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A B S T R A C T   

The domestication of the reindeer among the Sámi of Northern Fennoscandia is a pressing question for the 
archaeology of the area and has wider relevance to animal domestication studies globally. Despite considerable 
research activity, many details of reindeer domestication and early reindeer management remain unclear. This 
paper explores the use of draught reindeer in early Sámi reindeer herding and the implications for understanding 
reindeer domestication and early reindeer herding strategies. Faunal assemblages from three Sámi dwelling sites 
in Northeastern Fennoscandia (AD 1300–1800) were subjected to radiocarbon dating and analysis of palae-
opathological lesions, entheseal changes and osteometric measurements. The results suggest that working 
reindeer were present in the archaeological assemblages from AD 1300 onwards. This is the earliest direct ev-
idence of draught reindeer use by the Sámi. It predates the earliest unequivocal historical sources on draught 
reindeer use, and confirms the hypothesis that draught reindeer were important in early reindeer herding. Our 
results show that that small-scale reindeer herding was integrated into the subsistence strategy of the Sámi of 
Northeastern Fennoscandia earlier than previously suggested. Furthermore, the results imply that training and 
working together with reindeer were ways of constructing the domestication relationship between the Sámi and 
reindeer.   

1. Introduction 

The domestication of reindeer (Rangifer tarandus) and the develop-
ment of various reindeer herding cultures are among the most pressing 
questions in the archaeology of Northern Eurasia. Reindeer herding has 
been culturally and economically important for many peoples in 
northern Eurasia. Reindeer herding peoples are today encountered from 
Mongolia in the east through the Siberian taiga to the Sámi people of 
northern Fennoscandia (Helskog and Indrelid, 2011). In Northern Fen-
noscandia (Northern Finland, Sweden, Norway, and Northwest Russia), 
most researchers see that the reindeer herding of the Sámi people 
developed gradually from ca. AD 800–900 onwards, became the main 
source of livelihood and the basis of social organization ca. AD 
1400–1600, and that there was a considerable geographic variation in 
the timing of the adoption and intensification of reindeer herding 
(Tegengren, 1952; Bergman et al., 2013; Hedman et al., 2015). Various 
drivers for this development have been suggested, including intensifying 
resource management accompanied by infrastructure development 
(particularly the development of hunting with fence systems), social 

change in the Sámi society (e.g., Hansen & Olsen, 2014), and economic 
factors related to trade and taxation by the emerging nation states (e.g., 
Wallerström, 2000). Hypotheses stressing the importance of draught or 
decoy reindeer in early reindeer domestication (Ingold, 1986; Bjørklund, 
2013) and an eastern influence on the genetic composition of domesti-
cated reindeer (Røed et al., 2018) have also been presented. 

Despite the ongoing debate, the exact process and timing of reindeer 
domestication and the nature of early reindeer management strategies 
remain unclear. Direct evidence provided by archaeological reindeer 
bone finds is difficult to interpret due to two subspecies with similar 
morphologies and overlapping sizes (mountain reindeer R.t. tarandus 
which includes domesticated reindeer, and forest reindeer R.t. fennicus); 
the phenotypic plasticity of the reindeer skeleton; a lack of clear 
domestication syndrome features that are hardly perceptible in the early 
stages of domestication; and the varying reindeer herding and hunting 
strategies of the Sámi (Puputti & Niskanen, 2009; Salmi et al., 2020a; 
Pelletier et al., 2020). Examination of early historical sources and 
ethnographic analogies suggest that draught reindeer use was an 
important feature in early reindeer domestication (Ingold, 1986; 
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Bjørklund, 2013). Similar conclusions have been made for Siberian 
reindeer herding (Losey et al., 2020), but direct archaeological evidence 
has been lacking in Fennoscandia. It has also been argued that early 
reindeer herding in Fennoscandia was small in scale; that the number of 
animals per herder was small; that close care was taken of the reindeer; 
and that reindeer herding was supplemented by other means of liveli-
hood such as hunting, fishing, and gathering (Bjørklund, 2013). 

Recent advances in understanding the effects of physical activity 
patterns on the reindeer skeleton (Hull et al., 2020; Pelletier et al., 2020; 
Salmi et al., 2020b) now provide novel opportunities to observe reindeer 
domestication and early reindeer herding strategies directly from skel-
etal remains. This paper is the first attempt to approach reindeer 
domestication and the use of working reindeer as a part of reindeer 
herding by observing palaeopathological lesions and entheseal changes 
in the archaeological record. Pathological lesions and entheseal changes 
were analyzed (Niinimäki & Salmi, 2016; Salmi & Niinimäki, 2016; 
Salmi et al., 2020b) to identify draught and cargo reindeer use in the 
archaeological record from Northern Fennoscandia, particularly in the 
Northeastern part of the area. This study investigates the archaeological 
reindeer bone assemblages from three Sámi dwelling sites situated in 
Finland and dating to ca. AD 1300–1800 (Fig. 1), which is a crucial 
period to understanding the development of reindeer herding and the 
subsistence economy of the Sámi in Northern Fennoscandia. The ob-
jectives of the study are two-fold: 1) identification of patterns of working 
reindeer use in the archaeological record from Northeastern Fenno-
scandia, and 2) understanding the integration of working reindeer use in 
the subsistence patterns of the Sámi in the early phases of reindeer 
domestication. 

1.1. Reindeer domestication and early reindeer herding strategies in 
Northern Fennoscandia 

The first evidence of reindeer domestication in Northern Fenno-
scandia emerges in archaeological and historical records from ca. AD 
800 onwards. The first piece of historical evidence arguably mentioning 
domesticated reindeer, Ohthere’s account to King Alfred, dates to AD 
890 (Bately, 2007). At the same time, stallo sites, considered to be 
reindeer herders’ seasonal camps by some researchers (Bergman et al., 
2013; but see Sommerseth, 2011) started to emerge in the Scandinavian 
mountain area. In ca. AD 900–1300, hearth row sites, possibly cold- 
season settlement of reindeer herders, appeared in the inland forest 
zone of Northern Fennoscandia (Halinen et al., 2013; Hedman et al., 
2015). Stable isotope analyses suggest that reindeer dietary patterns 
were possibly affected by people from the 14th century onwards, sug-
gesting reindeer herding (Salmi, et al. 2020a). Therefore, the prevalence 
of reindeer herding among the Sámi in different parts of Fennoscandia 
prior to the 15th century is somewhat unclear, but there are archaeo-
logical signals indicating that domesticated reindeer were integrated 
into their economy between AD 800–1400. For the Sámi of Northeastern 
Fennoscandia, it has been suggested that hunting and fishing were the 
main sources of livelihood and that reindeer herding was not integrated 
into their economy at this time, with the possible exception being the 
small-scale use of working reindeer (Carpelan, 1993; Harlin et al., 
2019). 

From AD 1400 onwards, there was a shift in the settlement patterns 
to small individual settlements in various environments. These sites are 
usually interpreted as the camps of mobile reindeer herders following 
their herds (Sommerseth, 2011; Bergman et al., 2013). Furthermore, 
genetic evidence suggests a major transition towards haplotypes that are 
common in domesticated reindeer today from the 15th–17th centuries 

Fig. 1. Archaeological sites discussed in this study.  
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onwards (Bjørnstad, et al. 2012; Røed et al., 2018; Heino et al., 2021). At 
this time, nomadic reindeer herding became the basis of the social or-
ganization of many Sámi groups and the family-based siida social or-
ganization consolidated (Bergman et al., 2013). Further evidence of 
social and religious changes associated with the development of rein-
deer herding is derived from the changes in Sámi offering rituals, where 
the intensification of reindeer offerings and the emergence of domesti-
cated reindeer haplotypes in faunal material took place in AD 
1400–1600 (Salmi et al., 2018; Heino et al., 2021). In historical records 
from the 17th century onwards, for example, reindeer counts of the 
Crown of Sweden, show that reindeer herding was practiced in varying 
intensities across Northern Fennoscandia (Rheen [1671], 1897; Schef-
ferus [1674], 1979; von Linné [1732], 1969; Hultblad, 1968; Korte-
salmi, 2008: pp. 22–23). In Northeastern Fennoscandia, reindeer 
herders were few and herds small still in the 17th century and subsis-
tence relied heavily on hunting, fishing and gathering (Tegengren, 1952; 
Hultblad, 1968). 

