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Abstract

The deer ked is an ectoparasitic louse-fly (Lipoptena cervi, Hippoboscidae, Diptera (L.)) and in
Finland its principle host is the moose (Alces alces). The annual insect harassment of reindeer
(Rangifer tarandus tarandus) has increased in the southern part of the Finnish reindeer herding area
because of the recent invasion of this blood-feeding ectoparasitic louse-fly. Three sub-projects were
performed to study possible impacts of the deer ked on reindeer welfare and to understand the
relationship between the new host and ectoparasite: an experimental infestation, field observations
and a questionnaire survey. In experimental infestation 18 reindeer were assigned into three
experimental groups (Infestation group, Medication group and Control group). Reindeer in
Infestation group and Medication group were infested with 300 deer keds/reindeer. Efficiency of
antiparasitic treatment with ivermectin against the deer ked was tested in Medication group.

The results suggest that the deer ked has negative impact on reindeer welfare. The infested
reindeer in experimental infestation displayed more incidences of restless behaviour than the
controls. Hair loss was observed in both experimental infestation and field observations.
Histological examination of the skin indicated that the inflammatory responses were most
pronounced and acute in areas with deer-ked-associated alopecia, while areas still covered by hair
were characterized by milder, more chronic inflammation. Hair loss was detected most frequently
on the anterior back and it correlated with the position of the found deer keds. Monitoring of the hair
loss areas from reindeer with deer ked infestation during the field observations revealed that the hair
loss was increasing from January to April. Thermal imaging data from the field observations
demonstrated that the surface of the alopecic skin areas of the infested individuals had higher
maximum surface temperatures than the intact fur of uninfested reindeer. This indicates that the
parasitism can cause a decrease in insulation and an increase in heat loss, and thereby increase
individual’s energy consumption.

At the end of the experimental infestation (December), only dead keds were found in the pelts of
Medication group, indicating that ivermectin would be efficient against deer keds. However, very
few keds survived in the Infection group. Based on the result of the experimental infestation, it was
plausible that the reindeer can resist deer ked infestation based on the low survival of the parasites.
However, field observations on naturally infested reindeer indicate that the deer ked can remain on
reindeer over winter causing expanding areas of hair loss. The analyses of the pupal data confirmed
that the deer ked can reproduce over winter on reindeer. Hatching rate of the pupae was lower on
pupae found from reindeer compared to pupae found from moose. 

In the future, it is important to monitor the relationship between the deer ked and the reindeer in
Fennoscandia to estimate the reproduction success of the deer ked on reindeer and to predict possible
adaptation between the host and the parasite. This information is important when estimating the
welfare of Rangifer species.

Keywords: deer ked, ectoparasite, reindeer, welfare
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Tiivistelmä

Hirvikärpänen (Lipoptena cervi, Hippoboscidae, Diptera (L.)) luokitellaan kuuluvaksi loiskärpä-
siin. Suomessa hirvikärpäsen pääisäntänä toimii hirvi (Alces alces). Eteläisellä poronhoitoalueella
on poroihin kohdistuva hyönteisten häiriöaika pidentynyt hirvikärpäsen leviämisen myötä. Tässä
väitöskirjassa toteutettiin kolme osatutkimusta, joilla selvitettiin, onko hirvikärpäsellä vaikutuksia
poron hyvinvointiin ja millainen suhde mahdollisesti muodostuu uuden isäntäeläimen ja hirvikär-
päsen välille. Osatutkimukset olivat kokeellinen istutuskoe, kenttähavainnot ja haastattelututki-
mus. Istutuskokeeseen osallistui yhteensä 18 poroa kolmessa ryhmässä (Hirvikärpäsryhmä, Lääki-
tysryhmä ja Kontrolliryhmä). Hirvikärpäsryhmän ja Lääkitysryhmän poroihin istutettiin 300 hir-
vikärpästä/poro. Yleisesti poroilla käytetyn loislääkkeen, ivermektiinin, tehoa testattiin Lääkitys-
ryhmän poroilla. 

Väitöskirjan tulosten perusteella voidaan todeta, että hirvikärpäsloisinnasta on haittaa porojen
hyvinvoinnille. Istutuskokeessa hirvikärpäsiä saaneet porot käyttäytyivät levottomammin kuin
kontrolliporot, jotka eivät olleet saaneet hirvikärpäsiä. Karvavaurioita havaittiin sekä istutuskokeen
poroilla että kenttähavaintojen poroilla. Ihon histologia-analyysin tulokset viittasivat siihen, että
akuuttia tulehdusreaktiota ilmeni enemmän karvattomilla ihoalueilla, kun taas karvapeitteisillä alu-
eilla tulehdusreaktio oli enemmän miedompaa kroonista tyyppiä. Hirvikärpäset ja karvavauriot
sijoittuivat useimmiten porojen etuselän alueelle. Kenttähavainnot osoittivat, että karvavaurioalu-
eet laajenivat tammikuun ja huhtikuun välisellä ajalla. Lämpökamera-aineisto osoitti, että karvatto-
milla alueilla oli korkeammat maksimipintalämpötilat kuin poroilla ilman karvavaurioita. Tämä
viittasi hirvikärpäsloisinnan heikentävän poron karvapeitteen eristyskykyä ja siten mahdollisesti
lisäävän yksilön energian kulutusta.

Kokeellisen istutuskokeen päätyttyä Lääkitysryhmästä löytyi vain kuolleita hirvikärpäsiä, mikä
viittaa ivermektiinin tehokkuuteen torjua hirvikärpäsloisintaa. Kuitenkin Hirvikärpäsryhmästä löy-
tyi suhteellisen vähän eläviä hirvikärpäsiä, mikä viittasi siihen, että poro pystyisi vastustamaan hir-
vikärpäsloisintaa. Kenttähavainnot luonnosta hirvikärpäsiä saaneista poroista osoittivat kuitenkin,
että hirvikärpänen säilyy porossa talven yli, aiheuttaen laajenevaa karvanlähtöä. Koteloaineiston
perusteella hirvikärpänen pystyy lisääntymään porossa talven yli. Poroista peräisin olevien koteloi-
den kuoriutumisprosentti oli alhaisempi verrattuna hirvien makuupaikoilta löytyneisiin koteloihin.
Tulevaisuudessa on tärkeää tutkia poron ja hirvikärpäsen suhdetta, lisääntymistä ja sopeutumista
poroihin sekä leviämistä pohjoiseen Fennoskandian poronhoitoalueella. Tämä tieto on tärkeää
Rangifer-suvun hyvinvoinnin arvioinnissa.

Asiasanat: hirvikärpänen, hyvinvointi, poro, ulkoloinen
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1 Introduction  
The Finnish reindeer herding area is divided into 54 reindeer herding cooperatives 
(Reindeer Herder’s Association). The reindeer herding year follows the biological 
rhythm of the reindeer (Rangifer tarandus tarandus) and begins in June when the 
most of the reindeer calves are born. Usually reindeer have different pastures in 
winter and summer inside the cooperative. Usually reindeer are supplementary fed 
for a couple of months and they are free in nature or in corrals in winter. This also 
protects them from predators. Migration between the pastures has been defined as 
an adaptation to deal with winter and has also been reported to help animals to 
avoid or get rid of the parasites (Gunn & Irvine, 2003; Kutz, Hoberg, Molnár, 
Dobson, & Verocai, 2014). By changing habitats, altering behaviour and 
physiological adaptations reindeer can cope with both cold and warm 
circumstances (Pösö, 2005). Human harvesting, insect harassment, parasitism, 
varying climate, availability of food, population density and predation are the main 
factors affecting reindeer populations. 

Reindeer herding is an important source of income and essential part of the 
culture in northern Finland. For example, in the reindeer herding year 2017−2018 
the amount of the slaughtered reindeer was 78 936 and there were approximately 
184 958 reindeer in total (Paliskuntain yhdistys, 2019). Globally, reindeer are 
ecologically, socially and economically important animals. Health of the reindeer 
is the key factor defining the fitness (reproduction and survival) under changing 
environmental circumstances. The definition of health may vary on individual, 
population and ecosystem levels (Macbeth & Kutz, 2019). 

Reindeer health is affected by the various infectious agents, such as viruses, 
bacteria, helminths, protozoa and arthropods (Kutz, Laaksonen, Åsbakk, & Nilssen, 
2019). The host and the parasite share their environments (Bush, Fernández, Esch, 
& Seed, 2001; Willmer, Stone, & Johnston, 2005), affecting the fitness of both 
participants. For parasites, properties of the host often have an important role beside 
various abiotic factors. However, host animals may modify their environment with 
their own behavioural choices. Physiological needs, mechanical, sensory, 
reproductive and life-history adaptations combine to make animals function 
optimally in a specific environment (Willmer et al., 2005). 

The ectoparasitic deer ked (Lipoptena cervi) appeared in the southern reindeer 
herding area of Finland around 2006 and became identified as a new potential 
parasite of reindeer. Reindeer herders soon contacted the reindeer health care 
program of the Finnish Food Authority to express their concern about this parasite 
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(Laaksonen S., Oksanen A. pers. comm. 2007).  As the observations of reindeer 
infested by deer ked increased, information about this new host-ectoparasite 
relationship and its impact on reindeer welfare was urgently needed.  

In this thesis, the possible impacts of the deer ked on reindeer welfare and 
interaction between the deer ked and reindeer were studied by experimental 
infestation, field observations and questionnaire survey. Data about the reindeer 
welfare was collected by monitoring behaviour of the deer ked infested reindeer, 
their hair loss, dermal response and heat loss (with thermal imaging). Also, the 
effect of the antiparasitic treatment with ivermectin was tested against the deer ked 
infestation. To find out how the deer ked can use reindeer as a host animal the deer 
ked pupae were collected from reindeer bedding sites. Current distribution of the 
deer ked infestation on reindeer was studied with a questionnaire survey among 
reindeer herders. 
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2 Review of the literature  

2.1 Reindeer and thermoregulation 

The reindeer, as an arctic animal has adapted to the seasonal changes of the 
surrounding environment (Blix, 2016; Pedersen, 2019). Short day length in winter 
and continuous light in summer are typical characteristics for the Arctic seasons. 
Fluctuations of the ambient temperature between seasons varies and in winter the 
temperature can occasionally reach -40˚C for extended periods (Blix, 2016). The 
photoperiod of the Arctic synchronizes the physiological, morphological and 
behavioural adaptations of the reindeer to cope with the seasonal changes. The 
length of the day gives information to predict the change of the season (Pösö, 2005). 
The retina of the eye detects the daylight and sends chemical signals to the pineal 
gland to alter melatonin levels (Eloranta, Timisjärvi, Nieminen, Leppäluoto, & 
Vakkuri, 1995; Saarela & Reiter, 1994; Thiéry, Chemineau, Hernandez, Migaud, & 
Malpaux, 2002). The melatonin pulse tells the reindeer if it is winter or summer 
(Eloranta et al., 1995). Pösö (2005) has suggested that many other hormones, 
including the thyroid hormones, insulin and leptin as well as melatonin, are 
involved in signalling seasonal changes in reindeer. Leptin and insulin 
concentrations in reindeer are found to decrease during winter (Soppela, Päivi, 
Saarela, Heiskari, & Nieminen, 2008). Melatonin is involved in most of the 
required physiological adaptation to winter, and it is associated with reproduction, 
appetite, rate of metabolism, growth of fur, nonshivering thermogenesis and 
immune functions (Pösö, 2005).  

