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Härkönen, Laura, Seasonal variation in the life histories of a viviparous
ectoparasite, the deer ked 
University of Oulu Graduate School; University of Oulu, Faculty of Science, Department of
Biology,  P.O. Box 3000, FI-90014 University of Oulu, Finland
Acta Univ. Oul. A 596, 2012
Oulu, Finland

Abstract
The life histories of ectoparasites are shaped by both host and off-host environment. A suitable
host is primarily needed during reproduction, whereas juvenile stages outside the host are directly
exposed to environmental variability. Viviparity, i.e. the development of an embryo inside the
body of the mother resulting in large offspring size, increases offspring survival. The production
of large offspring has its consequences in terms of high variation in offspring age and in the
environment that each young individual will face. I used a viviparous ectoparasite, the deer ked
(Lipoptena cervi), to investigate the consequences of long reproductive lifespan and varying
offspring environment on offspring life-histories and seasonal adaptations. 

Offspring life-histories varied seasonally. I showed that the resources provided by the deer ked
females determine offspring performance throughout its off-host period. Offspring size increased
towards the spring and the end of the reproductive period, and simultaneously offspring survival
and cold tolerance increased. Seasonal variation in offspring size did not reflect the resources that
would guarantee offspring survival during the longest diapause or the highest cold tolerance
during the harshest winter period. Diapause intensity varies with birth time according to the
expected length of the winter ahead. However, the deer ked pupae, regardless of their age,
overwinter at an opportunistic diapause, which may be terminated rapidly only by an exposure to
high temperature. Contrary to general observations, photoperiod has no role in regulating the
seasonal shifts of the deer ked. Neither is high cold tolerance associated only with diapause, but it
remains high through four seasons, also in the active developmental and adult stages. I also
evaluated the effects of life-history variation on the invasion potential of the deer ked. I conducted
a large-scale transplant experiment to test the survival and pupal development at and beyond the
current range. I found that the lower spring and summer temperatures and the shorter growth
season in the north cause a deterioration in pupal performance and shorten the flight period.
However, the colder climate may not totally prevent further spread. A more important factor that
will affect deer ked invasion is host availability, and especially in Finland, the density of the moose
population. 

Seasonal variation in offspring life histories in viviparous ectoparasites differs from the
variation patterns reported in most invertebrates. This may be due to the extremely large offspring
size and to the fact that maternally derived resources determine offspring performance through the
entire off-host period. Variation in offspring performance is thus determined by maternal
resources and seasonal variation in the condition of the moose. 

Keywords: cold tolerance, diapause, ectoparasite, invasive species, moose louse fly,
offspring size, seasonality, viviparity
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Acta Univ. Oul. A 596, 2012
Oulu

Tiivistelmä
Useimpien ulkoloisten elinkierto on riippuvainen isännästä ja isännän ulkopuolella kasvavien
jälkeläisten kohtaamista ympäristöoloista. Viviparia eli jälkeläisen kehitys naaraan sisällä ja sii-
tä usein seuraava suuri jälkeläiskoko parantavat jälkeläisten selviytymistä. Suurten jälkeläisten
tuottaminen pitkällä aikavälillä johtaa siihen, että eri-ikäiset jälkeläiset kohtaavat vuodenajasta
riippuen hyvin erilaiset olosuhteet. Väitöstyössäni tarkastelin Suomessa nopeasti yleistyneen hir-
vieläinten ulkoloisen, hirvikärpäsen (Lipoptena cervi), avulla, mitä seurauksia viviparialla, pit-
källä lisääntymiskaudella ja ympäristön vuodenaikaisvaihtelulla on jälkeläisten elinkierto-omi-
naisuuksiin. 

Väitöskirjatyössäni havaitsin, että hirvikärpäsjälkeläisten elinkiertopiirteet vaihtelevat jälke-
läisen syntymäajan mukaan. Osoitin myös, että hirvikärpäsnaaraan jälkeläisilleen tarjoamat
ravintovarat määrittelevät jälkeläisten isännästä riippumattoman elinkierron aikaisen menestyk-
sen. Jälkeläisten keskimääräinen koko kasvoi lisääntymiskauden edetessä talvesta kohti kevättä,
jolloin myös selviytyminen ja kylmänsietokyky paranivat. Jälkeläiskoon vuodenaikaisvaihtelu ei
näin ollen vastaa jälkeläisten tarvitsemia resursseja suhteessa talvehtimisen pituuteen eikä korre-
loi koville talvipakkasille altistumisen todennäköisyyden kanssa. Lepotilan keston määrittelevä
diapaussin syvyys vaihteli syntymävuodenaikaa vastaavasti. Diapaussin havaitsin kuitenkin ole-
van ensisijaisesti opportunistinen, jolloin pelkästään korkea lämpötila voi nopeasti päättää lepo-
tilan kaikenikäisillä yksilöillä. Vastoin yleisiä käsityksiä valorytmi ei vaikuta diapaussin sääte-
lyyn. Vastoin ennakko-odotuksia kylmänsietokyky säilyy korkeana vuoden ympäri ja kaikissa
tutkituissa elinkierron vaiheissa. Sovelsin tutkimieni elinkiertopiirteiden vaikutusta myös lajin
invaasiokykyyn, ja tutkin istutuskokeen avulla koteloiden selviytymistä ja kehitystä nykyisellä
esiintymisalueella ja sen pohjoispuolella. Alhaisemmat kevät- ja kesälämpötilat sekä lyhyempi
kasvukausi vähentävät aikuiseksi selviytymistä ja lyhentävät lentoaikaa syksyllä. Ilmastoteki-
jöiden suhteen hirvikärpänen voisi esiintyä nykyistä pohjoisempana. Tärkein tekijä hirvikärpä-
sen leviämistä tarkasteltaessa on kuitenkin sopivien isäntäeläi-mien saatavuus ja Suomen olois-
sa erityisesti hirven eli hirvikärpäsen pääisännän kannan tiheys. 

Tutkimukseni perusteella ulkoloisten vivipariasta seuraava jälkeläisten elinkiertopiirteiden
ajallinen vaihtelu eroaa muiden selkärangattomien vastaavasta vaihtelusta. Yhtenä syynä eroi-
hin lienee se, että hirvikärpäsnaaras tuottaa erityisen suuria jälkeläisiä ja että jälkeläiset puoles-
taan ovat täysin riippuvaisia emon antamista resursseista. Emon lisääntymisresurssit ja hirven
kunnon vuodenaikaisvaihtelu vaikuttavat mahdollisesti siihen, minkälaisia jälkeläisiä hirvikär-
pänen milloinkin kykenee tuottamaan. 

Asiasanat: hirven täikärpänen, invaasiolaji, jälkeläiskoko, kylmänkestävyys, lepotila,
vivipaarinen lisääntyminen, vuodenaikaisuus
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1 Introduction 

Ectoparasite life-histories are shaped by both the host and the off-host 

environment. A suitable host is primarily needed for food and reproduction, and 

parasites are often specialised to use only a few host species (Poulin 2007). Most 

ectoparasites live permanently attached to the surface of one host individual. 

Some ectoparasite species need a host throughout their lifespan (e.g. lice), 

whereas some spend a part of their life cycle outside the host (e.g. fleas, ticks and 

louse-flies) (Lehane 2005, Krasnov 2008, Kaitala et al. 2009). Off-host stages are 

directly exposed to similar abiotic and biotic mortality factors as are free-living 

organisms. Viviparity increases offspring survival, but it is often associated with a 

long reproductive period (Stearns 1992). However, the parasitic life cycle also 

includes a period of host location and thus host availability, i.e. the density and 

movements of suitable hosts, has an important role in the ability of a parasite to 

complete its off-host period. There are surprisingly few studies of the 

consequences of asynchronous offspring production on offspring life histories in 

viviparous invertebrates. This thesis aims to increase our understanding of life 

histories in viviparous ectoparasites and their adaptations to seasonal off-host 

environments. 

1.1 Life histories of viviparous ectoparasites 

Viviparity, i.e. prolonged maternal provision and offspring development inside the 

body of the mother, increases offspring survival by increasing offspring size and 

shortening the vulnerable juvenile time (‘safe harbour hypothesis’; Clutton-Brock 

1991, Stearns 1992). Endothermic mammals offer a safe breeding habitat with 

continuously available food for parasites all year around (Tinsley 1999, Krasnov 

et al. 2002). Meier et al. (1999) suggest that due to the constant environment, a 

viviparous reproduction strategy has evolved in a group of blood-feeding 

ectoparasites (Glossinidae, Hippoboscidae, Nycteribiidae, and Streblidae). In 

these ectoparasites, all juvenile development occurs with the resources provided 

by their mother (e.g. Langley & Clutton-Brock 1998).  

Large offspring tend to perform better than small ones in a given environment: 

large propagules survive better and develop faster (Smith & Fretwell 1974, Parker 

& Begon 1986, Roff 1992, Fox 1994). In ectoparasites, large size may also 

enhance offspring performance by increasing starvation resistance during the non-

feeding period (Langley & Clutton-Brock 1998). Thus, the performance of non-
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feeding ectoparasite stages outside the host is largely determined by maternal 

ability to provision each offspring. However, the high investment of time and 

resources in each offspring decreases the total number of offspring that a female 

can produce during her reproductive lifespan (i.e. fecundity costs; Parker & 

Begon 1986, Fischer et al. 2006). As a result of high maternal investment, the 

period of offspring production is often asynchronous, and the age of the offspring 

varies (Clutton-Brock 1991, Stearns 1992). 

Viviparity is associated with a prolonged reproductive period because only a 

few large offspring can be produced at once (Clutton-Brock 1991). Offspring size 

often varies within females as a result of ageing: in invertebrates, young females 

in good condition and with high energy reserves often produce large high-quality 

offspring characterised by high survival and early emergence (Mousseau & 

Dingle 1991, Roff 1992). Offspring size then decreases, mainly because the 

maternal resources available for reproduction decline (Roff, 1992, Mousseau & 

Dingle 1991, Fox, 1993). The size of an offspring may also vary within females 

as a result of trade-offs associated with offspring size. First, an increase in the size 

of earlier produced offspring often negatively affects the size of offspring 

produced at an older age (i.e. reproductive costs; Stearns 1992, Kindsvater et al. 
2010). Second, high reproductive effort early in life is likely to decrease maternal 

survival and thus shorten reproductive lifespan (i.e. survival costs; Stearns 1992). 

Altogether, the maternal provision per offspring should be balanced so that the 

number of offspring surviving to reproduction in the life cycle is maximal 

(Stearns 1992).  