In historical sources from the 16th–18th century, reindeer milking, 
draught and cargo reindeer use, and care-intensive herding are 
mentioned as parts of the reindeer management strategy (Magnus, 1996; 
Rheen, 1897; Leem, 1956). Stable isotope evidence suggests that rein-
deer feeding, possibly supplementary winter feeding or feeding as a part 
of draught reindeer taming, was integrated into Sámi reindeer herding 
as early as the 13th century (Salmi et al., 2020a). The varying and mixed 
subsistence strategies are also evident in historical and ethnographic 
data. Rheen, 1897) describes the seasonal mobility of the Sámi in the 
17th century: the mountain Sámi migrate between taiga in the winter 
and mountains in the summer. The annual cycle of the forest Sámi, on 
the other hand, consists of several hunting, fishing and herding activities 
taking place at different locations in the landscape, depending on the 
available resources. A similar pattern emerges from ethnographic ac-
counts of the early 20th century: the Sámi population in inland north-
eastern Fennoscandia relied on a mixed subsistence strategy of hunting, 
fishing, gathering and small-scale reindeer herding (e.g., Paulaharju, 
1922; Itkonen, 1948: p. 93). Wild reindeer were hunted in Northern 
Fennoscandia at least until the 17th century and even longer in regions 
where wild reindeer still existed (Tegengren, 1952; Luukko, 1954: p. 
111; Virrankoski, 1973: pp. 271–272; Lundmark, 1982: p. 161; Enbuske 
1995: pp. 171,350; Kortesalmi 2008: p. 44; Hansen & Olsen 2014: pp. 
174–180). 

1.2. Draught and cargo reindeer use of the Sámi in historical and 
ethnographic sources 

The ancient use of cargo and draught reindeer has remained largely 
unknown. Sled runners, dating to BC 1500 and resembling those in later 
Sámi sleds have been found in Northwest Russia (Murashkin et al., 
2016). Harness parts resembling those that the Nenets use for training 
draught reindeer have been found from the Yamal Peninsula and dated 
to ca. BC 200–AD 160 (Losey et al., 2020). In Fennoscandia, ancient sled 
runners dating from the Mesolithic period onwards have been discov-
ered, but they cannot be interpreted as direct evidence of draught 
reindeer use, as people and dogs could have also pulled the sleds 
(Kuokkanen, 2000). Nevertheless, the importance of working reindeer 
in the early reindeer herding economies of the Sámi has been stressed. It 
has been argued that cargo reindeer were important for the Sámi from 
the early stages of reindeer domestication onwards (e.g., Ingold, 1986; 
Bjørklund, 2013). 

Working reindeer arguably feature in the earliest historical sources 
of reindeer herding. It has been suggested that Ohthere’s account to King 
Alfred the Great in England in AD 890 mentions draught reindeer in 
particular (Bately, 2007: p. 56; Bjørklund, 2013). In this account, 
Ohthere told the King he had six hundred tame deer, among which were 
six decoy (an animal used to attract others of its own species for hunting 
purposes) reindeer (Bately 2007: p. 46). Bately (2007: p. 56) suggests 
that the “decoy” reindeer should be correctly translated as tame male 

animals “kept at the homestead, not allowed to roam free”, i.e., sup-
posedly males castrated for draught and cargo use (Bjørklund, 2013). 
Olaus Magnus, 1996: p. 215) mentions cargo reindeer in the 16th cen-
tury: “The natives make their way into these mountains in winter-time 
using reindeer like yoked stags to bear quite heavy burdens for a dis-
tance of almost two hundred Italian miles.” In the 17th century, Samuel 
Rheen, 1897), Johannes Schefferus, 1979) and Johannes Tornaeus, 
1900) mention the use of draught and cargo reindeer. 

More precise information on training and working practices and the 
material culture of the Sámi is available from early 20th century 
ethnographic sources. At that time, the Sámi used reindeer for trans-
portation and cargo purposes. Reindeer were used to pull loads with the 
aid of sledges and travois made of the trunks of young birch trees 
(Itkonen, 1948: pp. 399–412). Leather harnesses placed around the neck 
of the reindeer were traditionally used to harness a draught reindeer in 
front of a sled (Itkonen, 1948: pp. 414–416). Reindeer were also used for 
carrying loads with the help of crossing wooden beams that distributed 
the weight of the load on the animal’s back (Itkonen, 1948: pp. 388–391; 
Näkkäläjärvi & Pennanen, 2000). Working reindeer were usually cas-
trated males, trained for working from the age of 3–4 years (Itkonen, 
1948: pp. 419–422). The training process of a draught reindeer was a 
two-way learning process, taking place over several seasons and in 
which the personalities of both the reindeer and the trainer had an 
important role (Itkonen, 1948: pp. 419–422; Vuojala-Magga, 2010; 
Soppela et al., 2020). Deep personal bonds were created between human 
and animal partners in the training process (Vuojala-Magga, 2010; 
Soppela et al., 2020). Today, draught reindeer are still trained for the 
purposes of tourism and competitive racing (Soppela et al., 2020). 

2. Archaeological material 

Reindeer bone finds from three Sámi dwelling sites located in 
present-day Finland (Fig. 1) were analyzed. The sites date from ca. AD 
1300 to 1800. The faunal assemblages from the sites are presented in 
Table 1. The analyses of the faunal assemblages have been reported and 
published in Fortelius (1981); Ukkonen, 1997a; 1997b; Blomqvist 
(1964–1965); Harlin et al. (2019). 

2.1. Juikenttä 

Juikenttä is located in Sodankylä, present-day Finland, some 700 m 
south of the Sompio Lake on the eastern side of the Mutenia River. Ty-
pology of the material culture suggests that the site was occupied for a 
long time ca. BC 1500–AD 1650. The faunal remains, however, derive 
from a cultural layer dating to ca. AD 1050–1650, based on typological 
features of the material culture (Carpelan, 1993). At that time, the site 
was probably occupied during spring and summer and was likely a forest 
Sámi summer village (Carpelan, 1993). During the excavations, the re-
mains of five Sámi dwellings (goahti) were investigated (Carpelan, 
1993). The faunal material consisted of 2918 bone fragments and was 
dominated by reindeer bones (Table 1). There were also bones of do-
mestic dog (Canis familiaris); fur bearing mammals such as beaver 
(Castor fiber), wolverine (Gulo gulo) and pine marten (Martes martes); 

Table 1 
Faunal assemblages from the archaeological sites investigated as Numbers of 
Identified Specimens (NISP). Data from Blomqvist (1964–1965); Fortelius 
(1981); Ukkonen (1997a; b); Harlin et al. (2019).   

Nukkumajoki Juikenttä Autiokenttä 

Reindeer 5355 1460 301 
Livestock   65 
Fur-bearing mammals 7 3 11 
Other mammals  2  
Fish 11 1142 5 
Birds 4 311 49 
Total 5377 2918 431  
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wild tetraonid and anatid birds, crane (Grus grus), great cormorant 
(Phalacrocorax carbo), northern goshawk (Accipiter gentilis); and fresh-
water fish such as perch (Perca fluviatilis) and pike (Esox lucius) (Harlin 
et al., 2019). Archaeological finds of reindeer harness pieces from 
Juikenttä suggest that reindeer were employed as draught animals 
(Carpelan, 1993). 

