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Abstract:  

Breeding-dispersal and philopatry are important life-history traits when it comes to the 

ecology of animals. A number of factors such as sex, age, habitat stability, population density, 

predation and various environmental factors influence the movement patterns of species. 

Philopatry, in general, can be used by organisms as a predator avoidance strategy and to 

improve feeding efficiency. Dispersal on the other hand has been shown to help avoid 

inbreeding and competition within groups or between kin. Among the different types of 

dispersal and philopatry, breeding dispersal and site fidelity to breeding sites have been 

studied in many vertebrates. Many birds and some ungulate species have been the focus of 

these studies and have shown that breeding success influences site fidelity. Among ungulates, 

the reindeer genus (Rangifer tarandus spp.) however, has received little attention for this 

topic. A species of special conservational value is the wild forest reindeer (Rangifer tarandus 

fennicus), which is a rare, and near-threatened subspecies of reindeer living in Finland. 

Knowledge of factors influencing the dispersal and site fidelity for this species is lacking but 

has important implications for the conservation and management of this and other vulnerable 

species.  

In my thesis I investigated the philopatry of wild forest reindeer females from eastern Finland 

and tested if the calving site fidelity was influenced by breeding success, predator pressure 
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and the female’s age. Given the high densities of predators in the study area (Kainuu) and 

thus high predator pressure on reindeer, I expected (i) the philopatry of the wild forest 

reindeer female’s to be stronger in areas with higher predator pressure but (ii) higher dispersal 

movement when wild forest reindeer females had no breeding success the previous year. 

Additionally, I expected (iii) the dispersal distances of wild forest reindeer females to be 

negatively correlated with their age. For this study I used long-term GPS monitoring data of 

53 collared wild forest reindeer females, which were followed for varying periods (2-6 years) 

between 2010-2021 from Eastern Finland.  

I found that the inter-year distances between calving sites per female had a median distance of 

2.84 km, confirming that female wild forest reindeer show philopatry to calving sites, as do 

other reindeer subspecies. Even though the movement ranged from 4.8 m to 36.99 km, 

showing substantially longer dispersal for some individuals. The model outcomes indicate 

some association between predation pressure and site fidelity, and reduced philopatry 

following calf mortality, although none of these associations were significant. The age of the 

mother did also not show any significant influence on a female’s site fidelity. Nonetheless, 

these results would suggest that a mother's choice to leave or return to the same calving site 

might be influenced by the previous year's calf mortality but more complex variables like 

anthropogenic disturbances, environmental factors, as well as intrinsic factors and the 

physical condition of the mother most likely also play a role in this. 
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1. Introduction 

 

1.1. Dispersal and Philopatry 

 

The phenomena of dispersal and philopatry are key life-history traits in the animal kingdom 

(Johnson & Gaines 1990, Cotto et al. 2014) and have been widely studied in vertebrates 

(Howard 1960, Greenwood 1980, Gunn & Miller 1986, Schwitzer 1993, Wolff 1994, Stearns 

2003, Hinkes et al. 2005, Nunes 2008, Clutton-Brock and Lukas 2012). While there are many 

different understandings of what dispersal is, encompassing a variety of movement types 

throughout an animal’s lifetime, dispersal here refers to more permanent, often large-scale 

movements either from birth to breeding site (natal dispersal) or from breeding-to-breeding 

site (breeding dispersal). I use the definition of gross dispersal by Greenwood (1980), which 

encompasses both dispersal types where dispersal is “the permanent movement of an 

individual to a new location”. Philopatry, which is the fidelity to a certain site or area can be 

used as a predator avoidance strategy and to improve feeding efficiency for example, through 

learned resource location (Bergerud 1988, Rettie & Messier 2001, Pinter-Wollman et al. 

2009, Northrup et al. 2016). Dispersal on the other hand has been shown to help avoid 

inbreeding and competition within groups or between kin (Greenwood 1980, Nunes 2008). 

There are substantial differences in dispersal distances. For example, some rodents only show 

short natal dispersal distances of less than a hundred metres (Jones 1987), while caribous and 

some whales show much longer dispersal for breeding purposes of hundreds or even 

thousands of kilometres, respectively (Wittmer et al. 2006, Gunn et al. 2012, Baker et al. 

2013, Fosette et al. 2014). Dispersal is viewed as beneficial for the genetic health of a 

population, supporting gene mixing and preventing inbreeding with relatives (Howard 1960, 

Nunes 2008). On the population level it can reduce resource and mate competition and help in 

acquiring better quality territories (Howard 1960, Greenwood 1980, Nunes 2008, Van Oort et 

al. 2011, Clutton‐Brock & Lukas 2012). Dispersal can also allow species to shift their ranges 

in the context of climate change, to re-/colonize previously unused patches in fragmented 

landscapes and help with the regional persistence of a species as a metapopulation despite 

extinctions of local populations (Hanski et al. 2006).  

Two important types of dispersal are natal- and breeding dispersal, which can be triggered by 

different mechanisms, either from within the animal (intrinsic factors), like physical condition 

or timing of reproduction or from outside (extrinsic), like environmental factors (Howard 
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1960, Ferguson et al. 1998). Natal dispersal is the movement away from the natal group or 

area, done by juveniles or young adults, without ever having reproduced, to the place of first 

reproduction (Howard 1960, Greenwood 1980, Wolff 1994, Nunes 2008). This movement can 

only occur once in an individual’s life and is caused by factors like the need to find a mate, 

avoid competition or parental ejection (Howard 1960, Nunes 2008). It can also be brought on 

by habitat changes, availability of resources, population density or hormones (Nunes 2008). 

Breeding dispersal on the other hand occurs in mature individuals, which have bred before, 

for the purpose of finding a new mate or breeding site and to avoid resource and mate 

competition (Greenwood 1980, Nunes 2008) and sometimes for demographic reasons like 

avoiding high population densities (Howard 1960, Gunn et al. 2012). This type of dispersal 

can occur more than once during an individual’s lifetime. According to Nunes (2008) natal 

dispersal occurs in almost every species and has, therefore, been studied much more than 

breeding dispersal. Much more research on this understudied type of dispersal is needed.  

When dispersing, an animal needs to make a plethora of choices; where and when to go, how 

much time to use while searching for an optimal area or place and when to give up? This is 

accompanied by risks for the individual. Individuals can have difficulties finding a suitable 

mate or place in time and consequently have to settle in areas that might not have enough 

resources to support them (Ronce 2007). Alternatively, organisms can choose not to disperse, 

preferring a known environment, even though this choice can come with its own risks, or be 

less optimal. 

Philopatry, also known as site fidelity, or as Gunn and Miller (1986) put it “traditional 

behaviour” (Schaefer et al. 2000, Popp et al. 2011) can be considered a particular case of 

dispersal. Defined as the tendency to stay or return to a specific site or area (Schaefer et al. 

2000) philopatry can strongly influence life-histories of individuals but also population 

dynamics and yield a vast number of benefits (Greenwood 1980, Nunes 2008, Cotto et al. 

2014). It can have an influence on the behaviour of an individual, as well as its feeding 

efficiency and foraging success (learned resource location; Northrup et al. 2016). For 

example, in African elephants (Loxodonta africana) the foraging efficiency in a new 

environment has shown to increase with the time spent in the new habitat (Pinter-Wollman et 

al. 2009). Additionally, their foraging time also decreased meaning, the better and longer the 

animal knows the area, the easier it is to acquire and defend resources (Pinter-Wollman et al. 

2009). Philopatry can also impact stress levels and immune responses, as well as the breeding 

success of an individual (Cooch et al. 1993, Clutton‐Brock & Lukas 2012). At the population 
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level philopatry can have larger-scale effects on the population genetics and demographics 

(O'Corry‐Crowe et al. 1997, Schaefer et al. 2000, Nunes 2008, Clutton‐Brock & Lukas 2012). 

For beluga whales (Delphinapterus leucas), for example, philopatry is responsible for 

maintaining the genetic population structure of subpopulations in the western Nearctic 

(O'Corry‐Crowe et al. 1997). Thus, philopatric tendencies appear to be influenced by a 

multitude of factors of varying strengths depending on the organisms. 

 

1.2. Factors influencing philopatry 

 

The factors influencing philopatric tendencies are highly variable. They encompass the cost of 

changing ranges, the unpredictability, characteristics and quality of the habitat as well as 

natural and anthropogenic disturbances, the life expectancy, population density, sex, age and 

the breeding status (Greenwood 1980, Schwitzer 1993, Schaefer et al. 2000, Nunes 2008, 

Clutton‐Brock & Lukas 2012, Northrup et al. 2016).  These factors can affect species with 

different intensities and outcomes, but some common patterns can be found. 

For example, the sex of an individual often determines who is the dispersing and who the 

philopatric partner. In mammals, there is a sex-bias where most of the females show a 

stronger site fidelity compared to males (Greenwood 1980, Clutton‐Brock & Lukas 2012). 

This is thought to be linked to the species’ social structures and mating system, as well as 

habitat-constraints, since the benefits of philopatry and the costs of dispersal are greater for 

females than for males (Greenwood 1980, Nunes 2008, Clutton‐Brock & Lukas 2012). In 

birds it is the exact opposite; here the males are more often the philopatric sex (Greenwood 

1980, Nunes 2008). 

