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Preface 
Bloodsucking fur lice were discovered for the first Ime on ArcIc foxes in Svalbard in 2019. Within the 
same year, fur lice were also described on ArcIc foxes in Canada, and it turned out to be a previously 
undescribed lice species for ArcIc foxes. Tor SleSebø, an experienced taxidermist working with 
skinning of ArcIc foxes for many years, discovered something that he had never seen before in ArcIc 
foxes, lice, whilst he worked with the tanning process of the pelts from Svalbard. That was the start of 
this project where we combine veterinary medical methods and ecology of a wild populaIon of ArcIc 
foxes to improve our understanding of this parasite host system. 

This project made it possible to collect all ArcIc fox carcasses from the 2022-2023 harvest season in 
order to invesIgate the impact of fur lice, focussing on lice prevalence, abundance and distribuIon of 
fur lice, changes in fur quality and skin pathology, develop and establish methods and guidelines for 
evaluaIon of intensity of lice infestaIon, and test out a method for use of camera traps on ArcIc fox 
den sites to provide a non-invasive method for monitoring lice infecIons. 

Special thanks go to taxidermist Tor SleSebø, KrisIansand, for his vigilance and experience which led 
to the discovery of fur lice in ArcIc foxes in Svalbard in 2019. Thanks to Rupert Krapp and the logisIc 
department in Longyearbyen, Norwegian Polar InsItute for collecIng and storing ArcIc fox carcasses, 
to all the ArcIc fox recreaIonal trappers in the 2022-2023 season for their willingness to contribute 
to the project, and to the professional trapper Tommy Sandal who contributed extra informaIon on 
louse prevalence and biological data of ArcIc foxes from Bellsund. Thanks also to all the Svalbard 
people who sent pictures of ArcIc foxes with potenIal signs of fur lice, this is sIll helpful for the 
process to understand the development and paSern of lice infestaIons throughout the season.  

 

Tromsø, March 27, 2025 
 
Eva Fuglei 
Researcher and project leader 
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Fur lice in Arctic foxes in Svalbard 

In November 2019, bloodsucking lice were idenIfied in ArcIc foxes in Svalbard for the first Ime, 
coinciding with similar findings in Nunavut, Canada. GeneIc analysis revealed that lice from both 
regions were 100 % idenIcal, suggesIng the presence of a previously undescribed species disInct from 
dog lice. The origin of the lice remains uncertain, but historical evidence of lice in Canadian ArcIc foxes 
from the 1990s supports the hypothesis that they may have been introduced to Svalbard by migraIng 
ArcIc foxes. 
 
The prevalence of lice in ArcIc foxes in Svalbard has increased since the 2019–2020 trapping season, 
iniIally affecIng an esImated 10 % of the populaIon and rising to 76 % in the 2021–2022 season. 
Morphological and molecular analyses, along with observaIons of abnormal fur loss paSerns in 
infested foxes, highlight the impact of lice infestaIons. These species-specific ectoparasites, which are 
highly dependent on their hosts, cause pruriIs and fur damage, and in severe cases, can lead to 
anaemia.  
 
The study aimed to collect all ArcIc fox carcasses trapped during the 2022–2023 season to invesIgate 
the impact of fur lice by documenIng the prevalence, abundance, and distribuIon of lice, changes in 
fur quality and skin pathology, and develop and establish methods and protocols for the evaluaIon of 
the intensity of lice infestaIon. The project also conducted a pilot study to test camera traps on ArcIc 
fox den sites to provide a non-invasive method for monitoring lice infecIons. 
 
During the 2022–2023 trapping season, a total of 36 ArcIc foxes were captured, with fur lice detected 
in 16 individuals, resulIng in an overall prevalence of 41.7 %. This was a decline from the previous 
year’s prevalence of 76 % but remains higher than earlier seasons. Lice were mainly found in the neck 
and shoulder areas but were distributed across the enIre body in heavily infested foxes. Heavier lice 
burdens in the pelts were related to lower body weights. InfestaIons were associated with significant 
fur damage, including discoloraIon and shortened fur, with infected foxes showing these changes more 
frequently than uninfected ones. The total lice burden ranged from 0 to 10 984 per pelt, with an 
average of 3 161. Egg density was higher than other life stages (eggs, larvae and adults), and the highest 
lice concentraIons were found in the neck and shoulders. Histopathological analysis of the skin showed 
chronic irritaIon caused by lice, though there was no evidence of inflammaIon or immune response. 
Hair follicles appeared healthy and undamaged and hair loss was aSributed to mechanical damage 
from scratching and biIng, driven by tacIle irritaIon rather than hypersensiIvity. 
 
Camera traps at five breeding dens captured over 24 000 images, with 409 showing ArcIc foxes. Signs 
of lice infestaIon were evident in 279 of these images, documenIng infestaIon at all dens. InfestaIon 
severity developed throughout the season (from January–February) and peaked in late spring (May–
June). Despite this, foxes with no sign of lice on the fur were also observed on the dens. The observed 
seasonal trend in louse infecIons is noteworthy. Although the trapped fox dataset did not show a clear 
correlaIon between infecIon intensity and trapping dates, the trapping ends in mid-March, well before 
the peak seasonal changes observed in May and June through camera trap evidence. Thus, prevalence 
and abundance esImates based on trapped foxes may underesImate the impact of lice on the 
populaIon.  
 

Summary 
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Fur lice in Arctic foxes in Svalbard 

Based on these findings and the literature we hypothesize that the recent introducIon of fur lice to 
ArcIc foxes in Svalbard, a previously naïve populaIon, may lead to a gradual development of parIal 
immunity. Over Ime, younger naive individuals or older foxes with weakened immune systems may 
become more suscepIble to heavy infestaIons compared to healthy adults with prior exposure to lice. 
Immunity could also explain why some uninfected foxes coexist with infected individuals at the same 
breeding dens despite close physical contact. Another aspect related to the seasonal molt is the finding 
that seasonal shedding of winter fur in spring in other species significantly reduces louse infecIon 
intensity. Similarly, the seasonal molt of ArcIc foxes from dense winter fur to summer fur in May 
probably plays a role in reducing louse prevalence and abundance. Hairs with aSached eggs are shed 
during molIng, decreasing the overall infecIon burden. So far, we have no informaIon about fur lice 
in ArcIc foxes during summer. ConInued monitoring is recommended to beSer understand the 
dynamics of lice infestaIons, their health impacts, and potenIal development of immunity in the ArcIc 
fox populaIon. 
 
 
 

 

Figure 1 Arc4c fox infested with fur lice in Kongs`orden, Svalbard. Photo: Arnt Rennan / Norwegian Polar Ins4tute 
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Fur lice in Arctic foxes in Svalbard 

1.1 Background 
Lice were discovered in ArcIc foxes (Vulpes lagopus) for the first Ime in Svalbard in November 2019. 
Within the same year (May 2019) lice were also observed and documented in ArcIc foxes from the 
mainland of Nunavut, Canada (Buhler et al. 2021). These concurrent findings resulted in close 
cooperaIon between the Norwegian Polar InsItute, the Norwegian Veterinary InsItute in Tromsø and 
the research group in Canada. Adult lice from ArcIc foxes from both Nunavut and Svalbard were 
analyzed using molecular methods and they were 100 % geneIcally idenIcal and idenIfied as 
bloodsucking lice (sub order Anoplura) (Buhler et al. 2023). The possibility that the bloodsucking lice 
found in ArcIc foxes could be the same species as found in dogs (Linognathus setosus), was invesIgated 
by collecIng and analyzing two adult L. setosus from a dog in Saskatoon, Canada and three adult L. 
setosus from a dog from Bodø, Norway. The lice from the two host species looked morphologically 
similar and L. setosus from both dogs were 99 % geneIcally similar. The lice from the ArcIc foxes were 
significantly geneIcally different from domesIc dog lice (Figure 3 ABC, Buhler et al. 2023). These 
analyses suggest that ArcIc fox sucking lice from Nunavut and Svalbard represent a previously 
undescribed bloodsucking lice species (Figure 3, Buhler et al. 2023).  
 
