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Mites constitute an old cosmopolitan group, abundant in various terrestrial and aquatic habitats
of considerable environmental variations. The majority of mites are free-living, whereas some
have evolved parasitic relationships with a variety of animals either as endo- or ectoparasites. The
ectoparasitic and skin burrowing Sarcoptes scabiei and Notoedres cati, cause sarcoptic and notoedric
mange among a variety of mammalian species, including humans. In a non-adequate host these mites
lead to pseudo-scabies which is often self-curable. The aim of this review is to provide an overview of
recent knowledge on the taxonomy, life cycles and pathology of these two mites, which are of relevance
to Fennoscandian wildlife, by considering knowledge on transmission vectors, host immunology, and
some documented outbreaks. These mites affect the health and survival of mammals in four ways; 1)
skin tissue damages, 2) loss of body fluids, 3) allergic reactions and 4) secondary bacterial infections.
A short-term effect of outbreaks is usually high mortality, and long-term effects vary from extinction
to biased population structure to no effect at all. Red foxes are generalist predators that are important
end-hosts for mites that develop disease depending on their immunity status, and transmit mites to
other hosts. Outbreaks of mange may possibly have ecological consequences on a wider scale. In an
endangered species, like the arctic fox or Eurasian lynx, loss of only a few individuals can be critical.
It might be wise for management authorities to develop emergency plans to minimize consequences
of outbreaks of sarcoptic or notoedric mange in threatened species such as the arctic fox and the lynx.
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INTRODUCTION

Mites (Acari or Acarina) are among the oldest animal groups
with fossils dated back to early Devonian (Norton et al. 1988;
Kethley et al. 1979). So far, 45000 species in several hundred
families have been described, both fossils and extant. Three
major lineages are currently recognized; Opilioacariformes,
Acariformes and Parasitiformes (Krants 1978; Johnston 1982;
Evans 1992). Mites are cosmopolitans and abundant in various
terrestrial, marine and fresh water habitats, ranging from cold
polar and alpine regions through deserts, tropical lowlands and
subterranean springs with temperatures up to 50°C (Fields
1992). They are also commonly found as deep as 10 m in
mineral soil and have been collected from 5000 m deep sea-
trenches.

The majority of mites feed on plant juices or prey on
other arthropods, but many species have complex parasitic
associations with different animals. Several mammals are target
hosts to numerous parasitic mites causing varying degrees
of mange (also termed acariosis or scabies). The majority
of parasitic mites complete their life span as ectoparasites,
but some have become endoparasites, invading ears, lungs,
nose or other internal tissues of animals. The skin burrowing
ectoparasite Sarcoptes scabiei (Linneaus, 1758) and Notoedres
cati (Hering, 1838), cause mange among many different
mammals, including humans (Walton et al. 2004; Heukelbach
& Feldmeier 2006). S. scabiei forms to some extent species-
specific and host-adapted varieties, infecting canids, felids
and ungulates (Walker & Stacheki 1996), but a variety of other
animal groups are also infected (Pence & Ueckerman 2002).
N. cati is far less studied and have been reported to host on
fewer species, but is relevant in our review because the species
occur in Europe, often infect domestic animals and pets, and
the presence of the species is often in close relation to human
activities. N. cati infects primarily felids, Lagomorphs, rodents
and to some extent humans. This ectoparasite has not yet been
classified in host-specific varieties, but they most likely do
exist (Pence et al. 1982). Several epizootics of scabies, both due
to S. scabiei and N. cati, have demonstrated severe impacts on
the size and structure of numerous animal populations (Walton
& Holt 2004). Among humans, 300 x 10° cases of scabies
infestations worldwide occur each year (Walker & Johnstone
2000). In some less developed areas, scabies represent a
considerable public health problem, with higher prevalence
than diarrhea and upper respiratory diseases (Anonymous
2000). Most publications on human scabies focus on intra-
human vectors and scabies prevalence relates mostly to living
conditions. Although animal-to-human transmission vectors
(zoonosis) of mange-causing mites probably are of limited
relevance to human health, it is significant to animal handlers,
veterinary practices and hunters who may be in regular contact
with infected animals.

The purpose of this article is to review recent knowledge
on the taxonomy, life cycle and pathology of the two mites by
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considering recent studies of transmission vectors, immunology
and ecological effects on parasitized wildlife populations. Our
aims are:

1) Provide a brief review of the general phylogeny,
taxonomy, biology and pathology of the two mites
with emphasis on Sarcoptes scabiei.

2) Disease effects on hosts at an individual level

3) Disease effects on hosts at population level with
emphasis on the red fox case in Fennoscandia

A brief review of §. scabier and N. cati

Phylogeny of mites

There is some discussion whether the genus Acari is
monophyletic or diphyletic. Lindquist (1984) and Evans (1992)
suggested that Opilioacariformes and Parasitiformes are sister
groups, and that both form a sister group to Acariformes
(Weygoldt & Paulus 1979, Shultz 1990, Weygoldt 1997) favored
a monophyletic inheritance, while Dunlop (1996) favored a
diphyletic inheritance, but the problem remains unsolved.