Another factor that is known to influence the philopatric tendencies of organisms is the 

individuals' age (Greenwood 1980, Schwitzer 1993, Schaefer et al. 2000). In many species of 

birds and mammals for example, younger individuals disperse further than older ones, as is 

mentioned in Greenwood (1980). This means older individuals tend to be more philopatric, 

which seems to be the optimal strategy when the cost of changing ranges also increases with 

age (Schwitzer 1993, Clutton‐Brock & Lukas 2012). In collared fly catchers (Ficedula 

albicollis) older individuals showed philopatry to a higher degree than younger birds and 

returned faster and more often to sites they were displaced from (Pärt 1995).  
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Another factor worth mentioning is the breeding success. Failed reproduction, whether due to 

predators or other environmental stressors, is known to affect forthcoming breeding dispersal 

decisions (Ekroos et al. 2012, Lafontaine et al. 2017). Predation has an influence on breeding 

success and is a major limiting factor for many species (gamebirds, ground-nesting seabirds, 

waders; Roos et al. 2018, wild forest reindeer; Kojola et al. 2004, woodland caribou; Schaefer 

et al. 2000, Rettie & Messier 2001) and has been shown to affect reproductive success 

(Lafontaine et al. 2017). For example, in Finland 39-54% of the calf mortality for 

domesticated reindeer (R. t. tarandus) was attributed to predation and in the Halla cooperative 

predation was as high as 70% of total mortality (Nieminen et al. 2013). Organisms undertake 

all kinds of evasive movements from predators and in many cervids, philopatry is used as a 

predator avoidance strategy (Bergerud 1988, Rettie & Messier 2001, Northrup et al. 2016). 

Space use patterns of caribou, for example, are thought to be responses to the area's predation 

risk (Bergerud 1985 & 1988) and woodland caribou reduce their predation risk by spacing out 

during calving (Rudolph 2011, Rudolph & Drapeau 2012). For woodland caribou Lafontaine 

et al. (2017) found that the familiarity with an area benefited calf survival and argue that this 

was likely due to a reduction of predation by black bears (Ursus americanus). This indicates 

that predator avoidance in familiar areas is easier for caribou females than in unfamiliar 

territory. Even if this is known for caribou it is difficult to conclude from one species’ 

patterns to another, even if closely related. Studies of this type do not yet abound, and in other 

taxa have even shown opposing patterns. For example, the survival of lesser snow geese 

goslings (Anser caerulescens caerulescens), was lower in traditional areas compared to new 

ones (Cooch et al. 1993). The familiar areas had, however, become degraded over the years, 

which most likely influenced the rearing success of broods (Rockwell et al. 1993, Cooch et al. 

1993).  

Animals choose breeding sites that protect their offspring from predation and harsh 

environmental conditions and offer enough resources for the energetically costly time of 

lactation (mammals) or nest sitting (birds) (Caribou; Popp et al. 2011, Eider; Ekroos et al. 

2012, Moose; Testa et al. 2000, Mule deer; Northrup et al. 2016) and animals are suspected to 

include the previous year’s reproductive success in the decision about the current breeding 

site (Gunn et al. 2012, Bercovitch & Berry 2015). According to Schwitzer (1993) the 

dispersal after reproductive failure should be favoured by selection and Piper’s (2011) review 

found that animals with breeding success tended to disperse less. In many taxonomic groups 

like birds and for some ungulates, the mortality of offspring, often through predation, is 
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known to lead to greater breeding dispersal (Birds; Greenwood 1980, Caribou; Lafontaine et 

al. 2017, Moose; Testa et al. 2000, Giraffe; Bercovitch & Berry 2015). Ekroos et al. (2012) 

demonstrates that breeding eiders (Somateria m. mollissima) showed longer breeding 

dispersal when nests failed. This behaviour has also been observed in moose and giraffes 

(Testa et al. 2000, Bercovitch & Berry 2015) and for some age groups in white storks 

(Ciconia Ciconia; Vergara et al. 2006). For other species like the extremely philopatric 

savannah sparrow (Passerculus sandwichensis), however, the outcome of the reproductive 

success did not have an influence on their site fidelity (Schwitzer 1993). In this case of 

extreme site fidelity, philopatry could become an evolutionary trap, if the environment 

changes rapidly and site fidelity can no longer provide the expected benefits to the individual. 

The complexity of interactions between age, sex, predation, breeding success and philopatry 

are illustrated in Figure 1. 

 

Figure 1. Factors influencing and being influenced by philopatry (age, sex, breeding success and 

predation). Arrows indicate the direction of the interactions. 

 

1.3. Philopatry in ungulates 

 

Many cervids make use of philopatry for the purpose of predator avoidance and increased 

forage efficiency (Rettie & Messier 2001, Northrup et al. 2016). The factors influencing site 

fidelity vary among this taxonomic group. The predictability of resources in winter or the 

abundance of summer foods can play a role in philopatric tendencies. The influence of age on 
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philopatry is also evident and Schaefer et al. (2000) found that it seems to differ among 

caribou ecotypes (sedentary and migratory). For some moose (Alces alces) and reindeer also 

breeding success has been reported to influence movement patterns, whereas for others it had 

no effect (Ferguson et al. 1998, Schaefer et al. 2000, Testa et al. 2000, Rettie & Messier 

2001, Tremblay et al. 2007, Kinck 2014, Lafontaine et al. 2017). For example, Lafontaine et 

al. (2017) found breeding success to influence fidelity in woodland caribou (R. t. caribou) and 

Rettie and Messier (2001), as well as Kinck (2014) reported to have found (strong) trends, 

even if not significant, between the previous year’s reproductive success and philopatry for 

woodland caribou and Svalbard reindeer (R. t. platyrhynchus), respectively. They also 

reported larger home range sizes for females that lost their calf compared to those who did 

not. For other sedentary and migratory caribou, however, no association between site fidelity 

and calf survival could be detected (Ferguson et al. 1998, Schaefer et al. 2000, Rettie & 

Messier 2001).  

It is known that many ungulate species show fidelity to specific sites but not all individuals 

within a species show philopatry to the same extent (Greenwood 1980). Not all individuals of 

a “philopatric” species are necessarily equally faithful to the same locality and those that 

disperse might do so out of free will or for intrinsic reasons (Howard 1960, Greenwood 1980, 

Stearns 2003). Often environmental or genetic constraints, or a mix of both play a role in 

these processes, but the proportion of their influence is difficult to study and often not 

thoroughly known (Stearns 2003). Moose and caribou, for example, have been reported to be 

faithful to wintering and calving sites but with varying strength (Sweanor & Sandegren 1989, 

Testa et al. 200, Schaefer et al. 2000, Rettie & Messier 2001). Moose were reported to have a 

low calving site fidelity (Alaska; Testa et al. 2000) but a high wintering site fidelity (Sweden; 

Sweanor & Sandegren 1989). Other studies have found caribou to be philopatric to calving 

sites (Schaefer et al. 2000, Bergerud et al. 1990, Ferguson & Elkie 2004, Popp et al. 2011) 

but some studies like the one done by Rettie and Messier (2001) was not able to observe this 

pattern. Hinkes et al. (2005) found shifts in calving distribution contrasting somewhat with 

the concept of philopatry, even though they also report considerable fidelity to calving sites. 

For the lack of pattern Rettie and Messier (2001) mention differences in the definition of 

philopatry, since there was still a high overlap of ranges in successive seasons and years for 

the caribou, especially in summer. This shows us that even though philopatry has been 

extensively studied in many species, there are still knowledge gaps about what makes species 

and individuals show more or less fidelity to certain sites than others.  
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1.4. Relevance for the study 

 

The difficulty to generalize philopatry across taxa and the huge intra- and interspecific 

variations, point to knowledge gaps that require further attention on how to measure 

philopatry. More focus should also be placed on factors influencing the variations found in 

different species. For the small and previously declining population of wild forest reindeer in 

the east of Finland, the knowledge of movement patterns and the factors influencing 

philopatry is lacking. The understanding of drivers for philopatric behaviour and reasons for 

differences in the dispersal movement among individuals would aid the population 

management and conservation of this near-threatened and rare subspecies. In this thesis this 

species is the focus and its biology and status in Finland are briefly reviewed in Box 1 & 2.  

Almost all populations of reindeer across the globe are in decline and the major threats 

causing this are climate change and anthropogenic habitat alterations that lead to habitat 

fragmentation and degradation (Vors & Boyce 2009, Bélanger et al. 2019, Serrouya et al. 

2019). In order to implement appropriate measures to conserve declining populations and find 

appropriate management actions, knowledge about factors influencing life-history traits, 

habitat choice and site fidelity as well as population growth are needed. With this thesis I will 

contribute to the knowledge of a rare subspecies but also to the knowledge gap of site fidelity 

in reindeer and other ungulates, as well as shed light on factors, like predator pressure 

influencing philopatry.  
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Box 1: The decline and reintroductions 

 

In the seventeenth century wild forest reindeer 

numbers were high, and their range covered almost 

all of Finland (Suomenpeura.fi 2022). By the early 

twentieth century (1910) the size of their range had 

shrunk drastically, and wild forest reindeer had 

been hunted to extinction in Finland. Only the 

remote population in Russian Karelia was spared 

and forty years later, in the 1950’s these 

individuals started to cross back to Finland 

establishing the population in Kainuu (Pöllänen 

2017, Kojola et al. 2021, Suomenpeura.fi 2022). 