The origin of the sucking louse in Nunavut and Svalbard in 2019 has so far not been established, but 
one earlier observaIon from Canada needs to be menIoned. Aker discovering the lice in 2019, Buhler 
et al. (2021) searched the Canadian Wildlife Health CooperaIve database and found one unpublished 
case of lice and abnormal fur loss from one male ArcIc fox trapped in February 1997 on the mainland 
of Nunavut, Canada. It was noted that the fox had thousands of ectoparasites on the fur, that were 
determined to be sucking lice (Anoplura) by the Western College of Veterinary Medicine, 
Saskatchewan, Canada, however, unfortunately neither morphological nor molecular methods were 
used, nor were any lice saved for future analyses (Buhler et al. 2021). It was also noted that the trapper 
had seen only one addiIonal case of lice over several decades with trapping. Aker the 1990’s fur 
trapping decreased in that area, but it was also noted that abnormal fur loss “were not unknown to 
trappers prior to this period” (Buhler et al. 2021). The fact that lice have been observed in ArcIc foxes 
in Canada back in the 1990’s, makes it more likely that the lice were introduced to Svalbard by an ArcIc 
fox migraIng from Canada. This assumpIon is consistent with previous observaIons of dispersal and 
gene flow between the circumpolar ArcIc fox populaIons (Noren et al. 2011, Fuglei & Tarroux 2019). 
 
In Svalbard ArcIc foxes have been hunted for their fur for several hundred years (Rossnes 1993). Today 
the hunt is carried out by a few trappers who overwinter in isolated staIons and for recreaIonal 
purposes by residents of the larger seSlements of Spitsbergen. Most of the harvest occurs in central 
Spitsbergen, Nordenskiöld Land and the hunIng season lasts from 1st November to 15th March (Figure 
3 a and b). The Norwegian Polar InsItute has, since 1997, collected carcasses from the trappers and 
organized the skinning of all foxes by a professional taxidermist. The carcasses provide important data 
on the demographics and health of this wild populaIon of ArcIc foxes. It was taxidermist Tor SleSebø 
in Naturexpo, KrisIansand, that first detected and reported finding lice in foxes trapped in Svalbard in 
2019 (Figure 3, picture to the lek). His observaIons have not been reported previously in old trapping 
diaries (Rossnes 1993), nor have lice been described or observed in Svalbard since the 
recommencement of fox's carcass collecIon in 1997. The annual changing louse infecIon prevalence 

1 Introduc2on 
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subsequent to the first detecIon in the 2019–2020 trapping season also suggests that these 
ectoparasites are a recent introducIon to a naive populaIon. We do not have the full overview of the 
prevalence for the first year of detecIon but roughly esImate that 10 % of foxes trapped (N=166) were 
infested. Aker the detecIon of fur lice, we started to invesIgate each pelt from the trapped foxes more 
carefully and during the next trapping season (2020–2021) the esImated prevalence was 12,5 % 
(N=24). In the 2021–2022 season (N=208) the prevalence increased dramaIcally with 76 % of the foxes 
infected (Figure 13). 
 

 

Figure 2 The underside of the Arc4c fox skin, during skinning, showing mul4ple black spots through the skin. These were 
found to be adult lice at the base of the fur on the opposite side of the skin. Wood shavings are used during skinning to 
improve grip. Photo: Anna Galina Henriksson / Norwegian Veterinary Ins4tute / UiT The Arc4c University of Norway  

Durden & Musser (1994) list over 51 Linognathus species and include ArcIc foxes amongst the principal 
hosts of the dog sucking louse, Linognathus setosus. However further informaIon on the geographic 
origin of this louse specimen in ArcIc foxes is not provided. More recently only mites, Icks and fleas 
have been reported in ArcIc foxes (Audet et al. 2002, Buhler et al. 2020), prior to the emergence of 
photographic evidence of bloodsucking lice in ArcIc fox fur in the 1990’s in Canada (Buhler et al. 2021, 
2023). There also seems to be very liSle scienIfic literature regarding lice in other fox species. A 
number of studies have idenIfied a low prevalence of the chewing louse Felicola vulpis in red foxes 
(Vulpes vulpes) (Dwuznik et al. 2020, Eren et al. 2021, Hinaidy 1971) but nothing specific about 
bloodsucking lice or Linognathus sp. was traced in red or ArcIc foxes. The detecIon of L. setosus in 
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foxes (and wild canids) is also reported in a number of books on veterinary parasitology (Deplazes et 
al. 2016, Eckert et al. 1992, Georgi & Georgi 1990, Soulsby 1982, Taylor et al. 2016).  

The majority of informaIon we have regarding the impact and lifecycle of lice comes from other host 
species. This group of ectoparasites are largely host-specific and enIrely dependent on their hosts to 
survive, spending all stages of their life cycle in the deep layers of the coat (Light et al. 2010). The clinical 
impact of lice is related to the density of infecIon. Heavy infestaIons are called “pediculosis” and the 
clinical signs related to damage in the skin as a result of the feeding acIvity of the lice (Taylor et al. 
2016). The saliva produced by lice during feeding can trigger an immune response which can lead to 
hypersensiIvity reacIons (Deplazes et al. 2016). PruriIs (itchiness) dominates the clinical picture with 
secondary damage to the fur and skin as a result of the host scratching, rubbing or chewing affected 
areas. This can result in crusIng in the skin and patchy hairloss (alopecia) with or without secondary 
infecIons. Very heavy infestaIons of bloodsucking lice, especially in young animals, can result in 
anaemia (Taylor et al. 2016). 

Adult L. setosus lice are wingless insects 1-3 mm in length with no eyes and a dorso-ventrally flaSened 
body and a narrow head (compared to the first thoracic segment) (Deplazes et al. 2016). The lifecycle 
of anopluran lice starts with the producIon of eggs (also called nits). The L. setosus females lay 5-10 
eggs daily during their 3-6 week lifespan (Eckert et al. 1992, Deplazes et al. 2016) cemenIng them to 
the base of a hair shak. A larva hatches within 1-2 weeks, capable of sucking blood, which undergoes 
development through three larval stages to become an adult (an Imago). This takes a further 2-3 weeks. 
All lifecycle stages, except eggs, can suck blood, with lice on average consuming 0.1 mg blood per feed 
(Deplazes et al. 2016). Transmission of lice between hosts generally requires direct fur to fur contact 
(Georgi & Georgi 1990). However, it is reported that Linognathus sp. can survive off the host up to 4-7 
days (Deplazes et al. 2016, Eckert et al. 1992) and that L. setosus eggs can hatch over 2-3 weeks in the 
environment, if kept warm enough, so transmission via bedding material can occur (Taylor et al. 2016). 
The transmission of lice between hosts is thought to occur relaIvely slowly, as aker a single 
introducIon of chewing lice in sheep it took around six months (22 weeks) before more than 80 % the 
naive herd were infected (Deplazes et al. 2016). Lice are most commonly found around the eyes, ears 
and front part of the back and neck in canines but in heavy infecIons it can be found over much larger 
areas (Deplazes et al. 2016). Seasonal variaIons in bloodsucking louse prevalence are seen in some 
host species, like increased winter prevalence in caSle, but not in all host species. Lice seem to induce 
some degree of immunity, especially given that younger animals seem to be more commonly infected 
(Deplazes et al. 2016). It is thought that host immune responses impact the physiological and 
reproducIve capabiliIes of lice leading to shorter lifespans and impaired egg hatching (Deplazes et al. 
2016, James et al. 1998).  

As part of the seasonal molt ArcIc foxes start shedding their winter coat in the middle of May, with fur 
loss beginning on the legs, face, and sacral region (Figure 3A). They eventually lose their winter coat 
enIrely during summer and appear brown or black depending on the color morph. This is the normal 
paSern of the seasonal change of the fur for this species (Buhler et al. 2021, 2023). ArcIc foxes infested 
with sucking louse show a different and abnormal paSern of fur loss in the spring (Figure 3B-D). ArcIc 
foxes from both Nunavut and Svalbard infested with sucking louse had similar paSerns of such 
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abnormal fur loss occurring on the dorsum of the neck, shoulders and back in the spring (Figure 3 B-D, 
and picture to the right). 

