in denuded areas.
During autumn, winter, and early spring the
hair follicles appeared as flame follicles.
However, in May–June, a gradual shift to
anagen follicles was observed (Table 2). The
density of follicles and dermal papillae did
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not show any obvious association with
alopecia, deer ked infestation, or time of year.

Parasitologic examination

Seven of the 11 skin samples examined
for ectoparasites other than deer keds were
negative, while low numbers of Chorioptes
spp. were found in four animals.

Microbiologic culture results

Most skin samples had negative bacterial
cultures, although Staphylococcus aureus
(n56), Streptococcus agalactiae (n52),
Pasteurella multocida multocida (n51)
and Clostridium perfringens (n51) were
isolated from some skin samples. Mycolo-
gic examinations were negative except for
one moose on which Scopulariopsis brevi-
caulis was isolated.

Trace elements

Liver concentrations (mg/g wet weight)
of trace elements were (mean6SEM):
cobalt 0.1160.01, selenium 0.9760.20,
and copper 74.867.98.

Observations and blood analysis of
captured moose

Hemoglobin values from the captured
animals in March 2007 were 124, 144, and
145 g/l (normal range: mean6SD 125.5 6

9.9; Adolfsson, 1993). In September 2007,
both radio-collared cows were observed
and appeared healthy with a coat, al-
though slightly sparse, covering former
denuded areas (Fig. 3b).

Observations during hunting seasons 2007
and 2008

In Norway, 16,845 moose were ob-
served and reported in the questionnaire
answered by moose hunters in autumn
2007. Twenty (0.12%) animals had alope-
cia (nine adult females, eight adult males,
two calves, and one animal with age
unclassified). Of these, 15 were scored as
having grade 2 alopecia while the remain-
ing five were scored as grade 3. In 2008,
only one (subadult female) of 15,136
(0.007%) was alopecic (grade 2).

Weather

Weather conditions for winter 2005–
2006 were fairly normal, but summer and
autumn 2006 were milder than normal
(Table 3). The 365-day running mean air
temperature for the period from 11 June
2006–10 June 2007 was by far the highest
since records at Gardermoen began in 1940
(Fig. 5a). The temperature was three
standard deviations above the correspond-
ing mean temperature of the normal period
(1961–1990). Furthermore, autumn 2006
was characterized by an extraordinarily late
arrival of the first frost night after August 1
(87 days, average is 47; Fig. 5b).

DISCUSSION

Based on the pathologic skin changes of
alopecic moose, the massive deer ked
infestation in affected animals, and the
absence of findings indicative of any other
consistent factor (other ectoparasites, in-
fectious agents, endocrine disorders, or
deficiencies) that could be a plausible
cause of such a condition, we conclude
that severe deer ked infestation was a key
factor in the current outbreak. However,
deer keds were not found on two alopecic
bulls from Rendalen, north of the deer
ked distribution range (Fig. 1) nor on four
(one in March, three in June) alopecic
animals inside the deer ked area. Young
moose bulls can disperse considerable
distances (up to 250 km) from their birth
area before they establish a more perma-
nent home range (Hundertmark, 2007).
Hence, the two bulls from Rendalen may
have been born within the deer ked range
and may have experienced massive deer
ked infestation as calves before dispersal.
The hair loss in these two animals may, as
such, represent chronic, partially healed
lesions. The absence of the parasite in the
last three cases may be explained by the
deer ked life cycle; the adult ectoparasites
are thought to die during spring and
summer (Haarløv, 1964).

In Canada, premature winter hair loss
in moose associated with the presence of
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the winter tick (Dermacentor albipictus)
has been described (McLaughlin and
Addison, 1986). The winter tick was
reported once in Norway, found on an
imported horse from the USA, but the
parasite is currently not present (Lillehaug
et al., 2002).

Chorioptes spp. may cause skin lesions
in the outer ear canal of moose (Hestvik et
al., 2007) and have also been associated
with single cases of generalized alopecia in
moose in Norway and Sweden. Histolog-
ically, the ear skin lesions caused by this

mite seem quite similar to those seen in
our study. However, moose with massive
Chorioptes infestation typically show a
patchy pattern of alopecia, compared to
the confluent pattern seen in the current
outbreak. Also, Chorioptes was not found
in the majority of our cases. Other
ectoparasites known to cause alopecia in
cervids, including chewing lice (Cervicola
sp.; Bildfell et al., 2004), sarcoptic mange
(Sarcoptes scabiei; Bornstein et al., 2001),
and mites of the genus Demodex (Gentes
et al., 2007) were not found in our study.