Nowadays only two populations of wild forest 

reindeer are left in Finland, in the regions of 

Kainuu (east) and Suomenselkä (west). 

The region of Kainuu was naturally 

recolonized by individuals from Russia 

and the population in Suomenselkä was 

the result of active reintroductions to this area by e.g., the MetsäpeuraLIFE project 

(Hiedanpää & Pellikka 2020, Suomenpeura.fi 2022). The reintroduced population in 

Suomenselkä consists of about 2000 individuals (February 2022) and has been increasing 

since the first reintroduction in the late 1970’s. The original population in Kainuu, however, 

has shown a declining population trend (-0,07 % growth) in the last decades and has more 

than halved from 1700 individuals in the year 2001 to now only 800 individuals (count: 

February 2022) (Kojola et al. 2009, Hiedanpää & Pellikka 2020, Luke.fi 2021, Paasivaara, 

personal communication 2022, Suomenpeura.fi 2022). Luckily now the population decline 

seems to have slowed down a bit due to years of good calf recruitment (Paasivaara, personal 

communication 2022).  

 

Reasons behind the decline 

 

A suspected reason for the population decline has been the recovering carnivore populations, 

like that of the wolf (Canis lupus) and brown bear (Ursus arctos) in eastern Finland (Kojola et 

Figure 2. Wild forest reindeer populations of Finland. 
Blue areas are wintering sites and green areas 

summering sites of collared females from 2010-2021. 
Grey lines are migration routes and grey squares are 

occasionally or rarely used areas. The black line 
indicates reindeer herding area (Paasivaara 2022:7). 
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al. 2009 & 2021). There are indicators that predation by large carnivores is the major cause of 

death for adult wild forest reindeer and their calves (Kojola et al. 2009, Kojola et al. 2021), as 

is the case for their Northern American relatives, the woodland caribou (R. t. caribou) 

(Wittmer et al. 2005). The predation might even have had an influence on the dispersal and 

calving site fidelity of this species, since some calving sites in eastern Kainuu have already 

been abandoned and it is speculated that high predator densities might be the reason behind 

this (Pöllänen 2017). For domesticated reindeer in Finland most of the predation (87%) 

occurred during late May to early June (Nieminen et al. 2013), which falls into the core 

calving season of wild forest reindeer and can have effects on their breeding success. 

Good calving sites for wild forest reindeer include thick coniferous mixed forest surrounded 

by bogs, lakes and heaths (Fig. 4) to protect the calves from predators (Pöllänen 2017). The 

lack of old growth forest in Finland and rising levels of traffic and roads fragmenting the 

landscape, decreasing remote and suitable calving areas (Myllyntaus & Mattila 2002, Vors & 

Boyce 2009, Apollonio et al. 2017) most likely add to the recent decline, since these places 

are very important for mothers giving birth to calves at the end of May to mid-June.  

 

2. Aims and study questions 

 

Only little is known about the calving site fidelity of wild forest reindeer and whether a 

growing predator pressure in Eastern Finland could create problems for the recovery of this 

declining ungulate species. Furthermore, there is a lack of knowledge concerning the dispersal 

movement of this particular subspecies and the effects of breeding success on it. Popp et al. 

(2011) mention, that the effect of breeding success of females on the calving site fidelity has 

not been studied yet, mostly due to too small sample sizes. This study capitalises on an 

extensive, long-term dataset of GPS-tracked female wild forest reindeer, offering the rare 

opportunity to analyse this phenomenon. By studying a population that includes enough 

variation in age, predation pressure, and history, it may be able to address a number of 

potential drivers of philopatry. This knowledge will help conservational purposes aimed at 

wild forest reindeer, but these findings could also shed light on the diversity of philopatry 

outcomes observed in other taxa, contributing to better understanding of processes affecting 

philopatry at large.  

With this thesis I set to investigate the calving site fidelity in the wild forest reindeer 

population in Eastern Finland over a period of 12 years (2010-2021) by trying to answer to 

the following questions: Do wild forest reindeers exhibit philopatry? Is breeding dispersal 
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related to breeding success? Can predation pressure and/or female age explain differences in 

breeding dispersal? I expect (i) the philopatry of the wild forest reindeer females to be 

stronger in areas with higher predator pressure, but (ii) higher dispersal movement when wild 

forest reindeer females had no breeding success the previous year. Additionally, I expect (iii) 

the dispersal distances of wild forest reindeer females to be negatively correlated with their 

age. 

 

3. Methods 

 

3.1. Study Site 

 

The study area in Kainuu (Fig. 3) encompasses about 6,000 km2 and is located in East-Central 

Finland (64° 22' 25.162" N 28° 44' 37.493" E) at the Russian border and the range of the wild 

forest reindeer encompasses about 8000 km2, with an approximated density of 0.1-0.2 animals 

/ km2 (Kojola et al. 2004, 2009 & 2021). The land area is covered by 80-90% forest, most of 

which is commercial forest (93%), and lakes and swamps are also abundant (Kojola et al. 

2004 & 2021). Intensive forestry and logging, as well as peatland drainage, are common 

practices in the area and have changed the habitat drastically (Kojola et al. 2004 & 2009). The 

dominant tree species in this mid-boreal zone are coniferous trees, like Norway spruce (Picea 

abies) and Scots pine (Pinus sylvestris) with arboreal lichens in spruce dominated forests. 

Deciduous trees like different species of birch (Betula spp.) and aspens (Populus tremula), as 

well as alder (Alnus spp.) can be found (Kojola et al. 2021). The elevation of the study area 

ranges from 160 to 307 m. Usually, the area is covered in snow from mid-November until 

May with the highest peak in March and a snow depth >80 cm (Kojola et al. 2004). Other 

ungulate species present in the region include moose (Alces alces) and roe deer (Capreolus 

capreolus), as well as white-tailed deer (Odocoileus virginianus). The area also hosts all the 

large carnivores of Finland; brown bear (Ursus arctos), grey wolf (Canis lupus), wolverine 

(Gulo gulo) and the Eurasian lynx (Lynx lynx) (Kojola et al. 2021). The region experiences a 

high predator density (Kojola & Heikkinen 2012, Heikkinen et al. 2021, Penteriani et al. 

2021) due to the vicinity of large, and scarcely inhabited, forest areas of Russia, as well as the 

carnivore industry that draws large predators over the border by feeding them with animal 

carcasses for touristic purposes (Kojola & Heikkinen 2012, Pöllänen 2017, Penteriani et al. 

2017 & 2021).  
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The differences in animal and human abundances and other geographical differences lead to a 

landscape structure of the area that can be roughly divided into three zones (East, Centre, 

West). The eastern area is close to contiguous Russian forest and shows a higher presence of 

predators and also harbours the former core habitat of the wild forest reindeer population of 

Kainuu. The centre is characterized by abundant water bodies and some bigger towns (e.g. 

Kuhmo). Some more human settlement and bigger cities (e.g., Kajaani, Sotkamo) can be 

found in the west and this area experienced a more recent recolonisation of wild forest 

reindeer than the east. Additionally, a higher human-predator conflict, resulting in predator 

elimination, is assumed according to the number and location of special hunting permits in 

this zone (Riista.fi 2022). 

  
Figure 3. The region of Kainuu in Eastern Finland with calving places (orange dots) for the study 
period (2010-2021). Map (left) created in QGIS and Finland map image (right) from Wikimedia by 

Paasikivi. 
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Figure 4. Wild forest reindeer calving site in coniferous forest surrounded by bogs in Kainuu, Finland 

(2021). 

 

Box 2: Study species - The wild ‘cousins’ from the forest 

 

Different ecotypes 

 

Wild forest reindeer (Rangifer tarandus 

fennicus, Lönnberg 1909) are a rare 

subspecies of reindeer that is well 

adapted to life in the coniferous forests 

and deep snow (Rankama & Ukkonen 

2001, Kojola et al. 2004, 

Suomenpeura.fi 2022). Once very 

abundant in the forests of Finland, 

Russia and possibly Sweden this 

species’ can now only be found in two 

populations in Finland and one in  

Russia (Suomenpeura.fi 2022). These 

wild ‘cousins’ of the domesticated 

reindeer (Rangifer tarandus tarandus) 

Figure 5. Two reindeer ecotypes of Finland, adapted to 
different habitats (tundra and forest). 
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are estimated to have made their first appearance in Fennoscandia over 5.000–7.000 years ago 

(Rankama & Ukkonen 2001). During the separation into different glacial refugia (Norway 

and Siberia), due to the ice age in the Holocene (120,000-25,000 ya), the ancestors of the 

domesticated reindeer (mountain reindeer) were separated from the wild forest reindeer. This 

led to the emergence of two different ecotypes (Fig. 5) that were well adapted to their specific 

environment (tundra and forest) and is most likely the cause for the genetic and 

morphological differences seen in today’s subspecies’ (Rankama & Ukkonen 2001).  