1.2 Seasonal adaptations of ectoparasites 

Temperate zone ectoparasites are mainly protected from unfavourable 

temperatures by the thermoregulatory abilities of vertebrate hosts (Wharton 1999, 

but see Moyer et al. 2002). The long reproductive lifespan in viviparous 

ectoparasites means that the offspring, once shed from the host, will encounter a 

variable seasonal environment. It is expected that the relationship between 

maternal provision and offspring environment determines offspring performance 

through the free-living stages (Langley & Clutton-Brock 1998). So far, the effects 

of high seasonal asynchrony in offspring life cycles in relation to the respective 

seasonal variation in their environments have not been investigated in 

ectoparasites. 
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Offspring size may vary as a result of seasonal phenotypic plasticity. Females 

may adjust their offspring size in response to predictable environmental cues that 

signalise future environmental conditions for the offspring (i.e. anticipatory or 

cued plasticity) (McGinley et al. 1987, Schultz 1991, Landa 1992, Mousseau & 

Fox 1998). For example, an increase in offspring energy reserves increases 

survival at prolonged low temperatures (Colinet et al. 2006). Females may 

produce larger propagules if cold or otherwise poor conditions are expected for 

their offspring, or the size may vary according to the duration of unfavourable 

conditions (Landa 1992, Fischer et al. 2003, Bownds et al. 2010). Alternatively, 

the seasonal variation in offspring size may be an immediate and unavoidable side 

effect of environmental heterogeneity for females (i.e. responsive or direct 

phenotypic plasticity). Blood-feeding ectoparasites often feed concurrently during 

their reproduction. Therefore, the quality of the resources, i.e. blood, acquired for 

reproduction may vary seasonally and directly affect the ability to provision the 

offspring (Langley & Clutton-Brock 1998, Tschirren et al. 2007).  
Off-host survival in temperate ectoparasites depends on the ability to tolerate 

environmental stress and to time the life cycle correctly with seasonality and host 

availability. Ectothermic organisms have evolved a wide range of behavioural and 

physiological adaptations in order to survive through the unfavourable seasons 

(Danks 1987, Tauber et al. 1986, Leather et al. 1993). Like most invertebrates, 

ectoparasites use diapause-mediated dormancy to survive through the winter and 

to persist in an area over those times when suitable hosts are not available 

(Kennedy et al. 1975, Wharton 1999). In the definition by Tauber et al. (1987), 

diapause is a dynamic state of low metabolic activity which is associated with 

suppressed development and increased resistance to environmental stressors, such 

as frosts and drought. Once diapause has begun, metabolic activity remains 

suppressed, even if the conditions are favourable for development. Diapause is 

considered irreversible until a series of physiological changes have occurred (i.e. 

completion of diapause development).  

One consequence of the long reproductive period is that offspring enter 

diapause asynchronously. Correct timing of the seasonal shifts, especially from 

diapause to the active phase, helps in the synchronisation of the life cycles 

(Tauber et al. 1986). Time to diapause termination is primarily determined by 

diapause intensity and, secondarily, it is regulated by seasonal cues (Masaki 2002). 

Diapause intensity, or diapause depth, is a physiological trait that determines the 

diapause duration of an individual under given conditions: the earlier diapause is 

entered, i.e. the longer it should last, the deeper the diapause is at the time of 
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induction (Masaki 2002, Dambroski & Feder 2007). Diapause intensity then 

decreases with the increasing number of days at low temperature, when 

responsiveness to diapause terminating cues increases correspondingly (Tauber et 
al. 1986). This usually means that the length of experienced cold, often referred 

as chilling, determines when the diapause can be terminated at earliest. The 

required cold period may vary from a few weeks to several months (Masaki 2002). 

Insects also use seasonal changes in external signals, such as photoperiod, 

temperature or moisture, to time the period of dormancy correctly with current 

and future conditions (Tauber et al. 1986, Danks 1987, Leather et al. 1992). For 

example, diapause is often induced and maintained under short day-length, which 

predicts winter, whereas long day-length predicts approaching spring and directs 

the diapause towards its termination (Bradshaw & Holzapfel 2007). Diapause is 

terminated when diapause intensity has decreased sufficiently, and it is no longer 

maintained by token environmental stimuli. Further growth and development 

begin once the ambient temperature rises above the threshold. 

Temperate ectoparasites must cope with low seasonal temperatures, and 

preparing for winter begins well in advance before adverse conditions arise 

(Tauber et al. 1986). In addition to diapause as such, winter survival also depends 

on other physiological adjustments. Freeze-intolerant insects may increase their 

tolerance to harsh frosts by lowering their freezing point, i.e. by supercooling 

(Leather et al. 1993). Diapause-mediated cold-hardening often requires weeks of 

acclimation: e.g. a shortening photoperiod and decreasing temperatures in autumn 

stimulate the production of cryoprotectants, which increase the cold tolerance 

towards winter (Tauber et al. 1986).  

Large size increases tolerance to prolonged low temperatures (Colinet et al. 
2006): besides the fact that large individuals have greater energy reserves, the 

formation of lethal body ice may be slower in these large individuals (Ansart & 

Vernon 2004), but the opposite pattern has also been reported by e.g. Hahn et al. 
(2008). Metabolic activity during diapause is low but body maintenance and 

physiological adjustments, such as supercooling, consume energy reserves 

(Leather et al. 1993, Colinet et al. 2006, Matsuo 2006). The diapause has been 

considered costly if it is associated with loss of metabolic resources, which 

increases mortality and reduces reproductive opportunities. These costs are often 

associated with extended diapause (e.g. for several years; Matsuo 2006). In 

ectoparasites, the non-feeding period may continue diapause: the loss of energetic 

reserves and its effects on performance during the further off-host lifespan are 

unknown. 
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1.3 Invasion process in ectoparasites 

Invasive species have recently been a focus of interest (e.g. Sakai et al. 2001, 

Davis 2009). The terminology used in connection with species invasions 

originates from alien species that are introduced to new geographical areas, 

mainly by human activity. After introduction they expand rapidly having negative 

effects on the colonised ecosystem (Mooney & Cleland 200). Here, I use the term 

invasion as defined by Reise et al. (2006), since it applies to all species and any 

process of rapid spread and establishment beyond the original range (also 

recommended by Davis 2009). The majority of past research done with the life 

histories of invasive species is not generally applicable but restricted to a narrow 

range of taxa, and mainly to free-living organisms (Carroll & Dingle 1996). So far, 

the life histories of invasive ectoparasites have been poorly studied (but see 

Samuel et al. 2000). 

The invasion process occurs through three main steps, namely introduction, 

establishment and further spread (Reise et al. 2006, Davis 2009). In parasites, this 

process is complicated because it depends on both host and parasite ecology. The 

most important factors determining the parasites’ range are the distribution and 

density of suitable hosts, and their ability to resist parasites (Wild et al. 2009). 

The parasites’ own active dispersal capacity, i.e. ability to fly and migrate long 

distances, is often poor (Samuel et al. 2000). For arthropods that parasitise larger 

vertebrates, the host individuals are often the carriers of a founder population into 

novel environments (Boulinier et al. 2001). When on the host, food and 

favourable conditions are secured, regardless of external environment, whereas 

off-host stages must cope with the new climatic conditions.  

Factors that fundamentally determine the species range limits derive from 

interactions between individual life-history characteristics and the experienced 

environment. In ectoparasites, off-host life-history stages may constrain 

distribution because they are directly exposed to abiotic and biotic factors 

(Samuel et al. 2000). The population at the invasion frontier more frequently 

experiences strong, limiting environmental stressors, and therefore individuals at 

range-margin are likely to express those characteristics that determine the 

invasion potential of a species or a population (Hill et al. 1999, Hill et al. 2011). 

For instance, the amount of variation in individual life histories often determines 

the evolutionary potential of a species to adapt to novel environments beyond 

their current range (Stearns & Hoekstra 2005). Phenotypic plasticity is believed to 

be the primary strategy for invasive species because it allows populations to 
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tolerate and establish at and beyond the range limit without adapting to the local 

environment first (Agrawal 2001, Yeh & Price 2004, Richards et al. 2006). 

Furthermore, pre-adaptations originating from native areas, such as high 

physiological tolerance to a varying range of environmental stressors, may also be 

important in helping the invasive population to establish and persist in variable 

environments (Davis 2009, Sexton et al. 2009).  

The relationship between ambient temperature and ecological requirements is 

often used to forecast species invasions (Crozier 2004a, 2000b, Thuiller et al. 
2005) or the effects of climate change on geographical distribution (Cammell & 

Knight 1992, Thuiller 2003, Bale & Hayward 2010). Towards the north, 

ectoparasites outside the host are faced with a severer climate. Successful 

establishment in the north depends on the ability to withstand longer winters, 

shorter summers and lower seasonal temperatures. Juvenile growth and 

development rates are often sensitive to temperature, and flight capacity depends 

on the environmental temperature (Meats 1989, Angilletta 2009). Timing the 

emergence time of the host-seeking stage to match host movements is particularly 

important in northern habitats, where the transmission period is shorter due to 

earlier arrival of winter (Samuel et al. 2000). However, the interaction between 

photoperiod and temperature varies along a latitudinal cline. The shifts between 

diapause and active phases are often adapted to seasonal rhythm at the native 

range. Thus during rapid range expansion, diapause in the new northern 

environment may be induced and/or terminated at a locally inappropriate time of 

the season (Bale and Hayward 2010).  

1.4 The aims of the study 

This thesis aims to explore life-history variation in a viviparous ectoparasite. I use 

a viviparous ectoparasite, the deer ked (Lipoptena cervi, Hippoboscidae), to 

investigate the consequences of a long reproductive lifespan and seasonally 

varying off-host environment on offspring life histories and seasonal adaptations. 

Using field-collected data and manipulative experiments I test theories from the 

fields of evolutionary ecological and ecological physiology. I will also evaluate 

the effects of life-history variation on the invasion potential of the deer ked. 

The deer ked is a highly prevalent ectoparasitic fly on boreal cervids, 

especially on moose (Alces alces). Throughout the reproductive lifespan, the adult 

deer ked is attached to the same host individual and feeds on blood concurrently 

(Haarløv 1964). Since viviparous females produce one large prepupa at a time, 
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offspring production is highly asynchronous. The reproductive period of a female 

extends through at least three seasons, from autumn to the following spring 

(Kaitala et al. 2009). Newborn pupae drop off the host, often onto host bedding 

sites. A long reproductive period means that offspring age varies, and that they 

experience very different seasonal conditions outside the host depending on their 

birth time. The off-host stages depend totally on the nutritional resources that the 

mother is able to transfer from their host to the developing offspring. So far, there 

is no empirical evidence as to whether ectoparasite females produce different 

offspring according to predictable seasonal variation outside the host. 

The first part of this thesis concentrates on the effects of varying offspring 

age on offspring provisioning and regulation of offspring diapause, and the effects 

of both birth time and offspring size on overwintering survival and cold tolerance. 

First, I tested whether offspring size varies according to the seasonal conditions 

that a young individual will face outside the host (I). I expect that young females 

in autumn and early winter would increase the size of the offspring, when both 

the expected diapause duration for the newborn offspring (I) and the length of 

exposure to harsh winter temperatures (II) are long. I also explored in detail how 

the maternally-derived resources and diapause duration affect survival through 

the entire pupal period (I) and the tolerance to environmental stress during all off-

host stages (II). Second, I test the effects of both environmental cues and a 

physiological switch mechanism determining the timing of diapause termination 

in pupae of varying age (III). I expect that age-dependent features affect offspring 

diapause regulation and its duration differently. I also discuss the role of diapause 

in synchronising offspring life cycles 

In the second part of this thesis, I aim to find factors that may facilitate rapid 

invasion by the Finnish deer ked population. The invasion of this ectoparasite has 

previously been explained by an increase in host numbers (Hackman et al. 1983, 

Välimäki et al. 2010, Meier 2012), but the effects of abiotic factors on off-host 

performance have not been studied before. To evaluate the invasiveness of the 

deer ked against this background, I conducted the life-history studies (I-III) using 

a population from the northern range limit, in which the individuals are likely to 

express the characteristics determining population invasiveness (Hill et al. 2011). 