Physiological adaptations to the changing environment relate mainly to body 
temperature and thermoregulation, evaporative heat loss, body mass and 
composition and biological rhythms. Morphological properties of body and fur are 
adaptations for snow and temperature changes. Reindeer also adapt behaviourally 
to the seasons by herding and changing their general locomotor activity (Pedersen, 
2019). Seasonality also greatly affects availability and quality of the diet that 
reindeer can forage. During winter, reindeer need to find and dig food from under 
the varying snow cover but also lichens from trees are used in the forest area 
(Pedersen, 2019). Energy metabolism and the energy intake of reindeer are lower 
in winter than in summer, when it is at highest (McEwan & Whitehead, 1970; 
Mesteig, Tyler, & Blix, 2000; Sokolov & Chernova, 1987). Reindeer are adapted 
to increase body mass in summer, as the fat stores and muscle protein can be used 
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to produce energy in winter. Lack of nitrogen in digested food can occasionally 
occur in winter, when the  loss of nitrogen is reduced through recycling the urea 
with kidneys (McEwan & Whitehead, 1970; Pedersen, 2019; Pösö, 2005).  

Adult endothermic animals can use various behavioural, physical and 
physiological adaptations to maintain body temperature in cold environment (Blix, 
2016). The preoptic area of the hypothalamus controls the body temperature by 
integrating the received peripheral signals from the receptors of skin and body core. 
Nerves and hormones take also part in thermoregulation (Louw, 1993). Metabolic 
heat in endotherms is produced in the core of the body by both thoracic and 
abdominal organs, non-shivering and shivering thermogenesis. New-born reindeer 
calves have brown adipose tissue and they produce heat with non-shivering 
thermogenesis (Soppela, Nieminen, Saarela, & Hissa, 1986a). Muscles produce 
also heat during activity (Crawshaw, Wollmuth, O'Connor, Rausch, & Simpson, 
1990). For animal to have a constant body temperature heat production and heat 
loss must be equivalent. In windy weather reindeer minimize the heat loss and 
protect their heads by lying so that the wind blows against the fur (Soppela, 
Nieminen, & Timisjärvi, 1986b). Most mammals have been observed to have a 
majority of their heat loss through the head (Mccafferty, 2007). Physical defence 
against heat loss minimizes the energy expenditure and includes insulation features, 
such as dense winter coat and piloerection (Blix, 2016; Scholander, Walters, Hock, 
& Irving, 1950). Reindeer have guard hairs and woollen underfur in its winter pelt 
(Soppela et al., 1986b). Guard hairs are hollow and collect air inside (Timisjärvi, 
Nieminen, & Sippola, 1984). The structure and density of hairs may affect 
insulation value. Other affecting factors are the amount of air between hairs and the 
conductivity of the hair (Hammel, 1955). There is a strong correlation between the 
thickness of the pelt and its insulation capacity (Scholander et al., 1950). Seasonal 
changes have an effect on the insulating properties of reindeer pelts. The density 
and length of the guard hairs vary also between different anatomical areas so that, 
for example, on the back the density and length of guard hairs is 1700/cm2 and 30 
mm and while on the leg the corresponding values are 2000/cm2 and 12 mm 
(Timisjärvi et al., 1984). Hairs are typically thinner in the front leg (Soppela et al., 
1986b).  Reindeer start to change fur in May–July and the winter pelt is formed in 
August (Mesteig et al., 2000).  

Heat loss is size-dependent, so that larger animals have thicker fur and 
subcutaneous fat layers. Larger animals can also tolerate greater cooling effect than 
smaller ones before needing to start heat production. For animal to have a constant 
body temperature heat production and heat loss must be equivalent. Heat loss may 
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occur via conduction/convection, radiation and evaporation in winter. Good 
thermal insulation of the pelt reduces the thermal conductance. Tissue insulation 
increases the ability to maintain core body temperature. The level of heat 
conductance and heat loss from the skin to the environment is controlled by the 
amount of blood flowing through the peripheral arterioles (Blix, 2016). Thermal 
balance can also be controlled with counter-current heat exchange mechanism by 
which reindeer can have their legs functional near freezing temperatures (Irving & 
Krog, 1955). Similar counter-current heat exchange takes place also in the nasal 
mucosa of reindeer so that the temperature of the inhaled air rises to near body 
temperature and is saturated with water vapor trough the way to lungs (Schmidt-
Nielsen & Jackson, 1964). In summer, the temperature of the inhaled air can be 
lowered with the same system (Blix & Johnsen, 1983). Blix (2016) suggests that 
thermal balance using the nasal heat exchange relates to the seasonally changing 
insulation. Reindeer can also use selective brain cooling in case of overheating 
(Blix, Walløe, & Folkow, 2011). Metabolic rates of the reindeer stays stable at rest 
even in -30˚C ambient temperature, which is a lower critical temperature for 
reindeer in winter (Nilssen, Sundsfjord, & Blix, 1984). 

2.1.1 Welfare and thermal imaging 

According to (Fraser, 2008) the concept of animal welfare consists of both science-
based and value-based contexts. Value-based ideas about the important factors in 
an animal’s good life have an effect on the science to improve animal welfare. 
These value-based ideas direct the decision making about data collection. When 
animal welfare is studied, the usual measurements are factors related to stress 
(Stewart, Webster, Schaefer, Cook, & Scott, 2005). Stress in animals may be 
measured in many different ways because stress is suggested to be a comprehensive 
behavioural/psychological phenomenon (Fraser, 1975; Jensen, 1997; Stewart et al., 
2005). To avoid stress the combination of these phenomena is important for the 
animal welfare (Clark, Rager, & Calpin, 1997) and developing the possibilities to 
use new methods, like infrared thermography (IRT) as a non-invasive tool is needed. 
IRT is a useful tool to research animals and their welfare without causing handling 
stress (reviewed by Stewart et al., 2005).  

Infrared thermography detects infrared radiation (IR), visualizes the deviations 
of the surface temperature and thereby measures the surface temperature (Head & 
Dyson, 2001; Kastberger & Stachl, 2003). Animals can lose heat by conduction, 
convection, radiation, evaporation and condensation. Sources for heat gain are the 
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sun (radiation) and metabolism. Radiation, conduction and convection are routes 
for heat gain where colour, surface properties, size, area and behaviour (movement) 
matters. Heat loss occurs via radiation, conduction, convection and evaporation 
(Willmer et al., 2005). The wavelength of the radiation depends on the surface 
temperature of the emitting body. 

The wavelength of heat radiation from living organisms is 9–10 µm (IR), which 
is proportional to the surface temperature (Kastberger & Stachl, 2003; Willmer et 
al., 2005). Advantages of IRT as a biological application according to Kastberger 
& Stachl (2003) are rapidity, noncontact procedures, no interference or energy loss 
of the target, no risk of contamination, and no mechanical effect on the surface of 
the target. For example, the technique allows the detection measurements of the 
specific heat loss sites from distance of under one meter and counting animals at 
from over 1000 meters away (Mccafferty, 2007). Temperature alterations may 
indicate changes in blood flow to inflammation, trauma, nerve damage or local 
circulatory failure (Head & Dyson, 2001; Kastberger & Stachl, 2003). In addition 
to skin temperature, properties of fur can affect the surface temperature (Mccafferty, 
2007). Previously IRT has been used in veterinary medicine to detect heat loss of 
horses (Equus caballus) (Autio, Neste, Airaksinen, & Heiskanen, 2006; Autio, 
Heiskanen, & Mononen, 2007; Morgan, 1997), equine lameness (Eddy, Van 
Hoogmoed, & Snyder, 2001), to detect diseases in mule deer (Odocoileus hemionus) 
(Dunbar, Johnson, Rhyan, & McCollum, 2009), to detect infection in cattle (Bos 
Taurus)(Rainwater-Lovett, Pacheco, Packer, & Rodriguez, 2009; Schaefer et al., 
2004), diagnose sarcoptic mange in Iberian wild goats (Capra pyrenaica) (Arenas 
et al., 2002), detect temperature changes in racing greyhounds (Canis lupus 
familiaris) (Vainionpää et al., 2012) and measure the energetic cost of Sarcoptes 
scapiei for wolves (Canis lupus) and wombats (Vombatus ursinus) (Cross, 2016; 
Martin et al., 2018). There is only one earlier research in reindeer where IRT was 
used to study seasonal changes of heat loss (Johnsen, Rognmo, Nilssen, & Blix, 
1985). Other studies have revealed that in early winter when the insulating capacity 
increases in Rangifer species, thermal conductance is reported to decrease, whereas 
convection increases (Cuyler & Øritsland, 1993; Soppela et al., 1986b). Coat 
surface temperatures decrease with lowering ambient temperatures (Soppela et al., 
1986b) and the radiative surface temperature decreases during winter (Johnsen et 
al., 1985). Variation in emissivity, evaporative cooling and radiative heating of the 
pelt should be taken into account in the IRT measurements (Mccafferty, 2007). 
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2.2 Parasitism 

The definition of parasitism varies according to the source. On a wider scale a 
parasite has been defined as an organism that lives in or on the other living organism 
(host) and gets benefits from it (Bush et al., 2001; Clayton & Moore, 1997; 
Millinski, 1990). Endoparasites live within the host body while ectoparasites live 
and feed fully or partially on the host (Bush et al., 2001). Parasites may feed via 
their mouth or absorb nutrients from their host across the body wall. There are 
differences between host-parasite interaction between different stages of the 
parasite life cycle (Willmer et al., 2005). The life cycle of a parasite is direct if only 
one host animal is needed to complete the life cycle of the parasite and indirect if 
life cycle of the parasite needs more than one host (Bush et al., 2001).  

The environment of the parasite consists of the host’s macrohabitat and of the 
parasite’s microhabitat on the host. The interaction between the habitats of the host 
and parasite, including biotic and abiotic factors, make the system complex (Bush 
et al., 2001). Parasites need good water balance, thermal conditions, respiratory 
adaptation and enough nutrients. Some ectoparasites may encounter almost the 
same environment as their hosts and require similar physiological tolerances and 
adaptations but part of the ectoparasites may encounter relatively stable 
environment on the skin of the host.  Endoparasites live within host’s tissues so 
their environment is quite a stable microhabitat. The niches in the host vary and for 
endoparasites niches can be roughly divided into respiratory passages, gut and 
blood. As the parasites are part of the host’s environment, the hosts have developed 
various defence mechanisms against the parasites over evolutionary time. This has 
lead to a co-evolutionary situation between the host’s defences and counter 
defences by the parasite (Willmer et al., 2005). 

2.2.1 Ectoparasitism 

Ectoparasites gain their food from their host animals and live on or near the host. 
Some of them are specialized to one host species and some have a wide range of 
them (Hopla, Durden, & Keirans, 1994; Marshall, 1987). Specialized parasites 
often use closely related host species (Poulin, 2011). Life-cycles of ectoparasitic 
arthropods vary from direct to complex (Bush et al., 2001). Parasitism is defined 
as obligatory when a parasite is wholly dependent on the host animal. When the 
host is used only occasionally by the parasite the relationship is called facultative. 
For ectoparasites the host animal is a living environment, where it can feed, 
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reproduce and spread to new areas and from host to host (Wall & Shearer, 2001). 
Host-dependent factors, such as sex, age, anatomy and behaviour, thickness of hair 
and also external factors, like climate and season can cause variation in 
ectoparasitism patterns (Marshall, 1987). Time spent on the host animal depends 
on ectoparasite species (Wall & Shearer, 2001). 