 

Endangered predator and prey 

 

The wild forest reindeer belongs to the Annex II species of the EU’s Habitat Directive 

(92/43/EEC) (Suomenpeura.fi 2022) and is categorized as near-threatened (NT) by the Red 

List of Finnish Species (Hyvärinen et al. 2019:576). Its main predator the wolf (Canis lupus), 

which returned to Finland as a permanent breeder back in the mid-1990's (Kojola et al. 2021), 

is categorized as endangered (EN) and both species are also protected by different Hunting 

Act’s (Hyvärinen et al. 2019:576, Suurpedot.fi 2022). This makes it especially difficult to 

preserve predator and prey when one has a negative impact on the other (Hiedanpää & 

Pellikka 2020). Additionally, wild forest reindeer populations only grow very slowly because 

of low recruitment rates of only one calf per year, compared to other ungulates like moose or 

white-tailed deer (Testa et al. 2000, Kojola 1996 from Pöllänen 2017 & 2020, Serrouya et al. 

2019, Paasivaara, personal communication, 2022).  

 

3.2. Data collection 

 

I used long-term global positioning system (GPS) and radio-tracking data of collar wild forest 

reindeer females from Eastern Finland to answer the above posed questions. The Natural 

Resources Institute Finland (Luke) has monitored about 150 female wild forest reindeer in 

Kainuu, for over a period of 12 years (2010-2021) and collected data on distribution, 

dispersal, age, calf mortality and used summer- and winter-feeding sites. A helicopter 

(Robinson 44) and dart inject CO2 guns (Dan-Inject) were used to anesthetize and collar 

females with GPS-telemetry-collars (Vectronic Aerospace Gmbh, Germany). The animal care 

protocol of the Animal Experiment Board of Finland (Eläinkoelautakunta, ELLA) was 

followed for the capture and manipulation of animals. The collars sent a location every four 
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hours (four fixes per message) in the off-season and hourly messages during the calving 

season (10th - 31st of May), to help with the quick recognition of calving events and the female 

position for check-ups. Fixes were also changed to one-hour intervals later during June if 

females that had calved outside the usual calving period had to be located. Calving events 

were inferred according to DeMars et al. (2013). GSM or Iridium network was used to send 

the data to the UC-WRAM database (Umeå 

Center for Wireless Remote Animal 

Monitoring Dept. for Wildlife, Fish and 

Environmental Studies SLU). The first 

recorded calving event occurred in May 2011 

and since, one location of calving sites per 

female and year was obtained. Every year the 

absence or presence of calves was checked 

with field observations, triangulation and the 

tracking of animals by using the latest GPS-fix 

and hand-held antenna with VHF frequencies. 

Animals were observed from under the wind 

and with binoculars and females were observed 

until the presence or absence of a calf could be 

ascertained, depending on the visibility and 

quality of the habitat. This status was obtained 

at least three times during the breeding season 

from mid-May to mid-August. I was fortunate 

enough to help with the data collection of the 

calf check-ups for the year 2021 (Fig. 6). The WRAM-database (SLU WRAM, see 

https://www.slu.se/centrumbildningar-och-projekt/wireless-remote-animal-monitoring-

wram/), was used to follow the daily movements of collared females and to collect and store 

GPS-fixes. In the event of unusual or evasive movements during the daily inspection the 

female and calf status were checked as soon as possible and in the case of a missing calf the 

collar-fixes and sites in the field were inspected to find evidence for the cause of death. Calf 

remains and other evidence for predation (e.g., droppings) were inspected by hunting dogs to 

find the cause of death (Paasivaara, personal communication, 2022). 

 

Figure 6. Triangulation of collared reindeer females 
via a handheld antennae and VHS frequencies on 

the field. 

https://www.slu.se/centrumbildningar-och-projekt/wireless-remote-animal-monitoring-wram/
https://www.slu.se/centrumbildningar-och-projekt/wireless-remote-animal-monitoring-wram/
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3.3. Statistical analysis 

 

The data analysis and visualisation were performed in the programmes R version 4.1.1 and 

QGIS 3.6.3. (R Core Team 2021, QGIS.org 2022). The WGS84 coordinates allowed for the 

calculation of distances between calving sites in consecutive years for 53 individual females 

over the period of 12 years. Geographic distances between consecutive calving sites (i.e., 

distance along the curved surface of Earth; from hereafter “distances”) were calculated. 

Reindeer are good model species for these kinds of studies since they often show strong 

fidelity to calving sites and are easy to track. Distances between yearly locations have been 

used by Wittmer et al. (2006) and Testa et al. (2000) and are more precise at showing site 

fidelity than home-range approaches (Wittmer et al. 2006). In Wittmer et al. (2006), however, 

all possible pairs of locations within a season for a female were used, whereas this analysis 

only relied on one GPS-fix per year for the calving site for each female. This approach allows 

more precise calculations of distances by using only confirmed calving sites. Moreover, since 

calving for several females and multiple years was measured, one can separate between what 

portion of the distance variation is due to inter-individual variation between females, from the 

effects that other variables have on the distances. On average every female had 3-4 years of 

consecutive data with an average of two distances calculated per female. Overall, 100 

distances for calving places in consecutive years were obtained. A generalized linear mixed-

effect model with random effects was applied to the data. The model was used to answer all 

three hypotheses’ but to get further insight into the observed non-linear patterns additional 

data exploration with a loess model, parametric (T-test) and non-parametric tests (Chi-squared 

and Wilcoxon test) was conducted. 

 

3.3.1. Variables 

 

The data used for the analysis consisted of collected and generated variables. These were the 

reindeer ID (character), females’s age (positive integer), year (factor with 12 levels), calf 

mortality (binary factor) and calving site coordinates (WGS84) (continuous numerical). The 

linear distance in meters (continuous numerical) was calculated from the coordinates of 

calving sites for consecutive years for each female with the packages ‘tidyr’, ‘raster’ and 

‘geosphere’ in R (Hijmans 2019 & 2021, Wickham, H. 2021). 
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Longitude was chosen to be a proxy for predator pressure, due to higher wolf and bear 

densities in the east of Finland, especially in Kainuu (Kojola & Heikkinen 2012, Heikkinen et 

al. 2021, Penteriani et al. 2021) and because the calf/adult and calf/female ratios for moose 

are lower in the east of the study area than in the west. This hints at a higher predation of 

calves in the east, even though overall densities of moose do not differ in the area 

(Riistahavainnot.fi 2022). Additionally, longitude was also found to explain higher mortality 

of wild forest reindeer calves in the east in an exploratory analysis and therefore I assumed 

that the predator pressure on prey and especially calves was higher in this area than others. 

The longitude of the calving sites was centred (continuous numerical) to be able to be used as 

a continuous variable in the applied model. To look further into the specific effect of 

longitude on mortality and distances the centred longitude was divided into three equal parts 

for representative purposes, as well as to represent differences in the landscape structure and 

assigned the positions “West”, “Central” and “East”. This categorial longitude was not used 

in the model (glmer) but some other analysis considered these three zones separately when 

looking at differences in calf mortality and distances. 

The distances were not normally distributed and heavily skewed to the right (Fig. 8). Neither 

a logarithmic- nor a square root- transformation led to the normality of the data. This was 

only achieved by a boxcox-transformation (Equation 1.). After transforming the data, the 

distances followed normality (Shapiro-Wilk normality test; W = 0.98382, p = 0.2601). In this 

equation lambda (𝜆) is a transformation parameter estimated from the data via the maximum 

likelihood-like approach by Box and Cox (1964). For this I used the package “MASS” in R 

(Venables & Ripley 2002). More information about the boxcox-transformation can be found 

in Box and Cox (1964) and Sakia (1992). 

𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝜆−1

𝜆
              𝜆  =  0.2129662   

Equation [1] 

While conducting data visualisation with scatter plots, outliers were noticed. The outliers 

were checked to validate the correctness of the data and exclude recording mistakes. Three 

calving sites were removed because they were deemed to have resulted from non-natural 

dispersal (e.g., too early calving due to bad weather conditions or calving in reindeer herding 

area). This led to the analysis of the movement of 53 wild forest reindeer females with an 

average of three consecutive calving sites and two calculated distances between consecutive 

years per female. 
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3.3.2. Exploratory analysis 

 

Although some data on predator abundances was available, it does not quite reflect predation 

on wild forest reindeer, since predator pressure is not a direct product of predator abundances 

but also interacts with the animal’s physical condition, number of alternative prey and escape 

or hiding locations, etc. (female condition; Keith et al. 1984, hiding locations; Bergerud 1985, 

other prey; Seip 1991, Serrouya et al. 2019). Thus, I was interested in seeing if there was a 

spatial pattern and in particular, a longitudinal one, on calf mortality. As an exploratory 

analysis I tested if longitude could be used as a proxy for predator pressure which influences 

calf mortality. If this was the case, I expected more calves to die in eastern areas compared to 

western ones. First the distribution of longitude was tested for normality visually and with the 

Shapiro Wilk normality test (W = 0.98631, p = 0.3931). Upon finding longitude to be 

normally distributed a Welch two-sample t-test comparing the calf mortality in relation to the 

longitude was performed. I also tested the calf mortality of the individual longitudinal zones 

with a chi-square test.  