I also conducted a common garden experiment along a latitudinal gradient 

(including areas in present range as well as to the north of the current range), to 

test how pupal performance is affected by spring and summer temperatures (IV).  

The detailed study questions, experiments and predictions for the hypotheses 

are summarised in Table 1. 
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2 Materials and Methods 

2.1 Study species 

The deer ked is a univoltine ectoparasite on boreal cervids. In Finland the deer 

ked is most abundant on moose (Alces alces) (Kaunisto 2009, Välimäki et al. 
2011): a single moose has been observed to host over 17,000 flies (Paakkonen et 
al., 2010). In Northern Europe, the deer ked also parasitises the roe deer 

(Capreolus capreolus), the wild forest reindeer (Rangifer tarandus fennicus) and 

the semi-domesticated reindeer (Rangifer tarandus tarandus) (Kaunisto et al. 
2009, Välimäki et al. 2011). Deer keds reproduce only on cervids, but they also 

attack other large mammals, e.g. human beings, causing mainly nuisance and 

allergic reactions (Laukkanen et al. 2005, Reunala et al. 2008, Kortet et al. 2010). 

The lifespan of a deer ked may extend as long as two years: the first year is 

spent outside the host and the second on the host. Thus, the deer ked spend the 

winter in two separate stages: as reproducing adults they remain active throughout 

the winter on the host while the next generation overwinters on the ground at 

pupal diapause (Haarløv 1964).  

After pupal diapause and development on the ground, adult deer keds emerge 

synchronously in late summer (Kaitala et al. 2009). The adults ambush hosts and 

attack them at close quarters (reviewed in Hackman et al. 1983). After accepting 

the host, the adults drop off their wings. Females fertilise only one egg at a time 

and retain each egg within their uterus. Offspring develop internally through all 

the larval stages, a strategy called adenotrophic viviparity (Imms 1957) or 

pupiparity (Meier et al. 1999). The total number of offspring is unknown, but a 

closely related species, the sheep ked (Melophagus ovinus), produces a total of a 

few dozen pupae (Small 2005). According to Ivanov (1981), deer keds start 

producing pupae a month after they have attached to the host. The main 

reproductive period in Finland was not known before. I have observed the first 

pupae at the beginning of October. In mid-April the number of deer ked adults on 

moose and pupae on moose bedding sites are still high. I have found some adults 

and pupae on moose in June, but they have also been found as late as in early July 

(Sauli Laaksonen, pers. comm.).  

After birth, an immobile pupa falls from the host, often onto host bedding 

sites, where they overwinter at pupal diapause (Haarløv 1964). Early-born pupae 

in autumn will experience a long winter, whereas late-born pupae in late winter 
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may overwinter only shortly before developmental period. Adults emerge in late 

summer after approximately three months of pupal development (Kaunisto et al. 
2011). Thus, depending on birth time, the entire non-feeding period outside the 

host differs from a few months to as much as a year. Moreover, moose are highly 

mobile and may move for hundreds of kilometres during the deer ked’s 

reproductive life span (Heikkinen 2000). Thus the offspring of each female may 

be dispersed over a wide range of habitats and geographical areas. 

The geographical distribution of the deer ked covers large parts of Eurasia: 

from the British Isles to Central Europe, Fennoscandia, Siberia, Northern China 

and Korea (e.g. Haarløv 1964, Maa 1969, Kim et al. 2010, Välimäki et al. 2010). 

The outbreak of deer ked in the Finnish moose population began from South-

Eastern Finland (60°N) in the 1960s and nowadays the current range limit is near 

the northern edge of Ostrobothnia (ca. 65°N) (Hackman 1977, Välimäki et al. 
2010). Before the arrival of the deer ked in Finland, the moose was almost extinct 

for a few decades (during the 1940–50s). The rapid range expansion has been 

associated with the growing moose population (Hackman et al. 1983, Meier 

2012). In Western Fennoscandia (Sweden) deer ked have existed since the 18th 

century (Linnaeus 1758). There, moose densities are currently three times higher 

than in Finland (Lavsund et al. 2003), yet the deer ked’s range limit in Sweden is 

around 60°N (Välimäki et al. 2010), suggesting that, additionally, geographical or 

environmental factors drive the population dynamics of off-host stages. 

Unfortunately, there is no recent knowledge on Russian deer ked populations. 

2.2 Offspring life histories in seasonal environments (I, II, III) 

The first part of the thesis examines how the life-history characteristics of the 

deer ked offspring vary through the main reproductive period extending from 

autumn to spring. I study the basic biology of the deer ked, but the main focus is 

on the consequences of high variation in offspring age. I observe maternal and 

seasonal effects on offspring life-history traits in relation to the different 

conditions that each pupa will experience outside the host. I test whether there is 

seasonal variation in offspring life histories, such as offspring size, survival, 

diapause and development.  
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2.2.1 Material collection and preparation 

All the collected pupae in studies I-III originated from the moose population 

inhabiting the surroundings of Siikalatva, Finland (64°30′20″N, 25°39′00″E; 60 

metres above sea level). The first observations of deer ked in the area were 

approximately in 2005 (Juho-Antti Junno, pers. comm.). The deer ked density at 

the studied northern invasion frontier is very high: visual examination of bedding 

sites during winter (see Kaunisto et al. 2009) showed that nearly all moose in the 

study area are heavily parasitised by the deer ked. 

I used pupae collected throughout the main reproductive period from October 

2009 to April 2010. Reproductive adult deer keds cannot be reared in the 

laboratory due to their blood-feeding habits and close dependence on the host 

environment. All the data were therefore collected using individuals from a wild 

deer ked population. Black pupae are easy to find in the wild during the snowy 

winter period but difficult to locate in the soil without any snow cover. Due to the 

lack of a permanent snow blanket until mid-winter, I collected pupae directly 

from hunted moose during the first three months of the study period. Afterwards, 

the pupae were collected from moose bedding sites. I am aware that the pupae on 

a host may not be of similar quality with those collected from the bedding sites, 

but this was the only way to acquire material throughout the main reproductive 

period. For example, the death of the host individual may increase physiological 

stress for the ectoparasite female and potentially affect offspring provisioning 

(Clutton-Brock, 1984). The potential effects of the method were taken into 

account during collection (see below) and analysing the data (I). 

From October to December I collected pupae from the pelts of a few recently 

killed moose (killed by local hunters each month during the moose hunting 

season). The pupae (on average 300 pupae/moose) were picked from the pelt 

within 18 hours after the moose was shot. A deer ked female gives birth to a white 

third instar larva, a pre-pupa. Pupation (incl. hardening and melanisation of the 

puparium) takes several hours after birth (Bequaert 1953). A complete puparium 

is dark black in colour, but if pupation fails, the puparium remains partly soft and 

the colour remains partly white/red/brown. Failed pupation leads to an unviable 

pupa (L. Härkönen, unpublished observations), and therefore only completely 

pupated individuals were selected for the following experiments. This selection 

guaranteed that, at the time of collection, newborn pupae were viable and, with 

high probability, born before the moose were killed. From January to April I 

searched for recently used bedding sites (indicating that the pupae had been born 
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during the last few days) by following fresh moose tracks, and I collected 

completely pupated individuals from the snow cover. 

2.2.2 The experiment on life histories (I) and diapause (III) 

The experiment described in articles I and III were conducted simultaneously 

using the same pupae collected monthly between October and April. I used 

different parts of the data to examine seasonal variation in offspring size, diapause 

duration, survival through pupal period (I), and ecophysiological diapause 

determination and timing of adult emergence (III).  

I divided the pupae within each collection month into three chilling and two 

photoperiod treatments. The pupae in the first chilling treatment, i.e. ‘no 

diapause’, were placed immediately in either a short (8 h/light: 16 h/dark) or a 

long photoperiod (16 h light: 8 h/dark) at a constant high temperature (17 ºC). 

Before exposure to the photoperiodic treatments, the pupae in the second chilling 

treatment, ‘short diapause’, were kept in a dark cold room (5 °C) for one month 

(30d), and the third chilling treatment, ‘natural diapause’ for the cold period that 

each pupa would have experienced in nature: chilling time in the latter treatments 

thus varied from one month (for April pupae) to seven months (for October 

pupae). Table 2 shows in detail which chilling treatments were used in articles I 

and III.  

Table 2. The chilling treatments used to examine seasonal variation in offspring life-

history characteristics. Pupae collected between October and April were exposed to 

three different lengths of diapause (chilling treatment). Different treatments and parts 

of this data were used to study seasonal variation offspring life-history characters (I) 

and timing of the diapause and life cycle (III) based on predictions presented in Table 

1. 

Chilling treatment Study I Study III 

No diapause Offspring size, size-dependent survival Offspring age, photoperiod 

and temperature regulating 

diapause termination and 

seasonal variation in diapause 

intensity 

Short diapause  

Natural diapause Diapause survival 
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2.2.3 Offspring size, survival and cold tolerance (I, II) 

In the deer ked, maternally derived energy reserves during larval incubation 

determine the resources for the entire non-feeding, off-host period and offspring 

resistance to starvation and environmental adversities outside the host. 

In article I, I studied seasonal variation in offspring size and its relationship 

with diapause survival. I measured pupal size through the main reproductive 

period immediately after collection (i.e. birth size between October and April), 

and investigated the effects of pupal size and varying diapause length (no 

diapause or natural diapause) on survival to the point of adult emergence (I; see 

2.2.2. and Table 2 for the treatments used here). 

In article II, I investigated the effects of pupal size, birth month and cold 

acclimation on the cold tolerance of the deer ked through its off-host life cycle 

(III). I collected pupae within intervals of six weeks from autumn to spring, to 

study the cold tolerance of newborn pupae that drop off the host without 

acclimation. To avoid lethal freezing, an insect may lower its freezing point, but 

the time it survives in a supercooled state varies with the duration and severity of 

frost (Knight et al. 1986). I therefore tested cold tolerance by measuring the 

freezing points (SCP) using DTA analysis (see detailed methods in III) and 

measured survival after exposure to extreme frosts (-15 °C or -20 °C) for three 

days. I also measured cold-hardening capacity through all four seasons: in 

addition to newborn pupae produced between October and April, I measured SCP 

during pupal development in summer and during the adult stage in autumn. 

2.2.4 Timing of diapause termination and adult emergence (III) 

A further aspect of the work was to study how seasonal and age-dependent 

features affect diapause and its duration. Photoperiodic and thermal conditions 

experienced by a deer ked pupa differ, depending on its birth time: reproduction 

begins in autumn when the day-length decreases but temperatures may still be 

favourable for development. Offspring production lasts through the darkest and 

coldest times of the year and ends a few months after the vernal equinox, when 

day-length increases and temperatures are high again. 