The Opilioacariformes consists of one order (Opilioacarida)
with one family (Opilioacaridae), constituting about 20 known
species. The Acariformes contains more than 300 families and
about 30,000 species in two major lineages; the Sarcoptiformes
(Oribatida and Astigmata) and Trombidiformes (Prostigmata).
The Parasitiformes consists of three orders; Ixodida (850
species), Holothyrida (30 species) and Mesostigmata (10,000
species).

Taxonomy

Both S. scabiei and N. cati belongs to the order Astigmata
and family Sarcoptidae. Several subtypes, or varieties (var.),
have been reported such as S. scabiei var. canis in dogs,
var. vulpes in red fox and var. hominis in humans. No
diagnostic morphological features have been reported to
reliably distinguish between supposed varieties from different
hosts. The taxonomy of S. scabiei is still uncertain, but most
authors retain a single but variable species with host-specific
preferences (Fain 1968, 1978, 1994; Pence et al. 1975; Andrews
1983; McCarthy et al. 2004). Heukelbach & Feldmeier (2006)
reported a general agreement of S. scabiei as a single species
that has evolved adaptations to infect a variety of mammals
with limited cross-infestations between different hosts. Curtis
(2004) reported that S. scabiei var. canis has been isolated from
other hosts and experimentally established on both rabbits,
guinea pigs, sheep, goats, calves, cats and humans. Distinct
geographic variations in DNA sequences of S. scabiei from
Alpine chamois (Rupicapra rupicapra), Pyrenean chamois
(R. pyrenaica) and red fox (Vulpes vulpes) from different
localities in Italy and Spain indicate an ongoing process of
differentiation (Berilli et al. 2002). However, limited gene
exchange between the mite populations was probably due to
genetic structuring of local populations (Brilli et al. 2002), and



not related to host-specific adaptations. In Fennoscandia little
is known regarding the occurrence of variants from S. scabiei
and N. cati. Processes relating to coevolution between hosts and
parasites are well known (Anderson & May 1982), but remains
unclear for ectoparasites and their hosts. Parasites engage
differently with their respective hosts, but a common feature
is that natural selection tends to favor defense (from the hosts)
and counter-defense (by the mites) by means of coevolution.
Such processes may lead to increased differentiation and host
specificity. Microsatellite data of S. scabiei on dogs and humans
gave strong indications of host-specific species differentiation
(Walton et al. 1999). It is likely that such adaptations are
still ongoing processes in free-ranging canids and felids in
Fennoscandia. As a conclusion, the exact nature of host specific
adaptations and species differentiation is not fully understood,
and further research is needed.

Life cycle and transmission

Life cycles, biology and pathology of S. scabiei and N. cati are
quite similar (e.g. Walker & Stacheki 1996), but the life cycle
of N. cati has not yet been described in detail (Anonymous
2015 a, b). Thus, the following description is most valid for S.
scabiei: They mate on the dermis of a host and males continue
to explore the skin for several days seeking unfertilized females
after mating (Heilesen 1946; Mellanby 1985). Females lay 2-4
eggs (0.10-0.15 mm diameter) daily during their 4-6 weeks
life-time. The eggs are laid in a ca. 1 cm long burrow in the
stratum corneum, sometimes reaching down to the boundaries
of the stratum granulosum of the epidermis. Less than 10 %
of the eggs laid result in mature mites (Orion et al. 2006). A
hexapod larvae emerges 2-4 days after the egg has been laid,
it leaves the burrow and wanders about on the host’s body to
complete maturation within 14-17 days (Burkhart et al. 2000).
The larva forms a new pocket-burrow either in conjugation with
its natal burrow or somewhere else. They feed and molt into
two eight-legged nymph-adult stages termed protonymphs and
tritonymphs. After 10-14 days the last molt takes place and the
nymph appears as an adult male or female mite.

Transmission between different hosts occurs during the
free-living nymph and adult stages of females on the skin. All
stages after hatching can penetrate intact epidermis. Penetration
is achieved by secreting enzymes that dissolve the skin, which
is subsequently ingested. Skin entry may occur less than 30
minutes after transmission to a new host (McCarthy et al. 2004).
Total life span may vary from a few days to several weeks,
depending on host species, temperature and humidity. S. scabiei
var. hominis fulfill their life span on humans, but N. cati does
not burrow into human skin although intense pruritus develops
within a few hours following initial contact (Chakrabarti 1986).
Nymphs and adults of both species feed on lymph fluids that
excrete from the dermal tissue into the burrows. Female mites
are capable of moving 2.5 cm per minute on the skin of a host.
Movement direction is determined by odor and thermal stimuli
(Orion et al. 2006).
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Viability of 5. scabier without host attachment

Both adults and other developmental stages of S. scabiei var.
canis off the host have been experimentally demonstrated to
survive for several days and weeks depending on (relative)
humidity and temperature (not known for N. cati, Arlian et al.
1984; Arlian 1988). At low temperatures between 10 and 15 °C
combined with high relative humidity (45-97 %), the off-host
life span of all life stages varied between 5 days and 3 weeks.
This survival was reduced at higher temperatures even at high
humidity. At 21°C and 40-80 % relative humidity, S. scabies
was able to survive and capable of skin penetration for 24-36
hours. In general, mite infectivity decreased with increasing
time off the host. Burgess (1994) reported similar relationships
between temperature, humidity and longevity of sarcoptic
mites, and Mellanby (1985) found that mites were unable to
move and penetrate skin below 20°C.