 

Figure 7. Map of the study area (Kainuu) divided into the three zones (West, Centre and East) with 
the calving places coloured by zone (white, grey, black respectively). Map was created in QGIS. 
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3.3.3. Generalized linear mixed-effects model 

 

The data was used to fit a generalized linear mixed-effect model with the previously described 

transformed distances (year [t - (t+1)]) as response variable and with the calf mortality 

measured in the year [t], the female’s age from year [t] and the centred longitude (continuous 

numerical), also from year [t], as the explanatory variable. The individual reindeer ID and 

year were both used as random effects to account for the annual and inter-individual variation 

and unbalanced sample sizes for both parameters, as was done in (Bélanger et al. 2019). This 

type of model was chosen because the random effects allow to account for variation between 

repeated measurements of individuals and therefore often autocorrelated data. Furthermore, 

the models link function allows to analyse normal as well as non-normal data (Bolker et al. 

2009). The drawbacks of these kinds of models are that they are very complex and according 

to Bolker et al. (2009) their misuse is common.  

Since I was only interested in the effect the mortality of the previous year had on the 

distances, the calf survival for the last year for each female was not used in the model. The 

centred longitude was used in the model to answer my first hypothesis about the influence of 

predator pressure on philopatry. The calf mortality was included to test if breeding success 

had an influence on site fidelity (ii) and the female’s age was included to answer my third 

hypothesis about the influence of age on site fidelity. The model used the Gaussian 

distribution and model selection was done via Akaike Information Criterion (AIC) (Table II, 

Appendix). 

  

3.3.4. Additional tests 

 

 To avoid model complexity and investigate some suspected small-scale patterns that the 

continuous model could not identify, I approached the analysis in two different ways. I 

analysed the data with the linear mixed-effects model, mentioned above, and run additional 

parametric and non-parametric tests for different aspects of interest.  

Firstly, the relationship between calf mortality and predator pressure was inspected. The 

normality of the longitude variable was tested with the Shapiro-Wilk normality test (W = 

0.99, p-value = 0.39) and confirming normality a Welch Two Sample t-test was run. This 

compared the longitude of the two mortality categories to each other as an exploratory 

analysis. Furthermore, I specifically investigated the small-scale effects of longitude on the 
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variables by dividing it into three zones as mentioned above. After finding that the 

untransformed distances for the individual groups were not normally distributed (for all cases 

Shapiro-Wilk normality test resulted in p < 0.05) but the Levene’s test showed homogeneity 

of the variances, a non-parametric Wilcoxon Rank Sum exact test was done for each group. 

This was to see if the distances varied with the calf mortality on a smaller scale due to a 

difference in the landscape structure within the different zones (West, Central, East) of 

Kainuu. This was also done to better visualize patterns the continuous model could not. 

Additionally, a Chi-squared test for given probabilities was applied to see if the ratio of dead 

to surviving calves differed within each zone. Lastly, to check if the female’s age had an 

influence on the calf mortality, as well as distances a loess model was applied to the data. 

 

4. Results 

 

From the 53 collared females, the ages ranged from 2-16 years with a mean age of 7 years and 

an average of 3-4 consecutive years of monitoring. Almost 50% of the calves born (48 out of 

100) had died after 80-90 days within the study period (Appendix Fig. 2.). Mortality rates 

seemed evenly distributed among the different age groups on visual inspection but varied 

across years, note the high variance of data points among years (Appendix Fig. 5. & 6., 

Appendix). Most of the females showed short distances between consecutive calving sites 

with a mean distance of 2.84 km, however with substantial variances of 4.8 m – 36.99 km, 

and with 16 % of distances being above 10 km (Fig. 8). Data inspection of the calculated 

distances for the individual females, revealed high inter-female variation and also high 

variation between years (Appendix Fig. 3. & 4.). Data visualisation in QGIS showed no 

population structure for the age or years. Figure 9. shows a map of the study area with the 

calving sites according to calf survival for the period of the data collection.  
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Figure 8. Frequency of the distribution for distances between consecutive calving sites in meters.  

 

Figure 9. The region of Kainuu (Finland) with calving sites (dots) and distances between calving sites 
(black lines) for consecutive years of each individual wild forest reindeer female (2010-2021). Calving 

sites where the female lost her calf (black), calf survived (yellow), not used in the model (white). 
Arrows on black lines indicate the direction of movement. Map created in QGIS. 
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4.1. Exploratory analysis 

 

A Welch two-sample t-test comparing the calf mortality in relation to the longitude confirmed 

that calf mortality was significantly higher in the east compared to the west (t = -2.72, df = 

82.56, p = 0.008; Fig. 10). Looking on a smaller scale at the calf mortality of the individual 

longitudinal zones (Fig. 13) a difference also within the zones was visible (Chi-squared test; 

𝜒2 = 7.05, df = 2, p-value = 0.029). Pairwise comparisons for the three individual zones, with 

a p-value correction for multiple testing found relative calf mortality in the east to be 

significantly higher than in the centre and west (Chi-squared test; 𝜒2 = 4.26, df = 1, p-value = 

0.039).This shows that longitude is a reasonable proxy for predator pressure in this area, since 

it can be assumed that the higher mortality in the east results from a higher predation of calves 

by predators. 

 

Figure 10. Calf mortality in relation to longitude, smaller values of longitude indicate more western and 
higher values more eastern parts of the study area. Boxplots show 25% and 75% quantiles, black 

lines are the median and whiskers show the range of the data. 

 

4.2. Model selection 

 

To check if the glmer models’ random effects helped explain variation within the model, 

different models, with and without each random effect separately, were run and compared to a 

model with both random effects via AIC. The comparison showed that the random effects 

variable year was not significant and did not contribute to the fit of the models and was 

therefore removed from further models (Appendix Table I). The reindeer ID, however, 

showed a variance of 3.619 and standard deviation of 1.902, adding significantly to the fit and 

was therefore kept in the model (Equation 2.). Even though some models without the variable 
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female’s age had a lower AIC, this was kept in the final model to be able to answer the third 

hypothesis (iii). After model selection via AIC it was checked if model assumptions were met 

with the ‘DHARMa’ package in the programme R (Hartig 2021). Assumptions were met 

(Appendix Fig. 1.; KS test: p=0.32, Dispersion test: p=0.83, Outlier test: p=0.55). According 

to the full glmer model results (Table I) calf mortality, age and longitude (proxy for predation 

pressure) were not significant (α = 0.05) in explaining the variance in distances. In the 

following sections, I will further explore the outcomes in relation to the questions posed in 

greater detail, after reporting outcomes of the exploratory analysis on spatial patterns of calf 

mortality. 

 

distance = calf mortality + centred longitude + female’s age + random effect (reindeer ID), 

family = Gaussian (link =identity)  

Equation [2]  

 

Table I: Summary table reporting the statistics of the chosen glmer model (i.e., Distance ~ Mortality + 
Longitude + Age + (Reindeer ID)). 

Parameters Estimates Std. Error t-value     𝜒2 Df p-value 

Intercept 17.5946 2.6915 6.537 - - - 
Mortality -2.2096 1.1950 -1.849 3.4187 1 0.0645 . 
Longitude -1.0319 0.9028 -1.143 1.3065 1 0.2530 
Age 0.4700 0.3502 1.342 1.8011 1 0.1796 

 

4.3. Predator pressure 

 

Inter-year distances between breeding sites were just slightly longer in the west than in the 

east (Fig. 11.), although the variance was large and the association non-significant (𝜒2 = 1.31, 

df = 1, p = 0.25) with strongly philopatric and very dispersive females both in east and west. 

The distances for only females with surviving calves were lower in the centre and east 

compared to the west but for females with deceased calves these distances increased for the 

centre and east (Fig. 13.). The variation of datapoints was also largest in the east and smallest 

in the west. Overall, the west showed more constant and intermediate distances between the 

least and most dispersive events. 
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4.4. Breeding success 

 

The average distances moved by females that lost their calves were larger than the average 

distances of those with calves that survived the previous year (3.14 km vs. 2.52 km), however, 

the variance was substantial and the glmer model indicated that this difference was not 

significant (Fig. 12; 𝜒2 = 3.42, df = 1, p = 0.06). Due to the non-linear effect of longitude 

(predation) on breeding dispersal and other potential differences between the west, centre and 

east of the region, I re-analysed this interaction utilizing the discrete longitudinal zones (Fig. 

13.), for which a similar trend was visible. The east and centre showed longer distances after 

calf loss, but for the west the opposite was true. This relationship was, however, only 

significant for the centre of Kainuu (Fig. 13., Wilcoxon Rank Sum test; W = 207, p-

value=0.044). 

Figure 11. Distances between consecutive calving sites in meters, in relation to the 
centred longitude (predator proxy), with observed values (red dots) and model 

predictions (black). The grey area represents the 95% confidence interval of the model 
predictions. 



28 
 

 

Figure 12. Distances between consecutive calving sites in meters, in relation to calf mortality with 
observed values (red dots) and model predictions (black whisker plots). Black dot represents the 

mean and whiskers the 95% confidence interval of the model predictions. 

 

Figure 13. Number of calves that died (black bars) and survived (yellow bars) the previous year for 
the different zones of Kainuu and distances between calving sites for consecutive years. Black dots 
symbolize the mean distances and error bars show the standard deviation. Predator pressure was 

assumed to be higher in the east compared to the west. 
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4.5. Age 

 

The glmer model results showed that age had no linear relationship to the distances between 

calving sites (𝜒2 = 1.80, df = 1, p=0.16). However, the observed data points in figure 14. as 

well as figure 15. show a non-linear relationship between the parameters, with a peak of 

distances at the ages of 6-8 years for mothers with and without surviving calves. Note the 

very small sample size for some age groups (e.g. <4, >12). 