Using all the diapause treatments (see 2.2.2 and Table 2), I tested whether the 

responses to environmental cues and diapause intensity vary seasonally with 

pupal birth month and age. It is expected that correct cues must be received 

during diapause, or else the diapause will continue until the insect dies (Tauber et 
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al. 1986). For example, if long day-length and/or a period of chilling are 

obligatory to start post-diapause development, then no adults should emerge in 

treatments with short day-lengths and/or too short chilling times. By observing 

emergence success I tested how two environmental cues, day-length and chilling 

time, regulate diapause termination. I then studied variation in diapause intensity 

by testing the effects of photoperiod, chilling time and birth time of a pupa on 

adult emergence time (Kimura & Masaki 1998). 

To test the synchronisation of life cycles in pupae of varying age, I compared 

adult emergence times after each diapause treatment (III) and in relation to pupal 

size (I). I defined synchrony as a situation when the time required for adult 

emergence does not vary between birth months, indicating that the diapause is 

terminated in synchrony.  

2.3 Predicting northwards expansion (IV) 

In the second part of my thesis, I investigated pupal performance in the more 

extreme conditions that prevail at the current deer ked range limit. To test the 

effect of spring and summer temperatures on survival and development time, 

pupae were collected from moose bedding sites in late winter (March–April). Five 

study sites were chosen along a geographical gradient reaching from central 

Finland to northernmost Finnish Lapland (almost 1000 km): from south to north 

the field sites were Konnevesi 62oN and Oulu 64oN (present range environments), 

Kuusamo 65oN, Rovaniemi 66oN and Utsjoki 70oN (north of the present range) 

(see detailed descriptions of the study sites in IV). Each treatment consisted of 

pupae collected from three different geographical origins (southern, central or 

northern Finland). The first set of pupae was introduced to each field site at the 

end of March (representing the circumstances when falling off the host in late 

winter). In the middle of May, another set of pupae was introduced to Konnevesi, 

Rovaniemi and Utsjoki, to experience only summer conditions.  
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3 Results and Discussion 

The results showed high seasonal variation in offspring life histories in the 

viviparous deer ked. A short summary of my main results and their conclusions 

are presented in Table 3. 

The resources a mother allocates to offspring provisioning largely determined 

the performance of offspring outside the host. In contrast to my predictions, early 

born offspring with the longest diapause and exposure to low temperatures were 

the smallest, and offspring size increased during the second half of the 

reproductive period (I, Fig. 1). Small autumn pupae with the longest diapause had 

very low survival, 3%, compared to the 61% survival rate of the largest spring 

pupae with a short diapause (Fig. 2). Surprisingly, photoperiod had no role in 

diapause regulation, but the deer ked overwinters at a thermally opportunistic 

diapause. This means that neither is a cold period required to start development, 

but the diapause is a rapidly broken once exposed to high temperatures. Diapause 

termination was also affected by seasonal variation in diapause intensity, i.e. adult 

emergence time varied with pupal age and chilling time. The longest, natural 

chilling for all pupae resulted in earlier emergence, also enhancing the synchrony 

of the adult stage. The deer ked tolerated extremely harsh temperatures during 

diapause, but also through all the off-host stages and four seasons. 

 

Fig. 1. Seasonal variation in pupal mass (mg ± 95% CI) of the deer ked (I). 
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Fig. 2.  Survival of pupae from birth until adult emergence after direct development (i.e. 

no diapause) and natural diapause duration. In the latter, pupae produced in October 

by young females had the longest diapause (seven months, on the left), and pupae 

produced by old females in April had the shortest diapause (one month, on the right) 

(I). 

3.1 Winter survival: diapause and cold tolerance (I, II, III) 

One of my most surprising findings was that photoperiod had no role in 

regulating the seasonal shifts in the deer ked, but instead winter dormancy was 

maintained by low temperature and terminated by high constant temperature. 

Unexpectedly, diapause was broken by an approximately four-day exposure to 

constant high temperature (17 oC): post-diapause development started without a 

cold period, even in autumn. Insects that have an opportunistic diapause are able 

to reverse their dormancy promptly once the ambient temperature becomes 

suitable for further development (see Masaki 1990, 2002, Ando 1993). This 

contradicts the general view, that before completion of diapause development, 

diapause is irreversible even under favourable conditions (Tauber et al. 1986). 

My results support the theory that a thermally regulated pupal diapause is 

characteristic of hippoboscid louse-flies (Kennedy et al. 1975). A reversible, 

thermally-dominated diapause is not a common form of insect hibernation in the 

temperate zone, as the annual and seasonal fluctuations in temperature are 

assumed to offer less predictable signals for an insect than do constant 

photoperiodic cues (Tauber et al. 1982, Tauber et al. 1986). However, the 
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majority of deer ked pupae are produced during the unfavourable seasons, when 

low temperatures will maintain diapause until spring. A similar diapause has been 

reported in some insects, for instance, in the temperate fly Agromyza frontella 

(Agromyzidae; Tauber et al. 1982). Nijhout (1998) reports that diapause in the 

moth Manduca sexta (Sphingidae) and the butterfly Papilio polyxenes 

(Papilionidae) is terminated by high constant temperature and without absolute 

requirements for cold.  

During diapause the pupae lost a significant amount of their weight, which 

had a negative effect on post-diapause survival (I). If a pupa lost more than 21% 

of its body mass during its diapause, it did not survive to adulthood. The relative 

weight loss increased with diapause duration and was relatively higher for small 

pupae. Small individuals often have higher metabolic rate than large individuals 

(Peters 1983; Matsuo 2006), so small deer ked pupae may suffer from relatively 

higher energetic costs during a long dormancy. It is often thought that the 

negative effects of resource loss on further lifespan following diapause (e.g. 

additional mortality and fewer reproductive opportunities) are only involved in a 

diapause that extends to several years (Leather et al. 1993, Matsuo 2006). 

Surprisingly, my results show that diapause may have a crucial role in offspring 

performance even if it is short. My results suggest that variability among 

offspring in their size and diapause duration may be an important component of 

deer ked life history evolution, indicating that it would be useful to examine 

overwintering effects on further lifespan in future life-history studies. 

In article II, I observed low freezing points (-26 °C), even without cold 

acclimation. Winter cold tolerance in the deer ked thus contradicts the general 

assumptions that winter cold-hardening would require days or weeks before 

actual severe winter conditions arise (Tauber et al. 1986). Ectoparasites that leave 

the warm host during winter may face a sudden risk of freezing, since they have 

had no time to prepare themselves for harsh winter conditions. Some temperate 

species may respond to low temperatures at short notice and even during the 

favourable seasons: rapid cold-hardening processes protect the insects from cold 

injury if they experience a sudden fall in ambient temperatures (e.g. Czajka & Lee 

1990, Kelty & Lee 2001). The ability to cold-harden rapidly may increase the 

survival probability of newborn deer ked pupae when they have just fallen off the 

host 

The mortality of the deer ked pupae increased when the duration of harsh 

frost was prolonged. For example, at -20 °C they survived relatively well for three 
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days but four days at this temperature killed them all. Large size increased 

tolerance to long frosts, and therefore cold tolerance was higher in spring than in 

winter. Frosts below -20 °C occur only during a few months (Dec–Mar) even in 

northernmost Finland (Kevo/Finnish Meteorological Institute Database, 2010), 

whereas the deer ked pupae are produced during a period lasting at least nine 

months. A large proportion of pupae will be covered by snow, which protects the 

overwintering pupae.  

The cold-hardening capacity of the deer ked remained high throughout all 

four seasons and free-living life-history stages (SCP ≤ 20 °C; II): the developing 

pupae and adults never experience such temperatures in summer or autumn. The 

majority of insects enter diapause well in advance in order to withstand 

decreasing autumnal temperatures. Supercooling points of -30 °C during diapause 

are not uncommon among hibernating insects in temperate regions. So far, only 

some Arctic and Antarctic freeze-intolerant species have been reported to retain a 

high degree of cold-hardiness all year round (Tauber et al. 1986, Bale et al. 2001).  

The high cold tolerance all year round and through free-living stages 

observed in deer ked may correlate with other factors increasing their off-host 

survival, such as resistance to starvation or drought (Tauber et al. 1986, Dautel & 

Knülle 1997). In the deer ked, high cold tolerance may be a side effect of 

offspring provisioning for their long non-feeding period. For example, it has been 

suggested that high supercooling capacity in the ectoparasitic tick Argas reflexus 

(Argasidae) is a consequence of its ability to survive prolonged periods of 

starvation and desiccation when outside the host (Dautel & Knülle 1997). Body 

fat is an important energy source during starvation (Colinet et al. 2006), and fatty 

acid composition has been found to be involved in the cold-hardening of dipterans 

(Bennett et al. 1997, Ohtsu et al. 1998). Age also has an important role in cold-

hardening capacity (Bowler & Terblanche 2008). Although the cold tolerance of 

the deer ked remains high after diapause, energy reserves decrease with age (i.e. 

length of starvation), which is likely to gradually reduce cold tolerance.  

3.2 Seasonal variation in offspring size and performance (I, II) 

In the deer ked, the mean offspring size increased as the mothers became older 

(Fig. 1). The effects of maternal age on offspring size thus contradicted the 

general trend reported in invertebrates, i.e. that size often decreases with maternal 

age. The opposite trend has mainly been found in species that continue growth 

after maturation (Marshall et al. 2010) and in vertebrates (Clutton-Brock 1991, 
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but see Kindsvater et al. 2010). This pattern may result from the fact that old 

mothers with low residual reproductive value are able to transfer an increasing 

proportion of their remaining resources to offspring provisioning (referred to as 

terminal investment; e.g. Clutton-Brock, 1991). However, care should be taken 

when considering only the effects of maternal age on offspring size in the deer 

ked, as also other factors, such as maternal body size, are likely to affect offspring 

size (Marshall et al. 2010). 

Mothers may modify offspring size in order to increase their own fitness 

rather than to increase survival of an individual offspring (Smith & Fretwell 1974, 

Begon & Parker 1986, Marshall & Uller 2007). Each propagule that a viviparous 

deer ked female produces is extremely large among invertebrates: a pupa weighs 

approximately the same as the blood-consuming female herself (see Paakkonen et 
al. 2010). A high reproductive effort early in life may shorten adult lifespan and 

reduce their lifetime fecundity (Stearns, 1992). If also the survival probability of 

offspring is low, females may be expected to postpone their reproduction to an 

older age (Stearns 1992, Marshall and Uller, 2007). In viviparous species a 

relatively small increase in the size of already large offspring rarely exceeds the 

benefits of increasing the offspring number (Schrader and Travis, 2008). Due to 

large propagule size and low fecundity, I assume that the deer keds may be 

selected rather to guarantee a long reproductive lifespan and to increase the 

offspring number than to increase offspring size or postpone reproduction. This 

phenomenon may have been useful in the history of the species’ evolution, and is 

seemingly not very detrimental in the current distribution area of the species.  