In practice it is not possible to define if infected animals
have been subject to direct or indirect transmission of S.
scabiei. However, it seems reasonable to anticipate indirect
transmissions especially in the southern parts of Fennoscandia,
where climatic conditions are suitable for survival in the
environment. Distinct passages in dense vegetation, or inside
dens, might be potential sites for indirect transmission between
animals passing through at the same location.

Mammalian hosts

Sarcoptes scabiei has been reported from more than 100
wild and domestic mammals of seven orders (Arlian 1989,
Bornstein et al. 2001; Balestrieri et al. 2006). It is responsible
for epizootic diseases in wild canids in North America, Europe
and Australia, in wild cats in Europe and Africa, in wild
ungulates and wild boars (Sus scrofa) in Europe, in wombats
and koalas in Australia, and in great apes and various wild
bovids in Africa (i.e. Pence & Ueckerman 2002). Examples of
canids affected are the red fox (Holt & Berg 1990; Morner 1984,
1992; Little et al. 1998; Deem et al. 2002; Davidson et al. 2008),
the arctic fox (V. lagopus, Morner 1992), the gray wolf (Canis
lupus, Todd et al. 1981), and the domestic dog (C. familiaris,
Voigt 2005). Ungulates affected are cattle (Bovis spp., Soll et al.
1992), swine (Sus spp., Davis & Moon 1990 a, b), several sheep
and goat species (Curtis 2004, Gonzélez-Candela et al. 2004),
red deer (Cervus elaphus) and roe deer (Capreolus capreolus,
Oleaga et al. 2008a, b). Several felids, such as the domestic cat
(F. sylvestris, Guaguére 1999) and the lynx (Lynx lynx, Dobias
1981; Jeu & Xiang 1982; Mérner 1992; Ryser-Degiorgis et al.
2002) have also been occasionally infested. Infections have
also been reported in the badger (Meles meles, Holt & Berg
1990), pine marten (Martes martes, Holt & Berg 1990; Morner
1992) and European rabbit (Oryctolagus cuniculus, Millan
2012). A recent study from Poland investigated 10 species of
carnivores, and sarcoptic mange infection where identified on
red foxes (19 %), badgers (9 %), wolves (7 %), raccoon dogs (6
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%), stone marten (5 %) and lynx (2 %) (Kolodziej-Sobocinska
et al. 2014). They found that rate of infection was correlated
with the sum of ecological and behavioral features, indicating
the occurrence of between-species transmission that again
may increase the spread of infection. N. cati is far less studied
and thus reported from fewer species. It is primarily found on
wild and domestic felids and rabbits, including the European
lynx (Dobias 1981). It has occasionally been found on humans
(Chakrabarti 1986). Notoedric mange resembles sarcoptic
mange in terms of a debilitating and multisystemic disease
course (Klein Serieys et al. 2013). Infections involving both
mite species have been reported from one lynx in Switzerland
(Ryser-Degiorgis et al. 2002). A recent outbreak of notoedric
mange lead to a population decline in the bobcat (L. rufus) in
Southern California, followed by intraspecific spreading of the
disease northwards in USA (Klein Serieys et al. 2013).

In Fennoscandia, the primary host species in concern
regarding both species is the red fox (hosting S. scabiei)
and lynx (hosting N. cati). A surveillance program for red
foxes should be designed to cover local as well as regional
changes of prevalence. According to oral reports from hunters,
there are local variations in mange prevalence among red
foxes. Considering the wide-ranging and potentially cascading
effects on mammalian fauna (i.e. predator-prey relationships),
it seems important to monitor the fluctuating situation on a
local and regional scale. The European lynx and the arctic
fox is of particular interest regarding the vulnerable status in
Fennoscandia.