Several endocrine dermatopathies
cause alopecia in cattle, among them
hypovitaminosis A and hypothyroidism
(Ginn et al., 2007). Blood plasma levels
of vitamin A and thyroxin were not
examined in our material, but the histo-
logic changes were not consistent with an
endocrine dermatopathy. Deficiencies of
copper (Frank, 1998) and cobalt (Kennedy
et al., 1997), and selenium intoxication
(Kaur et al., 2003), are reported to be
associated with alopecia in animals. In our
study, these trace elements were not at
toxic or deficient levels based on the NVI’s
criteria set for cattle.

In Belarus, Ivanov (1974) reported that
all moose hunted during the autumn
harbored deer keds in their coat with an
average of about 1,000 keds per moose. In
Finland, average numbers of keds in
normally coated cows and calves were
3,549 and 1,730, respectively (Paakkonen
et al., 2010). We found 16,496, 11,014,
and 5,938 keds in the coats of three cows
with severe hair loss and 10,687 in the coat
of a calf with a normal coat (Table 1). We
consider these numbers to be very high,
taking into account that keds prefer
habitats with hair-covered skin (Haarløv,
1964), and it can be presumed that a
major proportion of the initial ked popu-
lation may have been lost together with
the hair. Consequently, perhaps the high
density of deer keds, biting and feeding
15 to 20 times per day (Ivanov, 1974),
exceeded a threshold of what moose skin
could tolerate, thus triggering a cascade of

FIGURE 5. Meteorologic data from the Garder-
moen weather station (elevation: 202 m), which is
representative for inland areas of eastern Norway
and midwestern Sweden (see www.met.no). The
thick black line and the thin grey lines display,
respectively, the mean and 30-yr standard deviations
for the normal period 1961–1990. (a) Series of 365-
day running mean air temperature for 1990–2009.
The black arrow marks the maximum 365-day mean
temperature in the series corresponding to the
period 6 November 2006 to 6 October 2007. (b)
Number of days after 1 August before the minimum
temperature drops below 0 C for 1990–2008. The
black-filled circle marks the year 2006.
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skin inflammatory reactions as seen in
the majority of our skin samples. Why this
inflammatory reaction should induce hair
loss without causing simultaneous pruritus
is not clear. In experiments with sheep,
Nelson (1963) suggested that the skin
inflammatory response to the sheep keds
(Melophagus ovinus) resulted in reduced
dermal blood supply. Hence, it is possible
that changes in blood supply, induced by
deer ked bites, could affect the hair
papillae and thereby cause hair loss.
Further research is needed.

The prevalence and extent of the hair
loss in the moose population in 2006–2007
is difficult to estimate due to the lack of
surveillance data. Finding diseased or
dead animals is the most direct evidence
that disease is occurring in an area or
population, but this technique has limited
application and, invariably, results in an
underestimation of the occurrence of
disease (Wobeser, 2006). The number of
submitted and reported animals is, there-
fore, not a good measurement of preva-
lence of disease. However, during the
attempt to immobilize moose in March
2007, three of 15 moose (20%) observed
from a helicopter had severe hair loss
(Gunnar Glöersen, pers. comm.). Also,
based on the pattern and severity of the
alopecia seen in the moose and the
assumption that the hair loss was progres-
sive, it is plausible that a major proportion
of the population experienced significant,
but not clinically obvious, hair loss and,
therefore, were not observed. We found a
low prevalence of alopecia among moose
in autumn 2007 (0.12%) and 2008
(0.007%), indicating a termination of the
hair loss epizootic in spring 2007. We
cannot rule out cases of deer ked-related
hair loss prior to 2006, given the potentially
low detection rate for the condition and the
fact that moose alopecia was not of public
concern prior to the hair-loss epizootic.

Deer keds have been established in the
study area for 15–20 yr (Välimäki et al.,
2010). It is curious that hair-loss epidem-
ics have not occurred previously. Gener-

ally, parasite abundance increases with
increasing host population density (Arne-
berg et al., 1998). Balashov (1996) report-
ed a strong correlation between high
density of moose populations and abun-
dance of deer keds. Moose population
density in the study area is high and, thus,
favorable for deer ked survival and repro-
duction. However, high density alone
cannot explain the epizootic in 2006–
2007, as moose density has been high and
stable in the study area for the last decade.