Most ectoparasites are arthropods (arachnids, insects and crustaceans), that 
actively seek their hosts (Hopla et al., 1994; Moore, 2002). Coevolution has likely 
existed for at least 70−100 million years between host animals and ectoparasites 
(Balashov, 2005). Insecta and Arachnida are two major classes of arthropods that 
are important to veterinary medicine. Some suborders of Insecta include also 
ectoparasites of reindeer. The class Arachnida includes sub-class, Acari, which 
contains mites and ticks. There are over 120 000 described species in the order 
Diptera which belongs to the class Insecta (Taylor, Coop, & Wall, 2007). All the 
species have a complex life cycle. Both the larvae and adults of dipterous flies can 
be ectoparasitic, but rarely are both stages of the life cycle ectoparasites (Wall & 
Shearer, 2001). Arthropod parasites stay on or near the host or search for only one 
host (Moore, 2002).  

Louse flies (Hippoboscidae) are morphologically and physiologically adapted 
to ectoparasitic life and they spend most of the adult life on the host (Hopla et al., 
1994). Feeding habits and the shape of mouthparts differ between fly species. Adult 
females of many species need a protein meal to complete reproduction, which is 
population and season dependent. Biting flies pierce the skin directly and non-
biting flies scavenge at the surface of the skin, wounds or body orifices. Flies may 
feed on blood, sweat, skin secretions, tears, saliva, urine or faeces of animals (Wall 
& Shearer, 2001). 

Arthropod ectoparasites may inflict a wide variety of direct and/or indirect 
harmful consequences on their vertebrate hosts, affecting their physiology and 
behaviour (Boulinier, McCoy, & Sorci, 2001). For example, direct negative effects 
include toxic and allergic responses, blood loss, skin inflammation, pruritus and 
hair loss. Indirect harm from a high infestation intensity of ectoparasites may come 
from the disturbance caused by altering host behaviour (Kortet, Hedrick, & 
Vainikka, 2010a; Wall & Shearer, 2001) and leading to increased energy use (Wall, 
2007; Weladji, Holand, & Almøy, 2003). Parasites can also carry zoonotic diseases 
and act as a vector of pathogens and cause fitness costs for their hosts (Fitze, 2004; 
Hopla et al., 1994; Samuel, 2007). Host-specialist ectoparasites do not damage the 
host harshly, but when non-specialist ectoparasites infest new host species, it can 
be more virulent (Wall, 2007). The intensity of infestation, the resistance of the host 
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animal and the virulence of the parasite together determine the effects of parasite 
infestation (Moore, 2002). Behavioural actions to remove ectoparasites are 
common (Moore, 2002), often as a response to skin irritation caused by the parasite 
(Hase, 1939). The relationship between the host and ectoparasite has been studied 
quite little from the host’s welfare point of view (Wall, 2007). 

2.2.2 The deer ked 

The deer ked (Lipoptena cervi L., Diptera, Hippoboscidae) is an obligate 
ectoparasitic louse-fly, which feeds on the blood of the host animal in the adult 
stage of its life cycle (Hackman, Rantanen, & Vuojolahti, 1983; Hopla et al., 1994). 
The adult life span is spent on the same host animal as the wings are shed after 
settling on a suitable host (Bequaert, 1953; Haarløv, 1964). The flying season of 
the deer ked occurs from July to October in Finland (Hackman et al., 1983; 
Härkönen et al., 2010). Any large, dark and moving object can be a target for 
attacking deer keds (Kortet et al., 2010). The adult deer ked can survive without 
feeding for couple of months and tolerate frost very well (under -15˚C) (Härkönen, 
Kaitala, Kaunisto, & Repo, 2012; Nieminen et al., 2012). The deer ked lives and 
reproduces in the fur of the host and the viviparous female produces one fully-
grown pre-pupated larva at a time, which drops off the host after pupation, 
emerging next autumn in the areas, where it was dropped as a pupa (Hackman et 
al., 1983; Härkönen, 2012; Kaunisto, 2012).  

Off-host stages of the deer ked have recently been studied actively in Finland 
and in all free-living stages the deer ked has high cold tolerance through all the 
season (Härkönen, 2012; Härkönen et al., 2012; Kaunisto, 2012). According to 
Härkönen et al., (2012) offspring survival and cold tolerance increase towards 
spring and survival of the larger pupae is higher during prolonged frost periods. 
The length of the pupal diapause vary so that diapause intensity at birth is high in 
autumn and weak in spring (Härkönen & Kaitala, 2013). Towards spring, deer keds 
become older and the size and survival rate of the offspring increases (Härkönen, 
Hurme, & Kaitala, 2013). Offspring size likely depends on maternal resources, 
which are transferred from host’s blood to the developing larva, which is why the 
condition of the host matters (Härkönen et al., 2013). Kaunisto et al., (2011) found 
that smaller adults hatched earlier than larger ones and that diapausing pupae were 
bigger in southern Finland compared to northern Central Finland.   

The deer ked can infest various cervids (Haarløv, 1964; Kaunisto et al., 2009) 
and its principle host animal is the moose (Alces alces) in Finland, usually with 
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2000–10 000 parasites per individual and the highest intensity found on bulls 
(Paakkonen et al., 2010). There are some findings of the pupae from the bedding 
sites of the reindeer (Kaunisto et al., 2009) and wild forest reindeer in Finland 
(Välimäki et al., 2011). Välimäki et al., (2011) has reported heavier pupal masses 
from pupae found from the Finnish moose compared to pupae found from the wild 
forest reindeer and from Norwegian moose compared to the roe deer.  

The oldest deer ked finding in Europe dates back more than 5000 years ago: an 
observation from a mummified Late Neolithic man and his equipment in Italy 
(Gothe & Schöl, 1994). Due to their origins, the deer ked population in Finland is 
called the eastern population and the population in Sweden and Norway is called 
western population (Välimäki et al., 2010). The western population of the deer ked 
in Sweden can use roe deer as a host successfully and offspring produced in roe 
deer (Capreolus capreolus) were larger and survived better than offspring produced 
in moose in the same area (Härkönen, Kaunisto, Månsson, Hurme, & Kaitala, 2015). 
Linné described the deer ked in Sweden already in the 18th century (Reunala, 
Rantanen, Vuojolahti, & Hackman, 1980). The eastern population of the deer ked 
was detected in south-eastern Finland in the 1960’s, presumably originating from 
Russia (Hackman, 1977; Kaitala et al., 2009). After that, the species has been 
spreading towards north in Finland and in 2010 the northern distribution limit was 
in the southern part of the Finnish reindeer herding area, at approximately 65ºN 
(Kaitala et al., 2009; Välimäki et al., 2010). Expansion has been more rapid in 
Finland than in Norway (Välimäki et al., 2010). The deer ked has been observed to 
survive and go through metamorphosis even at 70ºN (Härkönen et al., 2010). The 
eastern and western populations of deer keds are genetically similar (Jaakola et al., 
2015). European host animals for the deer ked have been reported to be the roe deer 
(Capreolus capreolus) and the red deer (Cervus elaphus) and the fallow deer 
(Dama dama) (Bequaert, 1953; Haarløv, 1964). 

Because of the rapid spread towards the northern latitudes in Finland, the deer 
ked has been considered a host-dependent invasive species (Hackman et al., 1983; 
Kaitala et al., 2009) and its invasion has recently been studied quite well (Härkönen, 
2012; Kaunisto, 2012; Paakkonen, 2012; Välimäki et al., 2010; Välimäki et al., 
2011). Because parasites cannot exist in isolation from their hosts, there need to be 
suitable hosts available for invasion or range expansion of the parasites (Wall, 
2007). Because host animals have physiological and immunological defences, 
parasites need to overcome them when encountering a new host. After that, 
parasites can attach and reproduce successfully (Moore, 2002; Wall, 2007). Usually 
there are stable resources of the living environment on the host animal. In those 
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circumstances, the distribution of the ectoparasite is most likely restricted by life 
history stages outside the host (Lehane, 2005; Härkönen, 2012). 

Possible welfare impacts of deer ked parasitism on reindeer are currently 
poorly known.  According to Paakkonen et al. (2011; 2012), there were minor and 
insignificant health hazards (measured as physiological, biochemical and clinical 
chemical responses in moose and reindeer) from a few months of deer ked 
infestation. There has been no information available about the welfare impacts of 
deer ked parasitism on reindeer during winter. Deer ked infestation has caused 
discolouration of moose, reindeer and wild forest reindeer bedding sites due to 
tissue fluids and deer ked faeces (Kaunisto et al., 2009), and deer ked parasitism 
associated hair loss and skin inflammation has been observed from moose in 
Norway (Madslien et al., 2011). The deer ked has also been observed to be a 
potential vector for bacteria of the Bartonella genus (Korhonen et al., 2015) and 
for haemoparasite Trypanosoma (Megatyparum) spp. (Böse and Petersen, 1991). 
In Finland, deer keds usually attack humans using forest professionally or 
recreationally (Kortet et al., 2010b). For some people the bites of the keds can cause 
allergic dermatitis and secondary infections (Rantanen, Reunala, Vuojolahti, & 
Hackman, 1982; Reunala, Laine, Vornanen, & Härkönen, 2008). It has reported that 
deer keds are likely to have stressful effects on their hosts and affect the health of 
animals by causing scratching and associated skin changes (Ivanov, 1981). 

Summertime insect harassment can cause increased energy expenditure for 
reindeer and can sometimes lead to poor physical condition in autumn and reduced 
body weights for adult females and calves (Colman et al., 2003; Weladji et al., 
2003). The flying activity of arctic insects in general has been observed to increase 
with rising ambient temperature, e.g. observations from warble flies (Hypoderma 
tarandi), nose bot flies (Cephenemyia trompe) and mosquitos (Aedes spp.) 
(Hagemoen & Reimers, 2002; Helle & Aspi, 1984; Helle & Kojola, 1994; 
Laaksonen et al., 2010). Deer keds fly from July to October (Hackman et al., 1983; 
Härkönen et al., 2010), after the mass appearance of other flying insects (e.g., 
Culicidae, Simulidae and Tabanidae) in the Finnish reindeer herding area 
(Laaksonen, Solismaa, Kortet, Kuusela, & Oksanen, 2009). Therefore, it is likely 
that the insect harassing period is prolonged in the southern part of the reindeer 
herding area due to deer keds. Factors affecting deer keds establishment in northern 
environments are moose population levels and possibly climate change which has 
been observed to affect other ectothermic species (Beaumont & Hughes, 2002; 
Parmesan et al., 1999; Vanhanen, Veteli, Päivinen, Kellomäki, & Niemelä, 2007). 
The survival of parasites and their transmission may likely increase with rising 
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ambient temperature (Laaksonen et al., 2010; Lemke et al., 2007; Weladji, Klein, 
Holand, & Mysterud, 2002). In the north, the flight period is shorter than in the 
southern areas, so finding suitable hosts in the arctic may be a limiting factor 
(Härkönen et al., 2010).  

2.2.3 Parasites and behaviour of the host 

Signals from external and internal environment are received using sensory organs 
and processed by neurons in the brain. This information directs the behaviour of 
the animal trough activity in motor neurons and responses in skeletal muscles 
(Randall, Burggren, French, & Eckert, 2002). Behavioural changes of parasitized 
animals can benefit the host or the parasite, or they can be side effects of this 
interaction and have no benefits (Moore, 2002; Poulin, 1995).  Resisting and 
dispersing are the most common behavioural mechanisms of the host to reduce the 
risk of parasitism. Reindeer have been observed to have a trade-off between 
parasite avoidance and optimal foraging. Insect harassment has effects on reindeer 
movement, distribution and behaviour in summer (Colman et al., 2003). 
Behavioural changes are often adaptive for either the host or the parasite (Poulin, 
1995). According to Horwitz & Wilcox (2005) the virulence-associated adaptive 
responses might be genotypic, phenotypic or behavioural.  