Disease effects on host at individual level

Human scabies and the risk of zoonosis

Human scabies is a well-known disease since antiquity (Haas
et al. 2005). The Italian physician Giovan Cosmito Bonomo
and the (apothecary) pharmacist Diacinto Cestoni revealed the
relationship between mites and the scabies disease (1687), and
showed for the first time in history that a disease was caused
by a “non-visual” organism (Ramos-e-Silva 1998). Both S.
scabiei and N. cati are known to infest humans in contact with
mangy animals (Chakrabarti 1986; Walton et al. 2004; Beck
2005). Companion dogs and domestic cats are believed to be the
original source of human infestations, and several outbreaks of
limited health impact are known (Fain 1978; Chakrabarti 1986;
Mitra et al. 1993; Morsy et al. 1994; Burroughs & Elston 2003;
Heukelbach & Feldmeier 2006). Pseudo-sarcoptiosis occurs
when the mite infest a non-adequate host, after contact with
mange-affected livestock, pets and game animals (Birk et al.
1999). Hunters in contact with animals may develop short-term
pseudo-scabies with characteristic lesions. Such lesions are
self-curable and commonly referred to as “cavalry man’s itch”
or “pig-handler’s itch” (Burgess 1994; Birk et al. 1999), and
cause far less severity than developed human scabies. Pseudo-
scabies has shorter incubation period than human scabies
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which is caused by S. scabiei var. hominis. The topographic
distribution of skin lesions also differs between these two types
of infestation, Pseudo-scabies usually occurs in body areas that
have been in direct contact with an infected skin or fur of the
host (Heukelbach & Feldmeier 2006). Pseudo-scabies tends to
be self-limiting on humans due to responses in the immune
system. Normally, treatment is not required in such cases (Fain
1978; Chakrabarti 1985; Arlian 1989; Burgess 1994; Hay 2004;
Walton et al. 2004, but see Curtis 2004). ). Human scabies
has thus limited relevance for hunters and animal handlers in
Fennoscandia today.

Development of human scabies requires infestation with S.
scabies var. hominis and limited or absence of proper medical
care over time. Normally, a parasite burden of 10-12 mites
appears during the first 3 months of infestation (Mellanby
1985; McCarthy et al. 2004). Primary infestation is described
by delayed onset of sensitization and symptoms, contrary to
pseudo scabies. If humans later are exposed to a secondary
infestation of mites hypersensitivity usually occurs within
a day (Mellanby 1944), even though the parasite burden is
usually lower compared to the first infestation. Some degree of
protective immunity may explain the reduced parasite burden
in secondary infestations and may as well explain why such
re-infestations are rare (Lalli et al. 2004).

Crusted scabies in humans is a far more severe and chronic
condition characterized by a large parasitic burden, sometimes
several millions mites (McCarthy et al. 2004). It was formerly
termed Norwegian scabies on account of its first recognition
in Norway in 1848 among patients with leprosy (Danielssen
& Boeck 1848). Clusters of infestations occur in patients with
weak immune responses (immunocompromised individuals), in
patients and staff at hospitals or in nursing homes for elderly
and in overcrowded areas in developing countries (Chosidow
2000). There is no evidence for increased mite virulence
among such patients (subjects), and the heavy parasite burden
is most likely caused by the weakened state of health of the
host. Crusted scabies appear as hyperkeratotic lesions on
hands, feet, ears and scalp. Epidemics have been reported
from several wards of mentally or physical disabled humans
with immunological deficits or inability to eliminate mites
by scratching, e.g. mongoloids (Hubler 1976). Crusted scabies
leads to high mortality due to secondary sepsis (Huffam &
Currie 1998; Hulbert & Larsen 1992).

General pathology
Mites affect the health of free-ranging mammals in four
ways; 1) burrowing mites damage skin tissues which lead
to dermatitis with 2) loss of blood or body fluids, 3) allergic
reactions and 4) secondary bacterial infections (Walker &
Stacheci 1996). Untreated and advanced scabies caused by a
host-adapted variant, which is mostly the case in outbreaks in
wild animals, often causes death (Alonso de Vega et al. 1998;
Brotowijoyo 1987; Kemp et al. 2002).

The pathological condition of mammals infested with S.



scabiei or N. cati is commonly termed sarcoptic or notoedric
mange, while the popular terms “scabies” or “scab” are
also frequently used. Chronic and potentially fatal mange
may occur when these mites infest an adequate host and
develop an increasing parasitic burden. Pseudo-scabies on
the other hand, is mostly self-limiting and temporary because
of the immunologically mismatch between parasite and host
(Sokolova & Lange 1992). The mite-host-specific mechanisms
responsible for various outcomes of infestations are yet largely
unknown, and further research is needed. Macroscopical and
histological results from red foxes suggested three different
disease stages (Nimmervoll et al. 2013). The first stage is
characterized by extensive skin lesions, thin crusts, mild to
moderate alopecia, low parasite burden, numerous eosiniophils,
and slightly swollen nymph nodes. A second stage usually
follows and is characterized by skin lesions, thick crusts (with
or without alopecia), malodours, emaciation, heavy parasite
burdens, numerous bacteria and yeasts, increased numbers of
lymphocytes and mast cells and severely swollen nymph nodes.
A third stage may follow the second, or in some cases the
first, is described by focal lesions, absence of crusts but severe
alopecia, hyperpigmentation and lichenification, absence of
mites, mixed cell infiltration and rare mild lymph node
enlargements. The second stage may possibly be lethal to red
foxes. Survival depends on largely unknown extrinsic factors
or intrinsic immunological factors affecting the animal’s ability
to cope with the mite infestation (Nimmervoll et al. 2013). In
conclusion, development of chronic mange in wild mammals
normally requires transmission of an adequate species-specific
mite between conspecific hosts, and inter-specific transmission
rarely result in chronic or fatal illness.