 

 

5. Discussion 

 

I found that the majority (84%) of observed inter-year distances (mean; 2.84 km, n = 100) 

between calving sites were within less than 10 km of the previous sites. This implies that wild 

forest reindeer of Kainuu exhibit a high degree of fidelity to calving places but with a 

variation that could partly be explained by the previous years’ breeding outcome, predation 

pressure and age. Nevertheless, I found no strong statistical support to accept any of my three 

hypotheses, although non-significant trends indicate some weak support for some of them. 

The calf mortality in the east, however, was found to be significantly higher compared to the 

west. 

A pattern of similar or slightly higher mean inter-year distances have been found in most 

reindeer subspecies throughout their circumboreal distribution and in some other ungulates 

Figure 14. Distances between calving sites for 
consecutive years in meters, in relation to the 

females age with observed values (red dots) and 
model (glmer) predictions (black line). The grey 

area represents the 95% confidence interval of the 
model predictions. 

Figure 15. Loess lines of median distances 
between consecutive calving sites in meters for 
the different age groups of wild forest reindeer 
females, for mothers with calves that survived 

(red) and died (black) and observed data points 
(black circles and red triangles). 
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(Caribou; Fuller & Keith 1981, Schaefer et al. 2000, Ferguson & Elkie 2004, Popp et al. 

2011, Lafontaine et al. 2017, Elk (Cervus elaphus); Allan 2014, Moose; Testa et al. 2000, 

Tremblay et al. 2007). Despite distances reported being seemingly of the same order for a 

wide range of ungulate populations, individual authors classify such distances differently, as 

high or low site fidelity, for the same or for different species. For instance, Wittmer et al. 

(2006) and Popp et al. (2011) found similar mean inter-year distances between calving sites 

(9.28 km and 11.5 km) for sedentary caribou, however they classify these distances as low 

and high fidelity, respectively. Allan (2014) and Testa et al. (2000) on the other hand found 

much shorter mean inter-year distances between parturition sites for elk (Cervus elaphus) and 

moose (2.93 km vs. 4.7 km, respectively) but classified these as low fidelity. While overall 

reindeer and other ungulates seem to return to breeding sites, with most distances being very 

short, does this mean that they can be said to be philopatric? Because of these discrepancies in 

the definition of philopatry and heterogeneity in the literature (see Appendix Table II) it is 

difficult to define and understand how philopatry is expressed in different species and what 

factors impact it the most. 

 

5.1. The problem of defining and measuring philopatry 

 

For every species the distances between consecutive breeding sites vary immensely, 

depending on the dispersal capacity and size, with larger animals often having longer 

dispersal distances than smaller ones (Jenkins et al. 2007). The genus Rangifer shows even 

more variance because of the two ecotypes (migratory and sedentary), that can show fidelity 

on different scales, where some caribou are philopatric to a general area and others show 

fidelity to very specific sites (Schaefer et al. 200). It also needs to be considered that the 

strength of site fidelity can differ between years or seasons like it did for some population of 

caribou in North America (Popp et al. 2011).  

To measure philopatry in ungulates a multitude of methods has been used from distances of 

exact locations for consecutive calving sites, over distances between centre points of inter-

year seasonal ranges to percentages of home-range overlap (Schaefer et al. 2000, Ferguson & 

Elkie 2004, Tremblay et al. 2007, Popp et al. 2011, Gunn et al. 2012, Allan 2014). Yet, there 

is no standardized way to determine philopatric behaviour even within these methods, which 

has often been criticized (Schaefer et al. 2000, Tremblay et al. 2007). Other methods like 

using a discrete variable with an arbitrary thresholds (e.g., 100 meters) to define if a species is 

philopatric or not is also not advisory because the variance between species and even 
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populations makes such data difficult to compare and not up to scale. Instead, more focus 

should be put on trying to standardize philopatric measures across taxa as well as on studying 

the variation in breeding site distances, and how variation relates to other processes to gain a 

better understanding and allow for generalizations. In this regard, it should be more beneficial 

to view philopatry and dispersal as both being on a continuum or spectrum, instead of on a 

binary scale. 

What can be said for wild forest reindeer is that a large fraction (66%) of the measured inter-

year distances of individual females showed dispersal of 5 km or less, and almost one fourth 

(23%) showed distances of breeding dispersal as low as < 1 km. Therefore, overall wild forest 

reindeer can be considered a philopatric species, even if high inter individual variation in both 

this study and the available literature for this genus were observed. The data also shows 

interesting variation with females in western areas showing opposing dispersal patterns to 

central and eastern areas and intermediate ages exhibiting less site fidelity. The reliability or 

significance of these outcomes is examined next. 

 

5.2. Sample Size 

 

The hypotheses of this study have overall gotten no or only weak support and one important 

factor in this may have been the sample size. Even though the number of collared females (n 

= 53) and number of observed distances (n = 100) was large enough compared to other studies 

(e.g., Fuller & Keith 1981; 42 and Wittmer et al. 2006; 65 animals in total), the analysis was 

limited when trying to address individual questions by some groups having too few sample 

points (< 5; e.g., some age groups or calf mortality for longitudinal zones). This was also a 

problem in some previously mentioned studies. For example, Fuller and Keith (1981) had 33 

animals in total for the age analysis but only as few as one animal per age class. When 

interpreting the results from studies with small sample sizes it needs to be considered that 

they can lower the accuracy and power of statistical tests and make it difficult to see trends or 

interpret them correctly. This possibly influenced the robustness of the used statistical 

analysis and model outcomes, and a higher sample size might have resulted in different 

statistical outcomes. 
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5.3. Predator pressure and site fidelity 

 

Wild forest reindeer females calving in the east did not show significantly stronger philopatry 

(less movement), compared to the west. Therefore, the first hypothesis (i) expecting less 

movement under higher predator pressure was rejected. This raises the question if longitude is 

a good enough proxy for predator pressure alone or if other unaccounted effects in the 

landscape structure weaken the strength of this proxy? The complexity of the system around 

breeding dispersal and especially the presence of multiple confounding factors make it 

difficult to see the isolated effects of only one desired component. Some of the potential 

confounding factors specific to the study area stem from differences in the landscape structure 

(natural and anthropogenic) with similar gradients than the investigated predator pressure. 

The non-linear pattern of the effect of longitude on philopatry could also play a role in this 

since only the eastern site showed higher rates of calf mortality (Fig. 13). Nonetheless, a 

slight trend for lower dispersal averages in the east compared to the west can be seen in the 

data. 

 

5.3.1. Longitude as good proxy for predator pressure? 

 

The proxy was chosen because of predator abundance having a longitudinal gradient, due to 

commercial supplementary feeding sites on the eastern border and a refugial effect of the 

Finnish-Russian border attracting more carnivores to the eastern zone (Penteriani et al. 2021). 

The border area has long been a suitable wilderness area for large carnivores, which try to 

avoid human activity and use this border zone as a corridor for dispersal (Paasivaara, personal 

communication 2022). Additionally, in areas with a continuous presence of large carnivores, 

humans often show more tolerance towards them (Bisi et al. 2007) and, since the border area 

of Kainuu has always experienced predators in high densities, the human tolerance towards 

them is thought to be higher in this area. This is seen in the number of applications for special 

hunting permits, which for bears, for example, are most often in central and western areas of 

the region compared to the east (Riista.fi 2022). There is also speculation that poaching rates 

of wolves are higher in the western areas of Kainuu due to higher numbers of human 

settlement (UrbiStat.com 2022) and possibly a lower tolerance, leading to a reduction of 

predators in that area. The results of this thesis show that the calf mortality in the eastern areas 

of the region was significantly higher compared to the western areas, indicating a higher 

predation on calves in the east even though it needs to be kept in mind that calf mortality did 
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not separate predatory events from other causes of death. Summed up all these factors speak 

for longitude being a reasonable proxy for predator pressure.  

Additionally, exploratory habitat suitability models (Appendix Fig. 8. b) by Paasivaara et al. 

(2018) found the location of good calving places to be mostly in the east with less suitable 

areas in the west. When however, this model is overlapped with the distribution of current 

calving sites (Appendix Fig. 8. a) a more western trend for favoured sites is visible, providing 

evidence that the wild forest reindeer largely avoid eastern areas for calving. In theory these 

eastern sites are better suited for calving, due to larger, remote areas and less human 

disturbances. The suggested decreased movement of females in the east hints at females using 

site fidelity as predator avoidance strategy. Nevertheless, the population of wild forest 

reindeer has been in decline and when the predator pressure stays high in this region, this 

could be an indication that philopatry may not be efficient enough anymore as predator 

avoidance strategy. It is, however, not certain if this potential ecological trap is indeed caused 

by high predator abundances or other unknown factors. 

Looking at the zonal analysis, (Fig. 13) it shows indication of calf mortality having the 

expected (and significant) influence on distances in the centre of Kainuu and also a slight 

trend for the easter areas but non-significant mostly due to a small sample size. Thus, while 

the centre and east of the region seem to have breeding dispersal patterns that correspond to 

the hypotheses, the west seems to show different patterns with more constant and intermediate 

distances irrespective of mortality. This could be caused by a lack of predation pressure, or 

because of a lower habitat quality or be an effect of the more recent colonization of this area. 