Behavioural changes of hosts depend on the host and the specific parasite 
species (Hart, 1994). Animals have three kind of strategies to defend against 
parasitism (Agnew, Koella, & Michalakis, 2000). The host may avoid contact with 
parasites, use defensive mechanisms to prevent or minimize infections or the 
infection can be counteracted by the immune system. Grooming, as a term, may 
generally cover all the behavioural defences a host uses after a parasite has intruded 
upon it (Moore, 2002). Moreover, behaviours, such as scratching the body with 
hooves or antlers, grooming (biting or licking the body) and shaking the body, head 
or legs, are considered additional types of defensive behaviour of host animals 
against ectoparasites(Anderson & Nilssen, 1998; Hart, 1994; Toupin, Huot, & 
Manseau, 1996). Ungulates usually have internal timing mechanism for 
programmed grooming against ectoparasites, which is periodically evoked to 
reduce the ectoparasite load (Mooring & Samuel, 1999)(Mooring and Samuel 
1999). Furthermore, skin irritation and the movements of ectoparasites may lead 
the host to use its teeth and hooves to attempt to get rid of parasites (Hase, 1939). 
Grooming behaviour and biting the body are the most common types of behaviour 
used to of dispose ectoparasites (Moore, 2002) but they may also be unbeneficial 
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(Mooring & Samuel, 1999). Grooming-induced hair loss has been connected to 
increasing energy costs for the host (McLaughlin & Addison, 1986). According to 
Mooring & Samuel (1998) the absence of programmed grooming in the moose- 
winter tick relationship is due to evolutionary history and perhaps is the result of 
relaxed selection pressure for grooming. Grooming behaviour can also be 
detrimental as it caused loss of winter hair to moose (Mooring & Samuel 1999).  

Behavioural impacts of the deer ked on the host animal have been previously 
reviewed by Haarløv (1964). A host animal uses its teeth and hoofs because of the 
skin irritation and the movements of the ectoparasite (Hase, 1940). This may lead 
to the persecution by the host, and, for example sheep have been observed to eat 
their parasites when they come to the surface of the fleece (Evans, 1950). The deer 
ked can prefer areas on the host’s body that are difficult to reach and clean (Haarløv, 
1964). Ivanov (1981) reported that deer keds could also infect cattle (Bos taurus), 
sheep (Ovis aries) and horses (Equus caballus) that grazed in forests in Belarus. 
The numbers of keds on cattle varied between 166 ± 12 and 315 ± 9 individuals in 
1973−1979 and Ivanov’s (1981) report suggests that 5−10 keds/cow were sufficient 
to cause restlessness to the hosts. 

The behaviour of reindeer is affected by the weather conditions and insect 
harassment in summer so that reindeer congregate mostly in wetlands, swamps and 
riversides, and alternatively in forests, fells and open expanses during warm 
weather (Laaksonen et al., 2009). For example, insect harassment increases the 
mobility of reindeer (Rangifer tarandus tarandus) and reduces the time spent 
grazing (Hagemoen & Reimers, 2002; Reimers, 1982), which may lead to a 
lowered body weight (Toupin et al., 1996). Common avoiding behaviours are 
running (Agnew et al., 2000; Moore, 2002), changing of habitat and changing time 
of foraging (Moore, 2002). For example, reindeer prefer open areas in warm 
weather when flying insects are abundant (Laaksonen et al., 2009) and gather into 
herds which is considered a seasonal change in social behaviour (Helle, 1992). 
Defensive mechanisms of animals are behavioural fever, self-medication and 
physical removal of parasites (Poulin, 1995). Sometimes potential host animals 
fight against ectoparasites by flicking ears, wagging tails, stamping feet, shaking 
heads and bodies, sneezing and biting the disturbing parasites (Bergman, 1917; 
Hart, 1994; Moore, 2002; Toupin et al., 1996). Behaviour of parasitized animals is 
well categorized but there is not much information about behavioural changes 
related to the novel host–ectoparasite interaction during experimental infestation 
(Samuel, 1991). It is important to clarify the effects of the deer ked harassment for 
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the reindeer from the welfare point of view and also understand related defensive 
mechanisms during deer ked parasitism.  

2.2.4 Prevention of the parasites 

Antiparasitic treatment with ivermectin is routinely used in reindeer management 
in Finland in autumn and early winter, so that approximately 80% of the semi-
domesticated reindeer stock is treated (Laaksonen et al., 2008). Ivermectin is used 
against endo- and ectoparasites and it has antiparasitic effects against 
gastrointestinal nematodes, lungworms, warbles, mange mites and other nematodes 
and arthropods in cattle, other livestock and reindeer (Oksanen, 1999) and also 
against Setaria tundra nematodes on reindeer (Laaksonen et al., 2008). Ivermectin 
is a synthetic derivative of avermectins without antibacterial activity (Dourmishev, 
Dourmishev, & Schwartz, 2005) and it has been modified from abamectin produced 
by Streptomyces avermitilis (Burg et al., 1979). Ivermectin prevents the conduction 
of nerve impulses in synapses gated by glutamate or γ-aminobutyric acid causing 
eventual paralysis for endo- and ectoparasites (Dourmishev et al., 2005). These 
synapses of invertebrates (endo- and ectoparasites) are located in the peripheral 
nervous system but in vertebrates they are located only in the central nervous 
system which is protected by the blood-brain barrier. Therefore, ivermectin has 
been considered safe to use on vertebrates. As the observations of deer ked infested 
reindeer increased in the 2000s, the information about the effectiveness of the 
ivermectin against the deer ked was needed.  

2.3 Objectives of the study 

My doctoral thesis focuses on examining a new host-ectoparasite interaction 
between the reindeer and the deer ked. My purpose is to investigate if deer ked 
infestation has an impact on the welfare of reindeer. The deer ked was detected in 
south-eastern Finland in the 1960’s, presumably originating from Russia (Hackman, 
1977). During the previous decades it has reached the southern part of the Finnish 
reindeer herding area (65ºN) (Kaitala et al., 2009; Välimäki et al., 2010), but it may 
be able survive and go through metamorphosis even at 70ºN (Härkönen et al., 2010).  

The first part of my thesis examines the host-ectoparasite relationship in the 
reindeer from a welfare point of view. The second part of my thesis focuses on the 
interaction between the reindeer and the deer ked and on the possibility of helping 
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deer ked infested reindeer with antiparasitic treatment. Finally, I will discuss the 
defensive mechanisms of the reindeer against this new ectoparasite.  

The specific aims and hypotheses of the thesis were: 

1. to examine if an acute experimental deer ked infestation would alter reindeer 
behaviour and evaluate its effects on reindeer welfare. It was hypothesized that 
deer ked infestation can cause general nuisance to reindeer (I). 

2. to evaluate the dermal response of experimental deer ked infestation in reindeer 
skin. The aim was also to clarify how the deer ked infestation impacts reindeer 
welfare during winter by observing hair loss and heat loss. It was hypothesized 
that primary skin lesions, similar to those described in moose (Madslien et al., 
2011), accompanied by mechanically-induced skin lesions due to scratching, 
could be found. And I also expected to find ectoparasite-infestation-associated 
heat loss areas by using thermal imaging (II). 

3. to study the survival of the deer ked with short term experimental infestation 
on reindeer and if this parasite could be controlled by using the antiparasitic 
agent ivermectin (III). It was hypothesized that ivermectin may be effective as 
it is used against other ecto- and endoparasites of semi-domesticated reindeer 
(Laaksonen et al., 2008). 

4. to investigate if the deer ked can live and reproduce on the reindeer over winter 
in nature. A semi-structured questionnaire survey was performed to study the 
current distribution of deer ked infestation in reindeer in Finland. It was 
hypothesized that the hatching rate of the pupae originated from reindeer would 
be quite low and that the distribution of the deer ked infestation on reindeer has 
been widening recently (IV). 
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3 Materials and Methods 
Materials and methods are described only briefly here as the detailed descriptions 
can be found in the original papers. 

3.1 General study designs 

The studies for the papers were conducted in three sub-projects. The data used in 
papers I, II and III was mostly collected from the experimental infestation, 
conducted in 2007 and the data used in papers II, IV from field observations in 
2011. Additional data for paper IV was collected by a semiconstructed 
questionnaire survey in 2019. The experimental infestation was conducted by 
permission from the Committee on Animal Experiments of the University of Oulu 
(license decision STH378A; 16.5.2007/ESLH-2007-03532/Ym-23) and the studies 
complied with the current laws of Finland. 

3.2 Experimental infestation (I, II, III) 

The first sub-study was conducted at the Biological Research Facility of the 
University of Oulu, Finland (65ºN, 25ºE) between 29th May and 13th December 
2007. Eighteen adult semi-domesticated reindeer (eleven females and seven males; 
with an average age of 2.8 ± 0.6 years) were assigned into three experimental 
groups with an equal sex ratio and average age. The groups were named Infection 
group, Medication group and Control group in paper I. In paper II the groups were 
called Infestation group, Medication group and Control group and Infection group, 
Infection & Medication group and Control group in paper III.  In the thesis the 
groups are named Infestation group, Medication group and Control group. Each 
reindeer was equipped with a collar with its own colour and an ear tag for 
identification. Because of possible disturbing actions, to prevent injuries of other 
reindeer and for easier handling, male reindeer were castrated to prevent rutting 
behaviour on 13 June. Before experimental infestations all reindeer received 
subcutaneous (sc) injections with ivermectin (0.2 mg/kg; Bimectin vet®, Vetpharma 
AB, Lund, Sweden) and topical deltametrin pour-on lotion along the midline of the 
dorsal skin on the root of the hair (75 mg/reindeer; Coopersect spot on vet®, 
Schering Plough, Ballerup, Denmark) against other possible endo- and 
ectoparasites on two occasions: 29 May and 13 June. Reindeer in the Infestation 
group and the Medication group were infested with an equal number of deer keds 
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(35+35+35+45+35+115, n = 300/reindeer) on six occasions between 16 August and 
27 September. Handling of reindeer in the Control group was repeated similarly 
without any parasites. The amount of deer keds was supposed to mimic the situation 
in nature in the southern reindeer herding area with quite low numbers of keds and 
to avoid exaggerated stress reactions. The intensity was quite close to that of other 
cervids in Central Europe (Haarløv, 1964), but approximately 20 times lower than 
when compared to moose in Finland (Paakkonen et al., 2010). Possible deer ked 
transmission was prevented between all three experimental groups with their own 
enclosures (570 m2/group. The reindeer were fed ad libitum with a commercial diet 
[Poron-Herkku, Rehuraisio, Espoo, Finland, energy content 11.7 MJ metabolizable 
energy/kg dry matter] supplemented with lichen (Cladonia spp.), hay and dried 
birch (Betula spp.) and willow (Salix spp.) leaves.  

A part of the transplanted deer keds (n = 1260) were reared at the University 
of Oulu from wild-collected pupae from various parts of Finland (60-65ºN), but 
due to the low emergence rate, wild deer keds (n = 2340) were collected by hand 
in the communes of Rantsila (64ºN) and Liperi (62ºN). On 10−13 December the 
experiment was terminated, and the reindeer were stunned with a bolt pistol and 
killed by exsanguination. On 24 October, an individual (#13) was killed earlier for 
ethical reasons due to displaying strong stress, behavioural and physical reactions 
(i.e. hair loss) probably caused by the infestation. The numbers of living and dead 
deer keds were counted when cutting the hair precisely. After skinning the pelt of 
the reindeer, the anatomical locations of the deer keds and hair loss areas were 
marked as the pelt was divided into nine anatomical sections: head, anterior back, 
posterior back, front limbs, hind limbs, right half of abdomen and left half of 
abdomen. 