Skinlesionsinrecently infected individuals are characterized
by excoriation, hemorrhagic crusts and patchy alopecia,
epidermal mast cell hyperplasia, spongiosis, infiltrations
of eosinophils and afterwards compact hyperkeratosis,
parakeratosis, severe crustings and lymphocytic exocytosis
(i.e. Burgess 1994). Elevated amount of white blood cells are
common histopathological signs of chronic mange (Mdrner
1981; Pence et al. 1983; Schmitt et al. 1987; Little et al. 1998).
Notoedric and sarcoptic mange produce a similar inflammatory
cell reaction in the dermis. Among felids, notoedric mange
tends to concentrate in the head and shoulder region, but some
exceptions have been reported (Pence et al. 1982, 1995; Ryser-
Degiorgis et al. 2002). Sarcoptic mange tends to infest larger
parts of the body, especially legs, flanks and tails. The dermal
irritation that leads to itching followed by secondary infections
is caused by mite feces and eggs deposited in the burrows
(Droogan 1999; Chosidow 2000).

Concomitant infections of S. scabiei and endoparasites
living in the gastro-intestinal tract are probably quite
common (Cox 2001). Mangy individuals may be particularly
vulnerable to infections by multiple parasites because they
are undernourished and immunologically disarmed (Wilson
et al. 2001). Malnutrition may reduce resistance and lead to
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increased fecundity, growth and burden of the parasite (Balic
et al. 2000; Claerebout & Vercruysse 2000). In a survey of red
foxes from the Western Italian Alps, individuals with sarcoptic
mange had higher prevalence of both cestode and nematode
worms. This may suggest some form of active and passive
interaction between ecto- and endoparasites (Balestrieri et al.
2006). Concomitant infections in scabies-infected animals may
strongly increase the mortality rate.

Secondary infections are often associated with scabies
infestations (Brook 2002). The risk increases during sustained
infestation and gives pruritic dermatitis. Staphylococcus
aureus and group A haemolytic streptococci have most
frequently been found in humans (Brook 2002). These bacterial
infections usually lead to cellulites, lymphangitis or aqute
glomerulonephritis (Kemp et al. 2002), and may markedly
increase mortality.

General host immunology

The complex immunology in the epidermis and dermis of
affected hosts is not well understood at the species level
(Nimmervoll et al. 2013; but see Kuhn et al. 2008), and the
following generalization of host immunology is regarded to be
representative to Fennoscandian wildlife. Certain components
in extract from scabies mites modulate the inflammatory/
immune reaction during infestation (Arlian et al. 2003).
The immune response is dominated by elevated amounts of
T-lymphocytes, plasma cells, mast cells, neutrophils (Skerratt
2003a; Arlian et al. 1996, 1997, 2006; Klein Serieys et al.
2013), but have been found to differ in e.g. wombats and red
foxes. Foxes display a hypersensitive response immediately
following S. scabiei infection (Little et al. 1998), whereas
wombats do not (Skerratt 2003b). Pigs and rabbits also differ
in their inflammatory infiltrate in the dermises and involves
Eosiniphils and T-lymphocyt (Davis & Moon, 1990a; Arlian
et al. 1994a, b). These differences have been explained by a
desensitization of the immune system in some species infected
with S. scabiei.

Goats have been found to be immune to sarcoptic mange
(Tarigan 2003a, b; Tarigan & Huntley 2005). Little et al.
(1998) tested the response of red foxes to repeated infections,
and concluded that resistance did not occur after a second
infection after clearance of mites from the primary infection.
Consequently, infection does not necessarily lead to immunity
in the red fox. Humans, dogs and rabbits on the other hand are
able to develop efficient protective immune responses when
repeatedly exposed to live mites (Mellanby 1944; Arlian et
al. 1994a, b, 1996). A long-term study of S. scabiei infected
Norwegian red foxes indicate host-parasite adaptions (Davidson
et al. 2008). Burrowing mites provokes mite-specific circulating
antibodies and immunological memory in the T-cells and
reduced parasitic burden. The immunity to re-infestations
is due to both a cell-mediated immune response as well as
an antibody response in the infected host (Cabrera et al.
1993). In trials, canids quickly showed antibody responses to
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re-infections quick which peaked within 8 days. Between 24
and 64 days after infestation, the immune response had cleared
all scabies mites from the host (Arlian et al. 1996, Nisbet &
Huntley 2006). This immunity was caused by the memory
function provided by T-cells, and is believed to be a Th2-IgE
mediated response (Tarigan 2003a, b). The pronounced Th2
inflammatory responses that involve occurrence of eosinophils,
mast cell hyperplasia and the onset of IgE antibodies, suggests
a Type 1 hypersensitivity reaction (Tarigan 2003a, b; Van den
Broek & Huntley 2003). However, whether these responses
are directly involved in the mechanism of immunity or simply
induced by mites for their own benefit such as feeding are
not known (Tarigan & Huntley 2005). The role of IgE in host
immunity to psaroptic scabies mite (Psoroptes ovis) has also
been documented (Stromberg & Fisher 1986; Stromberg &
Guillot 1989). The mechanisms underlying immunity responses
seem to vary between species (Nimmervoll et al. 2013) and
experiments with repeated infestations with S. scabiei show a
wide range of immune responses ranging from no immunity to
acquired full immunity.