The total number of reindeer bone fragments identified was 1460 
(Table 1). The preservation of the archaeological bone material was 
relatively poor with extensive breakage of long bones due to marrow 
extraction (Harlin et al., 2019) and moderate surface erosion. The 
reindeer bones derived from all body parts, suggesting local slaughtering 
of the animals (Harlin et al., 2019). Age estimations based on tooth 
eruption and wear and epiphyseal fusion suggest that mostly young 
adult individuals were slaughtered. There were no individuals less than 
18 months of age slaughtered (Harlin et al., 2019). 

2.2. Nukkumajoki 

The site excavated in Nukkumajoki belongs to a series of winter 
villages occupied from the 15th century to the mid-16th century (Car-
pelan, 1991; 2003; Carpelan et al., 1990). It is located on the shore of the 
Nukkumajoki River, about one kilometer away from Lake Inari (Car-
pelan, 2003). During the excavations, the remains of ten Sámi dwellings 
(goahti) and several fireplaces were investigated (Carpelan, 2003). In 
total, 5377 bone fragments were analyzed (Table 1), the majority of 
which belonged to reindeer. Other identified taxa included pine marten 
(Martes martes), seal (Phocidae), beaver (Castor fiber), capercaillie (Tet-
rao urogallus), diver (Gavia sp.), whitefish, salmonid (Salmonidae), and 
pike (Esox Lucius) (Harlin et al., 2019). Reindeer harness pieces were 
discovered from the site, suggesting the use of draught reindeer (Car-
pelan, 1991; 2003). 

A total of 5355 reindeer bone fragments were identified from Nuk-
kumajoki (Table 1). The reindeer bones were highly fragmented due to 
marrow extraction (Harlin et al., 2019) and there was moderate surface 
erosion. Analysis of reindeer skeletal frequencies from Nukkumajoki 
suggests that all body parts were present. Thus, the animals were 
slaughtered locally (Harlin et al., 2019). The age estimations based on 
epiphyseal fusion and tooth eruption and wear indicate that the 
assemblage was dominated by adult animals, although some sub-adult 
individuals were also present (Harlin et al., 2019). 

2.3. Autiokenttä 

Autiokenttä is located in Sodankylä, Finland. The site was occupied 
in the 17th and 18th centuries. The faunal material derives from cultural 
layers associated with a cottage and a goahti (a Sámi hut or tent) (Harlin 
et al., 2019). There were 431 bone fragments in total (Table 1), and the 
material was dominated by reindeer. There were also bones of cattle 
(Bos taurus), sheep (Ovis aries) or goat (Capra hircus), pig (Sus scrofa 
domesticus), brown bear (Ursus arctos), wolverine (Gulo gulo), forest and 
water birds, and freshwater fish such as perch (Perca fluviatilis) and pike 
(Esox Lucius) (Harlin et al., 2019). Cattle bones derived from all body 
parts, and the small number of sheep or goat bones were mainly cranial 
bones (Harlin et al., 2019). Harlin et al. (2019) suggest that the livestock 
bones are related to a later occupation phase by Finnish settlers in the 
19th century. On the other hand, some Sámi in the area adopted cattle 
husbandry in the mid-18th century (Itkonen, 1948: 191). 

The reindeer bone assemblage from Autiokenttä, 301 identified 
specimens in total, included all reindeer body parts, indicating local 
slaughter of the animals. As with the other assemblages, reindeer bones 
were highly fragmented and there was moderate surface erosion (Harlin 
et al., 2019). Age estimations based on epiphyseal fusion and tooth 
eruption and wear suggest that the slaughtered individuals were mostly 
adult (Harlin et al., 2019). 

3. Methods 

3.1. Paleopathology and entheseal changes 

The approach in this study follows the protocols presented in Nii-
nimäki & Salmi (2016) and Salmi et al. (2020b). Pathological lesions are 
associated with working-related stress in reindeer (Salmi & Niinimäki, 
2016; Salmi et al., 2020b). Modern working reindeer skeletons analyzed 
for skeletal changes in the limb bones and the vertebrae exhibited 
pathological lesions in all the observed skeletal elements. Those pa-
thologies most observed were joint disease, and there was only a minor 
incidence of trauma. In particular, joint disease in the vertebrae, pha-
langes and shoulder joints seem to be associated with working reindeer 
in comparison with non-working reindeer (Salmi et al., 2020b). The high 
occurrence of pathological lesions in working reindeer humeri is prob-
ably related to pulling stress and strain inflicted on the shoulder joints 
when the animal pushes itself forward when pulling a load (Salmi et al., 
2020b). Although vertebral pathologies have often been associated with 
riding, they occurred in working reindeer that only engaged in pulling, 
suggesting that a pulling activity contributes to joint disease in the 
vertebrae by affecting movement of the back (Salmi et al., 2020b). 
Phalangeal pathologies have been associated with working also in other 
species (Bartosiewicz et al., 1997; Bartosiewicz and Gál, 2013: 267; pp. 
310–311). 

In this study, pathological lesions were identified and classified 
following Rogers and Waldron (1995), Bartosiewicz et al. (1997), Mann 
& Hunt (2005), Bartosiewicz & Gál (2013) and Thomas & Worley 
(2014). The lesions observed were classified into joint disease, trauma, 
infection, metabolic disease, and developmental defects (Thomas & 
Worley, 2014). Joint disease includes erosion; eburnation; new bone 
growth in the form of osteophytes, enthesophytes, or exostoses; lipping; 
ankylosis; and destructive lesions such as destruction of joint surfaces 
and vertebral bodies and cortical excavation (crater-like defects more 
than 2 mm in diameter; Mann & Hunt, 2005: p. 173). 

Due to the sample size of observed pathologies per element, quan-
titative analysis of pathological lesions and pathological indices was 
limited to first and second phalanges, of which there were sufficient 
numbers for statistical analysis. Reindeer first and second phalanges 
were assigned to the fore- and hindlimb using the measurement and 
identification protocol presented by Hull (2019). Only the phalanges 
identified as fore- or hindlimb were used for the palaeopathological 
analysis due to the differential occurrence of pathological lesions in the 
fore- and hindlimb first and second phalanges, related to the greater role 
of the forelimb in weight-bearing (Bartosiewicz et al., 1997; Wareing 
et al., 2011; Salmi et al., 2020b). Pathological indices were calculated 
for first and second phalanges after Bartosiewicz et al. (1997) as PI =
(sum of scores – no. of variables)/(maximum score – no. of variables). 
The pathological indices of first and second phalanges were calculated 
using articular surface erosion (1 = absent, 2 = present), lipping of the 
articular surfaces (1 = absent, 2 = moderate, 3 = well-defined, 4 =
extensive), and new bone growth (1–4) after Salmi et al. (2020b; also see 
Bartosiewicz et al., 1997; de Cupere et al., 2000; Telldahl, 2012). 

The frequencies of phalanges exhibiting lipping and new bone 
growth in the archaeological assemblages and in modern working 
reindeer were compared with Pearson’s chi-squared test. The patho-
logical indices of the first and second phalanges in the archaeological 
assemblages and in the modern working reindeer sample were 
compared with ANOVA and a non-parametric Kruskall-Wallis test. The 
homogeneity of variances was tested using Levene’s test. ANOVA was 
performed on elements with homogeneous variances and the non- 
parametric Kruskall-Wallis test for elements with non-homogeneous 
variances. All the elements analyzed for pathological lesions were 
fully fused. 