3.2.1 Behavioural research (I) 

Studying the effects of a new ectoparasite on host behaviour is particularly 
important in determining possible threats of invasive parasites to new host animals. 
It is well-known that summertime disturbance caused by insects increases the 
energy expenditure of reindeer (Weladji et al., 2003) and severe insect harassment 
can sometimes lead to poor physical condition in autumn (Toupin et al., 1996). 
Furthermore, an important factor influencing the possible health effects of the deer 
ked on reindeer is the period when host-seeking deer keds are the most abundant in 
nature. In Finland, this occurs in August–September, immediately after the other 
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harassing insects, e.g., Culicidae, Simulidae and Tabanidae decrease in numbers in 
the Finnish reindeer herding area (Laaksonen et al., 2009). 

Behavioural research was performed to examine if the acute experimental deer 
ked infestation would alter reindeer behaviour and to evaluate its effects on reindeer 
welfare. The behavioural data were collected during three (A, B and C) periods 
between 16 August and 4 December. The measurement time was between 12:00–
17:00 hrs and the observation time/reindeer was 30–60 min/observation day. The 
observation times between the three periods varied because of the decreasing day 
length. Small cabins were positioned near the enclosures so that it was possible to 
observe reindeer from these enclosures without causing anthropogenic disturbance 
(three observers).  

The following classification was performed for observed behavioural patterns: 
1) scratching the body with hooves or antlers, 2) grooming (biting or licking the 
body), 3) shaking of the body, head or legs, 4) running and jumping, 5) aggressive 
kicking, goring or chasing. Good indicators of defensive behaviour of host animals 
against parasites are behavioural patterns of classes 1–3 (Hart, 1994; Toupin, et al. 
1996; Anderson & Nilssen, 1998). Classes 1–3 were pooled to calculate an index 
of restless behaviour in this study. The running has been classified as one form of 
defensive behavior in previous studies but only in the case of avoiding parasite 
attack and the subsequent infection (Agnew et al., 2000; Moore, 2002). In 
experimental circumstances, defensive behaviour could not be defined during the 
attack on the host but only assessed at a later stage during the actual infestation in 
the present study. The incidence of each behavioural class lasting 10 s or less was 
reported as one item for practical reasons. If a continuous behaviour pattern lasted 
for more than 10 s, it was reported as two or more incidences (each 10 s) depending 
on the duration. 

3.2.2 Histopathological examination (II) 

Histopathological examination was made to evaluate the dermal response of 
experimental deer ked infestation in reindeer skin during autumn. Anatomical 
locations of the hair loss areas and deer keds on the reindeer pelt were also 
investigated. Samples for the histopathological examination of the skin from 
alopecic areas were fixed in 5% phosphate buffered formaldehyde. Collection of 
samples from skin without visible lesions (neck, shoulder, middle back, posterior 
back) was also performed. Skin samples were embedded in paraffin and sectioned 
into 5 µm slices and stained with hematoxylin–eosin. Histopathological 
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examination was conducted for samples from the epidermis and dermis from each 
of the infested reindeer: one from the normal skin area and one from an area with 
visible lesions. One sample from normal skin areas of were examined from each 
reindeer of the Control group and one visible lesion from three reindeer of the group. 
Histopathological examination was made in cooperation with Norwegian 
Veterinary Institute. 

3.2.3 Prevention of deer ked infestation (III) 

To study the possible preventive actions of the deer ked infestation utilisian a 
routinely used (Laaksonen et al., 2008) antiparasitic agent, ivermectin the 
Medication group was treated with sc ivermectin (0.2 mg/kg) on 6 November. The 
same volume of 0.85% saline injection was given to Infestation and Control groups 
as a placebo treatment. The number of the living and dead deer keds was counted 
at the end of the experiment during the pelt examination of each reindeer. 

3.3 Field observations (II, IV); thermographic imaging and hair loss 
monitoring 

Field observations were conducted to observe deer ked induced hair loss during 
winter, e.g. anatomical locations and development. To describe the physiological 
consequences of deer ked induced hair loss under winter conditions infrared 
thermography was used to detect heat loss. An additional aim was to clarify if the 
infrared camera could be used as a research method for reindeer and host-
ectoparasite interactions. 

Deer ked parasitized reindeer have been found every autumn since 2006 in the 
Halla reindeer herding district (64ºN, 28ºE) so it was a good place to conduct the 
field observations (pers. com. veterinarian, Sauli Laaksonen, Asko Moilanen). The 
observations were conducted under conventional conditions of reindeer herding 
with the co-operation of a reindeer herder, who gathered his reindeer into an 
enclosure during winter for supplementary feeding and protection from predators. 
Focal alopecia and signs of pruritus were assessed in the herd and engorged deer 
keds were observed in the coat of these animals on 13 December 2010. Pre-
examination of the deer ked infestation was made for the pelts from three 
slaughtered reindeer calves (A, B and C) on 15 December before field observations 
(Pilot test in paper II). Reindeer with natural deer ked infestation (11 females and 
two calves) were separated from the uninfested animals of the herd to their own 
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enclosure on 3 January 2011. The welfare of the reindeer was monitored daily by 
the reindeer herder.  

To monitor the hair loss, photographs from all infested reindeer were taken 
bilaterally. Photographs from the 11 reindeer infested with deer keds were taken on 
2 January and on 6 April. The area of hair loss and broken hairs was calculated 
from one lateral side of the reindeer (cm2) from conventional photographs using 
the same lateral side in January and April. Hair alterations were defined using 
following five levels: 0 = no visible hair loss, < 10 cm2 = small hair loss, < 20 cm2 
= medium hair loss, < 30 cm2 = large hair loss, > 30cm2 = very notable hair loss. 

Before the annual moult the same reindeer with small to large hair loss were 
photographed with infrared camera (Flir B335, Flir Systems, Inc., Sweden). Eleven 
other reindeer from the same herd, with no visible hair loss, were photographed as 
control animals. The resolution of the infrared camera was 320 × 240 pixels. 
Photography lasted about 1.5 hours and was conducted during the morning in 
cloudy and calm weather and a temperature of around –2°C. The reindeer were 
calm and snooping lichen. The distance between the camera and reindeer was about 
3 metres for lateral images. Bilateral images were available from five reindeer from 
deer ked group. 

To analyse the thermographic images the program, Flir QuickReport 1.2 (FLIR 
Systems Inc., Sweden) was used. The emissivity was set to 0.95 (Kastberger & 
Stachl, 2003) and the average, minimum and maximum were calculated. The 
average value was calculated if bilateral images were available before comparison 
of the groups. Conventional photographs from both groups were used to detect wet 
areas, which were diagnosed to be symptoms of “wet belly” (Åhman, Nilsson, 
Eloranta, & Olsson, 2002; Laaksonen, 2019). In this state, the reindeer fur becomes 
wet from the axillaea, legs and lower parts of the thorax and belly during 
supplementary feeding. For the analysis legs, head and wet areas of the belly were 
excluded. Wetting has been reported to affect underlying skin surface temperature 
(Mccafferty, 2007) and reindeer could not be dried without disturbance.  

3.3.1 Pupal data (IV) 

To investigate if deer keds can live on reindeer over winter and to explore if deer 
keds can reproduce on reindeer in nature, pupae (n = 44) were collected from 
bedding sites of the reindeer (n = 11) from field observations  between January to 
April  in Halla reindeer herding cooperative (64ºN, 28ºE) in winter 2011. For 
comparison, pupae (n = 19) from the bedding sites of the six moose in the nearby 
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area were collected on 20 March. The pupae drop off from the host onto the snow, 
so pupae can be found by examination of the bedding sites (Kaunisto et al., 2009; 
Kaunisto et al., 2011). The pupae were stored in cool temperature (+4ºC) and 
transferred to the University of the Oulu to cool conditions. Possible warming of 
the pupae was avoided during all the stages of handling. On 13 May all the pupae 
were weighed with Mettler Toledo (MT/UMT balances, Mettler-Toledo GmbH, 
1998). On 15 May the pupae were put in a growing room (+17ºC) to hatch and 
grow. Hatching day, day of the death and gender were monitored.  

3.4 Questionnaire survey (IV) 

A questionnaire survey was performed to study the current situation of the deer ked 
infestation among reindeer in Finland. The survey was conducted by phone for 
managers of the 18 reindeer herding cooperatives in the southern reindeer herding 
area in September and October 2019. There were seven structured questions with 
options to answer yes/no/don’t know and four open questions. Questions were 
related to symptoms of the deer ked infested reindeer, observations of flying deer 
keds, observations of deer ked infested reindeer yearly, local range of the deer ked 
infested reindeer, where deer keds fly, pastures of reindeer and moose and practices 
of antiparasitic treatment. The knowledge of the symptoms of deer ked parasitism 
on reindeer was checked.  

3.5 Statistical analyses 

Statistical analyses in paper I were performed using the R program to compare the 
behavioural data between the groups (R Core Team, 2013). The statistical 
approaches differed for each observation period. Periods A–C were tested with a 
Wilcoxon rank sum test. The model used for period B was inappropriate for periods 
A and C due to the low number of behavioural incidences in period A and the high 
amount of zero observations during period C. The test used for period A was the 
Wilcoxon rank sum test for paired comparison. Each date was tested separately. For 
period B, comparison of mean values of restless behaviour between Infestation and 
Medication groups was tested with a Welch Two Sample t-test and the groups were 
pooled to form a single Deer ked group. For the statistical analyses for period B, 
incidences of each behavioural class (1–3) and the index of restless behaviour were 
tested separately by comparing the Control and Deer ked groups. A daily 
comparison was performed for behavioural classes with a Wilcoxon rank sum test 
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for paired comparison. The other test used for the whole period B was the linear 
mixed-effects model fitted by maximum likelihood. A logarithmic transformation 
was performed to attain normality. The model tested the effects of group, date and 
their interactions by using the data of repeated measures from individuals as a 
matrix. For period C, statistical analyses were performed using the Kruskal–Wallis 
test. P values were considered significant at p < 0.05 on all the periods. 

Statistical analyses in paper II were performed using the R program (R Core 
Team, 2019). The following packages were used: dplyr (Wickham, François, Henry, 
& Müller, 2019), ggplot (Wickham, 2016) and MASS (Venables & Ripley, 2002). 
A pearson correlation test was used to measure interaction between hair alterations 
and anatomical locations of deer keds from the data of experimental infestation. 
Infestation group and Medication group were combined as a one group to test the 
correlation. For the data of field observation statistical analyses were: Chi-square 
test was used to measure the change of hair alterations between January and April. 
A two Sample t-test was used to compare temperature differences between deer 
ked-infested reindeer and reindeer without infestation. P values were considered 
significant at the level p < 0.05. 

Statistical analyses in paper III were conducted using a non-parametric Mann-
Whitney U-test in the SPSS program (v. 16.0, SPSS Inc., Chicago, IL, USA) to test 
the differences in the numbers of live and dead deer keds between the Infestation 
group and the Medication group. The p value < 0.05 was considered statistically 
significant and the results are presented as mean ± SE. 
Statistical analyses in paper IV were performed with the R-program (R Core Team, 
2013). A Two Sample t-test was used to test the differences of the pupal masses 
between pupae found from reindeer and moose. A linear mixed effect model 
(package nlme) was used to analyse the explanatory factors (host; reindeer, moose) 
for pupal mass, development time and adult longevity. Each was set as depended 
variable at a time. 
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4 Results and Discussion 

4.1 Impact of the deer ked infestation on the welfare of reindeer  

4.1.1 Behavioural impacts of the deer ked infestation (I) 

Host animals can behaviourally defend themselves against parasitism by avoiding, 
repelling or removing the parasites (Hart, 1994). When the ectoparasite has 
intruded upon the host animal it may trigger behavioural defensive mechanisms, 
which are widely characterized as grooming (Moore, 2002). There is not much 
information about the novel host–ectoparasite interaction during experimental 
infestation (see Samuel, 1991) even though the behaviour of parasitized animals is 
quite well categorized. The main result was that, as hypothesized, the experimental 
deer ked infestation induced restless behaviour for reindeer. Observed restless 
behaviours were scratching the body with hooves and antlers, grooming (biting and 
licking the body) and shaking the body, head and legs. 