Disease effects on host at population level

Some effects on population dynamics

Besides increased mortality in host populations, sarcoptic mange
often lead to reduced feeding efficiency and reproduction (Borg
et al. 1976). Clinical sign of accelerated muscle catabolism has
also been documented (Newman et al. 2002). Scabies infested
red foxes normally die after a few weeks, but some may live
as long as 9 months (Mérner & Christensson 1984; Newman
et al. 2002), probably depending on several factors such as
concomitant and/or secondary infections, food availability and
weather. All these factors may potentially affect population
dynamics due to increased mortality and reduced reproduction.
A long-term study of scabies in red foxes shot by hunters
in Norway indicated that the population to some degree
could cope with the parasite over time. Low-grade or sub-
clinical infections and even recoveries have been documented
(Davidson et al. 2008; Nimmervoll et al. 2013). However, such
trends may be unstable due to the ongoing arms race between
parasites and hosts.

Baker et al. (2000) and Soulsbury et al. (2007) reported
changes in the spatial organization of urban foxes during an
outbreak of sarcoptic mange in England. Surviving foxes
increased their ranges when neighboring groups died. The
average group size declined because of mange-induced
mortality.

The transmission of sarcoptic mange in wildlife population
is very complex. In addition to being density-dependent it is also
related to territorial conflicts in the hosts. Positive correlations
between population densities and prevalence of sarcoptic mange
is reported (Pence & Windberg 1994; Skerrat et al. 1998).
Direct and indirect contact between conspecifics and between
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different species may certainly affect the transmission rate of
the sarcoptic mange (e.g. Kolodziej-Sobocinska et al. 2014).
Species that have well-developed sociality (i.e. structures and
behavior related to family groups and hierarchies) in red fox and
arctic fox populations will probably inflict a higher number of
transmission incidents compared to more solitary living species
like lynx and pine marten (Martes martes). Thus, sociality is
probably one of the main factors influencing the severity of
sarcoptic mange outbreaks. Sarcoptic mange may alternatively
be transferred indirectly by visiting or sharing den and passage
sites. Den sharing seems to be an important factor affecting
sarcoptic mange spread both within species like red fox and
arctic fox, but also between other denning species like for
example red fox, badger and to some degree the grey wolf. The
individuals in a lynx population often use separate resting sites
above ground and their home ranges do not overlap in the same
degree compared to foxes. This, in combination with very few
incidents of N. cati among felids in Fennoscandia, reduces the
probability of mite transmission.

Intraguild predation may be an important factor for
transmission of sarcoptic mange. Wolves and lynx prey upon
medium-sized carnivores like red foxes, pine martens and
badgers (i.e. Linnell et al. 1998; Sunde et al. 1999). This may
probably explain sporadic and small-scale outbreaks among
solitary species like the lynx. However, a few incidents of
outbreaks within family groups may be of great influence
if the population size is already reduced by other factors. In
addition, infected and ill-behaving lynx may increase the rate
of encounters with other felids as malnutrition and starvation
alters the behavior of infected individuals.

Qutbreaks in general and the red fox case in Fennoscandia

Several epizootic outbreaks of sarcoptic mange have had severe
impact on wildlife species. When man introduced S. scabiei
to Australia, epidemics lead to complete extinction of several
wombat populations (Martin et al. 1998; Skerratt et al. 1998,
2002). Outbreaks in chamois populations in Australia resulted
in 90 % mortality (Farnandez-Moran et al. 1997). Changes in
the population structure of red fox populations in Northern
Europe were strongly linked to a high prevalence of scabies
(Forchhammer & Asferg 2000). Population of red foxes in
Eastern Slovakia suffering from outbreaks of sarcoptic mange
were heavily reduced (Goldova et al. 2001). It seems that
mange outbreaks generally do not affect long-term population
dynamics, but the short-term mortality may be severe (Pence &
Ueckerman 2002). Consequences of outbreaks may therefore be
linked to the immune status of the hosts (Kolodziej-Sobocinska
et al. 2014).