  

Figure 3A) An Arc4c fox displaying normal fur loss on the rump and limbs consistent with the first stages of mol4ng in spring, 
B) a sedated Arc4c fox with uncharacteris4c fur loss across the neck and shoulders, C) another sedated Arc4c fox in with 
uncharacteris4c fur loss on the neck and shoulders, and (D) the same fox depicted in (B) before capture and seda4on. All 
pictures from Canadian Arc4c foxes from Buhler et al. (2021). Picture to the right shows an Arc4c fox in Svalbard with 
uncharacteris4c fur loss across the neck and shoulder in May 2021. Photo: Automa4c camera and Eva Fuglei / Norwegian 
Polar Ins4tute 

There is an important management responsibility for the ArcIc fox populaIon in Svalbard which is 
knowledge-based and founded on monitoring and research (MOSJ, COAT). InformaIon about the 
populaIon size of the ArcIc fox is used by the Governor of Svalbard for making decisions about 
sustainable harvesIng. The ArcIc fox breeding populaIon is monitored by the Norwegian Polar 
InsItute annually in two areas on Spitsbergen, one on West Spitsbergen and one on Nordenskiöld Land 
and the populaIon has been relaIvely stable over Ime with some year-to-year variaIons (Eide et al. 
2012, Fuglei et al. 2003, Nater et al. 2021, MOSJ, COAT). It is sIll not known to what extent sucking 
louse infecIons affect the general health status and demography of ArcIc fox individuals, and the 
populaIon dynamics over Ime.  
 

 

Figure 4 The picture on the leg is of Arc4c fox winter fur from Svalbard infested with lice (to the right and leg) whilst the one 
in the middle is uninfected (Photo Tor Slehebø). On the right are the images of three Anopluran lice (ventral view): from a dog 
ager clearing in lactophenol (A); from Arc4c foxes in Svalbard (B) and Nunavut, Canada (C) both not cleared, from Buhler et 
al. 2023. 

https://mosj.no/en/indikator/fauna/terrestrial-fauna/arctic-fox/
https://coat.no/en/Arctic-fox/Arctic-fox-Svalbard
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1.2 Objec3ves 
The primary objecIve of this project was to document the prevalence, abundance and distribuIon of 
bloodsucking louse infecIons in ArcIc foxes in Svalbard.  

The project will ensure that a limited number of ArcIc foxes are harvested and collected from a certain 
number of locaIons in Spitsbergen for the trapping season 2022-2023. The foxes will be collected and 
delivered to the project with the fur sIll on.  

The two secondary objecIves are to:  

(1) Secure the conInuaIon of the monitoring of the bloodsucking louse infecIon in ArcIc 
foxes in Svalbard for the 2022–2023 trapping season so as to document the prevalence of 
lice, increase the material to document changes in fur quality and skin pathology and 
describe the impact the lice are having on the fur quality and any associated dermatology. 

(2) Develop and establish methods and guidelines for qualitaIve evaluaIon of intensity of the 
sucking louse on the fur in trapped foxes and prevalence of heavy infecIons in photo-
trapped foxes at den sites. 
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2.1. Study species and area 
The ArcIc fox is endemic to the ArcIc tundra, and in Svalbard it is the apex terrestrial predator and 
scavenger with no natural enemies or compeItors. It is abundant and funcIonally important because 
it affects both terrestrial and marine prey species. Due to lack of cyclically fluctuaIng small arcIc 
rodents (like lemmings) the populaIon dynamic is more stable compared to most other tundra 
ecosystems. The populaIon dynamics have largely been driven by access to reindeer carcasses that are 
affected by rain-on-snow events (Eide et al. 2012, Fuglei et al. 2003, Hansen et al. 2012). Despite 
dramaIc climate warming, the populaIon dynamic is relaIvely stable and balanced by the exploitaIon 
of resources from different ecosystems, that buffers ArcIc foxes against climate change (Nater et al. 
2021).  
 
ArcIc foxes have been hunted and trapped in Svalbard for their highly insulaIve fur for more than a 
hundred years (Rossnes 1993). Since World War II, trapping has declined and now takes please as so-
called recreaIonal hunIng, reserved exclusively for residents in Svalbard. Trapping is allowed  between 
1st November and 15th March in 25 restricted trapping terrains (Figure 5), and for some commercially 
operated trapping staIons.   
 

 

Figure 5 Maps showing the 25 Arc4c fox (Vulpes lagopus) trapping terrains in Svalbard (from the Governor of Svalbard). Map 
A) showing the 23 terrains at Nordenskiöld Land and map B) the two terrains south of Ny-Ålesund. 

Trapping is regulated by the Svalbard Environmental ProtecIon Act, that states “All harvesIng of 
species in Svalbard shall be done such that the natural producIvity and diversity of species are 
preserved and that the composiIon and development of populaIons are not significantly altered” 
(Forskrik om høsIng på Svalbard – Lovdata, Fuglei et al. 2013). Because the prevalence of fur lice in 
the ArcIc fox populaIon in Svalbard had such a dramaIc increase over the trapping season 2021–2022 
with 76 % infested and the uncertainty around how this could impact the populaIon, we arranged a 
user involvement meeIng before the start of the trapping season in 2022. This meeIng consisted of a 

2 Method 

https://www.sysselmesteren.no/nb/jakt-fangst-og-fiske/revefangst/


 

Page 9 

Fur lice in Arctic foxes in Svalbard 

representaIve from the hunIng organizaIon “Longyearbyen Jeger og Fisk forening” (LJFF), the 
Governor of Svalbard, the Norwegian Veterinary InsItute in Tromsø (VI) and the Norwegian Polar 
InsItute (NPI) to discuss the ArcIc fox situaIon and the quesIon whether trapping should be 
conducted in the 2022–2023 trapping season or not. The den monitoring data from the monitoring 
areas conducted by NPI from summer 2022, showed reproducIon rates as above average, indicaIng 
no signs of any sudden drops in populaIon. Based on the discussions, the user involvement meeIng 
decided to arrange ArcIc fox trapping for the 2022–2023 season, but with a restricted bag size and 
with a system to follow up the trapping terrains over the season to make sure that at least some foxes 
were collected from as many areas as possible. The Norwegian Polar InsItute have a long-established 
system for collecIng fox carcasses from the trappers by use of a Zarges box (Revekassa) that makes 
conInuous follow up of every trapper and the number of foxes delivered from each trapping area 
possible. All the collected trapped foxes were transferred to a minus 80-degree freezer for 7 days, as a 
treatment to kill the eggs of the zoonoIc parasite Echinococcus mul8locularis, and aker that all foxes 
were stored in Longyearbyen in minus 20-degree freezers unIl skinning could be carried out. 
 
Thirty-six ArcIc foxes were trapped during the 2022–2023 season. These were collected from trappers 
aker a payment of a compensaIon for each carcass delivered to the project with the fur on. Such 
financial compensaIon is not something that is regularly paid but was introduced specifically for this 
specific funded project to ensure that foxes with poor quality fur were submiSed. 

2.2. Collec3on of Arc3c fox carcasses in Longyearbyen 2022–2023 – prevalence 
of fur lice 
Most of the recreaIonal trappers do not have professional skills for taking off the fur from the trapped 
carcasses. Therefore, a professional taxidermist skinned all the foxes in Longyearbyen between 23rd – 
30th of April 2023. We systemaIcally examined each fox without magnificaIon, but under bright light 
condiIons, for the presence of lice. This was done by two researchers and a student. Any changes in 
fur color, length and density were noted using a standardized registraIon form (Appendix 6.1). 
Standardized lateral and dorsoventral photographs (Figure 6) were taken of each fox regardless of 
infecIon status. All carcass and the furs got an individual ID number, and the weight and sex of each 
individual were recorded, a tooth was taken for aging as well as visually esImaIng (the age) and body 
condiIon (fat index) (Grue & Jensen 1976, Prestrud & Nilssen 1992).  
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Figure 6 Standardized dorsoventral (top) and lateral (bohom) photographs were taken of each Arc4c fox prior to skinning. The 
label shows the individual id number and trapping year of the fox. Photo: Anna Galina Henriksson / Norwegian Veterinary 
Ins4tute / UiT The Arc4c University of Norway 

The fur was examined by using curved anatomical forceps to part the hair to visualize down to the skin 
along the length of the upper and lower eyelids as well as the upper lip across both sides of the nose. 
The examinaIon then conInued using fingers to part the hair and visualize the skin on the top of the 
head between the ears, conInuing dorsally along the neck, shoulders, thorax, pelvis and tail (Figure 7). 
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If no lice were detected, then the examinaIon was completed at this point, and the results recorded 
as no lice detected. However, if lice were detected then the lateral and ventral sides of the fox, including 
the limbs, were also examined for the presence of nits, larvae and/or adults. Areas that had black dust 
or discoloraIon in the fur close to the skin were examined extra carefully for the presence of lice or 
eggs. The dense fur made it someImes difficult to visualize the skin, in which case the forceps were 
used to help part the fur. 