During the period A, 16−21 August, there were four observation days and the 
reindeer in the Infestation group scratched (class 1) themselves more than the 
reindeer in the Control group (p = 0.03) on 19 August. Reindeer in the Infestation 
group shook their pelts more often than in the Control group (p = 0.05) on 16 
August. During period A, the Medication group was not observed and, thus, some 
forms of restless behaviour could have remained unnoticed. During the period B, 
from 23 August to 2 October there were eight observation days. On 25 August, 20 
September and 2 October the reindeer scratched themselves (class 1) significantly 
more in the Deer ked group than in the Control group (p = 0.04; p = 0.004; p = 
0.04). Also, on 27 August, 4, 11 and 20 September reindeer in the Deer ked group 
shook (class3) their pelts more than in the Control group (p = 0.04; p = 0.01; p = 
0.03; p = 0.045). There was also higher rate of grooming (class 2) in the Deer ked 
group on 2 October (p = 0.02). During period C, from 5 November to 4 December 
there were three observation days. The Medication group had more incidences of 
grooming (class 2) than the other groups (p = 0.003) on 5 November. After medical 
treatment on 6 November, there were no differences between the groups during the 
last two observation dates. During the period C, the observation time was 30 
minutes shorter than during other periods, which may partly explain why that biting 
was the only observed form of restless behaviour. 
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The results (paper I) indicate that reindeer also have other behavioural 
responses than avoiding behaviours against ectoparasites. Firstly, shaking and 
secondly scratching were the most commonly observed forms of restless behaviour 
When the intensity of the deer ked infestation increased, the reindeer started to 
groom themselves more often. In the experimental infestation (paper I) even a 
relatively low number of deer keds caused restless behaviour to reindeer (see 
survival, paper III). For comparison wild moose in Finland have higher numbers of 
deer keds, usually 2000−10 000 keds/individual (Paakkonen et al., 2010), but there 
are no studies about whether the deer ked may induce restless behaviour for moose. 
Even though the behavioural changes of the host are suggested to be affected by 
the intensity of parasitism (Hart, 1990). One reindeer (#13) was removed from the 
experiment on 24 November for the ethical reasons as it showed notably strong 
restless behavior. The pelt of also this individual was examined and surprisingly 
only six live keds and two dead keds were found. Previously restless behaviour has 
been observed among cows during deer ked infestation at levels of 5−10 keds/cow 
(Ivanov, 1981) and sheep were observed to bite and eat parasitizing sheep keds 
when they come to the surface of the fleece (Evans, 1950). Based on the results 
from paper (I) the deer ked evokes stimulus driven grooming in reindeer. Skin 
irritation and the movements of ectoparasites have been observed to be triggering 
factors for the host to use its teeth and hooves (Hase, 1940). North American moose 
also show also this type of grooming when trying to get rid of winter ticks (Mooring 
& Samuel, 1999). Behavioural changes are adaptive for the host or the parasite 
(Poulin, 1995).  

4.1.2 Anatomical locations of the deer keds on the reindeer (II) 

In paper (II) the anatomically favoured locations of the deer keds from 
experimental infestation were recorded (paper II; Table 2). Locations for the found 
deer keds (including dead and alive) in the Infestation group were; head 7, anterior 
back 46, posterior back 8, hind limbs 1 and abdomen 4. Locations for the keds (all 
dead) in the Medication group were; head 2, anterior back 84, posterior back 8, 
front limbs 4, hind limbs 4 and abdomen 1. Other ectoparasites were not observed. 
The anterior back was the most common site for deer keds on the reindeer. A similar 
preference among deer keds has observed earlier on moose in Finland (Paakkonen 
et al., 2010) and in Norway (Madslien et al., 2011). The deer keds were transplanted 
on anterior back to mimic natural infestation. Balashov (2007) reported that louse 
flies usually do not prefer any anatomical locations on horses, sheeps, dogs, cattle 
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and similarly the deer ked had no preferred locations on moose and deer according 
to him. On the contrary, findings supporting my results were presented by Haarløv 
(1964), who suggested that skin temperature, distribution and density of blood 
vessels, hair and skin properties and persecution by the host are the factors affecting 
deer keds location on red deer whose neck region was the most suitable 
microhabitat. According to paper II deer keds seem to avoid areas of broken hairs 
on reindeer as only five keds were found alive around broken hairs. This finding is 
in accordance with the findings of deer keds preferences on alopecic moose in 
Norway (Madslien et al., 2011) 

4.1.3 Hair loss induced by deer ked infestation (II) 

Based on the results from the experimental infestation and the field observations 
deer ked parasitism induces hair loss for reindeer (paper II), which was not 
expected during experimental infestation. The areas of hair loss and deer ked’s 
locations correlated strongly (p = 0.91) in the experimental infestation (paper II; 
Table 1, Table 2). Broken hairs on hind limbs and abdomen referred to a wet belly 
(Åhman et al., 2002) and were excluded from the analysis. Otherwise, the control 
reindeer had intact fur in experimental infestation and in field observations. The 
areas of hair loss in field observations ranged from irregularly shaped, with a 
diameter of about 20 cm on anterior back (paper II; Fig. 2A-B) to small spots on 
the back (paper II; Fig. 2C-D). Hair loss was observed most frequently on the 
anterior back of the reindeer, but there were also many observations from the 
posterior back (paper II; Table 1, Table 4). Hair alterations varied between broken 
hairs of different lengths to small alopecic spots (< 5cm) (paper II; Fig. 1). The 
results suggest that deer keds cause irritation for reindeer and the hair loss is most 
likely self-induced as similar behavioural responses were also observed (paper I). 
It is common that ectoparasites cause skin irritation for the host (Hase, 1939). 
Similar responses, with increased grooming and alopecia on the neck area of the 
reindeer, have earlier been connected to the winter tick (Dermacentor albipictus) 
infestation (Welch, Samuel, & Wilke, 1990). The results suggest that the anatomical 
properties of an individual reindeer have impacts on the locations of hair loss. For 
example, the male reindeer with big antlers in the Infestation group) with big had 
hair loss on the posterior back where it could reach to scratch itself in the 
experimental infestation even though the deer keds were found from the area of 
anterior back. 
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In the field observations, the hair loss areas expanded during winter from 
January to April (paper II; Fig. 2A-D, Fig. 3). Comparison of the conventional 
photos revealed that areas of hair alterations were larger in April (p = 0.001). This 
result indicates that a proportion of the deer ked population survives in reindeer 
over winter or that the progressive hair loss will not terminate after it is initiated. 
Interestingly the Finnish deer ked population has not been observed to cause severe 
hair loss for moose (Paakkonen et al., 2010). On the contrary, the differing life 
histories in eastern and western populations of the deer keds (Välimäki et al., 2010) 
may explain why heavy deer ked infestation has been associated with severe hair 
loss in several moose during winter in Norway and Sweden (Madslien et al., 2011) 
but the possible genetical differences of the moose populations between countries 
should be considered. However, the type of the hair loss differed between reindeer 
and moose. Finnish reindeer had many broken hairs in the hair loss areas (paper II) 
while moose in Norway generally either had full length hair or no hair at all in hair 
loss areas (Madslien et al., 2011). 

4.1.4 Histopathological findings from the skin biopsies of the deer 
ked infested reindeer (II) 

The histopathological examination of the skin biopsies from the reindeer in the 
experimental infestation (paper II) revealed that the deer ked infestation caused 
inflammatory changes as hypothesized. In the alopecic areas, the inflammatory 
changes were the most severe and acute. Milder and more chronic inflammations 
existed on the areas of remaining hair (paper II; Table 3). There is an interesting 
contrast to the findings from the Norwegian moose, which may suffer from wide 
alopecia due to deer ked infestation. There were milder, more chronic changes on 
the alopecic areas while active inflammation was observed from the remaining hair 
area. No pruritus was observed from the moose in Norway (Madslien et al., 2011).  

Based on the existing and examined information about the hair loss, skin 
inflammations (paper II) and restless behaviour (paper I) from the deer ked infested 
reindeer, the more acute and pronounced inflammation in the alopecic areas are 
most likely an effect of self-damage. Typical findings from the reindeer skin were 
deer keds’ feeding places; the crusted bite wounds (paper II, Fig. 1A) with darkened 
patches in the middle of the alopecic area. This finding is similar to the description 
of sheep with the sheep ked (Melophagus ovinus) infestation. Also inflammations, 
pruritus, biting, wool loss and allergic dermatitis were observed in sheep (Wall & 
Shearer, 2001). In the examination of the skin biopsies of the reindeer, different 
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anatomical areas varied between individual reindeer in the severity and distribution 
of inflammatory cells. Mild inflammatory infiltrates were also found from most of 
the control animals in this study. Skin inflammatory reactions are normal findings 
for reindeer living in an outdoor environment where a variety of endo- and 
ectoparasites are present (Kutz et al., 2019; Laaksonen et al., 2009; Laaksonen et 
al., 2017). In this research, only deer keds were monitored carefully but there was 
a possibility of having bites from the mosquitoes, black flies, horse flies and midges. 

4.1.5 Heat loss consequences of deer ked infestation (II) 

In reindeer, acclimatization for winter begins when the night length exceeds 12 
hours. Insulation becomes effective and, with a dense winter coat, energy is saved 
(Hazlerigg, Blix, & Stokkan, 2017; Willmer et al., 2005). The coat thickness and 
ambient temperature have effects on skin temperature (Soppela et al., 1986b). In 
paper II, the infrared thermography was used in wintertime field observations to 
detect heat loss of reindeer suffering hair loss due to deer ked infestation. In line 
with my hypothesis, significantly higher maximum temperatures (p < 0.001) were 
recorded from the reindeer with deer ked infestation and hair loss than the control 
animals (n = 11 in both groups). (paper II; Fig. 4). There were no significant 
differences in average (p = 0.90) and minimum temperatures (p = 0.06). In the area 
of impaired insulation, the highest temperature recorded in deer ked infested 
reindeer, was 28 °C (paper II; Fig. 4A) compared to control reindeer with normal 
winter pelt 16 °C (paper II; Fig. 4B). The average temperatures were 8.25 °C ± 1.84 
and 10.53 °C ± 1.52, respectively. The average temperatures (°C ± SD) for the deer 
ked infested reindeer were: average 7.89 ± 0.94, minimum 2.63 ± 0.86 and 
maximum 19.99 ± 4.91, and for the control reindeer: average 7.94 ± 1.02, minimum 
3.24 ± 0.57 and maximum 12.91 ± 1.82.  