I found that large pupal size increases off-host survival in the deer ked, but 

seasonal variation in offspring size did not reflect seasonal variation in the 

expected offspring diapause duration or cold tolerance. It thus seems that 

temporal variation in offspring size does not result from seasonally cued plasticity 

in offspring size: the first-born offspring, which had a long diapause ahead, were 

provisioned with the lowest energy reserves. Old females have been reported to 

produce larger offspring if they have sufficient resources to do that (Fox 1993). In 

ectoparasites, the variation may rather result from the direct effects of host 

condition and from the effects of seasonal changes in the quality of host blood on 

females (Langley & Clutton-Brock 1998). The body condition of moose declines 

as the winter progresses, due to decreased food availability (Sæther & Gravem 

1988). When the host condition declines, it is less able to develop and maintain 

costly immunological or physiological defence mechanisms, and their lowered 
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resistance increases the quality of resources for blood-feeding ectoparasites 

(Roulin et al. 2003; Tschirren et al. 2007). Accordingly, I found that offspring 

size in the deer ked increased from mid-winter towards spring, which may 

indicate seasonal changes in the host effect on the ectoparasite’s resource quality 

and thus on its reproductive performance. However, further work on blood-

feeding ectoparasites is still needed to distinguish between the effects of maternal 

trade-offs and host effects on offspring size and performance in seasonal 

environments. 

3.3 Timing of the life cycle and adult emergence (III) 

Although I found that deer ked diapause is terminated by constant high 

temperatures and without absolute requirements for cold, post-diapause 

development starts more quickly after chilling. This pattern has also been reported 

in other hippoboscids, and it indicates that diapause development is completed 

already during the cold period (Kennedy et al. 1975). In the deer ked, the effect of 

chilling time varied with pupal birth season. I found that early-born pupae (until 

January) required longer chilling to complete their diapause development in cold 

conditions than did the late-born pupae (from February on). This indicates that 

diapause intensity varies seasonally, being higher in autumn than in spring, and 

also with age, as it decreases with the increasing number of days at low 

temperature (Masaki 2002). A deep diapause is expected in first-born offspring 

that will receive diapause terminating signals, such as long day-length and high 

temperature before winter (Tauber et al. 1986, Ando 1993, Masaki 2002). 

Because of high diapause intensity in autumn, the deer ked pupae require longer 

exposure to high temperatures than in spring to start their development. Our 

results thus support Ando (1993), who reports that high diapause intensity may 

prevent development before winter, even when diapause is thermally reversed. 

In species that enter diapause at different times of the year, diapause intensity 

often varies as a response to seasonal cues (Kimura & Masaki 1998, Masaki 

2002). The mechanisms for seasonal variation in diapause intensity in the deer 

ked as well as for diapause induction are currently unknown. In species with a 

long reproductive lifespan, maternal age correlates predictably with seasonal 

changes (Mousseau & Fox 1998). If offspring enter diapause at birth, maternal 

age or environment may determine whether the offspring will enter diapause or 

not, and how long the diapause is once induced (Denlinger 1972, Mousseau & 

Dingle 1991). Because the deer ked pupae drop off the warm host after birth, they 
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have no time to prepare for diapause. It may be, for instance, that the mother 

prepares her offspring for different seasonal conditions: young deer ked females 

in autumn produce offspring that enter deep diapause compared to the weak 

diapause of pupae produced by old females in spring. Kennedy et al. (1975) 

suggest that in bird louse-flies, the seasonal condition of host blood may induce 

variation in offspring diapause rather than the photoperiodic cues experienced by 

the mother.  

Variability in diapause intensity has been found to play an important role in 

the evolution of seasonal life cycles (Masaki 2002). This has been demonstrated 

with a geometrid moth Abraxas miranda, in which entering pupal diapause is 

highly asynchronous between autumn and spring. Corresponding seasonal 

variation in diapause intensity, i.e. higher diapause intensity in autumn than in 

spring, has been observed to result in more synchronised emergence of adults 

than would otherwise be expected (reviewed by Masaki 2002). In the deer ked, 

diapause intensity decreased as a result of chilling. The spring pupae, which will 

be exposed to cold only for a short period, have lower diapause intensity, so that 

they will catch up in diapause development with those already born in autumn 

and experiencing a long cold period. As a result, post-diapause development in 

all-aged deer ked pupae may start synchronously once exposed to temperature 

above the developmental threshold in the spring. 

In deer ked pupal development, the post-diapause stage lasts exceptionally 

long, for ca. 90 days (III). An increase in offspring size unexpectedly prolonged 

pupal development in the deer ked, but Kaunisto et al. (2011) reported that large 

deer ked adults emerge from large puparia. In most invertebrates, offspring from 

large eggs develop faster and emerge as larger adults than those from small eggs 

(Roff 1992, Fox 1994). Early emergence and large adult size often increase 

reproductive success in terms of more mating opportunities, higher mating 

success and ability to produce larger offspring (Wiklund & Forsberg, 1991, Roff 

1992). The opposite pattern I found in the deer ked has previously been associated 

with their relatively higher rate of energy consumption (Tobin et al. 2002). I 

assume that small deer ked pupae may emerge earlier if their energy reserves are 

exhausted sooner, whereas large pupae may consume more resources on longer 

development in order to attain larger body size. However, there seems to be a 

trade-off between emergence time and adult size in the deer ked (see Zonneveld 

1996): is it better to produce small offspring that emerge early or large ones that 

probably have better resistance to starvation and become bigger adults? The deer 
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ked mainly ambush their hosts, which means that the time available may partly 

determine the success of host location. However, sedentary waiting for a suitable 

host may even take several weeks after emergence (Kaitala et al. 2009). Early 

emergence may therefore be of less importance than large size when determining 

offspring fitness. 

Across the northern boreal zone, deer ked adults emerge locally synchronously, in 

mid-August (Haarløv 1964, Kaitala et al. 2009). My results showed that diapause 

and seasonal variation in its intensity may enhance the synchronisation of adult 

emergence. Emergence synchrony in parasites is considered essential when their 

hosts are not continuously available (e.g. Kennedy et al. 1975). Deer ked is an 

ambushing parasite which attacks a by-passing host. Moose are highly mobile, 

especially in autumn, when in search of mates, and thus the deer ked may have 

limited opportunities of encountering a suitable host at close quarters. Adults drop 

their wings immediately after landing on the host and start breeding later in 

autumn (Ivanov 1981). Local synchrony of adult emergence may increase the 

possibility that acceptance of any by-passing host will also offer potential mates 

for later reproduction. 

3.4 Does the deer ked have potential for further spread? (IV)  

The deer ked was able to survive and complete its development even in arctic 

environments but its performance deteriorated steadily northwards (Fig. 3. IV). 

Towards the north, the decrease in survival after experiencing late winter 

conditions may have been caused by frost kills during late winter. The negative 

effects of lower summer temperatures on survival increased towards the north. 

They may not have directly killed the pupae but delayed development, reducing 

the number of emerged adults as oncoming winter interrupted the emergence 

period. Since adult emergence in the north was delayed for several weeks, the 

potential host search time was as much as a month shorter than in the current 

range. 

The results suggest that climate may not fully prevent further spread, and that 

the time may have been too short for the deer ked to reach the northern parts of 

Finland. The Finnish deer ked population originates from Central Eurasia (Russia) 

and it has expanded its range over five latitudes and two climatic zones in less 

than 50 generations (i.e. 50 years). The native areas in Russia are characterised by 

high annual variation in temperature (i.e. a continental climate with cold winters 

and warm summers). My results suggest that the thermal conditions in the past 
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invasion area in Finland may have been within the physiological threshold limits 

corresponding to the conditions in their original range. Hence no lag period, i.e. 

time for local adaptations, has been needed to spread further.  

 

Fig. 3. Relative emergence success of the deer ked pupae along the latitudinal 

gradient and in relation to the season when the experiment started. Towards north, 

increased summer was caused mainly by developmental delays whereas in winter and 

spring, higher mortality may likely be caused by late winter and spring frosts killing 

larger proportion of the deer ked pupae before development period (IV). 

My results on diapause costs indicate that e.g. geographical variation in diapause 

duration and the factors affecting offspring size variation may be an important 

determinant for invasion success in this species. If the deer ked reaches more 

northerly areas in the future, the longer winters may increase the energetic costs (I) 

and have negative effects on population growth rates. Incorrect timing of seasonal 

shifts between inactive and active phases may also increase mortality in spring far 

from the original sites (Bale & Hayward 2010). However, the shift is often timed 

incorrectly because the predictability of the photoperiod is coupled with suitable 

thermal conditions in the native range (see Bale & Hayward 2010). Since the 

diapause of the deer ked is simply regulated by experienced temperature, the 

timing of seasonal shifts will occur according to the thermal suitability of a given 

environment.  

The ability to cope with a shorter season length and lower sum of heat units 

are important for establishment in northern environments. Deer ked pupae of 

northern origin emerged slightly earlier north of the current range than those that 
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originated from more southerly latitudes (IV). Many high-latitude populations are 

able to compensate for the shorter growing season with higher development rates 

at low temperatures (Yamahira & Conover 2002). Insects often need to reach a 

certain number of degree-days in order to emerge (Angilletta 2009). Surprisingly, 

I found that this is not the case in the deer ked: the thermal time (or thermal sum) 

needed for adult emergence varies with experienced temperature. In the laboratory, 

a 1 °C increase at constant temperature prolongs development by approximately 

50 degree-days (unpublished data). In the transplant experiment, the first adult in 

Utsjoki (70° N) emerged almost 200 degree-days earlier than the first adult in 

Konnevesi (62° N). This indicates that, in the deer ked, the utilisation of the 

available heat units for development is more efficient at low temperatures. Thus 

the ability to emerge earlier in terms of shorter thermal time may be an important 

factor during establishment in higher latitudes. 

Emergence synchrony may also increase the invasion success of the deer ked. 

A newly established population often suffers from the Allee effect (i.e. positive 

correlation between population size or density and mean individual fitness) and/or 

inbreeding depression (Davis 2009). When parasite density is still low, 

synchronised deer ked emergence may result in a decrease in the dilution of 

individuals in the host population.  

The ability to remain active under unfavourable thermal conditions may have 

an important role facilitating survival of the deer ked in the north. The cold 

tolerance of the deer ked is exceptionally high through all seasons and life stages 

outside the host (II). In northern environments, nocturnal frosts may occur even in 

summer. During autumn, subzero temperatures may occur nightly, whereas day 

temperatures still remain favourable for flying. Range expansion potential may 

increase if the shorter season length at high latitudes or altitudes is compensated 

by the ability to tolerate autumnal frosts, and therefore by extended flight time 

(Bale & Hayward 2010, Nieminen et al. 2012).  

In the future, the performance of the deer ked may improve if ongoing global 

warming raises seasonal temperatures, shortening the harsh winter period and 

prolonging the growing season in northern ecosystems (IPCC 2007). However, 

the most important component of range shifts in parasitic species is host 

availability. Only a part of the deer ked life cycle is spent outside the host, and its 

further spread will additionally depend on access to a cervid host. Northwards 

from the current range, high numbers of cervids are available for the deer ked. 