 

Figure 7 Panel of images showing the inves4ga4on of Arc4c foxes for lice: par4ng the fur over the shoulders down to the 
skin showing no evidence of infesta4on (a), evidence of infesta4on (b); and the head over the nose (c) and around the eyes 
with mul4ple adult lice visible between the forceps (d). Photo: Anna Galina Henriksson / Norwegian Veterinary Ins4tute / 
UiT The Arc4c University of Norway 

An iniIal esImaIon of louse burden was based on the subjecIve evaluaIon of the number of lice seen 
and in how many locaIons they were detected.  
 

1. Low intensity – only a few individual lice seen in one or two locaIons 
2. Moderate intensity – two individuals seen per field of view, per locaIon, in more than two 

locaIons 
3. High intensity – mulIple lice (more than 4) seen in each field at mulIple locaIons. 

 
Seventeen frozen pelts: 15 posiIve; one uncertain; and one negaIve were transported directly from 
Longyearbyen, Svalbard to NVI Tromsø for further analysis on 30th April 2023 (import licence 202/23 
Mawlsynet, journal no.: 703/23 Oslo Gardermoen airport border control Official Veterinarian). The 
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remaining uninfected pelts were returned to the trappers for their own use. All skinned fox carcasses 
were later transported in freezers from Longyearbyen to Tromsø where post mortem and further 
analyses at the Norwegian Veterinary InsItute in Tromsø were conducted by researchers from VI and 
NPI. 

2.3. Evalua3on of the pelt in Tromsø – abundance and distribu3on of lice, 
changes of pelt quality and skin pathology 
The 17 pelts from trapped ArcIc foxes underwent further post-mortem analysis at the Norwegian 
Veterinary InsItute in Tromsø in 12th -14th June 2023 for the presence of lice.  
 
Each pelt was spread out, fur side up, and new photos taken for comparison with those taken prior to 
skinning. The length of the fur, both the insulaIng undercoat and longer guard hairs, were measured, 
using a 15 cm ruler, over the shoulders and in the lumbar region. A template was used to cut out 
standardized skin samples over the neck and shoulders and, when the pelt was large enough also from 
the pelvic lumbar region (21.5 x 21.5 cm), for further study into the thermal properIes of the different 
furs with varying degrees of damage from lice (Henriksson 2023), as well as louse abundance counts. 
We also took smaller skin samples (5 x 5 cm) at seven standardized locaIons: between the ears, under 
the chin, on the thorax between the front legs, on the belly between the hind limbs and, across the 
pelvis cranial to the base of the tail, forelimb above the elbow and hindlimb above the sIfle for louse 
abundance counts (Figure 8). 
 

 

Figure 8 Showing the loca4ons of the different skin samples for thermal tes4ng (front pelt and back pelt if the skin was large 
enough to take both (21.5 x 21.5 cm)) as well as the loca4ons of the smaller (5 x 5 cm in red; 3 x 3 cm in blue) skin samples 
taken to es4mate louse abundance. The sample taken over the lumbar region was dependent on the size of the pelt. If large 
enough thermal tes4ng was carried out, if not then a smaller skin sample (5 x 5 cm) was taken to es4mate louse abundance 
only. 
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The larger pieces front and back pelt were refrozen and transported to UiT The ArcIc University of 
Norway for thermal tesIng as described in Henriksson (2023). Four smaller (3 x 3 cm) skin samples 
were taken from these pelts aker thermal tesIng was completed and analyzed for the louse 
abundance. 
 
The louse abundance on each of the skin samples was esImated by placing the skin samples fur side 
down into a graded square petri dish (36 (8.8 x 8.8 mm) grided squares) containing 20 mL of 10 % 
potassium hydroxide (KOH). The samples were fully submerged in the KOH to remove any trapped air 
from the fur and lek for 24 hours in a fume cupboard at room temperature (20 °C) to ensure that the 
fur and superficial surface of the skin had dissolved. The samples were agitated by swirling once during 
each 24-hour period. The skin was then removed and placed right side up (skin surface facing up) on 
the inside of the lid of the squared dish whilst the contents of the liquid were examined using a 
stereomicroscope at 10 x magnificaIon and the number of eggs (with larva in them), larvae and adults 
counted. The skin sample was also examined under the stereomicroscope using overhead lighIng in 
the stereomicroscope and any lice and eggs remaining aSached to the skin also counted. The louse 
burden from the analysis of the front and back pelts was based on the count of the four subsamples 
taken from the larger pelt used for thermal tesIng. 
 
We developed a protocol for a semi-qualitaIve scoring of the degree of lice infestaIon based on the 
photos of the pelts in addiIon to the iniIal visual esImaIon of louse burden during skinning. We 
visually graded the degree of fur loss and damage to esImate a local damage score which focused on 
the worst score visible on each pelt (Table 1, Figure 9 and Figure 10) 

Table 1 The fur damage score evalua4on table with scoring from 0 (no damage and in pris4ne condi4on) with increasing 
severity of damage up to 5 (extensive damage). 

Fur 
damage 

score 
0 1 2 3 4 5 

Fur loss No 
change 

Slight 
thinning 

NoIceable 
fur 

loss/thinning 

Prominent 
fur loss 

Fur less than 
half normal 
depth for 

winter coats 

Fur less than 
half normal 
depth for 

winter coats, 
patchy 

alopecia 

Fur 
damage None 

Very 
liSle 

damage 

Hairs broken 
and thinning 

Thinned 
undercoat, 

sheared 
appearance 

Sheared and 
deteriorated Ragged 

Colour 
change None 

None to 
very 
faint 

Yes – no 
longer snowy 

white 
Yes - evident Yes – highly 

noIceable 
Yes – highly 
noIceable 

Guard 
hairs 

Normal 
length Normal Even but 

thinning 

Missing or 
sparsely 

distributed, 
uneven 

coverage 

Scarcely 
distributed or 

missing 

Scarcely 
distributed or 

missing 
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Fur 
damage 

score 
0 1 2 3 4 5 

InsulaIon 
hairs 

Dense 
and 

fluffy 

Dense 
and 

fluffy 

Thinning but 
sIll present Less dense 

Downy 
undercoat 
exposed, 

damage and 
reduced 

Downy 
undercoat 

rough 
condiIon or 

missing 

Skin 
visible  

under the 
fur 

Not 
visible 

Not 
visible Not visible 

Almost 
possible to 

see down to 
base 

undercoat 

Skin is just 
visible Skin exposed 

 
The area of damage was also esImated given that the fur damage was not evenly distributed (Figure 
9). This was done by esImaIng the area affected using photo ediIng sokware in Adobe photoshop 
(v.23.5.1.) using the analysis tools outlining the irregular shape to esImate the size of the area (cm2) 
impacted by the fur damage/loss. 
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Figure 9 The dohed black and white line marks the outline of the area of damaged fur and the program then provides an 
es4mate of the total area within that outline. This fur has a local damage score of 4. Photo: Anna Galina Henriksson / 
Norwegian Veterinary Ins4tute / UiT The Arc4c University of Norway   

The overall damage score was esImated by mulIplying the local damage score and area affected 
together. 
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Figure 10 Arc4c foxes with different levels of fur damage graded using the scale described in Table 1 from Grade 0 (A) with 
pris4ne fur coat to Grade 5 (B) with extensive fur loss, visible skin and ragged appearance. Grade 2 (C) shows slight thinning 
of the fur at the neck and some faint discolora4on over the neck and shoulders whilst Grade 3 (D) shows more extensive fur 
damage, obviously different coat color over the neck and shoulders but no skin is visible. Photo: Anna Galina Henriksson / 
Norwegian Veterinary Ins4tute / UiT The Arc4c University of Norway   

2.4. Histological inves3ga3on of the skin 
Three skin and fur Issue samples were taken from each of the 17 ArcIc fox furs. A biopsy was taken 
from the neck and nose of all the foxes whilst the third sample was either from the pelvic lumbar region 
((N=10), or from the limbs (N=7), shoulder, forelimb or thigh). These were fixed in 4 % formalin and 
embedded in paraffin wax (FFPE) stained and examined with haematoxylin and eosin (H&E) according 
to standard histological techniques for rouIne histological examinaIon (Bancrok & Layton 2019). 
Whole-slide images were obtained (Nano Zoomer S210, Hamamatsu Photonics).  