Inter-specific relationships may play a significant role in
both prevalence and mortality. For example, sarcoptic mange
in foxes may have implications for sympatric lynx populations,
because habitat sharing facilitates transmission of pathogens
between species, which has also been suggested for the lynx and
domestic cats (Ryser-Degiorgis 2002).



A severe and wide-ranging outbreak of sarcoptic mange in
Scandinavian red foxes naive to S. scabiei started in the early
1970’s and caused dramatic population declines in in Finland,
Sweden and Norway (Holt & Berg 1990; Morner 1984, 1992).
Sarcoptic mange spread rapidly across Scandinavia on red fox
in the 1970s-1980s, initially spreading from Estonia through
Finland before established on more permanent basis in Sweden
about 1975 (Borg et al. 1976; Danell & Hornfeldt 1987; Morner
1992). In Finland, the prevalence of S. scabiei in red foxes
increased rapidly in 1966-67 (Borg 1978), in Sweden it was
detected in 1975 (Borg et al. 1976; Danell & Hornfeldt 1987).
The disease was observed to spread rapidly in boreal areas (low
fox density), whereas it spread more slowly in agricultural areas
(high fox density). Mortality due to mange was very high. In
1976-77, scabies was recorded on red foxes in northern parts of
Norway and spread to southern parts in a couple of years (Borg
1978; Morner 1992; Kraabel 2003). In Sweden, more than 50
% of the hunting organizations reported the disease in 1981
and reports increased to over 75 % in 1983. Despite regional
differences the overall population decline was of 50-90%
(Lindstrém & Mdérner 1985; Lindstrom 1991; Morner 1992), and
populations in Norway and Sweden did not recover until the late
1980s and beginning of the 1990s (Lindstrom et al. 1994). This
red fox population phenomenon may be viewed as a large scale
experiment to reveal the importance of red fox predation on
prey density. Many researchers have explored the effects of the
reduced density of foxes (Lindstrom et al. 1994; Lindstrom et al.
1995; Selds 1998; Smedshaug et al. 1999). The studies indicate
that the red fox is a keystone predator on small game species in
Scandinavia. For example capercaillie (Tetrao urugallus), black
grouse (T tetrix), mountain hare (Lepus timidus), hazel grouse
(Bonasa bonasia), willow grouse (Lagopus l. lagopus) and pine
marten decreased significantly when the red fox populations
recovered in the late 1980s (e.g. Danell & Hornfeldt 1987,
Lindstrom et al. 1994; 1995; Smedshaug et al. 1999; Gundersen
& Rolstad 2000).

The prevalence of sarcoptic mange in European red fox
populations is 14- 26 % (Schoffel et al. 1991; Gortazar et al.
1998; Lassnig et al. 1998; Schuster et al. 2001; Sreter et al. 2003;
Goldova et al. 2003; Balestrieri et al. 2006). These results rely
on different sampling methods and may be biased both ways.
Surveys of carcasses collected from road accidents, or from
hunters may overestimate abundance because infested animals
may more frequently expose themselves (Balestrieri et al.
2006). On the other hand, some foxes have a sub-clinical form
of disease, which are not easy to detect from skin scrapings
(Bornstein 2004).

In common with many parasitic diseases (Poulin 2007), it
appears that a minority of individuals in a population harbor
a large proportion of mites. These individuals may play a
key role in determining the severity of mite hypersensitivity
in groups by providing a source of repeated mite exposure.
The environmental contamination is, in addition to direct
physical contact between individuals, a source of scabies in
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domestic and wild canids. It is therefore proposed that dens
and other site-specific locations represent important sources
of contamination among red foxes during hunting season, like
urban environments, cabin areas or waste depots. Site-specific
fence entrance to waste depots or other narrow entrances in
urban areas may act as contamination sources during summer.
Further, environmental contamination source demands neither
temporal synchrony nor physical contact between individuals
and should be considered partly as a density-independent source
of sarcoptic mange.

Risk for threatened species

There is a growing concern about wildlife and livestock
diseases in general, and multi-host situations seem to be an
increasing challenge for wildlife management and conservation
(Gortazar et al. 1998, 2007). There is evidence from the Alps
that sarcoptic mange outbreaks pose a threat to endangered
species such as chamois (Rupicapra rupicapra) and ibex (Capra
ibex) (Fernandez-Moran et al. 1997). In remnant or isolated
populations, or in very low populations, severe mange outbreaks
can have serious effect and cause extinction of populations as
for example recorded from the red foxes on a Danish island
(Henriksen et al. 1993). Both S. scabiei and N. cati occur
on intermediate hosts, which can contribute to the spread of
mange. The arctic fox population in Fennoscandia is threatened
by extinction and classified as critically endangered on the
Red List. Despite legal protection for more than 80 years, the
population has not recovered. Conservation measures include
a captive breeding program (Landa et al. 2011; Anonymous
2012), supplemental feeding (Angerbjorn et al. 2008) and
culling of red foxes. The red fox has been identified as a major
threat to the arctic fox, as it has been expanding its range into
the mountains and is both a strong competitor and predator
for the arctic fox (Rodnikova et al. 2011; Herfindal et al. 2010;
Tannerfeldt et al. 2002; Linnell & Strand 1999; Elmhagen et
al. 2002; Frafjord et al. 1989; Pamperin et al. 2006). The red
fox may also act as a transmission vector for S. scabiei to the
arctic fox, with potentially devastating effects. The occurrence
of scabies among arctic foxes occurred in 1986 in Sweden, but
the small local population was caught and successfully treated
(Mérner 1992). Carcasses and feeding stations may potentially
act as sites for transmission and contamination, although
hitherto this does not seem to represent a serious risk.