The current distribution area of the Finnish moose population (ca. 100,000 

individuals, post-harvest number) covers the whole country, but their density is 
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significantly lower in Lapland than in the current deer ked range (Pusenius et al. 
2010). Although the semi-domesticated reindeer population in the northern half of 

Finland is relatively large (ca. 200,000 individuals in winter stock; Reindeer 

Herders’ Association 2009), the reproductive success of the deer ked on reindeer 

has been found to be very poor in terms of the short female reproductive lifepan 

(a few months only) and thus a low number of offspring (Kynkäänniemi et al. 
2010). As a result, the low number of high-quality hosts may keep population 

sizes low and thus slow down the invasion towards the northernmost latitudes.  

3.5 Invasion potential of ectoparasites 

Blood-sucking insects often have a negative influence on a wide range of 

vertebrates. Ectoparasites are harmful as parasites and pathogen vectors, but they 

also have direct fitness costs for their hosts (e.g. Fitze et al. 2004, Samuel 2007). 

Studies on their basic biology are therefore important in order to evaluate their 

ability to invade northern ecosystems, e.g. due to climate warming. The life-

history characteristics of invasive deer ked differ significantly from those of free-

living invasive species. Invasion of the free-living insects is often facilitated by 

high active dispersal capacity and a high reproduction potential. In addition they 

often produce a large number of small propagules: due to their small body size, 

they have fast growth and development rates, which result in a short generation 

time (Roff 1992). In contrast to deer ked, they are also often generalists in their 

ecological requirements (Mack et al. 2001, Sax & Brown 2001, Davis 2009).  

An important component of rapid expansion is high propagule pressure, i.e. 

the number and frequency of recruits arriving in the new areas (Lockwood et al. 
2005, Davis 2009, Sexton et al. 2009). One moose carrying thousands of deer 

keds often has long seasonal migrations, when the continuous recruitment of new 

deer ked pupae may compensate for some of the mortality and allow the deer ked 

to persist in novel areas. The moose also disperses the deer ked pupae over a wide 

range of habitats. Deer ked performance outside the host presumably requires 

plasticity and high physiological tolerance already in its current range, and the 

same characteristics may also facilitate spread of the deer ked (but see Brotons et 
al. 2004). On the other hand, since the offspring of each female are dispersed over 

different environments, adaptation to local conditions may be slow. 

Physiological tolerance to environmental stress and body size are among the 

best predictors of invasion success (Davis 2009). Diapause increases resistance to 
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the environmental stress which is often encountered during transportation and 

introduction to novel environments. The introduction of dormant stages is an 

efficient strategy for dispersal in several aquatic invertebrates (reviewed by Panov 

& Caceres 2007). The production of large diapausing propagules may thus also be 

an important determinant of survival in the deer ked in heterogeneous off-host 

environments, as well as in other ectoparasites that use large vertebrate as vectors 

for introduction to novel areas. Furthermore, large late-born deer keds may have a 

selective advantage at high latitude environments because of their short exposure 

to winter conditions and higher survival rate (I, II). However, my findings also 

suggest that seasonal or geographical variation in host effects on offspring size 

and performance should be considered when evaluating the invasion potential of 

blood-feeding ectoparasites. 
  



 

40 

 



41 

4 Conclusions 

This study serves to enlighten seasonal variation in the offspring life histories of 

viviparous ectoparasites, which have been surprisingly poorly studied among 

invertebrates. I found that in the viviparous deer ked, both the variation in 

offspring life histories and their seasonal adaptations contradicted several general 

predictions concerning those reported in other temperate invertebrates. My results 

therefore provide several new aspects for future life-history studies on 

ectoparasites. 

I found that offspring life histories, especially offspring size, of the deer ked 

vary seasonally, and the resources provided by the deer ked females determine 

offspring performance through its off-host period. First, in contrast to most 

invertebrates with a long reproductive period, young females produced the 

smallest offspring with the lowest survival. The offspring size then increased 

towards the spring, and offspring survival and cold tolerance increased 

accordingly. The diapause period consumed energy reserves, and due to the 

significant weight loss, survival to adult emergence decreased, especially if the 

period of diapause (and starvation) were long. Thus seasonal variation in 

offspring size did not reflect the resources that would guarantee offspring survival 

during the longest diapause or highest cold tolerance during the harshest winter 

frosts. Nevertheless, the deer ked was highly tolerant to winter frosts, even 

without cold acclimation. Unexpectedly, high cold tolerance was not associated 

only with diapause; also the active life stages tolerated such harsh frosts that they 

never encounter in nature. The pupae overwintered at an opportunistic diapause, 

which may be terminated rapidly by exposure to high temperature: photoperiod 

had no role in regulating the seasonal shifts. Nevertheless, I found that diapause 

intensity varied with birth time according to the expected winter ahead and 

enhanced synchronisation of adult emergence. 

Seasonal variation in offspring life histories in the viviparous deer ked differs 

from those variation patterns reported in many invertebrates. This may be due to 

the extremely large offspring size, and the fact that the maternally-derived 

resources determine offspring performance through the entire off-host period. 

Variation in offspring performance is dependent on maternal resources and 

seasonal variation in moose condition. However, further studies on the life-history 

evolution of viviparous ectoparasites should include distinguishing between the 

maternal trade-offs associated with offspring size and the host effect on seasonal 

variation in reproductive performance.  
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I also evaluated factors that may have facilitated the rapid northward invasion 

of the deer ked, as well as the effects of life history variation on further invasion 

potential. Studies I-III showed that the life history characteristics of invasive deer 

ked differ significantly from those of free-living invasive species. Based on the 

common garden experiment, suitable environments for offspring development 

exist 500 kilometres to the north of the current range. The results suggest that the 

colder climate may not totally prevent further spread. However, it should be kept 

in mind that the most important factor driving the rapid invasion of ectoparasites 

is the accessibility of suitable hosts beyond the range limits.  

 



43 

References 

Ando Y (1993) Thermal response and reversibility of diapause in the eggs of Locusta 
migratoria. Physiol Entomol 18: 1–6.  

Agrawal AA (2001) Phenotypic plasticity in the interactions and evolution of species. 
Science 294: 321–326. 

Angilletta MJ Jr (2009) Thermal adaptation, A theoretical and empirical synthesis. New 
York, Oxford University Press. 

Ansart A & Vernon P (2004) Cold hardiness abilities vary with the size of the land snail 
Cornu aspersum. J Comp Physiol B 39: 205–211.  

Bale JS & Hayward SAL (2010) Insect overwintering in a changing climate. J Exp Biol 
213: 980–994.  

Bale JS, Worland MR & Block W (2001) Effects of summer frost exposures on the cold 
tolerance strategy of a sub-Antarctic beetle. J Insect Physiol 47: 1161–1167.  

Bennett VA, Pruitt NL & Lee Jr. RE (1997) Seasonal changes in fatty acid composition 
associated with cold hardening in third instar larvae of Eurosta solidaginis. J Comp 
Physiol B 167: 249–255.  

Bequaert JC (1953) The hippoboscidae or louse-flies (Diptera) of mammals and birds. Part 
1. Structure, physiology and natural history. Entomol Am 32: 1–209. 

Boulinier T, McCoy KD & Sorci G (2001) Dispersal and parasitism. In: J. Clobert J, 
Danchin E, Dhont AA & Nichols JD (eds.) Dispersal. New York, Oxford University 
Press: 169–179. 

Bowler K & Terblanche JS (2008) Insect thermal tolerance: what is the role of ontogeny, 
ageing and senescence? Biol Rev 83: 339–355. 

Bownds C, Wilson R & Marshall DJ (2010) Why do colder mothers produce larger eggs? 
An optimality approach. J Exp Biol 213: 3796–3801. 

Bradshaw WE & Holzapfel CM (2007) Evolution of animal photoperiodism. Annu Rev 
Ecol Syst 38: 1–25. 

Brotons L, Thuiller W, Araújo MB & Hirzel AH (2004) Presence-absence versus 
presence-only modelling methods for predicting bird habitat suitability. Ecography 27: 
437–448. 

Cammell ME & Knight JD (1992) Effects of climatic change on the population dynamics 
of crop pests. Adv Ecol Res 22: 117–162. 

Carroll SP & Dingle H (1996) The biology of post-invasion events. Biol Conserv 78: 207–
214. 

Clutton-Brock TH (1984) Reproductive effort and terminal investment in iteroparous 
animals. Am Nat 123: 212–229. 

Clutton-Brock TH (1991) The evolution of parental care. Princeton NJ, Princeton 
University Press. 

Colinet H, Hance T & Vernon P (2006) Water relations, fat reserves, survival and 
longevity og a cold-exposed parasitic wasp Aphidius colemani (Hymenoptera: 
Aphidiinae) Environ Entomol 35: 228–236. 



 

44 

Crozier L (2004a) Field transplants reveal summer constraints on a butterfly range 
expansion. Oecologia 141: 148–157.  

Crozier L (2004b) Warmer winters drive butterfly range expansion by increasing 
survivorship. Ecology 85: 231–241.  

Czajka, MC & Lee RE (1990) A rapid cold-hardening response protecting against cold 
shock injury in Drosophila malanogaster. J Exp Biol 148: 245–254. 

Dambroski HR & Feder JL (2007) Host plant and latitude-related diapause variation in 
Rhagoletis pomonella: a test for multifaceted life history adaptation on different stages 
of diapause development. J Evol Biol 20: 2102–2112. 

Danks HV (1987) Insect dormancy: an ecological perspective. Ottawa, Biological Survey 
of Canada. 

Dautel H & Knülle W (1997) Cold hardiness, supercooling ability and causes of low-
temperature mortality in Argas reflexus and Ixodes ricinus (Acari: Ixodoidea) from 
Central Europe. J Insect Physiol 43: 843–854. 

Davis MA (2009) Invasion Biology. New York, Oxford University Press. 
Fischer K, Bot ANM, Brakefield OM & Zwaan BJ (2006) Do mothers producing large 

offspring have to sacrifice fecundity? J Evol Biol 19: 380–391. 
Fischer K, Brakefield PM & Zwaan BJ (2003) Plasticity in butterfly egg size: Why larger 

offspring at lower temperatures? Ecology 84: 3138–3147. 
Fitze PE, Tschirren B & Richner H (2004) Life history and fitness consequences of 

ectoparasites. J Anim Ecol 73: 216–226. 
Fox CW (1993) The influence of maternal age and mating frequency on egg size and 

offspring performance in Callosobruchus maculates (Coleoptera: Bruchidae). 
Oecologia 96: 139–146. 

Fox CW (1994) The influence of egg size on offspring performance in the seed beetle, 
Callosobruchus maculatus. Oikos 71: 321–325. 

Haarløv N (1964) Life cycle and distribution pattern of Lipoptena cervi (L.) (Dipt., 
Hippobosc.) on Danish deer. Oikos 15: 93–129.  