2.5. Establishment of camera traps on Arc3c fox breeding dens to evaluate lice 
on free living foxes 
Camera traps at dens have become an internaIonal methodological standard in the monitoring of 
ArcIc fox populaIons (Eide et al. 2012, Ehrich et al. 2017). As heavy lice infecIons appear to be clearly 
visible from camera trap photos (see Figure 1; Buhler et al. 2021, 2023), such monitoring may provide 
a non-invasive, internaIonally widely applicable method for monitoring lice infecIons. NPI have 
conducted camera trapping in their long-term annual den monitoring study of ArcIc foxes and hence, 
photos from this camera trap based den monitoring during the winter 2024 were used to assess to 
what extent camera trap photos found similar fur loss/damage paSerns as was seen in the post mortem 
foxes. Since the fur trapping ends on March 15 (ArcIc fox fur trapping lasts from November 1st to March 

http://www.hamamatsu.com/
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15th), the camera trap method will provide data on potenIal signs of fur lice over a longer Ime scale, 
from January to June, than data from the trapped foxes.  

Camera traps were placed out in Adventdalen and Sassendalen in Svalbard by use of snow mobiles on 
five different ArcIc fox den localiIes between January 21st and 22nd, 2024. Breeding den localiIes are 
“not for public release” (unntaS offentlighet) and is therefore not made visible on any maps in the 
present report. The five automaIc movement-triggered cameras (Reconyx PC850/PC800; Reconyx Inc., 
Holmen, WI, USA) were fixed on aluminum poles 30–60 cm above ground at approximately 2–8 m from 
den entrances in a posiIon providing a good overview of the den. The cameras were set to be triggered 
by movements and programmed to use a moIon sensor set to “high sensiIvity” taking five pictures for 
each trigger on picture interval “rapid fire” and with no “quiet period”. Memory cards and 12 internal 
lithium baSeries were changed between April 30th and May 2nd, 2024. On all but one den, the cameras 
stood out unIl memory cards and baSeries were changed again between June 23rd and June 27th, 2024. 
On the one den that had shorter Ime with the camera trap in place the camera stood out unIl May 
2nd, 2024.  

All pictures obtained from the cameras were visually evaluated by a single researcher for signs of fur 
lice on ArcIc foxes, like abnormal paSerns of fur loss, previously described by Buhler et al. (2021, 2023) 
(see Figure 1 and Figure 3). To evaluate the visual signs of fur lice from the pictures taken, we defined 
different classificaIons of sucking louse infestaIons when going through the pictures of foxes from 
each of the five dens. The classificaIons were based on subjecIve evaluaIons of each picture and 
distributed as follows: “no sign”, “mild signs”, “medium signs”, “extensive signs” and “summer fur” 
(Appendix Table 1). The classificaIon “summer fur” was included because it appeared to be more and 
more difficult to evaluate the lice classificaIon when more and more of the winter fur disappeared, 
and the foxes turned into summer fur during its seasonal molt (Figure 3 A). Since the camera traps were 
placed on a breeding den, the same foxes were expected to be seen on the pictures over Ime. That 
made it possible to follow the development of louse infestaIon over Ime. ASempts were made to 
assess and record one fox per day when it was possible to separate the individuals. It must be noted 
that separaIng individuals was difficult specifically early in the season, when infestaIons were difficult 
to see on the winter fur, and late in the season (May-June), on foxes that were completely in summer 
fur. The results are expressed as the “total number of foxes with no sign of fur lice” and the “total 
number of foxes with signs of fur lice” aker combining all the defined classificaIons per month for all 
five dens. Results were also expressed based on the defined classificaIons (“no sign”, “mild signs”, 
“medium signs”, “extensive signs” and “summer fur”) summed up for every month (January, February, 
March, April, May and June; see Appendix Table 1).  

2.6. Sta3s3cal analyses 
The data set regarding the iniIal examinaIon during skinning and the laboratory analysis of the pelts 
was analyzed using JMP staIsIcal sokware (14.0.0 SAS InsItute Inc) to compare prevalence and 
abundance data by sex, age, body weight, body fat index and trapping locaIon of the foxes using 
conIngency and bivariate analysis. The two methods of evaluaIng louse burdens, the iniIal visual 
assessment and the laboratory quanIficaIon of louse abundance were compared using kappa analysis 
(Dohoo et al. 2003). A linear mixed model was also used to assess relaIonships between the fur 
damage score and the log transformed louse abundance (log(total lice/cm2)) using the lme4 package 
in R. A significance level of p<0.05 was selected for all analyses. 
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3.1. Prevalence of fur lice 2022–2023 
A total of 36 ArcIc foxes were trapped during the trapping season 2022–2023 (Figure 13) and foxes 
were taken in 14 of 25 trapping areas (Figure 12). Lice, and/or eggs, were detected in 16 of the 36 
pelts during the iniIal evaluaIon prior to skinning (Table 2; Figure 11), albeit one pelt with an 
uncertain status. IniIal evaluaIon of the louse burden gave slightly varying results than the final 
evaluaIon based on the total numbers of lice (Table 2). The uncertain individual and the negaIve 
control pelt had no lice whilst the remaining louse burden was evenly split with five individuals 
categorised at low, moderate and high based on total louse counts (Table 4). This gives an overall 
louse prevalence of 41.7 % [95 % confidence interval 27.1-57.8] for the 2022–2023 trapping season 
(N=36, (Table 2) A total of 15 females and 21 males were trapped. The age of the foxes, based on 
tooth analysis, ranged from 1 to 11 years old (mean age 3.1 years [95 % confidence interval (CI) 2.2-
4.1], median 2 years). The body weight range of the foxes was from 2.7-5.5 kg (mean 3.6 [3.4-3.9 95 
% CI], median 3.5). There were no significant trends relaIng to louse prevalence and the age 
(p=0.16), sex (p=0.61), body weight (p=0.15), body fat index (p=0.08) or trapping locaIon (p=0.13) of 
the ArcIc foxes. 

 

Figure 11 An adult louse in stark contrast to the white of the Arc4c fox fur. Photo: Eva Fuglei / Norwegian Polar Ins4tute 

3 Results and discussion 
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Lice were detected in foxes from the following locaIons in the 2022–2023 trapping season (in 
alphabeIc order): Bellsund (number of posiIves 2), Colesbukta (2), Engelskbukta (3), Grumant (2), 
Is~ordflya (2), Mälardalen (1), Svea (2), and Utløp av Sassendalen (1).  

Table 2 The results from the ini4al fur inves4ga4on to detect lice prior to skinning, shown by the sex, of the Arc4c foxes 
trapped during the 2022–2023 trapping season in Svalbard (N=36). *This number is for one fox that had an uncertain 
posi4ve status, given that only one suspected egg was found under ini4al examina4on. This individual was considered 
posi4ve ager the ini4al examina4on but nega4ve for the final result when no lice or eggs were detected ager louse burden 
analysis. 

Sex Lice detected No lice detected 
Female 7 (+1*) 8 
Male 8 13 
Total (final result) 15 21* 
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Figure 12 Maps showing the total number of foxes (blue squares) trapped from each of the Arc4c fox trapping areas at 
Nordenskiöld Land (1 to 23) and south of Ny-Ålesund (24 to 25) in 2022–2023. Nine foxes were also trapped in the Bellsund 
area by a commercially trapper indicated on the upper map. Maps: The Governor of Svalbard   

https://www.sysselmesteren.no/en/maps-and-gps/thematic-maps/hunting/
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Figure 13 Total number of Arc4c foxes trapped each season (blue bars; 2029-2020, 2020-2021, 2021-2022 and 2022-2023) 
and the fur lice prevalence (yellow bars) also indicated in %. 