Entheseal changes (EC) were also observed as indicators of physical 
activity patterns. Entheseal changes are bone formation, bone resorption 
and porosity changes in muscle origin and insertion sites, where a 
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muscle is attached to the bone directly, via periosteum, or via tendons 
(Benjamin et al., 1986; Benjamin et al., 2002; Villotte, 2006). These 
changes are indicative of physical activity patterns in humans as well as 
quadruped mammals such as reindeer and horses (e.g., Villotte, 2006; 
Niinimäki & Salmi, 2016; Bindé et al., 2019; Salmi et al., 2020b). 
Entheseal changes were recorded according to protocol created for 
observing reindeer muscle entheses described in Niinimäki & Salmi 
(2016). The changes observed were scored using a three-grade scale 
defined for each enthesis in Niinimäki & Salmi (2016). This protocol 
allows observation of EC in ten humeral, four femoral and three tibial 
entheses, and four from the radioulna sites in the reindeer skeleton 
(Niinimäki & Salmi, 2016). 

Entheseal changes occurring at muscle attachment sites on the bones 
have been associated with cumulated stress of muscle use and thus ac-
tivity patterns, namely digging for lichen in EC of the elbow flexor 
muscles free-ranging reindeer, prolonged standing in EC of muscle sta-
bilizing the shoulder joint in zoo reindeer (Niinimäki & Salmi, 2016), 
and greater overall cumulated muscle loading of working reindeer, 
especially the EC related to flexing and extending shoulder and hip joints 
(Salmi et al., 2020b). Deltoid, Teres minor, Teres major, Triceps brachii 
lateral head, Infraspinatus and Supraspinatus muscles attaching to the 
proximal humerus are responsible for shoulder joint flexion, extension, 
and stabilization (Wareing et al., 2011). These muscles are used when 
the reindeer pulls its body over the shoulder joint, and the additional 
weight of a sled would exert extra stress on these muscles (Itkonen, 
1948: pp. 414–416). Lateral digital extensor, Ulnaris lateralis and Super-
ficial and deep digital flexor muscles attaching to the distal humerus are 
responsible for the flexing and extension of the hooves and elbow joint 
extension (Wareing et al., 2011). Muscles attached to the proximal 
femur, Vastus lateralis, Vastus medialis, Iliacus and Psoas major muscles, 
are responsible for hip joint flexion and extension, while the Gastro-
gnemius muscle attached to the distal humerus flexes the knee joint 
(Wareing et al., 2011). Of single muscle entheses of the femur, only 
Vastus lateralis differ between working and non-working reindeer (Salmi 
et al., 2020b). 

Recorded EC of archaeological specimens were compared to those of 
modern working reindeer using a Mann-Whitney U test. In addition, 
according to the procedure described in Salmi et al. (2020b), logistic 
regression was used to assign archaeological specimens as a working or 
non-working category based on the combined EC of a bone element, 
examined separately for proximal and distal EC within a bone element. 
Due to the effect of body size on EC (Churchill & Morris, 1998; Nii-
nimäki, 2011; Weiss et al., 2010; Michopoulou et al., 2015; Godde et al., 
2018), an osteometric measurement was included in the logistic 
regression analysis as a proxy for body size (Salmi et al., 2020b). These 
pooled EC in combination with an osteometric measurement were found 
to perform well in distinguishing between working and non-working 
reindeer based on the chi square and Nagelkerke’s R values of the lo-
gistic regression model and the percentage of correctly classified cases 
(Salmi et al., 2020b). Finally, all the specimens scored for EC were fully 
fused. 

Age is known to affect the occurrence of pathological lesions in un-
gulates (e.g., Flensborg and Kaufmann, 2012). In humans, advancing 
age is associated with increased EC (e.g., Niinimäki, 2011; Michopoulou 
et al., 2015; Godde et al., 2018). Although the sample composition of the 
methodological work in Niinimäki & Salmi (2016) did not allow the 
analysis of age on EC, it is suspected that age may affect EC formation 
also in non-human mammals. The exact ages of the individuals analyzed 
for pathological lesions and entheseal changes cannot be known beyond 
the age of epiphyseal fusion, which is quite low for many of the elements 
represented in this study (e.g., 6–15 months for distal humerus, 6–18 
months for first and second phalanges; Takken Beijersbergen & Huft-
hammer, 2012). However, the overall age composition of the archaeo-
logical reindeer bone assemblages (Harlin et al., 2019) was used to 
discuss the possible effects of age. 

3.2. Osteometry 

Osteometric measurements were utilized to assess the presence of 
different sexes and subspecies of reindeer. Indeed, wild forest reindeer 
are larger than mountain reindeer (whether wild or domesticated), 
although there is a considerable overlap in the osteometric measure-
ments of these two subspecies, further complicated by a strong sexual 
dimorphism in reindeer (e.g., Puputti & Niskanen, 2009). There is an 
overlap especially in the osteometric measurements of male domesti-
cated mountain reindeer and female wild forest reindeer (Puputti & 
Niskanen, 2009). This overlap is all the more important to consider as it 
has also been shown that domesticated reindeer were of smaller body 
sizes than their wild counterparts, as a result of the domestication pro-
cess (Pelletier et al., 2020). Osteometric measurements were also uti-
lized to control for the effect of body size in the analysis of pathological 
lesions and EC. Body size is a known confounding factor in the analysis 
of pathological lesions (e.g., Thomas & Grimm, 2011). In EC, body size 
has been identified as an issue where larger and heavier individuals have 
more developed entheses (Churchill & Morris, 1998; Niinimäki, 2011; 
Weiss et al., 2010; Michopoulou et al., 2015; Godde et al., 2018). The 
osteometric measurements of distal humerus and proximal metacarpal 
of the archaeological specimens and modern specimens with known 
subspecies reported in Puputti & Niskanen (2009) were examined. These 
elements were selected for analysis due to sample size in the archaeo-
logical assemblages. As well as this, the osteometric measurements of 
the first and second phalanges of the archaeological specimens were 
analyzed due to their relatively large sample size in the archaeological 
material. Osteometric measurements were also included to the logistic 
regression analysis of EC (Salmi et al., 2020b). The osteometric mea-
surements were taken according to von den Driesch (1974), Puputti & 
Niskanen (2008), and Hull (2019). Caution is needed in the interpre-
tation of the metric analysis of the proximal phalanx measurements 
because of the effect of lipping on the measurements. The measurement 
definitions are presented in Table 2. 

3.3. Radiocarbon dating 

A total of 29 reindeer bone samples were sent for AMS 14C dates to 
Beta Analytic Inc. The number of reindeer bones selected was 10, 14 and 
5 for Juikenttä, Nukkumajoki and Autiokenttä, respectively. In order to 
estimate with more precision the period of the presence of working 
reindeer in the archaeological record, radiocarbon dating was per-
formed on bone elements presenting pathological lesions and entheseal 
changes. Samples with no pathologies or entheseal scores were also 
selected, a total of six samples. The radiocarbon dating data was com-
bined with 24 existing radiocarbon datings from Nukkumajoki (Carpe-
lan et al., 1991). Concerning these elements and for a given 

Table 2 
Definitions and abbreviations of osteometric measurements used in this study.  

Element Measurement definition Abbreviation Reference 

Humerus Humerus distal breadth DB von den Driesch 
1974  

Humerus trochlear height TH Puputti & 
Niskanen 2008 

Metacarpal Proximal breadth PB von den Driesch 
1974  

Proximal depth PD von den Driesch 
1974 

First phalanx Widest breadth of 
proximal 

WB Hull 2019  

Longest lenght of 
proximal 

LL Hull 2019 

Second 
phalanx 

Longest lenght of 
proximal 

LL Hull 2019  

Longest length from head 
to base 

LLHB Hull 2019  
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archaeological site, lateralized bones on the same side (right or left) 
were selected if samples were taken from a single excavation unit, to 
avoid dating the same specimen twice. The reported dates were cali-
brated at 2σ (95%) using Oxcal v4.2.4 (Bronk Ramsey and Lee, 2013) 
and the IntCal13 calibration curve (Reimer et al., 2013). 