Balashov (1996) argues that mild and
dry summers are important for the devel-
opment of pupae and winged keds. On the
other hand, Kadulski (1974) proposes that
a long, severe winter with heavy snowfall is
linked to high deer ked infestation inten-
sity on cervids the following autumn and
winter, due to weakening of the host. An
alternative explanation for Kadulski’s ob-
servations might be that frequent snow-
falls will rapidly cover the pupae and
protect them from potential predators
(birds and rodents), thus creating stable
storage conditions ideal for pupal survival
during winter (Härkönen et al., 2010).

We consider the extraordinarily high
summer and autumn temperatures in
2006 to be the most important factor for
maximum pupal development and surviv-
al. Additionally, in 2006, the first frost
night occurred late in autumn (Fig. 5b),
possibly enabling winged keds to search
for a host during a longer window of time
than normal. Therefore, more swarming
deer keds might have managed to find a
host, causing unusually high deer ked
densities on the moose in 2006–2007.

Independent of the cause of alopecia,
moose lacking large proportions of hair
coat will need to increase their metabolic
rate to maintain body temperature
(McLaughlin and Addison, 1986). Not-
withstanding metabolic and behavioral
adaptations, the basic metabolic energy
requirements of a moose losing 30% of
its winter coat may double at ambient
temperatures of 220 C (McLaughlin and
Addison, 1986). Hence, hypothermia or
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starvation might have been the proximate
cause of the winter mortality of alopecic
moose in the study area in 2006–2007.
Additionally, a transient negative effect of
blood loss cannot be excluded, even though
hemoglobin levels from the alopecic cap-
tured animals were normal and postmor-
tems were not consistent with anemia. No
decrease in moose population density or
recruitment rates were reported from the
study area in 2007 compared to the
previous years, indicating that the outbreak
did not have substantial effects on the local
moose population (Solberg et al., 2010).
There is still insufficient knowledge of the
effects of deer ked harassment and infes-
tation on the health and fitness of wildlife.
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2010. Predicting range expansion of an ectopar-

MADSLIEN ET AL.—HAIR-LOSS EPIZOOTIC IN SCANDINAVIAN MOOSE 905



asite—The effect of spring and summer tem-
peratures on deer ked Lipoptena cervi (Diptera:
Hippoboscidae) performance along a latitudinal
gradient. Ecography 33: 1–7.

HESTVIK, G., M. ZAHLER-RINDER, D. GAVIER-WIDEN,
R. LINDBERG, R. MATTSSON, D. MORRISON, AND

S. BORNSTEIN. 2007. A previously unidentified
Chorioptes species infesting outer ear canals of
moose (Alces alces): Characterization of the mite
and the pathology of infestation. Acta Veterinaria
Scandinavica 49: 21.

HUNDERTMARK, K. J. 2007. Home range, dispersal and
migration. In Ecology and management of the
North American moose, 2nd Edition, A. W.
Franzmann and C. C. Schwartz (eds.). University
Press of Colorado, Boulder, Colorado, pp. 303–335.

IVANOV, V. I. 1974. Injuriousness to deer of the louse
fly Lipoptena cervi L. (Diptera, Hippoboscidae)
in Belarus. Parazitologiia 8: 252–253. Russian.

KADULSKI, S. 1974. The dynamics of infestation of the
Cervidae with Lipoptena cervi L. (Diptera,
Hippoboscidae) on the territory of Poland.
Wiadomosci Parazytologiczne 20: 703–707.

KAUR, R., S. SHARMA, AND S. RAMPAL. 2003. Effect of
sub-chronic selenium toxicosis on lipid peroxi-
dation, glutathione redox cycle and antioxidant
enzymes in calves. Veterinary and Human
Toxicology 45: 190–192.

KENNEDY, S., S. MCCONNELL, H. ANDERSON, D. G.
KENNEDY, P. B. YOUNG, AND W. J. BLANCH-

FLOWER. 1997. Histopathologic and ultrastruc-
tural alterations of white liver disease in sheep
experimentally depleted of cobalt. Veterinary
Pathology 34: 575–584.

LAAKSONEN, S., R. KORTET, S. HÄRKÖNEN, AND H.
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