Data from the thermal images demonstrate that deer ked-infested reindeer 
suffering with hair loss had higher maximum surface temperatures than reindeer 
without hair loss. This seems to indicate that hair loss areas caused heat leakage 
and were detectable as higher maximum temperatures (Fig. 1). This may lead to 
increased energy expenditure (Martin et al., 2018; McLaughlin & Addison, 1986). 
Previously, radiative surface temperatures of reindeer have been reported to be 
higher in summer than in winter (Johnsen et al., 1985). There is also a correlation 
between the thickness of the fur and the degree of insulation (Scholander et al., 
1950).  
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Early autumn is important time for reindeer grazing as it is when they prepare 
for winter. Reindeer in the field experiment (paper II) showed heat loss even at -2 
ºC ambient temperature. For comparison, the lower critical temperature for reindeer 
is -30 (Nilssen et al., 1984). According to McLaughlin and Addison (1986) when a 
moose lacks 30% of its winter coat at -20 ºC it would have to double its basic 
metabolic energy requirements to ensure constant body temperature. In winter, the 
insulating coat of a reindeer is thick and crucial for reindeer survival in the cold 
(Soppela et al., 1986b). Hair loss can be detrimental for reindeer and an insulating 
coat is needed during winter when food availability is limited. When reindeer suffer 
from hair loss, there is less hair and less air available for isolation. The animal’s 
thermal balance may become disturbed when the heat loss, revealed as elevated 
skin temperatures, increases in reindeer suffering from hair loss. In the cold, these 
reindeer may have to increase their metabolic rate to compensate for increased heat 
loss.   

Previously, moose infested with winter ticks have been observed to suffer 
grooming-induced hair loss (McLaughlin & Addison, 1986; Mooring & Samuel, 
1999) and it is suggested that this may cause increased energy expenditure to the 
host. Energy balance can also be disturbed if the overall time available for grazing 
decreases while the time used for restless behaviour increases (Cuyler & Øritsland, 
1993; Mooring & Samuel, 1999).  

The insect harassment period of reindeer has become longer in the southern 
part of the reindeer herding area in Finland, where the deer ked has its flight season 
from July to October (Hackman et al., 1983; Härkönen et al., 2010). This is 
immediately after the mass appearance of other blood-consuming insects (Helle & 
Tarvainen, 1984). Overall energy expenditure of reindeer due to deer ked parasitism 
may increase, because insect harassment has observed to increase the mobility of 
reindeer (Rangifer tarandus tarandus) and reduce the time spent grazing 
(Hagemoen & Reimers, 2002; Reimers, 1982).  
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Fig. 1. (A) Deer ked infestation causes scratching for reindeer which leads to visible hair 
loss. (B) Thermal image of the same reindeer. Hair loss areas can be detected as warmer 
areas showing heat leakage.  
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4.1.6 Evaluation of the infrared thermography as the diagnostic tool 
for reindeer research (II) 

Infrared thermography is not a commonly used tool in reindeer research. The only 
earlier study I could find was one about seasonal changes of heat loss using 
thermographic imaging by Johnsen et al. (1985). Changes in local blood flow are 
detectable with infrared thermography (Head & Dyson, 2001; Kastberger & Stachl, 
2003). Thermal imaging has previously been used in different situations as a 
diagnostic tool for other animals (Arenas et al., 2002; Autio et al., 2006; Autio et 
al., 2007; Dunbar et al., 2009; Eddy et al., 2001; Morgan, 1997; Rainwater-Lovett 
et al., 2009; Schaefer et al., 2004; Vainionpää et al., 2012). Based on the present 
study, infrared thermography (paper II) is very suitable diagnostic tool for a whole-
body examination of heat loss in semi-domestic reindeer. Through this method, it 
may be possible also to recognize other inflammations and wet belly. Increased 
heat loss was detected from lateral IR images of alopecic skin of the reindeer but 
images from a dorsal position would have given complementary results because 
hair loss was also observed on the back of the deer ked infested reindeer. Despite 
the achieved results, the technique should be further developed for the diagnosis of 
the semi-domesticated and wild mammals. Developing the imaging technology 
may be challenging, as reindeer should be observed freely without stressful factors 
to get results of thermoregulation at rest. More standardized conditions would be 
needed in the investigation of body temperature using infrared thermography, 
because the reindeer in both groups in the field observations (paper II) had lower 
eye temperatures than expected rectal temperature recordings in earlier studies 
(Irving & Krog, 1955; Soppela et al., 1986). 

4.2 Reindeer – deer ked interactions 

4.2.1 Survival of deer keds on reindeer in an experimental infestation 
(III) 

During the experimental infestation, the transplanted deer keds disappeared into the 
reindeer pelts and dropped their wings (paper I). In the handling sessions of the 
animals, living deer keds were observed and they were seen to have consumed 
blood (flat, more lightly-coloured, distended abdomen). There were discolorations 
between the hairs that were probably caused by deer ked feces. Developing larvae 
were observed in the female deer keds (round, dark, distended abdomen). The deer 
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keds were counted after the experimental infestation (paper III). No deer keds were 
found in the Control group at the end of the experiment. From the Infestation group 
38 live keds and 28 dead keds were found and the finding percentage was 3.7%. 
From the Medication group 103 dead keds were found and the finding% was 5.7%. 
The total recovery percentage of deer keds from both groups was 4.7%; 1.1% for 
living and 3.6% for dead keds (including reindeer #13 which was removed from 
the experiment earlier). The differences in the numbers of live (reindeer #13 
excluded; p = 0.004) and dead deer keds (reindeer #13 excluded; p = 0.030) 
between the Infestation group and the Medication group were statistically 
significant, because all the deer keds in the Medication group were dead. One pupa 
was found from an individual reindeer in the Infection group, but the monitoring 
of pupae was not systematic. Other ectoparasites were not found from the 
experimental reindeer. 

4.2.2 Findings of the deer keds on reindeer in nature (II) 

The field observations in Hyrynsalmi confirmed that deer keds can infest reindeer 
naturally. Before the field observations, three pelts of reindeer calves from the herd 
were examined (see pilot test, paper II) in December 2010. The reindeer herder had 
stored the pelts in the same way as in the experimental infestation described earlier. 
There were 22 deer keds and two pupae in total on these three pelts. This was the 
first time when natural infestation of deer keds with successful blood intake and 
pupae production was directly confirmed and documented from reindeer from 
natural field conditions. Reindeer that were part of the field observation study 
showed deer ked infestation and typical symptoms, such as hair loss and restless 
behaviour. There were also deer keds that had consumed blood as well as deer ked 
feces on the hairs of the reindeer. Earlier, Kaunisto et al. (2009) found deer ked 
pupae and snow discolouration in the bedding site examination of semi-
domesticated reindeer and wild forest reindeer in Finland. Also, based on the results 
from examining bedding sites for pupa and discolouration, Välimäki et al. (2011) 
suggested that the wild forest reindeer would serve as a low-quality auxiliary host 
for the deer ked in Finland. 

4.2.3 Indicative results of the deer ked reproduction on reindeer (IV) 

Pupal data from paper IV reveal, in line with my hypothesis, that the hatching rate 
of deer keds was higher from pupae found from moose (73.7%) than from reindeer 
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(38.5%) bedding sites, but the reproductive success on reindeer was higher than 
expected. There were no significant differences in pupal masses (p = 0.27) when 
comparing hatched and unhatched pupae.  

Average pupal masses were 8.63 mg (SD; 1.01, n = 39) for deer keds 
originating from reindeer and 8.99 mg (SD; 1.41, n = 19) those from moose. 
Comparison of hatched pupae showed that the pupal masses from reindeer were 
lower (8.79 mg, SD; 0.48, n = 15) than from moose (9.59 mg, SD; 0.73, n = 14) (p 
= 0.002). Development times were for reindeer (mean; SD) 83.27; 4.84, and for 
moose 82.50 d; 5.42. Adult longevities were for reindeer (mean; SD) 57.00 d; 12.01 
and for moose 60.57 d; 9.69. In the linear mixed effect models (paper IV; Table 1), 
the host was a significant explanatory factor for pupal mass. When the development 
time was set as the dependent variable, it was shortened by heavier pupal mass and 
adult longevity. Adult longevity was lowered by longer development time. The 
results of the linear mixed effect model suggested that heavier pupae from moose 
had shorter development times and longer adult longevity.  

Earlier, Välimäki et al. (2011) reported heavier pupal masses found from 
Finnish moose compared to wild forest reindeer and from Norwegian moose 
compared to roe deer. Research on the pupae produced in the moose in Finland 
showed that heavier pupae had longer development times (Härkönen & Kaitala, 
2013), smaller pupae hatched earlier and pupae were smaller in the northern 
environment (Kaunisto et al., 2011).  

The pupae from reindeer were collected from January to March so the longer 
storage time or pupal diapause may have affected the hatching rate and 
development time of the pupae (paper IV). According to Härkönen et al. (2013) 
weight loss during the diapause is critical for survival of pupae through post-
diapause development. Also, offspring size and survival of the keds increased 
towards the spring.  

4.2.4 Current distribution of the deer ked infestation on reindeer (IV) 

To study the current range of the deer ked infestation on reindeer a questionnaire 
survey was performed (IV). Deer ked infested reindeer as well as flying deer keds 
were observed in 14 reindeer herding cooperatives in the southern reindeer herding 
area in Finland (paper IV; Fig. 1) autumn 2019. Symptoms (behaviour and hair loss) 
of the deer ked infestation were familiar to 17/18 managers of the cooperatives and 
the incidences of deer ked infested reindeer varied locally in 14 cooperatives. 
Expansion of the deer ked infestation was reported to have spatial variation in three 
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cooperatives. Cooperative number 34 in the north (paper IV; Fig. 1) had ten years 
between the first observations from west and east sides of the cooperative. 
According to reindeer herders in the western area, presumably, warmer weather 
near the Baltic Sea and the River Kemijoki may have had an effect on the 
observations. In reindeer herding cooperatives 52 and 54, there were two to five 
years of delay between the initial observation of deer ked infested reindeer in 
southern and northern sides of the cooperatives, which are divided by River Iijoki. 
Two nearby cooperatives (48 and 49) had also minor levels of delay. 

The invasion of the deer ked has been studied actively earlier (Välimäki et al., 
2010, 2011). The distribution limit of the deer ked was estimated to be near the 
border of the southern reindeer herding area in Finland in 2009 (Kaunisto et al., 
2009). Observations of flying deer keds have been made up to 65˚N north in 
Finland in 2010 and that was suggested to be the distribution limit of flying deer 
ked (Välimäki et al., 2010). The results of the questionnaire survey reveal that deer 
keds can use the reindeer as a host animal and this use has developed and widened 
rapidly after the 2010 (paper IV; Table 2).  

Deer ked infested reindeer were observed in the reindeer herding area at the 
first in 2006. From that time point, it took five years for deer ked parasitism on 
reindeer to reach seven cooperatives (2011). As predicted, from 2014 to 2019 deer 
ked infestation on reindeer reached seven new cooperatives suggesting that there is 
an ongoing second wave of expansion of the deer infestation on reindeer towards 
the north (paper IV; Table 2). At present the distribution limit of the deer ked 
infested reindeer in Finland seems to be a line approximately between 66˚N 25˚E 
in the west side and on 65˚N 29˚E on the east side.  

The results of the questionnaire survey supported the observations from pupal 
data that the deer ked can live and reproduce on reindeer. Even though reindeer 
have been observed to have strong behavioural responses against deer keds (paper 
I). In 12/14 reindeer herding cooperatives, there were observations of flying deer 
keds in autumn in the places where reindeer had been supplementary fed during 
winter. This suggests that pupae of deer keds dropped to the ground from reindeer 
during winter and hatched successfully in the autumn. In 7/14 cooperatives there 
were observations of harassing numbers of the deer keds in the corrals used for 
supplementary feeding of reindeer. The corrals were inaccessible to other cervid 
species. 