4. Results 

4.1. Palaeopathology and entheseal changes 

Pathological lesions were observed in eight out of 1460 reindeer 
bone fragments from Juikenttä, 30 out of 5355 reindeer bone fragments 
from Nukkumajoki and one out of 301 reindeer bone fragments from 
Autiokenttä. The percentages of reindeer bone fragments with patho-
logical lesions were therefore 0.5% for Juikenttä, 0.6% for Nukkuma-
joki, and 0.3% for Autiokenttä. All the pathological lesions observed 
were joint disease (new bone growth, lipping, ankylosis and bone 
destruction). No trauma, infection, metabolic disease or developmental 
defects were observed. The skeletal elements affected by pathological 
lesions were 32 first and two second phalanges, four tarsal bones, one 
humerus, and one lumbar vertebra (Fig. 2). The only pathological lesion 
observed in the Autiokenttä reindeer bone assemblage was joint disease 
of the hindlimb first phalanx. In all assemblages, the most commonly 
observed type of pathological lesion was joint disease of the first phalanx 
(Fig. 2). 

The pathological lesions observed in the second and first phalanges 
were moderate new bone growth and moderate lipping of proximal 
articular surfaces (Figs. 3 and 4). No well-defined or extensive new bone 
growth and lipping were observed. In the Juikenttä reindeer bone 
assemblage, moderate new bone growth and lipping was observed only 
in forelimb first phalanges. In the Nukkumajoki assemblage, moderate 
new bone growth and lipping was observed in fore- and hindlimb first 
phalanges. As well as this, moderate new bone growth was observed in 
fore- and hindlimb second phalanges (Fig. 4). Pearson’s chi-squared test 
results showed no statistically significant differences between fre-
quencies of new bone growth and lipping between the phalanges from 
archaeological sites and modern working reindeer (Table 3). 

The pathological indices of first and second phalanges in the 
Juikenttä and Nukkumajoki assemblages ranged between 0.00 and 0.30 
(Table 4). The mean pathological index for forelimb first phalanx in both 
assemblages was 0.07, while the mean pathological indices for forelimb 
second phalanx and hindlimb first and second phalanges ranged be-
tween 0.01 and 0.02 in the Nukkumajoki assemblage. The pathological 
indices of these elements did not differ statistically significantly between 
the archaeological sites and modern working reindeer (Table 4). 

In addition to first and second phalanges, tarsal bones, humeri and 
one lumbar vertebra were affected by joint disease. Four tarsal bones 
from Nukkumajoki were affected by joint disease. New bone growth was 
observed in two astragali, cortical excavation (a crater-like defect, 

diameter ca. 7 mm) was observed in one proximal calcaneum (Fig. 3), 
and an ecto- and mesocuneiforme were fused. A lumbar vertebra from 
Juikenttä had ventral new bone growth in the cranial articular surface 
and dorsal lipping of the right-side caudal articular process (Fig. 3). A 
distal humerus from Juikenttä had cortical excavation (ca. 2 mm) in the 
medial condyle. 

EC were analyzed for two proximal humeri (Fig. 3), 24 distal humeri 
(Fig. 3), three proximal femora and three distal femora (Table 5). The 
preservation status of radioulnae and tibiae in the assemblages did not 
allow for the observation of EC. Unfortunately, there were not enough 
proximal humeri or femora in the archaeological sample for statistical 
comparisons between single entheses. The EC of Ulnaris lateralis and 
Superficial and deep digital flexor were statistically significantly different 
between modern working reindeer and archaeological specimens 
(Table 5). 

Logistic regression analysis was performed on the scored distal hu-
meri in the sample. The logistic regression equations predicted group 
membership for 12 specimens with data complete enough for analysis 
(Fig. 5). All predictions taken into account, two specimens were pre-
dicted to be working reindeer and 12 non-working. When only the 
predictions with a predicted probability of over 0.8 were taken into 
account, one specimen was predicted to be working reindeer and none 
as non-working. The specimen predicted as a working reindeer with a 
probability >0.8 was from Nukkumajoki. 

4.2. Osteometric analysis 

The measurements of the distal humerus and proximal metacarpal of 
the archaeological specimens, modern wild forest reindeer and modern 
domesticated reindeer show that there is a considerable overlap in the 
measurements of modern specimens of different subspecies, and 
considerable variation in the osteometric measurements of the archae-
ological specimens (Table 6; Fig. 6A–B). Some archaeological samples 
are in the size range dominated by wild forest reindeer; some are in the 
size range dominated by domesticated reindeer; and most fall in be-
tween in the size range typical to both subspecies. The comparison of the 
osteometric measurements of the first and second phalanges in the 
archaeological assemblages shows, similarly to distal humerus, a wide 
size range (Fig. 6C–F). The scatterplot of the first and second phalanx 
osteometric measurements with and without pathological lesions sug-
gest that the lesions were present in individuals of all sizes, perhaps 
notwithstanding the smallest, likely female individuals (Fig. 6D and F). 
The distal breadth of humerus and proximal breadth of first phalanx 
were compared between the archaeological sites. The means of the 
measurements (Table 6) did not differ statistically significantly between 
the sites. 

4.3. Radiocarbon dating 

A total of 29 reindeer bone samples were radiocarbon dated (Table 7; 
Fig. 7). The samples from Juikenttä dated to AD 1292–1662. Previous 
typological analysis dated the cultural layers from which the faunal 
remains originate to ca. CE 1050–1650 (Carpelan, 1993). The samples 
from Nukkumajoki dated to AD 1447–modern, with most samples dating 
to the 16th and 17th centuries. This coincides well with a previous 
analysis of radiocarbon dates of reindeer bones from the site which 
suggested that the dates from Nukkumajoki clustered to two periods: 
15th to early 16th century and 17th century (Carpelan et al., 1990). 
Furthermore, these date clusters correspond with artefact typology, 
historical sources and thermoluminesence datings (Carpelan et al., 
1990). The samples from Autiokenttä dated from 1642 to the 20th 
century, while the typological dating of the sites suggest an occupation 
during the 17th and 18th centuries (Harlin et al., 2019). A total of 14 
dated reindeer bone samples exhibited pathological lesions and eight 
were scored for entheseal changes (Table 7). The samples exhibiting 
pathological lesions dated from AD 1298 to modern. The samples scored 

Fig. 2. Frequencies of pathological changes throughout the skeleton at the 
archaeological sites. 
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for entheseal changes dated from AD 1521 to the 20th century (Table 7). 
The radiocarbon dates do not show any clear trends in relation to 
osteometric measurements of the humerus or first phalanx: both the 
oldest and youngest dates are from samples in the intermediary size 
range (Fig. 6A and C). 

5. Discussion 

5.1. Identification of working reindeer in the archaeological record from 
Northeastern Fennoscandia 

In studies conducted on modern reindeer, non-working domesticated 
reindeer exhibited relatively little age- or activity related joint disease in 
comparison with wild forest reindeer, probably because of human 

Fig. 3. Lipping of A) proximal first phalanx (Nukkumajoki 20583:128), and B) vertebral articular process (Juikenttä 5625:740a-11). New bone growth C–D) in first 
phalanges (Nukkumajoki 20278:102 and Juikenttä 5606:755, 756:4). E) new bone growth and bone destruction in calcaneus (Nukkumajoki 20278:100). F) Entheseal 
changes on the attachment sites in proximal humerus F) for Teres minor, Triceps brachii lateral and Deltoid, and G) for Teres major (Juikenttä 5625:707). Entheseal 
changes on the attachment sites in the distal humerus for H) Lateral digital extensor, and I) Ulnaris lateralis and the Superficial and deep digital flexor (Nukkumajoki 
20278:102:13). The scale bar represents 1 cm. The 3D models were produced by photogrammetry using Agisoft © PhotoScann software. 
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protection and care, and ultimately slaughtering the individuals in poor 
health (Hull et al., in press). Modern working reindeer exhibited clearly 
elevated frequencies of joint disease in vertebrae, shoulder joint, and 
hooves in comparison with non-working reindeer (Salmi et al., 2020b). 
Indeed, the distribution of pathological lesions associated with working 
reindeer is quite similar even in different species, the most affected el-
ements being phalanges, tarsal bones and vertebrae (e.g., Bartosiewicz 
et al., 1997; de Cupere et al., 2000; Levine et al., 2000; Thomas, 2008; 
Telldahl, 2012; Salmi et al., 2020b). 