Hackman W, Rantanen T & Vuojolahti P. (1983) Immigration of Lipoptena cervi (Diptera, 
Hippoboscidae) in Finland, with notes on its biology and medical significance. Not 
Ent 63: 53–59. 

Hackman W (1977) Hirven täikärpänen ja sen levittäytyminen Suomeen. Luonnon Tutkija 
81: 75–77. [in Finnish] 

Hahn DA, Martin AR & Porter SD (2008). Body size, but not cooling rate, affects 
supercooling points in the red imported fire ant, Solenopsis invicta. Environ Entomol 
37: 1074–1080. 

Heikkinen S (2000) Hirven vuosi. Suomen Riista 46: 82–91. [in Finnish] 
Hill JK, Griffiths HM & Thomas CD (2011) Climate chance and evolutionary adaptation 

at species’ range margins. Ann Rev Entomol 56: 143–159. 
Hill JK, Thomas CD & Blakeley DS (1999) Evolution of flight morphology in a butterfly 

that has recently expanded its geographical range. Oecologia 121: 165–170. 



45 

Imms AD (1957) A general textbook of entomology (9th ed) Revised by Richards OW & 
Davies RG. London, Methuen & Co Ltd: 886. 

IPCC (2007) Summary for policymakers. In: Solomon S, Qin D, Manning M, Chen Z, 
Marquis M, Averyt KB, Tignor M & Miller HL (eds) Climate Change 2007: The 
Physical Science Basis. Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change. Cambrigde and New York, 
Cambridge University Press. 18p. 

Ivanov VI (1981) Spread of the deer ked Lipoptena cervi L. (Diptera, Hippoboscidae) in 
Belarus, its biology and deleterious effects. PhD Thesis, Institute of Parasitology and 
Trophic Medicine, Veterinary Academy of Moscow. [In Russian] 

Kaitala A, Kortet R, Härkönen S, Laaksonen S, Härkönen L, Kaunisto S & Ylönen H 
(2009) Deer ked, an ectoparasite of moose in Finland: A brief review of its biology 
and invasion.  Alces 45: 85–88.  

Kaunisto S, Härkönen L, Niemelä P, Roininen H & Ylönen H (2011) Northward invasion 
of the parasitic deer ked (Lipoptena cervi), is there geographical variation in pupal 
size and development duration? Parasitology 138: 354–363. 

Kaunisto S, Kortet R, Härkönen L, Härkönen S, Ylönen H & Laaksonen S (2009) New 
bedding site examination-based method to analyse deer ked (Lipoptena cervi) 
infection in cervids. Parasitol Res 104: 919–925. 

Kelty J D & Lee RE Jr (2001) Rapid cold-hardening of Drosophila melanogaster (Diptera: 
Drosophiladae) during ecologically based thermoperiodic cycles. J Exp Biol 204: 
1659–1666. 

Kennedy JA, Smith JR & Smyth M (1975) Diapause in Ornithomya biloba dufour (Diptera: 
Hippoboscidae) parasitic on fairy martins in South Australia. J Parasitol 61: 369–372. 

Kim HC, Chong ST, Chae J-S, Lee H, Klein TA, Suh SJ, and Rueda LM (2010) New 
record of Lipoptena cervi and updated checklist of the louse flies (Diptera: 
Hippoboscidae) of the Republic of Korea. J Med Entomol 47: 1227–1230.  

Kimura Y & Masaki S (1998) Diapause programming with variable critical day-length 
under changing photoperiodic conditions in Mamestra brassicae. Entomol Sci 1: 467–
475. 

Kindsvater HK, Alonzo SH, Mangel M & Bonsall MB (2010) Effects of age- and state-
dependent allocation on offspring size and number. Evol Ecol Res 12: 327–346. 

Knight JD, Bale JS, Franks F, Mathias SF & Baust JG (1986) Insect cold hardiness - 
supercooling points and prefreeze mortality. Cryo Letters 7: 194–203. 

Kokko H & López-Sepulcre A (2006) From individual dispersal to species ranges: 
perspectives for a changing world. Science 313:789–791. 

Kortet R, Härkönen L, Hokkanen P, Härkönen S, Kaitala A, Kaunisto S, Laaksonen S, 
Kekäläinen J & Ylönen H (2010) Experiments on the ectoparasitic deer ked that often 
attacks humans; preferences for body parts, colour and temperature. Bull Entomol Res 
100: 279–285.  

Krasnov BR (2008) Functional and evolutionary ecology of fleas A model for ecological 
parasitology. New York, Cambridge University Press. 



 

46 

Krasnov BR, Burdelova NV, Shenbrot GI & Khokhlova IS (2002) Annual cycles of four 
flea species in the central Negev desert. Med Vet Entomol 16: 266–276.  

Kynkäänniemi S-M, Kortet R, Härkönen L, Kaitala A, Paakkonen T, Mustonen A-M, 
Nieminen P, Härkönen S, Ylönen H & Laaksonen S (2010) Threat of an invasive 
parasitic fly, the deer ked (Lipoptena cervi), to the reindeer (Rangifer tarandus 
tarandus): experimental infection and treatment. Ann Zool Fenn 47: 28–36.  

Landa K (1992) Adaptive seasonal variation in grasshopper offspring size. Evolution 46: 
1553–1558. 

Langley PA & Clutton-Brock TH (1998) Does reproductive investment change with age in 
tsetse flies, Glossina morsitans morsitans  (Diptera: Glossinidae)? Funct Ecol 12: 
866–870. 

Laukkanen A, Ruoppi P & Mäki-Kiljunen S (2005) Deer ked-induced occupational 
allergic rhinoconjunctivitis. Ann Allergy Asthma Immunol 94: 604–608. 

Lavsund S, Nygrén T & Solberg E (2003) Status of moose populations and challenges to 
moose management in Fennoscandia. Alces 39: 109–130. 

Leather SR, Walters KFA & Bale JS (1993) The ecology of insect overwintering. 
Cambridge, Cambridge University Press.  

Lehane MJ (2005) The biology of blood-sucking insects. Cambridge, Cambridge 
University Press. 

Linnaeus C (1758) Systema naturae per regna tria naturae: secundum classes, ordines, 
genera, species, cum characteribus, differentiis, synonymis, locis. Holmiae, Laurentius 
Salvius.  

Lockwood JL, Cassey P & Blackburn T (2005) The role of propagule pressure in 
explaining species invasions. TREE 20: 223–228  

Maa TC (1969) A revised checklist and concise host index of Hippoboscidae (Diptera). 
Pacific Insects Monograph 20: 261–299.  

Mack RN, Simberloff D, Lonsdale MW, Evans H, Clout M & Bazzaz FA (2000) Biotic 
Invasions: causes, epidemiology, global consequences and control.  Ecol Appl 10: 
689–710. 

Marshal DJ, Heppell SS, Munch SB & Warner RR (2010) The relationship between 
maternal phenotype and offspring quality: Do older mothers really produce the best 
offspring? Ecology 91: 2862–2873. 

Marshall DJ & Uller T (2007) When is a maternal effect adaptive? Oikos 116: 1957–1963. 
Masaki S (1990) Opportunistic diapause in the subtropical ground cricket, Dianemobius 

fascipes. In: Gilbert F (ed) Insect life cycles: genetics, evolution and co-ordination. 
Springer-Verlag, Berlin: 125–141. 

Masaki S (2002) Ecophysiological consequences of variability in diapause intensity. Eur J 
Entomol 99: 143–154. 

Matsuo Y (2006) Cost of prolonged diapause and its relationship to body size in a seed 
predator. Funct Ecol 20: 300–306. 



47 

McGinley MA, Temme DH & Geber MA (1987) Parental investment in offspring in 
variable environments: Theoretical and empirical considerations. Am Nat 130: 370–
398. 

Meats A (1989) Abiotic mortality factors: temperature. In: Robinson AS & Hooper G (eds) 
Fruit flies; their biology, natural enemies, and control. Amsterdam, Elsevier: 229–340. 

Meier CM (2012) The consequences of spatial environmental variability on dispersal and 
on the spatial distribution of species. PhD-thesis, University of Helsinki. 

Meier R, Kotrba M & Ferrar P (1999) Ovoviviparity and viviparity in the Diptera. Biol 
Rev 74: 199–258. 

Mooney HA & Cleland EE (2001) The evolutionary impact of invasive species. PNAS 98: 
5446–545. 

Morbey YE & Ydenberg RC (2001) Protandrous arrival timing to breeding areas: a review. 
Ecol Lett 4: 663–673. 

Mousseau TA & Dingle H (1991) Maternal effects in insect life histories. Ann Rev 
Entomol 36: 511–534. 

Mousseau TA & Fox CW (1998) The adaptive significance of maternal effects. TREE 13: 
403–407. 

Moyer BR, Drown DM & Clayton DH (2002) Low humidity reduces ectoparasite pressure: 
implications for host life history evolution. Oikos 97: 223–228. 

Nieminen P, Paakkonen T, Eerilä H, Puukka K, Riikonen J, Lehto V-P & Mustonen A-M 
(2012) Freezing tolerance and low molecular weight cryoprotectants in an invasive 
parasitic fly, the deer ked (Lipoptena cervi). J Exp Zool A Ecol Genet Physiol 317: 1–
8.  

Nijhout HF (1998) Insect hormones. Princeton NJ, Princeton University Press.  
Ohtsu T, Kimura MT & Katagiri C (1998) How Drosophila species acquire cold tolerance: 

Qualitative changes of phospholipids. Eur J Biochem 252: 608–611. 
Paakkonen T, Mustonen A-M, Roininen H, Niemelä P, Ruusila V, & Nieminen P (2010) 

Parasitism of the deer ked, Lipoptena cervi, on the moose, Alces alces, in eastern 
Finland.  Med Vet Entomol 24: 411–417. 

Panov VE & Caceres C (2007) Role of diapause in dispersal of aquatic invertebrates. In: 
Alekseev VR, De Stasio B & Gilbert JJ (eds) Diapause in aquatic invertebrates: theory 
and human use. Monographiae Biologicae 84. Netherlands, Springer: 187–195. 

Parker GA & Begon M (1986) Optimal egg size and clutch size: effects of environment 
and maternal phenotype. Am Nat 128: 573–592. 

Peters RH (1983) The Ecological implications of body size. Cambridge, Cambridge 
University Press. 

Plaistow S, St. Clair J, Grant J & Benton, T (2007) How to put all your eggs in one basket: 
empirical patterns of offspring provisioning throughout a mother’s lifetime. Am Nat 
170: 520–529. 

Poulin R (2007) Evolutionary ecology of parasites. Princeton NJ, Princeton University 
Press. 



 

48 

Pusenius J, Tykkyläinen R, Wallén M & Pesonen R (2010) Hirvikannan koko ja vasatuotto 
vuonna 2009. In: Wikman M (ed) Monitoring game abundance in Finland in 2007. 
Riista- ja kalatalous – Selvityksiä 21/2010: 9–13. [in Finnish] 

Reindeer Herders’ Association (2007) Reindeer Herders’ Association database. URL: 
http://www.paliskunnat.fi/ [in Finnish] 

Reise K, Olenin S & Thieltges DW (2006) Are aliens threatening European aquatic coastal 
ecosystems? Helgol Mar Res 60: 77–83. 