3.2 Evalua3on of the pelt – abundance and distribu3on of bloodsucking lice, 
changes of pelt quality and skin pathology 

3.2.1 Ini/al visual assessment of louse distribu/on  
All the posiIve foxes had adult lice, as well as larvae and egg stages, on their neck and shoulder region. 
Lice were found not only on the neck and shoulders but also on the face, head, legs, along the back to 
the tail and on the abdomen. During the iniIal examinaIon nine of the infected foxes had lice in all 
four primary areas examined, two had lice in three of the four areas, three had lice in only two areas 
whilst only one individual only had lice over the shoulders. Fur changes (colour and/or shortened fur 
length) were detected in 17 pelts, of which 14 also had lice. All but one of the foxes with lice exhibited 
fur changes. There were significantly more foxes with fur changes in the group that had lice than in the 
uninfected group (p<0.001).  

3.2.2 Detailed assessment of louse burden  
A total of eight different areas of the body were sampled for esImaIng the louse burden (Figure 8). 
The total number of lice found on the 17 pelts examined in greater detail varied from none to 10 984 
which includes adults, larvae and eggs containing larvae. Mean abundance was 3 161 whilst the median 
was 1 405. In addiIon, one two-year-old male fox, from Grumant with high louse burdens, was also co-
infected with bird fleas (Insecta: Siphonaptera). We detected lice in all eight regions on the pelt for 
individuals with moderate to high burdens. Individuals with low burdens had lice at only five or six of 
these locaIons, not all. The majority of pelts (12/15) had a higher proporIon of eggs than the other 
two lifecycle stages (larvae and adults).  
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Comparison of the louse burden between the different areas of the body is based on the density 
(lice/cm2), rather than the number of counted lice at each locaIon as the area analysed varied from 
25-36 cm2. The density of lice varied depending on the stage of lice and the area of the body examined. 
However, there were no significant differences between the proporIon of the different lifecycle stages 
at each site, so further analysis is based on the total louse burden (TLB) or the mean density of lice/cm2.  

The neck and shoulder area had significantly higher louse density than the legs (elbow and sIfle), 
breast, chin and abdomen (Table 3). The highest mean density of lice was found on the neck and 
shoulders and the lowest under the chin (Figure 14). 

Table 3 An overview of the mean total louse burden/cm2 at the different loca4ons on the fur that had quan4ta4ve counts 
carried out ager skin diges4on. The 95 % confidence interval for the mean and the median result are also shown (N=15). 

Loca/on 
Mean Total louse 

burden/cm2 
95 % CI for the mean Median 

Neck and shoulder 42.2 18.6-65.9 28.1 
Between the ears 19.2 2.4-35.9 5.0 
Pelvis-lumbar region 18.3 -0.4-37.0 0.75 
Elbow 8.7 1.7-15.8 2.0 
SIfle 6.3 -1.6-14.1 0.0 
Chest between the front legs 6.2 1.0-11.3 0.9 
Ventral abdomen 6.2 1.0-11.3 0.9 
Chin 1.6 0.0-3.1 0.3 

 

 

Figure 14 A radar chart showing the mean total density of all louse lifecycle stages (total louse burden (TLB: the total number 
of adults, nymphs and eggs)/cm2) at the eight different sites on the infected Arc4c fox furs. 
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Bivariate analysis of the density of lice at the different locaIons compared to the total louse burden 
found the highest correlaIon with the density of lice at the shoulders: total louse burden (total number 
of all lifecycle stages found in the eight areas of the body analysed) = 53.85+76.15*Density of lice at 
neck and shoulder (all lifecycle stages) (p<0.0001; Rsquared adjusted 0.79). There was one outlier, a 
male that had a surprisingly low density of lice at the neck and shoulders compared to the total number 
of lice detected (Figure 15). Similar analysis at the other seven sites also found significant correlaIon 
between the total louse burden and the density of lice at each site, however the Rsquared adjusted 
values were lower. 
 

 

Figure 15 A bivariate fit of the total louse burden (the number of all louse lifecycle stages counted at eight different 
loca<ons on the body) of Arc<c foxes compared to the density of all louse lifecycle stages counted at the samples 
from the neck and shoulders (36 cm2). Total louse burden= 53.85+76.15*density of total louse burden at the neck 
and shoulders. The doJed line shows the 95 % confidence interval. The outlier at the top with nearly 11 000 total 
louse burden had a surprisingly low density of lice at the neck and shoulders but very high densi<es at all other 
loca<ons. 

It is possible that in long-standing infecIons in which there has been considerable pruriIs and alopecia 
that the burden of lice in the most affected areas is lower given the local loss of fur in which the lice 
would normally lay their eggs. The one 11-year-old male fox which had low louse density over the 
shoulders and neck, but otherwise the highest total louse burden of all the foxes, would seem to 
support this hypothesis. However, the degree of fur damage over the neck and shoulders, in this 
individual was mild, so loss of hair at this site does not explain the low louse burden. 

3.2.3 Louse abundance and trends  
The comparison of the final louse burden esImate (none, low, moderate or high) to age (p=0.46), sex 
(p=0.47), fat index (p=0.55) and body weight (p=0.08) and trapping locaIon (p=0.52), by conIngency 
analysis only found a slight trend with body weight (Figure 16). Foxes classified as having a high louse 
burden, had significantly lower body weight compared to those with a low or no louse burden (p=0.04 
and p=0.05 respecIvely). There were no significant body weight differences between those with high 
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and moderate burdens, or between those with a low burden and no burden. Extensive louse 
infestaIons, in other species, are reported to result in weight loss as well as reduced live weight gains 
in young animals (Deplazes et al. 2016, Zachary 2016) and drops in milk yields. If this holds true in foxes, 
something the trend of lower weights in ArcIc foxes with high louse burdens would seem to support, 
then this may have knock on impacts at a Ime of year when vixens have especially high energy 
requirements due to reproducIon and lactaIon. Fox pups from extensively infested females may 
therefore not only be exposed to high louse infecIon pressure from birth, risking anaemia, but may 
also get a subopImal start if the vixen has poorer milk producIon. These concerns highlight the 
importance of further monitoring of this populaIon for demographic and louse infecIon prevalence 
and abundance changes. 

 

Figure 16 A quan4le box plot of the body weight (kg) of Arc4c foxes trapped for their fur in Svalbard, during the 2022-2023 
trapping season (N=36), by final es4mated louse burden using either visual assessment only (N=20) and skin diges4ons to 
count lice at eight loca4ons on the body (N=16). 

Comparison of the iniIal visual louse burden assessment in Longyearbyen before the skinning and 
the results from the laboratory analysis of pelts to quanIfy the number of lice showed substanIal 
agreement (kappa score 0.73 [CI 0.55-0.91]; p<0.01; Table 4)).  
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Table 4 A comparison of the two methods used to evaluate louse burden from none, low, moderate or high using either 
visual assessment or skin diges4ons and quan4fica4on of total louse burden (all lifecycle stages: adults, larvae and eggs 
containing larva). The one fox with a low ini4al analysis was flagged as uncertain as only 1 egg was seen. Subsequent 
laboratory analysis found no lice in this individual. Overall, there was good agreement (cells marked green) between the two 
methods for low or no infec4ons. Differen4a4ng between moderate and high levels of infec4on was not as clear-cut. 

Louse burden criteria 
Skin diges/ons to count total louse burden (TLB) in 

the laboratory 
(adults, larvae and eggs) 

Ini/al visual assessment None 
Low 
<500  

Moderate 
250-2500 High >2500 

None 1       
Low (One or two adults per field of view 
in 2 loca/ons or fewer) 

1 5 1   

Moderate (more than 2 adults per field of 
view in more than 2 loca/ons) 

    2 2 

High (several adult lice in each field of 
view at mul/ple loca/ons) 

    2 3 

Final total in abundance categories 2 5 5 5 
 
A negaIve trend in fur length, both for the dense undercoat and guard hairs, compared to TLB (p=0.2 
and p=0.4 for the two hair types respecIvely) as well as louse density at the shoulders (p=0.10 and 
p=0.37) was seen, but the significance level was not reached given only 14 fox furs had fur depth 
measurements for comparison. The comparison of damage score and log transformed louse burden 
also surprisingly found no significant trends in the number of lice and the degree of damage to the 
pelts even though the front pelts (N=16, p=0.2), had significantly higher lice densiIes (p<0.01) as well 
as having significantly higher damage scores than the back pelts (N=5, p=0.03). 