In this study, the skeletal elements affected by pathological lesions 
were first and second phalanges, tarsal bones, humerus, and lumbar 
vertebrae. All these elements are typically affected by pathological le-
sions in modern working reindeer (Salmi et al., 2020b). No pathologies 
were observed in the cervical and thoracic vertebrae, although these 
elements were heavily affected by pathological lesions in modern 
working reindeer (Salmi et al., 2020b). However, the degree of surface 
erosion and fragmentation of the archaeological material may have 
affected the frequencies of pathological lesions identified in different 

skeletal elements. While all the skeletal elements were represented in 
the reindeer bone assemblages (Harlin et al., 2019), there were rela-
tively higher numbers of high-density skeletal elements such as pha-
langes, metapodial bone fragments, carpals and tarsals than there were 
lower-density elements such as vertebrae (Lam et al., 1999; Harlin et al., 
2019). Especially lower-density elements such as vertebral bodies and 
proximal humeri were, for the most part, too eroded for reliable palae-
opathological analysis, whereas high-density elements such as first and 
second phalanges, tarsal bones and distal humeri were often in good 
enough condition for analysis. 

The frequencies of first and second phalanges with new bone growth 
and lipping were similar in the archaeological assemblages and modern 
working reindeer, with a higher occurrence of changes in the forelimb 
due its greater role of carrying body weight (Wareing et al., 2011). No 
well-defined or extensive new bone growth was observed in the 
archaeological assemblages, whereas in the modern working reindeer 
population, there were small numbers of first phalanges affected by 
well-defined or extensive lipping (Salmi et al., 2020b). The difference 

Fig. 4. Relative abundances of first and second phalanges with no or moderate new bone growth (NBG) and lipping in Juikenttä and Nukkumajoki.  

Table 3 
Pearson’s chi-squared test of the frequencies of new bone growth and lipping in first and second phalanges in the archaeological assemblages and in modern working 
reindeer (Salmi et al., 2020a).  

Element Pathology N Archaeological N modern χ2 p   

Normal Moderate Normal Moderate Well-defined Extensive   

Forelimb PI New bone growth 37 19 39 11 4 2  5.394  0.494 
Lipping 27 18 40 16 0 0  1.459  0.227 

Forelimb PII New bone growth 19 2 53 3 0 0  0.437  0.509 
Hindlimb PI New bone growth 61 2 49 4 3 0  4.580  0.101 

Lipping 56 7 46 9 1 0  1.825  0.402 
Hindlimb PII New bone growth 25 1 54 2 0 0  0.004  0.951 

Lipping 26 0 54 2 0 0  0.952  0.329  

Table 4 
Means and standard deviations of pathological indices for fore- and hindlimb first and second phalanges in Juikenttä and Nukkumajoki archaeological assemblages and 
in modern working reindeer (Salmi et al., 2020a) and their statistical comparison with ANOVA or non-parametric Kruskall-Wallis test.        

Statistical analysis 

Element Site Mean PI N Range St. dev. Levene p Kruskall-Wallis ANOVA F p 

Forelimb PI Juikenttä  0.07 11 0.00–0.30  0.09 15.90 0.000 1.008  0.604 
Nukkumajoki  0.07 34 0.00–0.30  0.09  
Modern  0.14 19 0.00–0.60  0.20  

Forelimb PII Juikenttä  0.00 4 0.00–0.00  0.00 1.24 0.302  0.239 0.789 
Nukkumajoki  0.01 17 0.00–0.10  0.03  
Modern  0.02 19 0.00–0.10  0.03  

Hindlimb PI Juikenttä  0.00 5 0.00–0.00  0.00 9.29 0.000 4.588  0.101 
Nukkumajoki  0.02 58 0.00–0.30  0.05  
Modern  0.16 19 0.00–0.40  0.13  

Hindlimb PII Juikenttä  0.00 4 0.00–0.00  0.00 4.76 0.014 2.033  0.362 
Nukkumajoki  0.01 22 0.00–0.10  0.02 
Modern  0.03 19 0.00–0.30  0.07   
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was not statistically significant, though. Furthermore, the pathological 
indices were similar in the archaeological assemblages and modern 
working reindeer. The similarity of the occurrence of joint disease 
throughout the skeleton in modern working reindeer and the archaeo-
logical data from this study suggests that there were working animals 
present at the sites under investigation. Furthermore, the similarity of 
the pathological indices and the frequencies of new bone growth and 
lipping of the first and second phalanges between modern working 

reindeer and the sample from this study suggest that there were working 
reindeer in the archaeological assemblages. 

Osteometric analysis showed that pathological lesions were evenly 
distributed in specimens of different sizes. Although lipping may have 
slightly increased the osteometric measurement of pathological prox-
imal phalanges, the even distribution of the pathological specimens 
across the size range suggests that the development of the lesions was 
probably not a function of body size. The fact that the smallest speci-
mens (probably female domesticated reindeer) did not exhibit patho-
logical lesions can be related to the fact that it was usually castrated 
males that were used for working (Itkonen, 1948: pp. 419–422). 

Due to the effects of age on the development of joint disease (e.g., 
Thomas & Grimm, 2011; Flensborg and Kaufmann, 2012), the age dis-
tribution of the individuals in the archaeological must be considered. 
Although the exact ages of the individuals analyzed for pathological 
lesions and entheseal changes cannot be known beyond the age of 
epiphyseal fusion, the tooth eruption and wear data presented by Harlin 
et al. (2019) allows one to relatively safely assume that most individuals 
were sub-adult and adult, with relatively low numbers of individuals of 
advanced age. Modern working reindeer analyzed for pathological le-
sions were adult and even old which is known to affect the occurrence of 
pathological lesions and has also been considered as a factor for the 
working reindeer (Salmi & Niinimäki, 2016; Salmi et al., 2020b). While 
adult modern non-working reindeer analyzed for pathological lesions 
did exhibit joint disease, the frequencies were much lower, particularly 
for the humerus, vertebrae, and phalanges (Salmi et al., 2020b; Hull 

Table 5 
The EC scores of archaeological reindeer bone finds from Juikenttä. Nukkumajoki and Autiokenttä compared with those of modern working reindeer reported in Salmi 
et a. (2020b).  

Element Attachment site Juikenttä Nukkumajoki Autiokenttä Archaeological sites combined Modern working Statistical analysis   

N N N N Median* N Median U p 

Humerus Deltoid 2   2 1.5 13 3   
Teres minor 1   1 1 12 3   
Teres major 1   1 2 13 3   
Triceps brachii lateral head 2   2 2 13 3   
Infraspinatus 1   1 2 13 2   
Supraspinatus 1   1 2 12 2   
Lateral digital extensor 3 19 2 24 2 12 2  122.0  0.291 
Ulnaris lateralis 3 14 2 19 2 12 2  69.5  0.037 
Superficial and deep digital flexor 3 13 2 18 1 12 2  36.5  0.001 

Femur Vastus medialis 1 2  3 2 11 3   
Iliacus and Psoas major  1  1 2 12 2   
Gastrognemius 3   3 1 12 2              

*If N = 1, the specimen’s score is reported here. 