Reunala T, Laine M, Vornanen M & Härkönen S (2008) Hirvikärpäsihottuma – 
maanlaajuinen riesa. Duodecim 124: 1607–1613. [in Finnish] 

Richards CL, Bossdorf O, Muth NZ, Gurevitch J & Pigliucci M (2006) Jack of all trades, 
master of some? On the role of phenotypic plasticity in plant invasions. Ecol Lett 9: 
981–993. 

Roff DA (1992) The evolution of life histories: Theory and analysis. New York, Chapman 
and Hall.   

Roulin A, Brinkhof MWG, Bize P, Richner H, Jungi TW, Bavoux C, Boileau N & 
Burneleau G (2003) Which chick is tasty to parasites? The importance of host 
immunology vs. parasite life history. J Anim Ecol 72: 75–81.  

Sakai AK, Allendorf FW, Holt JS, Lodge DM, Molofsky J, With KA, Baughman S, Cabin 
RJ, Cohen JE, Ellstrand NC, McCauley DE, O’Neil P, Parker IM, Thompson JN, 
Weller SG (2001) The population biology of invasive species. Ann Rev Ecol Syst 32: 
305–332. 

Samuel WM (2007) Factors affecting epizootics of winter ticks and mortality of moose. 
Alces 43: 39–48. 

Samuel WM, Mooring MS & Aalangdong OI (2000) Adaptations of winter ticks to invade 
moose and moose to evade ticks. Alces 36: 183–195. 

Sæther B-E & Gravem AJ (1988) Annual variation in winter body condition of 
Norwegian moose calves. J Wildl Manage 52: 333–336. 

Sax DF & Brown JH (2000) Paradox of invasion. Global Ecol & Biogeogr 9: 363–371. 
Schrader M & Travis J (2008) Testing the viviparity-driven-conflict hypothesis: parent-

offspring conflict and the evolution of reproductive isolation in a poeciliid fish. Am 
Nat 172: 806–817. 

Schultz DL (1991) Parental investment in temporally varying environments. Evol Ecol 5: 
415–427. 

Sexton JP, McIntyre PJ, Angert AL & Rice KJ (2009) Evolution and ecology of species 
range limits. Ann Rev Ecol Evol Syst 40: 415–436.  

Small RW (2005) A review of Melophagus ovinus (L.), the sheep ked. Vet Parasitol 130: 
141–155. 

Smith CC & Fretwell SD (1974) The optimal balance between size and number of 
offspring. Am Nat 108: 499–506. 

Stearns SC (1992) The evolution of life histories. Oxford UK, Oxford University Press. 
Stearns SC & Hoekstra RF (2005) Evolution: An Introduction. (2nd ed.) New York, 

Oxford University Press. 



49 

Tauber MJ, Tauber CA & Masaki S (1986) Seasonal adaptations in insects. New York, 
Oxford University Press. 

Tauber MJ, Tauber CA, Nechols JR & Helgesen RG (1982) A new role for temperature in 
insect dormancy: cold maintains diapause in temperate zone diptera. Science 218: 
690–69. 

Thuiller W (2003) BIOMOD - optimizing predictions of species distributions and 
projecting potential future shifts under global change. Global Change Biol 9: 1353–
1362. 

Thuiller W, Richardson DM, Pyšek P, Midgley GF, Hughes GO & Rouget M (2005) 
Niche-based modelling as a tool for predicting the risk of alien plant invasions at a 
global scale. Global Change Biol 11: 2234–2250. 

Tinsley CR (1999) Overview: extreme temperatures. Parasitology 119 (Suppl): S1–S6. 
Tobin PC, Nagarkatti S & Saunders MC (2002) Diapause maintenance and termination in 

grape berry moth (Lepidoptera: Tortricidae). Environ Entomol 31: 708–713. 
Tschirren B, Bischoff LL, Saladin V & Richner H (2007) Host condition and host 

immunity affect parasite fitness in a bird–ectoparasite system. Funct Ecol 21: 372–378. 
Wharton DA (1999) Parasites and low temperatures. Parasitology 119 (Suppl): S7–S17. 
Wild G, Gardner A & West SA (2009) Adaptation and the evolution of parasite virulence 

in a connected world. Nature 459: 983–986. 
Wiklund C & Forsberg J (1991) Sexual size dimorphism in relation to female polygamy 

and protandry in butterflies: A comparative study of Swedish Pieridae and Satyridae. 
Oikos 60: 373–381. 

Välimäki P, Kaitala A, Madslien K, Härkönen L, Várkonyi G, Heikkilä J, Jaakola M, 
Ylönen H, Kortet R & Ytrehus B (2011) Geographical variation in host use of a 
blood-feeding ectoparasitic fly: implications for population invasiveness. Oecologia 
166: 985–995. 

Välimäki P, Madslien K, Malmsten J, Härkönen L, Härkönen S, Kaitala A, Kortet R, 
Laaksonen S, Mehl R, Redford L, Ylönen H & Ytrehus B (2010) Fennoscandian 
distribution of an important parasite of cervids, the deer ked (Lipoptena cervi), 
revisited. Parasitol Res 107: 117–125. 

Yamahira K & Conover DO (2002) Intra- vs. interspecific latitudinal variation in growth: 
adaptation to temperature or seasonality? Ecology 83: 1252–1262.  

Yeh PJ & Price TD (2004) Adaptive phenotypic plasticity and the successful colonization 
of a novel environment. Am Nat 164: 531–542. 

Zonneveld C (1996) Being big or emerging early? Polyandry and the trade-off between 
size and emergence in male butterflies. Am Nat 147: 946–965. 

  



 

50 

 

  



51 

Original papers 

I  Härkönen L, Hurme E & Kaitala A. Unexpected seasonal variation in offspring size 
and performance in a viviparous ectoparasite. Manuscript 

II  Härkönen L, Kaitala A, Kaunisto S & Repo T (2012) High cold tolerance through four 
seasons and all free-living stages in an ectoparasite. Parasitology 139: 926–935. 

III  Härkönen L & Kaitala A. Seasonal variation in offspring age and diapause in a 
viviparous ectoparasite. Manuscript. 

IV  Härkönen L, Härkönen S, Kaitala A, Kaunisto S, Kortet R, Laaksonen S & Ylönen H 
(2010) Predicting range expansion of an ectoparasite – the effect of spring and 
summer temperatures on deer ked (Lipoptena cervi) performance along a latitudinal 
gradient. Ecography 33: 906–912. 

The publications are reprinted with permissions from Cambridge University Press 

(paper II) and John Wiley & Sons Ltd (IV). 

Original publications are not included in the electronical version of the 

dissertation. 
  



 

52 

 
 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Book orders:
Granum: Virtual book store
http://granum.uta.fi/granum/

S E R I E S  A  S C I E N T I A E  R E R U M  N A T U R A L I U M

580. Koljonen, Saija (2011) Ecological impacts of in-stream restoration in salmonid
rivers : The role of enhanced structural complexity

581. Nykänen, Kari (2011) Tietoturvakoulutuksen vaikuttavuuden arviointi yksilön ja
organisaation tietoturvakäyttäytymiseen

582. Haataja, Tatu (2011) Peroxisomal multifunctional enzyme type 2 (MFE-2) : the
catalytic domains work as independent units

583. Pakanen, Veli-Matti (2011) Linking demography with dispersal and habitat
selection for species conservation

584. Hautala, Johanna (2011) Academic knowledge creation as a spatio-temporal
process : The case of international research groups in Finland

585. Saarikettu-Känsälä, Mari (2011) Coevolution of male signals and female
preferences in Drosophila montana and D. virilis

586. Leinonen, Päivi (2011) Local adaptation and its genetic basis in Arabidopsis lyrata

587. Rajanen, Mikko (2011) Applying usability cost-benefit analysis — explorations in
commercial and open source software development contexts

588. Tervo, Heli (2011) Information technology incidents in the present information
society : Viewpoints of service providers, users, and the mass media

589. Riipinen, Katja-Anneli (2011) Genetic variation and evolution among industrially
important Lactobacillus bacteriophages

590. Lampila, Petri (2011) Populations and communities in human modified forest
landscapes

591. Liukkunen, Kari (2011) Change process towards ICT supported teaching and
learning

592. Segerståhl, Katarina (2011) Cross-platform functionality in practice : Exploring
the influence of system composition on user experiences of personal exercise
monitoring

593. Tiikkaja, Marjo (2012) Value creation in collaboration between software suppliers
and customers: suppliers’ perspective

594. Rousu, Timo (2012) Liquid chromatography–mass spectrometry in drug
metabolism studies

595. Kangas, Teija (2012) Theoretical study of the oxidation of a pure and alloyed
copper surface



A
B
C
D
E
F
G

UNIVERS ITY OF OULU  P.O.B . 7500   F I -90014  UNIVERS ITY OF OULU F INLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

PUBLICATIONS EDITOR

Senior Assistant Jorma Arhippainen

Lecturer Santeri Palviainen

Professor Hannu Heusala

Professor Olli Vuolteenaho

Senior Researcher Eila Estola

Director Sinikka Eskelinen

Professor Jari Juga

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-951-42-9895-0 (Paperback)
ISBN 978-951-42-9896-7 (PDF)
ISSN 0355-3191 (Print)
ISSN 1796-220X (Online)

U N I V E R S I TAT I S  O U L U E N S I SACTA
A

SCIENTIAE RERUM 
NATURALIUM

U N I V E R S I TAT I S  O U L U E N S I SACTA
A

SCIENTIAE RERUM 
NATURALIUM

OULU 2012

A 596

Laura Härkönen

SEASONAL VARIATION IN 
THE LIFE HISTORIES OF A 
VIVIPAROUS ECTOPARASITE, 
THE DEER KED

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU, FACULTY OF SCIENCE,
DEPARTMENT OF BIOLOGY

A
 596

AC
TA

Laura H
ärkönen


	Abstract
	Tiivistelmä
	Acknowledgements
	List of original articles
	Contents
	1 Introduction
	1.1 Life histories of viviparous ectoparasites
	1.2 Seasonal adaptations of ectoparasites
	1.3 Invasion process in ectoparasites
	1.4 The aims of the study

	2 Materials and Methods
	2.1 Study species
	2.2 Offspring life histories in seasonal environments (I, II, III)
	2.2.1 Material collection and preparation
	2.2.2 The experiment on life histories (I) and diapause (III)
	2.2.3 Offspring size, survival and cold tolerance (I, II)
	2.2.4 Timing of diapause termination and adult emergence (III)

	2.3 Predicting northwards expansion (IV)

	3 Results and Discussion
	3.1 Winter survival: diapause and cold tolerance (I, II, III)
	3.2 Seasonal variation in offspring size and performance (I, II)
	3.3 Timing of the life cycle and adult emergence (III)
	3.4 Does the deer ked have potential for further spread? (IV)
	3.5 Invasion potential of ectoparasites

	4 Conclusions
	References
	Original papers