In 14 cooperatives there was a possibility that the reindeer could have been 
infested by deer keds hatched from pupae from moose. In 9/14 cooperatives there 
was a possibility that the reindeer can only have been infested by deer keds hatched 
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from reindeer. In 8/14 cooperatives there was a possibility that moose could have 
deer keds originating from reindeer. These results suggest that both reindeer and 
moose have an effect on the deer keds adaptation to the local environment in the 
reindeer herding area in Finland. In the survey (IV) one responder described the 
properties of flying deer keds and that the first deer keds were darker and harder 
seven years ago.  

In the future, weighing of hatched offspring would also give information about 
the possible further adaptation between the reindeer and deer ked. The western deer 
ked population has a smaller body size than the eastern population, which is found 
in Finland, probably due to simultaneous co-evolution with several cervids 
(Härkönen et al., 2015). Therefore, further research would be needed to follow the 
reproductive success and co-evolution between the reindeer and the deer ked and 
the interaction with the surrounding moose population as the pastures of the moose 
and reindeer are overlapping (paper IV), without forgetting the local reindeer 
herding practices.  

4.2.5 Reindeer − deer ked interaction and limitations of the research 

The relationship between the reindeer and the deer ked in Finland has been 
established relatively recently (Kaunisto et al., 2009), which provides a special 
possibility to study a new host-ectoparasite relationship. The results of my study 
and earlier work clearly indicate that deer keds are able to attach to reindeer and 
use them as hosts. Future development of the interaction of these species is 
dependent on the conditions on the host and outside the host. When encountering a 
new host, a parasite needs to overcome the physiological and immunological 
defences of the host to attach successfully and reproduce (Moore, 2002; Wall, 2007). 
Also, external climate and biotic factors affecting the life stage outside the host 
have effects on the development of the new host-parasite relationships (Wall, 2007). 

A host animal offers a living habitat for ectoparasites, being the source of food 
for them. There are differences to the environments for parasites between individual 
hosts and relevant factors include the thickness of the hair, anatomy of the body, 
ambient climate, season, age, sex and behaviour (Marshall, 1987). Host properties, 
deer ked’s infestation capacity and preservation of the deer keds before infestations 
need to be considered in discussion about the survival of the deer keds in the 
experimental infestation (paper III). Comparison with findings from field 
observation of natural infestation is also needed (paper II, paper IV).  
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In the experimental infestation, the number of deer keds per reindeer was kept 
relatively low compared to numbers found from Finnish moose (Paakkonen et al., 
2010). However, the used dose was high enough to trigger restless behaviour (paper 
I), and even lower numbers of keds/animal have previously been observed to be 
sufficient to cause restlessness in cows (Ivanov, 1981). Despite the low number of 
deer keds at the end of the experiment, it is uncertain how many of the deer keds 
finally had access to the reindeer’s skin. Reindeer shook their pelts after infestation 
and scratching and, later, biting were also observed (I), so reindeer may have been 
able to remove some of the intruding deer keds. Previously, sheep were observed 
to destroy parasitizing sheep keds by biting and eating them when they come to the 
surface of the fleece (Evans, 1950). In addition, it may be possible that the very 
dense hair of reindeer could complicate the deer keds access to skin and prevent 
them from gaining proper blood meals as reindeer have denser a winter pelage then 
moose (Sokolov & Chernova, 1987; Timisjärvi et al., 1984). 

An alternative possible cause for the decline in the numbers of live keds in the 
experimental infestation could be linked to the storage of pupae and transportation 
of flies. Part of the deer keds used in the experimental infestation (n = 1260) were 
reared at the University of Oulu from wild-collected pupae from various parts of 
Finland (60-65ºN). Also, wild deer keds (n = 2340) were collected by hand in the 
communes of Rantsila (64ºN) and Liperi (62ºN) to compensate for the low hatching 
rate of the reared ones.  These circumstances may have caused impaired 
physiological condition among the deer keds used in the experiment or part of the 
keds may had reached the end of their lifespan by the end of the study, as according 
to Ivanov (1981), the duration of parasitism is between 120−180 days for an 
individual fly. The experimental reindeer were treated against possible 
ectoparasites before the actual transplantations of the keds by applying ivermectin 
and deltametrin on 29 May and with ivermectin on 13 June. It is unlikely that 
reindeer plasma would have contained ivermectin in autumn or that it would have 
affected the survival of the keds because concentrations of it have been detected to 
decrease approximately after three weeks of the treatment (Cerkvenik et al., 2002; 
Oksanen, Norberg, Nieminen, & Bernstad, 1995; Oksanen, Åsbakk, Raekallio, & 
Nieminen, 2014).  

Low survival of the transplanted deer keds in the experimental infestation until 
December suggested that reindeer may have a natural ability to partly resist deer 
keds. Possible pupa production was not systematically monitored. But, the field 
observations from naturally infested reindeer indicate that the deer ked can infest 
reindeer over winter (paper II) and also reproduce on reindeer until spring (paper 
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IV). Even though reindeer have strong behavioural responses against deer ked, it 
lives and reproduces naturally on reindeer. 

In Finland, it is unlikely that the deer ked would spread rapidly to wider areas 
with the help of reindeer, even though the large vertebrate individuals have been 
observed to be the carriers of a founder population into new areas for arthropods 
(Boulinier et al., 2001). There is a system of reindeer herding districts in Finland 
and migration of the reindeer is minor and controlled: usually between different 
grazing lands in spring and autumn (Laaksonen, 2006; Riseth, Tømmervik, & 
Forbes, 2019). There is a small possibility that the reindeer would spread the deer 
ked to neighbouring cooperatives. I suggest that the deer ked is dependent of the 
movements of moose (paper IV), which also have seasonal movements between 
grazing lands and have quite a dense population in the southern part of the reindeer 
herding area (Pusenius, Pesonen, Tykkyläinen, Wallén, & Huittinen, 2008).  

4.3 Prevention of the deer ked infestation (III, IV) 

The most common and routinely used antiparasitic treatment in reindeer 
management in Finland is ivermectin. It is used on 80% of the breeding animals 
almost throughout the whole area of reindeer husbandry area in late autumn and 
early winter (Laaksonen et al., 2008). As hypothesized, at the end of the 
experimental infestation (December) there were only dead deer keds found from 
the pelts of the Medication group, indicating that ivermectin would be effective 
against deer keds (paper III), (Table 1). Ivermectin has a broad spectrum of 
antiparasitic activity against gastrointestinal nematodes, lungworms, warbles, 
mange mites as well as other nematodes and arthropods in cattle, other livestock 
and reindeer (Oksanen, 1999), so it was logically chosen for testing without 
forgetting the possible emergence of drug resistance against ivermectin (Shoop, 
1993) and environmental aspects (reviewed by Hrabok (2006). The questionnaire 
survey revealed that the deer ked infestation on reindeer reached 14 reindeer herding 
cooperatives in autumn 2019 (paper IV). According to herders in those cooperatives, 
the antiparasitic treatment with ivermectin is efficient against the deer ked. The welfare 
of reindeer is very important to herders and they would like to help reindeer, which 
suffer strongly from deer ked parasitism. Based on these results and results of this 
thesis it can be suggested that reindeer suffering strongly from deer ked infestation 
can be helped with antiparasitic treatment using ivermectin to enhance their welfare. 
Early administering of antiparasitic medicine is recommended to prevent 
permanent hair damage and winter-time energy loss. 
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5 Conclusions and future prospects 
The results of my thesis offer novel information about the relationship of the new 
host-ectoparasite relationship between the reindeer and the deer ked. Deer ked 
infestation clearly seems to decrease the welfare of reindeer. This new ectoparasite 
can reproduce on reindeer and there has been an expansion of the range of deer ked 
infestation among reindeer in southern part of the reindeer herding area during the 
past five years.  

The welfare of deer ked infested reindeer was evaluated in the experimental 
infestation by observing behavioural responses to infestation. Even relative low 
numbers of deer keds caused restless behaviour to reindeer (paper I). Infestation 
related behaviours were scratching the body with hooves and antlers, grooming 
(biting and licking the body) and shaking the body, head and legs.  

During the observations hair loss was detected from the deer ked infested 
reindeer (paper II). Based on the behavioural observations (paper I) it could be 
stated that hair loss was most likely self-induced and that deer ked caused irritation 
for reindeer. There was a strong correlation between the anatomical location of hair 
loss and deer keds in the experimental infestation and the anterior back was the 
most common site for the deer keds on reindeer (paper II). Hair loss was also 
monitored during field observations on naturally infested reindeer. Comparison of 
conventional photos of reindeer showed that the hair loss areas expanded from 
January to April. This indicated that a portion of the deer ked population, and 
thereby irritation from them, survives in reindeer over winter (paper II). 

The thermal images from field observations demonstrate that deer ked-infested 
reindeer suffering from hair loss had higher maximum surface temperatures than 
reindeer without hair loss (paper II). This seems to indicate that hair loss areas 
caused heat loss. In addition to the clear results of this thesis about the impaired 
welfare due to deer ked infestation, there might be other indirect impacts on 
reindeer health, which could be related to possible increased energy expenditure 
due to parasitism and prolonged insect harassment period.  

Infrared thermography can be used as a diagnostic tool for the examination of 
heat loss in semi-domestic reindeer (paper II). Recognition of inflammations and 
“wet belly” by using infrared thermography may be possible and can be developed 
further. The position of the target relative to the camera may create difficulties when 
photographing. In the present study, increased heat loss was detected from lateral 
IR images of alopecic skin of the reindeer but images from a dorsal position would 
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have given complementary results because hair loss was also observed on the back 
of the deer ked infested reindeer. 

Hatching rates of the pupae found from reindeer bedding sites were not as high 
as in pupae found from moose bedding sites. The mass of pupae from reindeer was 
lower than from moose. As the results of my thesis can be considered preliminary 
results about the reproductive success of deer ked on reindeer, in future the 
weighing of offspring would give information about the possible adaptation 
between the reindeer and the deer ked. Further research would be needed to monitor 
the reproductive success and adaptation between the reindeer and the deer ked, and 
the interaction with the surrounding moose population as the pastures of the moose 
and reindeer are overlapping. The distribution of the deer ked infestation on 
reindeer has moved northwards rapidly after 2010 (paper IV). 

Data from the experimental infestation indicated that ivermectin would be 
efficient against deer keds, as at the end of the study (December) there were only 
dead deer keds found from the pelts of the Medication group (paper III). Ethical 
perspectives of the study have been considered during the process. Even though 
reindeer in the experimental infestation were killed at the end of the experiment, 
the number of the dead deer keds could be counted. Without this, we would not 
know that there is a medical treatment to help reindeer with lowered welfare from 
deer ked infestation. Based on these results, behavioural measurements, and 
observations of widening hair loss and heat loss during the winter months, it can be 
stated that reindeer display behavioural responses indicating that deer ked 
infestation can be treated by using a widely used medical treatment, ivermectin. 
From an animal welfare point of view the timing of the treatment should be as soon 
as possible in autumn.  

The results of the thesis give urgently needed information to reindeer herders 
who have been concerned about the observed symptoms; restless behaviour and 
hair loss in reindeer in the southern part of the Finnish reindeer herding area. It is 
important to follow the hair loss and behavioural symptoms of the reindeer in the 
reindeer herding area to recognize the possible invasion and adaptation of the deer 
ked from a reindeer welfare point of view and also to control the parasites 
detrimental impacts to reindeers. Acquired information about the reindeer − deer 
ked relationship is also important for future management of the wild forest reindeer 
in Finland and the vulnerable wild reindeer population in Norway, which is still 
located outside the deer ked distribution area. 
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