Fig. 5. Numbers of archaeological distal humeri predicted as working and non- 
working reindeer, based on logistic regression equations presented in Salmi 
et al. (2020b). 

Table 6 
Numbers. means. standard deviations of osteometric measurements from Juikenttä. Nukkumajoki and Autiokenttä and of modern domesticated reindeer (R.t.tarandus) 
and wild forest reindeer (R.t.fennicus) reported in Puputti & Niskanen (2009). The osteometric measurements in the archaeological assemblages were compared with 
ANOVA when sample sizes per assemblage were sufficient.   

Juikenttä Nukkumajoki Autiokenttä Statistical 
analysis 

Modern R.t. 
tarandus  

Modern R.t. 
fennicus 

Measurement N Mean&St. dev. 
* 

N Mean&St. 
dev 

N Mean&St.dev. 
* 

F p N Mean&St. 
dev. 

N Mean&St.dev. 

Distal breadth of humerus 3 45.20 ± 5.23 21 46.08 ± 3.33 5 45.29 ± 2.86  0.170  0.845 13 43.98 ± 3.11 17 49.27 ± 3.39 
Trochlear height of humerus 5 35.18 ± 1.84 30 35.55 ± 2.28 6 34.96 ± 2.15  0.213  0.809 13 31.33 ± 2.23 17 35.0.3 ± 2.46 
Proximal depth of 

metacarpal 
1 30.69 2 25.69 ± 1.66     13 23.53 ± 1.28 17 27.24 ± 2.13 

Proximal breadth of 
metacarpal 

1 22.19 2 34.85 ± 1.46     13 33.01 ± 2.70 17 37.08 ± 3.09 

Proximal breadth of PI 15 21.52 ± 1.71 92 22.13 ± 1.25 2 21.35 ± 1.77  1.653  0.196     
Longest length of proximal PI 15 21.31 ± 1.82 92 22.82 ± 1.56 1 24.60       
Longest length of proximal 

PII 
8 21.08 ± 2.09 35 21.37 ± 1.53 1 23.00       

Longest length head to base 
PII 

8 41.65 ± 3.06 29 41.42 ± 4.91 1 42.60       

*If N = 1 the measurement of that specimen is given. 
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et al., in press). Considering that there were considerable numbers of 
adult individuals in the archaeological assemblages (Harlin et al., 2019), 
age-related pathological changes were likely to be present in their 
skeletons. However, the occurrence of the pathological changes in the 
same skeletal elements that were particularly affected in modern 
working reindeer in comparison with modern non-working reindeer is a 
strong indication of the presence of working reindeer in the 

archaeological assemblages despite the possible effects of age. More-
over, as the age profiles suggest a roughly similar age profile in all 
archaeological assemblages, age is not likely to affect the inter-site 
comparisons. 

The difference between entheseal scores of Ulnaris lateralis and Su-
perficial and deep digital flexor between modern working reindeer and 
archaeological specimens cannot be taken as an indication of non- 

Fig. 6. Scatterplots of osteometric measurements of A) distal humerus of modern domesticated reindeer (reported in Puputti & Niskanen 2008; 2009) and 
archaeological specimens in this study; B) proximal metacarpal of modern domesticated reindeer (Puputti & Niskanen 2008; 2009) and archaeological specimens in 
this study; C) proximal first phalanx of archaeological specimens; D) proximal first phalanx of archaeological specimens with and without pathological lesions; E) 
second phalanx of archaeological specimens; F) second phalanx of archaeological specimens with and without pathological lesions. DB = distal breadth, TH =
trochlear heigth, PB = proximal breadth, PD = proximal depth, WB = widest breadth, LL = longest length of proximal, LLHB = longest length from head to base. 
Measurement definitions by von den Driesch (1974), Puputti & Niskanen (2008), and Hull (2019). 
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working status of the individuals in the archaeological assemblage, as 
the scores of these sites have not been found to differ between modern 
working and non-working reindeer when body size was taken into ac-
count (Salmi et al., 2020b). The logistic regression analysis performed 
for entheseal scores and osteometric measurements of the distal hu-
merus suggested the presence of both working and non-working rein-
deer in the archaeological assemblages. The number of specimens 
sufficiently complete for entheseal scoring of all attachment sites on the 
element and osteometric measurement was only 14. Furthermore, only 
one prediction had a predicted probability of over 0.8. Therefore, no 
reliable estimations of the relative numbers of working reindeer in the 
reindeer herds managed by people occupying the sites can be made. 

Inter-site comparison of the data is complicated by the differing 
sample sizes. Nukkumajoki was by far the largest assemblage in terms of 
total number of reindeer bones which is reflected in the largest numbers 
of observed pathological lesions and scored entheses in the assemblage. 
The Autiokenttä assemblage, on the other hand, was very small, which 
was reflected in the low number of observed pathologies and recorded 
entheseal scores. However, joint diseases related to working were 
observed in all three assemblages in even relative abundances. The 

distribution of joint disease across the skeleton, especially the domi-
nance of forelimb first phalanx among the affected elements was similar 
in the two larger assemblages, Juikenttä and Nukkumajoki. Further-
more, the mean pathological indices and occurrence of new bone growth 
and lipping in the fore- and hindlimb first and second phalanges were 
similar in Juikenttä and Nukkumajoki. The numbers of specimens scored 
for entheseal changes was too small for statistically meaningful inter-site 
comparison. As there were no inter-site differences in the osteometric 
measurements, body size is not likely to affect the occurrence or inter- 
site comparisons of pathological lesions or entheseal changes. 

The existing archaeological evidence therefore suggests that the 
reindeer in the Juikenttä and Nukkumajoki, possibly also Autiokenttä 
had roughly similar physical activity patterns. Working reindeer were 
integrated into the reindeer herding economies practiced by the people 
occupying Juikenttä, Nukkumajoki, and probably Autiokenttä in 
roughly similar ways. Physical activity reconstruction methods are not 
accurate enough to assess the types of work the reindeer were engaging 
with, because draught, pulling, and even riding result in roughly similar 
patterns of skeletal changes (Salmi et al., 2020b). The harness pieces 
recovered from the excavations were of the headpiece and the part 

Table 7 
Dates are detailed along sites, catalogue number elements with both their uncalibrated (BP) values, and values calibrated (cal AD) at 2σ (95%) using the IntCal13 
calibration curve (Reimer et al.., 2020).  

Laboratory no. Site Catalogue no. Element Pathological lesion EC BP Date (cal AD) 