In 1999, five free-ranging lynx affected by scabies were
found dead in the Alps in Switzerland (Ryser-Degiorgis et
al. 2002). Two lynx were infected with N. cati, two with S.
scabiei and one lynx was infected with both species. A few
years earlier, an epidemic of sarcoptic mange among foxes
was recorded in the northwestern Alps (Ochs et al. 1998) near
the center of the affected lynx population. Domestic cats were
also suspected vectors to the lynx population. At that time,
the reintroduced lynx population (introduced in the 1970s)
consisted of approximately 70 individuals with a high local
density (Breitenmoser et al. 1998, 1999). There is an imminent
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risk for spread of scabies to threatened species as arctic fox and
lynx because they compete for the same resources (habitats,
prey and dens). Further research is needed to acquire more
knowledge to prevent transmission and development of mange
in arctic fox populations. More sporadic records of sarcoptic
mange in solitary lynx as are observed several places. This is
assumed to be related to intra-guild predation from lynx on
red foxes (Kolodziej-Sobocinska et al. 2014), and calls for an
improved surveillance strategy.

It is possible that the reduced red fox populations due to the
outbreak of sarcoptic mange in the 1980s was advantageous to
the arctic fox, as it possibly reduced the pressure of red foxes
into the alpine habitats of arctic foxes. However, there are no
data to support this statement (Dr. Nina E. Eide pers. comm.).
Today, the red fox expand into mountain areas, and there are
many examples that well-established arctic fox dens have
been occupied by red fox (Hersteinsson & Macdonald 1992;
Frafjord 2003). There may be several reason for this expansion.
A combined effect of elevated emigration rates of red foxes
as a response to increased population density in the lowland
are suggested. Further, the ongoing climate changes, and also
increased amount of waste products from cabin areas and
tourism industry in the mountains as well as the occurrence of
disposal sites for organic products around cities, may contribute
to the red fox expansion. However, scabies caused by both
mites will probably spread slower in the colder mountain areas
due to low population densities and no indirect transmission
factors. Besides, infected foxes will die sooner in harsh alpine
environments with low temperatures and fewer alternative
foraging alternatives, thereby reducing the risk of an outbreak
that may affect a larger part of the population.

Concluding remarks

Outbreaks of sarcoptic and notoedric mange have inflicted
severe consequences on Fennoscandian wildlife during the last
decades. Similar scenarios are also well known from other parts
of the world. Detrimental scabies is a species-specific parasitic
disease, which has the capacity to affect wildlife fauna through
ecological cascading effects. Considering the wide-ranging
effects on wildlife from individual to society level, it certainly
calls for improved surveillance methods to detect outbreaks in
the future. Moreover, there is a need for better tools to cope
with developing outbreaks. The red fox is a key species in
Fennoscandia because it is assumed to be a key opportunist
predator on popular game species. Further, the red fox may be
a transmission vector of sarcoptic mange to the threatened and
fragmented arctic fox populations. We suggest systematic data
collection from fox hunters on a county-level. Foxes shot during
bait hunting seems to be the most proper collection method
because baits attracts mangy foxes. The prevalence may be
somewhat over-estimated by using this sampling method, but
it is more important to register the existence of mangy foxes
rather than focusing on a representative prevalence. Sufficient
data collection would be annual hunting reports from bait

18

hunters. Such reports from each county should be based on
the hunter’s ability to perform in situ diagnostic assessment
based on characteristic clinical features displayed by infected
foxes. When outbreaks are detected, representative samples of
infected foxes should be gathered and subjected to veterinary
investigations. The risk of devastating outbreaks of notoedric
mange on lynx populations, on the other hand, seems to be
limited. However, considering the outbreak in the Swiss Alps,
lynx should be closely monitored in Fennoscandia. Lynx shot
during licensed hunting should routinely undergo veterinary
control for scabies symptoms.

Surprisingly, the literature covering wildlife effects of
mange outbreaks are scarce compared to the large body of
veterinarian literature covering livestock species and pets. This
is true not only at a Fennoscandian level, but also world-wide.
Considering the potential to learn more about coevolution of
host-parasite relationships, and not to mention the detrimental
and typically protracting effects inflicted by these mites on
individual, population and society levels, we strongly argue
that the disease should receive more attention by wildlife
management authorities in Fennoscandia.
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