 

5.4. The importance of breeding outcome on philopatry 

 

The observed calf mortality rate of about 50% in this study is similar to that of woodland 

caribou in Canada found by Fuller and Keith’s (1981) and Lafontaine et al. (2017) but lower 

than that of previous years (2004-2007) for the same population (70%; Kojola et al. 2009). 

The mortality is also much higher than for domesticated reindeer in Finland (7-12%; 

Nieminen et al. 2013), even though it needs to be considered that the predator densities in 

reindeer herding areas are much lower (Riistahavainnot.fi 2022).  

For the second hypothesis (ii) concerning the influence of breeding success on site fidelity, I 

expected longer distances after calf loss, but this was only weakly supported by the results. 

For the different reindeer subspecies various studies report no or only a weak influence of 
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breeding success on site fidelity (Ferguson et al. 1998, Schaefer et al. 2000, Rettie & Messier 

2001, Kinck 2014). At the same time some of these studies report trends, even if not 

significant, for bigger home-ranges, higher daily movement rates or longer standardized 

pathlengths after calf loss (Ferguson et al. 1998, Rettie & Messier 2001, Kinck 2014). These 

are similar to my (non-significant) findings of longer inter years distances to calving sites 

after calf loss. Only Lafontaine et al. (2017) found a significant influence of the previous 

years’ breeding outcome on site fidelity and observed shorter distances between consecutive 

calving sites for females with surviving calves compared to females without success. This 

weakened fidelity has also been observed in several other ungulate species. Testa et al. (2000) 

and Bercovitch & Berry (2015) for example, found that the distances between consecutive 

parturition sites of female moose and Thornicroft's giraffes (Giraffa camelopardalis 

thornicrofti), respectively tended to be higher for females that lost their calves the previous 

year, than for those that did not (moose; 4.9 vs. 2.6 km). Popp et al. (2011) argue that a 

weakened reproductive success in caribou could lead to less fidelity and be associated with 

the decline of populations. This offers some support for the hypothesis that philopatry is 

weakened after calf loss, even if more evidence is needed to infer patterns and consequences 

from this. Why some studies found breeding success to be associated to breeding dispersal 

while others did not, remains unanswered. This lack of evidence could be due to previously 

mentioned low sample sizes but also due to complex interactions between multiple other 

factors that are difficulty to disentangle (see section; Multiple interacting factors). In my 

study, most likely both played a role, and although the relationship was not significant, the 

results suggest that breeding success could play a role, in site fidelity of wild forest reindeer 

together with predation and age, as expressed in Figure 1.  

 

5.5. Effects of age and experience on philopatry 

 

The age of the mother had no influence on the site fidelity for wild forest reindeer. The third 

hypothesis (iii) was therefore rejected. Similar findings were reported by Tremblay et al. 

(2007) for moose in Norway and for non-migratory Svalbard reindeer (Kinck 2014). Schaefer 

et al. (2000) observed that age and site fidelity were inversely correlated for migratory 

caribou in winter but not at all for sedentary caribou. This could indicate differences in 

ecotypes since wild forest reindeer show similarities to sedentary caribous. However, this 

would need more investigation for a reliable conclusion.  
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However, there are indications that a non-linear relation can be expected between age and site 

fidelity. Kinck (2014) found that for some age groups (4-7 years: middle age) of Svalbard 

reindeer the home ranges were bigger than the rages for younger or older animals, indicating 

lower fidelity for this middle age group. A similar pattern was observed in my study (Fig. 15.) 

for wild forest reindeer. The reasons behind this could stem from age related experience and 

fitness differences and trade-offs for individuals. While older individuals have more 

experience in raising offspring and lower rates of breeding failure, they often experience 

senescence effects like a lower productivity, whereas younger individuals have higher rates of 

productivity but lack experience (Vegara et al. 2006). Vergara et al. (2006), for example, 

found that age had a curvilinear relationship to nest fidelity in white storks (Ciconia ciconia) 

meaning middle-aged individuals were better at successfully raising their brood, since this age 

class had both the experience and resources to defend the best nesting sites. This indicates that 

age does influences fidelity but differently than previously thought and that the complex 

interactions of benefits from experience and costs of senescence need to be accounted for in 

future studies.  

 

5.6. Multiple interacting factors 

 

The complexity of the system around breeding dispersal and especially the presence of 

multiple confounding factors make it difficult to see the isolated effects of only one desired 

component. Especially since breeding success, predation and age all influence each other and 

are all related at some level (Fig. 1). In addition, there are other confounding factors that may 

play an important role at least in this region, both natural and anthropogenic that could help 

explain some of the spatial variation observed. 

 

5.6.1. Anthropogenic disturbances 

 

The influence of so many other variables make it difficult to see the isolated effects and the 

strength of predator pressure on its own, especially in human altered environments and 

predator pressure might not be the only variable with a longitudinal gradient in the area. 

Some studies have found that some ungulate species seek the protection of humans against 

predation (Berger 2007, Lafontaine et al. 2017). For example, Berger (2007) found that if 

moose cows lost their calves the previous year the calving sites of the next year tended to be 

closer to paved roads avoided by predators. However, the opposite is more common, with 
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high anthropogenic disturbances resulting in weakened fidelity. For caribou Popp et al. (2011) 

speculated that disturbances (human or natural) can lead to weakened fidelity of females to 

calving and post-calving areas. Human densities in the Kainuu region vary with a west-east 

gradient where the west is more inhabited than the east (UrbiStat.com 2022). Interesting is 

perhaps the spatial uncertainly of some of these human disturbances in parts of the area that 

may be reflected in the overall larger dispersal distances in the west. Some of the western 

calving areas of the wild forest reindeer in Kainuu lie within a military shooting area with a 

high frequency of disturbances. The females calving here are frequently disturbed and most 

likely need to move a lot to avoid human activity. These disturbances could explain the high 

movement in the west (Fig. 13) despite high calf survival since they may alter the use of 

calving sites. Even if a female would want to come back to the same calving site, with good 

enough resources, the disturbances could force the mother to be more flexible with her 

calving site choice and mothers that fail to do so could suffer higher calf loss. The opposing 

higher anthropogenic disturbances in the west and the stronger predator pressure in the east 

might influence and weaken each other, so that using solely the longitude as a proxy for one 

of these factors is not representative of the real isolated effects. This could explain why the 

trend of shorter distances in the east and after calf mortality was only seen on the smaller 

spatial scale (Fig. 13.) but not overall. This could ultimately lead to fidelity on a bigger spatial 

scale for wild forest reindeer instead of fidelity to discrete places, similar to what has been 

observed for moose (Tremblay et al. 2007). It may also pose the need for different 

tactics/strategies in different areas. 

 

5.6.2. Shifts in distribution 

 

Thinking about the recent decline of the wild forest reindeer population in Kainuu, predation 

could have played a substantial role in the survival and breeding success of this population, as 

it has done for many other caribou populations across North America (Seip 1991, Serrouya et 

al. 2017 & 2019). While the wild forest reindeer populations in Finland were recovering after 

their local extinction, so did the wolf populations. In the late 1990’s and early 2000’s, wolves 

in the area were mostly feeding on moose, although up to 56% of their diet consisted of wild 

forest reindeer in eastern wolf territories of the region during certain seasons (Kojola et al. 

2004). This predation reduced the population growth, but the wild forest reindeer were still 

able to avoid predation despite a high ratio of wolves/wild forest reindeer (Kojola et al. 2004). 

Later wolf predation on calves increased, up to 70%, thus the wild forest reindeer population 
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in Kainuu started to decline (Kojola et al. 2009). When comparing the populations 

distribution of the area in the 1970’s (Appendix Fig. 7. a-c) with the distribution of today 

(Appendix Fig. 8 a) a shift of the population to the west, can be observed. This shift was most 

likely caused by a high predator pressure because predator densities in the area started to rise 

after Finland joined the European Union in 1995 and stricter protection laws for large 

carnivores (EU's Habitat Directive (92/43/EEC)) were applied (Suurpedot.fi 2022). Shortly 

after this (after 2001) the decline of the wild forest reindeer population in Kainuu started 

(Luke.fi 2021). Additionally, similar patterns of range shifts of annual birth sites due to 

predation by grizzly bears have been reported by Berger’s (2007) for moose in the Yellow 

Stone National Park. This gives the impression that this species is trying to avoid high 

predator densities and predation by shifting ranges further west. Site fidelity may have played 

an important role in avoiding predation for favoured calving sites in the east during the 

beginning of the wolf recovery in the late 1990’s, (Kojola et al. 2004), but an increase in pack 

numbers, and calf mortality (Kojola et al. 2009), site fidelity may not have sufficed, and the 

population started shifting to the west. Here the exposure to predators was lower, but the 

environment less familiar and maybe even more unpredictable for calving (anthropogenic 

disturbances), thus resulting in potentially higher dispersal distances in the west.  