3.3 Histological inves3ga3on 
There was a mild to moderate increase of thickened laminated keraIn with intervening cleks on the 
skin surface. There were hairshaks in nearly all the follicles and they were predominately in late anagen 
phase. We were able to fixate the lice on the slides that were close to the skin in most of the animals. 
There is no visible infiltraIon of inflammatory cells in the dermis. In one animal a Trichinella nurse cell 
was idenIfied in the panniculus carnousus (subcutaneous muscle layer) (Figure 17). Therefore, the 
morphological diagnosis is set to mild to moderate, chronic, laminar orthokeratoIc hyperkeratosis. The 
disease is called pediculosis caused by Anopluran lice. 
 
The cause of the pruritus is not known but is thought to be a result of more than mechanical irritaIon 
alone (Zachary 2016). No visible inflammaIon in the skin suggests that the intense pruritus resulted 
from tacIle skin irritaIons from the bloodsucking lice at this stage of infestaIon in the ArcIc foxes. In 
all individuals invesIgated we found undamaged hair follicles in a healthy and growing state (anagen). 
Thus, the hairs did not fall out from the skin and the hair loss was not due to damage or visible disease 
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under the skin surface. We suggest that the hair loss at this stage is caused by mechanical breakage of 
hair shaks from scratching. The macroscopic lesions seen are mostly secondary to scratching, rubbing, 
or biIng. Photographs of infested ArcIc foxes taken much later in the winter, aker the closure of the 
trapping season in mid-March, show considerably greater macroscopic fur and skin damage than was 
seen in the histological invesIgaIons of foxes (Figure 18). Histopathological examinaIon of the skin in 
these individuals would most likely have shown a very different picture than that found in the foxes 
earlier in the year from the trapping period. Gross lesions of heavy infestaIons usually consist of 
inflammaIon in the skin with papules, crusts, excoriaIons, and self-induced damage to hairs. 
 

 

Figure 17 Histological image of a hematoxylin and eosin-stained sec4on of the superficial skin of a fox infested with lice (A). 
The laminated hyperkeratosis on the surface of the skin can be seen as a thickened layer of kera4n (arrowhead) and a 
Trichinella nurse cell is visible in the most superficial muscular layer of the skin (arrow). We were able to fixate lice in some of 
the sec4ons and here the anterior parts of a louse can be studied (B). The mouth part is visible (arrow) and its legs are cross-
sec4oned (arrowheads). The yellow stain seen in this slide is the integument of the parasite. 
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Figure 18 Arc4c fox in Bjørndalen May 6, 2024. The fox in the picture is showing extensive fur damage and skin changes over 
the neck and shoulders as well as around the eyes sugges4ve of severe lice infesta4on. Photo: Harald Berger  

3.4 Camera traps on Arc3c fox breeding dens to evaluate lice on free living 
foxes 
A total number of 24282 pictures were taken on the automaIc camera traps from January to June in 
2024 (Table 5). Of this a total of 409 ArcIc fox pictures were classifiable (as described in 2.5) and 279 
of these showed signs of fur lice (mild, medium or extensive). The large total number of pictures were 
due to pictures of species other than ArcIc foxes, specifically the Svalbard reindeer (Rangifer 
tarandus platyrhynchus), but also Svalbard rock ptarmigan (Lagopus muta hyperborea) and snow 
bunIng (Plectrophenax nivalis).  
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Table 5 The total number of pictures, the number of pictures of Arc4c foxes and the number of pictures with signs of fur lice 
on the five different camera traps on five breeding dens from January to June 2024.  

Breeding den Total # of pictures # pictures with foxes # pictures sign of fur lice 

Den 13 7366 20 11 

Den 24 3160 102 69 

Den 34 1030 5 1 

Den 150 705 26 13 

Den 4 12021 256 185 

SUM 24282 409 279 

 
When combining all the defined classificaIons of signs of fur lice “mild+medium+extensive” referred 
to as “Fur lice” and summing up the total number of pictures of foxes taken at the five dens, the total 
number of foxes with “fur lice” per month increased from January and February to March (Figure 19). 
The highest number of foxes with signs suggesIve of fur lice was seen in April.  
 

 

Figure 19 A histogram showing the monthly total number of pictures of foxes which were classified as having 
“mild+medium+extensive” fur lice signs or with no signs from all cameras on dens.  
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For a more detailed assessment of the seasonal paSern of how the more severe louse classificaIon 
than “mild” development on the individual foxes, we ploSed the combinaIon of “medium+extensive” 
classificaIons (Figure 20).  
 

 

Figure 20 A histogram showing the total number of pictures of foxes with the fur louse classifica4on no signs, and the 
combina4on of “medium+extensive” signs of infesta4on per month from all cameras on dens.  

This gave more or less the same seasonal paSern for “medium+extensive” as for the total classificaIons 
that also included “mild”, an increase in signs of infestaIon over the season. However, it also indicates 
a fairly clear tendency towards a more delayed development of “medium+extensive” infestaIons from 
April onwards, which suggests that foxes with a faint classificaIon in the winter (January and February) 
had more intense infecIons/worsening clinical signs (more strongly affected) in the spring as infecIons 
become more established in each individual. The development of the “medium+extensive” infestaIon 
over the season, can be seen even more clearly when expressed as the “medium+extensive” signs in 
percent of the total classificaIon (mild+medium+extensive, (Figure 21). The small dip in the proporIon 
of pictures of medium and extensive in April is difficult to explain, but the numbers of dens are small 
with relaIvely low numbers of individuals, so it could be a coincidence. (Figure 21) also shows that the 
development of the proporIon of “medium+extensive” signs on the foxes over the season showed the 
highest proporIons in May and June. 
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Figure 21 A histogram showing the propor4on of “medium+extensive” classifica4ons of louse infesta4on signs in foxes as a 
percentage (%) of the total classifica4on “mild+medium+extensive” for signs of louse infesta4on per month from all cameras 
on dens. 

An overview of the observed infecIons of sucking lice in ArcIc foxes, classified from the pictures related 
to how severe lice infested the foxes were (“no sign”, “mild signs”, “medium signs”, “extensive signs” 
and “summer fur”), are given in Appendix Table 1 per breeding den and per month (January, February, 
March, April, May and June). 
 
The lice infestaIon classificaIon from all dens over Ime showed that foxes infested with fur lice were 
located on all five dens (Figure 22, Appendix Figure 1). There were also individuals with no signs of fur 
lice at dens.  
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Figure 22 An image of an Arc4c fox, classified as having extensive signs of louse infesta4on, taken on 30th April 2024.              
Photo: Reconyx camera 
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The prevalence of louse in trapped ArcIc foxes in 2022–2023 was 41.7 %. This is significantly less than 
the prevalence reported in the previous trapping season (76 %) despite increased efforts to detect the 
lice in the fur in this project, but higher than the two first trapping seasons, 10 % and 12.5 % 
respecIvely (Figure 13). This is promising for the ArcIc fox populaIon, but further monitoring is 
needed to ensure that the trend of reduced prevalence conInues. Not surprisingly, albeit sIll 
worryingly, heavy lice burdens were associated with lower body weights. Further monitoring of louse 
burden in addiIon to prevalence is sIll therefore needed. The project collaborators (Norwegian Polar 
InsItute and Norwegian Veterinary InsItute) in discussion with Longyearbyen Jeger- og Fiskerforbund 
and the Governor of Svalbard have asked that the hunIng bag in each trapping area conInue to be 
limited to a maximum of five foxes during the current season (2023–2024) unIl more data on the 
impact of lice becomes available. The hunIng bag size will be tabled for further discussions once the 
results from this year’s trapping and den monitoring seasons are finalised. 

The burden of lice over the shoulders was significantly higher than in other areas of the body. Foxes 
with lower total lice burdens also had a lower louse prevalence at other areas on the body than the 
shoulders. The best sites to invesIgate infecIon prevalence, and to a degree the abundance of lice, 
remain therefore on the neck and the shoulders. The iniIal analysis of louse burden had to be 
reassessed, aker the results from the laboratory analysis, in a few individuals. Overall, the iniIal visual 
assessment was able to disInguish between low, and moderate or high levels of infecIon. This will 
allow future studies to carry out an iniIal visual assessment (none, low or high burdens) during 
skinning, followed by digesIon of a skin biopsy from between the shoulders to esImate total louse 
burdens.  