 

5.7. Implications   

 

The reasons behind the recent decline of the wild forest reindeer population in Kainuu are still 

mostly unknown. Most evidence, however, points at predators and an increased predator 

pressure to the east playing a substantial role in the decline and also in the recent shift (Kojola 

et al. 2004 & 2009). What impact predation and the change in distribution have on the calving 

site fidelity of wild forest reindeer is difficult to say but the higher calf mortality in the east 

and indications of longer inter-year distances between calving sites after calf loss suggest that 

predation could ultimately impact philopatric tendencies and maybe even break up 

behavioural adaptations that no longer serve their purpose. In this way philopatry can also 

become an ecological trap for this population if the predator pressure and calf mortality in the 

east continue to be high but animals do not change their breeding dispersal patterns. Future 

studies should try to use study designs that can separate the effects from the desired factors 

that influence philopatry better from confounding factors like inter individual variation to see 

the isolated effects clearer. The environment should also be taken into closer consideration 

when looking at differences in widespread populations. The observation that calf mortality 

had different effects in the different longitudinal zones could indicate that the strength of site 
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fidelity varies for the zones or that philopatric tendencies can change according to the 

environment. More knowledge about these small-scale patterns and influential factors is 

needed and should be considered in future plans for protected areas and other land use 

projects (e.g., green energy, forestry), as well as possible translocations of animals. It would 

be interesting to see if the pattern of longer dispersal after calf loss and the slight trend of 

stronger philopatry in predator dense areas can also be observed in the western wild forest 

reindeer population of Suomenselkä, which has experienced a positive population trend 

(Luke.fi 2021). The calf mortality in this area was definitely lower for the years 2004-2007 

(~35%; M. Rautiainen unpublished data from Kojola et al. 2009) and the predator pressure is 

suspected to be lower, even though some wolf packs are known to reside there and dispersing 

juveniles from the east often settle in this area (Paasivaara, personal communication 2022). If 

this population were to show similar patterns, then this could shed more light on the aspect of 

predation on site fidelity and help to make generalisations for the species.  

 

6. Conclusion 

 

The model outcomes indicate some association between predation pressure and site fidelity, 

and reduced philopatry following calf mortality, although none of these associations were 

significant. The age of the mother did also not show any significant influence on a female’s 

site fidelity. Nonetheless, these results would suggest that a mother's choice to leave or return 

to the same calving site might be influenced by the previous year's calf mortality but more 

complex variables like anthropogenic disturbances, environmental factors, as well as intrinsic 

factors and the physical condition of the mother most likely also play a role in this. When 

studying processes, researchers look for generalities, but these can sometimes be difficult to 

find, thus finding differences between species might make us better understand drivers at 

different levels. If two species, two ecotypes or two individuals display differences in 

philopatric tendencies these could be caused by resource uncertainty, differences in habitat or 

predator pressure or any other variable aspect in a species’ life-history or environment. 

Therefore, we need more thorough studies to be able to detect factors that matter in 

determining philopatry. 
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That is why I want to remind you (the reader) to distinguish between proximate and ultimate 

reasons for phenomena and urge you to take responsible and well though through actions 

towards the root cause (ultimate reasons) and not a symptom (proximate reason) of a problem. 

In this case wolves are only a (natural) part of a much longer chain of threats to the wild 

forest reindeer, with one of the root causes being the, in the eyes of biodiversity, 

unsustainable forestry practices that lead to cuttings of the so valuable habitat (lichen rich old 

growth forests) that this species needs to thrive.  
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Appendix 

 

Figure 1. Results from model assumption validation via the ‘DHARMa’ package in R. Shows QQ plot 
of the residuals and residuals vs. predicted values with no significant deviation from normality. 

  

Figure 2. Frequency of calf mortality over the study period (2010-2021). 
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Figure 3. Distances between consecutive calving sites in meters for the individual females to see 
inter-individual variation. 

 

Figure 4. Distances between consecutive calving sites in meters for the individual years. Grey boxes 
show 25% and 75% quantiles, black lines are medians, whiskers show min and max ranges and dots 

the outliers. 
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Figure 5. Frequency of the calf mortality for the different age groups of females. Dark grey bars 
symbolize survived calves and light grey bars symbolize calves that died. 

 

Figure 6. Frequency of the calf mortality for the different years. Dark grey bars symbolize survived 
calves and light grey bars symbolize calves that died. 
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Table I: Model selection table with different models and Akaike Information Criterion as selection 
parameter. Random effects are in brackets, distances are transformed, longitude is centred, and stars 
indicate interactions. The chosen model is indicated in bold, even if other models have a lower AIC, 
they are not significantly better (∆AIC > 2). This model was chosen to see the influence of all the used 
variables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 

Rank Model AIC ∆AIC 

1 Distances ~ Mortality * Longitude + (Reindeer ID) 705.83 00.00 

2 Distances ~ Mortality * Longitude + Age + (Reindeer ID) 706.52 00.69 

3 Distances ~ Mortality + Longitude + (Reindeer ID) 706.55 00.72 

4 Distances ~ Mortality + Longitude + Age + (Reindeer ID) 707.03 1.2 

5 Distances ~ Mortality + (Reindeer ID) 707.54 1.71 

6 Distances ~ Mortality + Age + (Reindeer ID) 707.96 2.13 

7 Distances ~ Mortality * Age + Longitude + (Reindeer ID) 708.50 2.67 

8 Distances ~ Mortality * Age + (Reindeer ID) 709.28 3.45 

9 Distances ~ Longitude + (Reindeer ID) 710.22 4.39 

10 Distances ~ (Reindeer ID) 710.31 4.48 

11 Distances ~ Longitude + Age + (Reindeer ID) 710.61 4.78 

12 Distances ~ Age + (Reindeer ID) 710.69 4.86 

13 Distances ~ (Year) 710.93 5.1 

14 Distances ~ (Reindeer ID + Year) 712.31 6.48 
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Table II: Table comparing the inter-year distances and percentage of overlap for annual calving sites 
as well as the reported degrees of philopatry for different ungulate species from literature. The 
different colours indicate different species or ecotypes of species. Ecotypes refer here to movement 
types, contrary to the ecotypes mentioned in Box 2. 

Species Ecotype Location 
Inter-year 

distances to 
calving sites 

Percentage of 
overlap for 

annual calving 
grounds 

Reported 
degree of 
philopatry 

Literature 

Woodland 
caribou (R. t. 

caribou) 
migratory Canada 6.7 km  / 

high fidelity in 
late autumn 

Schaefer et 
al. (2000) 

Caribou (R.t.) migratory Canada / 
43% (± 3.8% 

SE)  

low fidelity at 
extremely high 

and low 
densities 

Gunn et al. 
(2012) 

Woodland 
caribou (R. t. 

caribou) 
sedentary 

Mealy 
Mountain
s, Canada  

3.9 and 11.5 
km 

/ 
high fidelity 
for calving 

sites 

Popp et al. 
(2011) 

Woodland 
caribou (R. t. 

caribou) 
sedentary Canada 

6.7 km 
(minimum in 

August)  
/ 

high fidelity to 
calving- and 
post calving 

sites 

Schaefer et 
al. (2000) 

Woodland 
caribou (R. t. 

caribou) 
sedentary 

Columbia 
Mountain
s, Canada  

9.28 km ± 
0.71 km  

/ 

low fidelity 
among years 
to seasonal 

ranges 

Wittmer et 
al. (2006) 

Woodland 
caribou (R. t. 

caribou) 
sedentary 

Ontario, 
Canada  

3.05 km ± 
0.234 km 

/ 
show fidelity 

to calving sites 
Ferguson & 
Elkie (2004) 

Elk (Cervus 
elaphus) 

unclear 
migratory? 

Bancroft, 
Ontario, 
Canada  

2.925 km ±  
0.630 km 

(range = 59 
m – 5552 m) 

/ 

 high <1 km 
(27%), 

moderate 
(18%) and low 

fidelity >2.9 
km (55%) 

(overall low 
fidelity) 

Allan 
(2014) 

Mule deer 
(Odocoileus 
hemionus) 

migratory 
Colorado, 

USA 
/ 

50% overlap 
(range: 10–

78%) in 
summer 

high fidelity 
Northrup 

et al. 
(2016) 

Moose (Alces 
alces) 

unclear 
sedentary? 

Alaska 

4.7 km 
(range 0.03-

34.0 
km). 

/ low fidelity 
Testa et al. 

(2000) 

Moose (Alces 
alces) 

sedentary 
Vega 

Island, 
Norway  

3.6 ± 0.2 km 
in failed 

breeding vs. 
2.0 ± 0.2 km 
in successful 

/ 

fidelity to 
calving areas 

but not 
discrete 

calving sites 

Tremblay 
et al. 

(2007) 
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Figure 7. Distribution of wild forest reindeer in the area of Kainuu in the 1970’s (a) and summer areas 
of 1966-2001 (b) and winter areas of 1966-2002 (c). Blue areas in (a) indicate wintering areas and red 

indicates breeding areas. Figure a) taken from Sulkava 1979, figure b) and c) were taken from 
Tuomivaara & Heikura 2010. 

 

a b 

c 
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Figure 8. Distribution of collared wild forest reindeer females in the area of Kainuu for the years 2010-

2021 (a & b). Black dots symbolize calving sites where the calf died and red dots where the calf 

survived at the end of August. The black line indicates reindeer herding area. a) All calving sites with 

the GPS-fix density (colour gradient) during summer according to Paasivaara et al. 2018. b) Habitat 

suitability index according to Paasivaara et al. 2018 with all calving sites. The colour gradient indicates 

the habitat suitability index (0-1) from unsuitable habitat in light green to good habitat in dark green. 
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