The esImaIon of fur damage from photos (both from camera traps of free-living foxes and of pelts in 
the laboratory), as well as measuring fur length showed greater and more frequent, damage around 
the neck and shoulders compared to other areas of the body. However, changes in colouraIon and 
damage to the fur were also seen in some of the uninfected individuals so photographic images can of 
course only be suggesIve of louse infestaIon and would require subsequent confirmaIon by close 
visual and/or laboratory assessment of the skin. Surprisingly the fur damage score was not significantly 
correlated with the abundance of lice. However, given that we don’t know when each fox was infected, 
we cannot esImate how long the fox has been itching and damaging their fur and skin. 

This small study showed no age-related effects in louse prevalence or abundance. This requires further 
monitoring. If, as we suspect, the recent detecIon of this ectoparasite represents an introducIon into 
a previously naïve populaIon parIal immunity may develop over Ime and, in the future, younger naive 
or very old foxes, with weakened immune systems, might be more suscepIble to mass infestaIon than 
health adults with previous louse exposure. The development of immunity could also explain the 
presence of uninfected foxes at breeding dens with infected individuals despite the extremely close 
contact between animals sharing a den. The absence of an inflammatory/immunological response in 

4 Conclusion 
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the skin histopathology suggests that the pruriIc response is directly related to the mechanical damage 
and irritaIon from the biIng (bloodsucking) lice rather than a hypersensiIvity or inflammatory reacIon 
in the skin. Further invesIgaIon is needed to explore the immunological response to pediculosis in 
wild canines like ArcIc foxes. 

The seasonal trend in infecIon is parIcularly interesIng and although in the trapped fox dataset we 
were unable to see a trend between infecIon intensity and trapping date, the sample size was relaIvely 
small, and the trapping season closes 15th of March well before the peak changes seen in the den 
photographic study in May and June and in photos provided by Svalbard people. Therefore, louse 
prevalence and abundance esImates based on findings in trapped foxes probably underesImate the 
true prevalence, impact and abundance of lice in this populaIon. 

In caSle it is reported that seasonal hair growth in spring with the loss of the thicker winter hair, reduces 
infecIon intensiIes dramaIcally (Deplazes et al. 2016). Seasonal molIng to summer fur with the loss 
of the dense winter fur may therefore help regulate louse infecIon prevalence and abundance in ArcIc 
foxes. Hairs with eggs aSached will be shed and therefore the burden of infecIon will significantly be 
reduced. This could be one explanaIon as to why the dramaIc clinical signs seen in winter and spring 
are not reported during the summer. However, it must be noted that we do not have data on signs of 
lice in summer because classifying the degree of fur damage, suggesIve of pediculosis, was very 
difficult once the summer seasonal molt had started.  
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6.1. Descrip3on of method for sucking louse evalua3on in Longyearbyen 
before the Arc3c fox was skinned 
 
Method for evalua/ng louse prevalence and burden in Arc/c fox fur 
ArcIc foxes that had been trapped in Svalbard during the 2023–2024 trapping season were submiSed 
to the Norwegian Polar InsItute for skinning. All the carcases were frozen to -80 °C upon receipt for 
seven days to inacIvate any potenIal infecIons with Echinococcus mul8locularis. The carcasses were 
then stored at -20 °C unIl skinning was carried out. The carcasses were removed from the freezer 48 
hours prior to skinning to allow them to defrost thoroughly.  

The foxes were weighed (using a spring gauge weight hanging from the ceiling) and their gender and 
age and ID number were recorded.  

The fur was then systemaIcally manually inspected starIng at the eyes under bright light condiIons 
but without magnificaIon.  

1. Using a curved anatomical forceps the hairs were parted to visualise the skin along the length 
of the upper and lower eyelids.  

2. The same was done along the rostral half of the upper lip on both sides and across the bridge 
of the nose.  

3. The examinaIon then conInued using fingers to part the hair and visualise the skin on the top 
of the head between the ears and then conInuing dorsally along the neck, shoulders, thorax, 
pelvis and base of the tail. If no lice were found the examinaIon was stopped at this point and 
the animal recorded as having no lice detected.  

4. If lice were found the examinaIon was conInued to look at the lateral aspect of all four legs 
and the enIre ventral side of the fox was also examined for the presence or absence of lice. 
Findings were recorded on a paper record form, along with drawings showing the extent of the 
presence of the lice.  

 

An evaluaIon of the number of lice was made: as low (only a few individuals seen in a couple of 
locaIons); moderate (more than two adult individuals seen per field of view per locaIon in more than 
2 locaIons); high (mulIple lice (>4) seen in each field of view at mulIple locaIons). SomeImes it was 
difficult to see the skin given the fur density. Areas in which black dust was present in the lower layers 
of the fur were examined extra carefully for the presence of lice or louse eggs. 

Aker skinning their body condiIon was evaluated using a scale of 1-4. The upper jaw was also removed 
just posterior to the first molar for more accurate age assessment at a later date.  

 
 

6 Appendix 
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Arc$c Lus – Fangstsesong 

Vurdering av pelskvalitet og lusforekomst – ID nr _____________         

 

Vurdering mengde lus Lite Moderat Mye 

Antall plasser med lus 1-2 >2 Flere steder 

Mengder/synsfelt/plass  <2 >2 >4 
 
 
Kommentarer: 
 
 

Undersøkt av:_____________      Dato:____________ 

Lokalitet Fangstdato Kjønn Alder (est.) Hold vurdering Vekt (kg) 

Lus Mengder lus Grad pels- og hudforandringer 

Ikke påvist ☐ Ingen ☐ Ingen ☐ 

Påvist ☐ Lave ☐ Farge ☐ se tegning 
Øyne og nese ☐ Moderate ☐ Hårlengde ☐ se tegning 
Hodet – melom 
ørene  

☐ Mye ☐ Pelstykkelse ☐ se tegning 

Nakken ☐ Bilder taS ☐ 
Håravfall ☐ se tegning 

Bak skuldrene ☐ Hudbetennelse ☐ se tegning 
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6.2. Seasonal development of signs of fur lice in Arc3c foxes 

Appendix Table 1. Observed infecIon of sucking louse on pictures of ArcIc foxes at five breeding dens 
(#4, 13, 24, 34 and 150) from January to June 2024. ObservaIons were characterized in five categories 
(no sign, mild, medium, extensive) and a noIon about when foxes were seen in summer fur on the 
pictures.  

Months/den # Observed Den 4 Den 13 Den 24 Den 34 Den 150 TOTAL 
January no sign 

mild 
medium  
extensive 
summer fur 

7 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
5 
0 
0 
0 

0 
0 
0 
0 
0 

1 
2 
0 
0 
0 

9 
7 
0 
0 
0 

February no sign 
mild 
medium  
extensive 
summer fur 

9 
3 
0 
0 
0 

3 
1 
0 
0 
0 

6 
0 
0 
0 
0 

2 
0 
0 
0 
0 

0 
0 
0 
0 
0 

20 
4 
0 
0 
0 

March no sign 
mild 
medium  
extensive 
summer fur 

16 
27 
16 
0 
0 

5 
2 
2 
3 
0 

10 
8 
0 
0 
0 

0 
0 
0 
0 
0 

0 
5 
0 
0 
0 

31 
42 
18 
3 
0 

April no sign 
mild 
medium  
extensive  
summer fur 

27 
75 
25 
0 
0 

0 
1 
0 
2 
0 

12 
11 
1 
1 
0 

2 
1 
0 
0 
0 

1 
3 
1 
1 
0 

42 
91 
27 
4 
0 

May no sign 
mild 
medium  
extensive  
summer fur 

12 
7 

19 
1 

11 

0 
0 
0 
0 
0 

4 
1 
5 
7 
0 

NA 
NA 
NA 
NA 
NA 

2 
0 
0 
0 
2 

18 
8 

24 
8 

13 
June no sign 

mild 
medium  
extensive 
summer fur 

0 
0 

10 
2 

31 

1 
0 
0 
0 

11 

0 
0 

13 
17 
2 

NA 
NA 
NA 
NA 
NA 

9 
1 
0 
0 

10 

10 
1 

23 
19 
54 
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Appendix Figure 1. The number of pictures of foxes per den with lice signs classified as no sign, mild, 
medium and extensive signs, in addiIon to when summer fur for the first Ime appeared on foxes per 
month. a: January, b: February, c: March, d: April, e: May, f: June. 
 
 