Beta − 574328 Nukkumajoki KM 20583:84 Forelimb second phalanx x  240 ± 30 1632-modern (post 1950) 
Beta − 574329 Nukkumajoki KM 20278:100 Hindlimb first phalanx x  290 ± 30 1492–1662 
Beta − 574330 Nukkumajoki KM 20583:87 Hindlimb second phalanx x  210 ± 30 1646-modern (post 1950) 
Beta − 574331 Nukkumajoki KM 20583:125 Forelimb first phalanx x  270 ± 30 1515–1798 
Beta − 574332 Nukkumajoki KM 20278:102 Forelimb first phalanx x  270 ± 30 1515–1798 
Beta − 574333 Nukkumajoki KM 20583:128 Forelimb first phalanx x  290 ± 30 1492–1662 
Beta − 574334 Nukkumajoki KM 20278:102 Humerus sin  x 240 ± 30 1526-modern (post 1950) 
Beta − 574335 Nukkumajoki KM 20278:102 Humerus sin  x 310 ± 30 1485–1650 
Beta − 574336 Nukkumajoki KM 20278:100 Calcaneum x  290 ± 30 1492–1662 
Beta − 574337 Nukkumajoki KM 20278:102 Tibia dex   370 ± 30 1447–1634 
Beta − 574338 Nukkumajoki KM 20583:102 Humerus sin  x 270 ± 30 1515–1798 
Beta − 574339 Nukkumajoki KM 20583:102 Humerus sin  x 330 ± 30 1477–1642 
Beta − 574340 Nukkumajoki KM 20278:102 Humerus sin  x 280 ± 30 1498–1795 
Beta − 574341 Nukkumajoki KM 20278:75 Forelimb first phalanx x  270 ± 30 1515–1798 
Beta − 574342 Autiokenttä KM 20585:93 Tibia sin   160 ± 30 1664-modern (post 1950) 
Beta − 574343 Autiokenttä KM 20585:120 Hindlimb first phalanx x  220 ± 30 1642-modern (post 1950) 
Beta − 574344 Autiokenttä KM 20585:85 Humerus sin  x 140 ± 30 1669–1944 
Beta − 574345 Autiokenttä KM 20585:93 Humerus dex   130 ± 30 1674–1942 
Beta − 574346 Autiokenttä KM 20585:73 Tibia dex   90 ± 30 1684–1928 
Beta − 574347 Juikenttä SU 5625:701 Humerus dex  x 290 ± 30 1492–1662 
Beta − 574348 Juikenttä SU 5606:741.742 Forelimb first phalanx x  380 ± 30 1445–1632 
Beta − 574349 Juikenttä SU 5625:729 Forelimb first phalanx x  620 ± 30 1292–1400 
Beta − 574350 Juikenttä SU 5606:732–733 Forelimb first phalanx x  570 ± 30 1304–1422 
Beta − 574351 Juikenttä SU 5606:755.756 Forelimb first phalanx x  430 ± 30 1421–1616 
Beta − 574352 Juikenttä SU 5625:740a Lumbar vertebra x  360 ± 30 1450–1635 
Beta − 574353 Juikenttä SU 5625:707:8 Humerus sin  x 470 ± 30 1410–1458 
Beta − 574354 Juikenttä SU 5625:720 Radius sin   340 ± 30 1470–1640 
Beta − 574355 Juikenttä SU 5625:712 Radius sin   350 ± 30 1458–1635 
Beta − 574356 Juikenttä SU 5625:729 Tibia sin   330 ± 30 1458–1635  

Fig. 7. Sums of probability distributions of the 14C dates for Juikenttä (this study), Nukkumajoki (Carpelan et al., 1991; this study) and Autiokenttä (this study). 
Dates were calibrated at 2σ (95%) using the IntCal13 calibration curve (Reimer et al. 2020). 
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connecting the headpiece to the reins (Carpelan, 1993) suggesting 
draught use similar to that employed by the Sámi in later centuries (e.g., 
Itkonen, 1948). The radiocarbon dating of samples with working related 
pathological lesions suggests that draught reindeer were utilized in 
Northeastern Fennoscandia in AD 1400–1600, likely from ca. AD 1300 
onwards. 

5.2. Early reindeer herding strategies in Northeastern Fennoscandia 

The beginnings of reindeer herding in the Northeastern part of 
Fennoscandia where the sites of this study are located have been 
examined with the aid of historical, genetic, stable isotope and archae-
ological evidence (e.g., Kortesalmi, 2008; Heino et al., 2021; Núnez 
et al., 2020). It seems that the Sámi reindeer herding did not originate in 
Northeastern Fennoscandia (Heino et al., 2021), but more likely it began 
in the Scandinavian mountain areas (Wallerström, 2000; Bergman et al., 
2013). A Siberian origin has also been suggested for the domesticated 
reindeer population of today, possibly beginning with a population 
replacement in the 16th-17th centuries, although with the reservation 
that small-scale reindeer herding of a population of different genetic 
makeup was probably practiced by the Sámi before that (Røed et al., 
2018). In Northeastern Fennoscandia, the first evidence of reindeer 
herding appears in the 15th to 17th centuries: genetic evidence shows 
that this is the time when domesticated reindeer were offered at Sámi 
offering places located in the area (Heino et al., 2021) and stable isotope 
patterns suggest a gradual transition towards reindeer herding (Salmi 
et al., 2020a; Núnez et al., 2020). The zooarchaeological analyses from 
the sites analyzed are inconclusive in relation to the question of herding 
vs. hunting, although herding seems to be a more plausible explanation 
for the overall patterns observed in the reindeer osseous remains (Harlin 
et al., 2019). Furthermore, historical sources indicate the presence of 
small numbers of reindeer herders with small reindeer herds in the 
Swedish Crown’s reindeer counts of the early 17th century (Hultblad, 
1968). 

Palaeopathological evidence and entheseal changes suggest that 
domesticated working reindeer were present in all the investigated sites, 
and probably from the 14th century onwards. Additionally, the pieces of 
reindeer harness discovered from Juikenttä and Nukkumajoki, although 
not directly dated, testify of the use of draught reindeer (Carpelan, 1991; 
1993). The importance of working reindeer in the early reindeer herding 
economies of the Sámi has been stressed (e.g., Ingold, 1986; Bjørklund, 
2013). Working reindeer arguably feature in the earliest historical 
sources of reindeer herding in the 9th century (Bately, 2007) while more 
certain mentions of the practice date to the 16th century and later 
(Magnus, 1996; Rheen, 1897; Schefferus, 1979; Tornaeus, 1900). 
Therefore, the possible earliest evidence of draught reindeer use pre-
sented in this paper predates the previous unequivocal historical evi-
dence on draught reindeer use and the previous dating of the integration 
of domesticated reindeer in the economy of the Sámi of Northeastern 
Fennoscandia. 

The comparison of the osteometric measurements of the modern and 
archaeological specimens in this study suggests that there were reindeer 
individuals of all sizes and probably of both subspecies, but the sub-
species of individual specimens cannot be reliably identified. The 
radiocarbon datings do not show any particular trends in relation to 
size/possible subspecies. Therefore, it is not likely that there was a 
transition from hunting to herding in the period of this study. Instead, in 
the author’s opinion, both hunting and herding were practiced at all the 
sites throughout the study period. This hypothesis is further corrobo-
rated by the species diversities of the faunal assemblages. The faunal 
assemblage from Juikenttä had a high diversity of bird species. There 
were also bones of other mammalian species, such as elk, seal, pine 
marten, wolverine, and beaver (Harlin et al., 2019), suggesting hunting 
for meat and furs. The faunal assemblage from Nukkumajoki included 
bones of pine marten, wolverine, beaver and a small number of bird 
bones (Harlin et al., 2019). The Autiokenttä assemblage included 

livestock (cattle, ovicaprid and pig) bones, as well bones of tetraonid 
birds and fur-bearing mammals such as red fox, brown bear, beaver, and 
red squirrel (Harlin et al., 2019). Fish bones were present, but not 
abundant in all assemblages. The low frequencies of fish bones probably 
result from excavation techniques and the subsequent loss of small fish 
bones (Harlin et al., 2019). Therefore, although reindeer clearly domi-
nate the faunal assemblages from all three sites, there are strong in-
dications of a wide subsistence base including hunting and fishing. 

A mixed livelihood including both wild reindeer hunting and small- 
scale reindeer herding was still practiced in the area in the 17th century 
according to historical sources. At this time, the Sámi population in 
inland northeastern Fennoscandia relied on a mixed subsistence strategy 
of hunting, fishing, gathering and small-scale reindeer herding (Paula-
harju, 1922; Itkonen, 1948b: p. 93; Kortesalmi, 2008: p. 26; Hansen & 
Olsen, 2014: pp. 192–95). Wild reindeer were hunted in Northern 
Fennoscandia at least until the 17th century (Tegengren, 1952; Luukko, 
1954: p. 111; Virrankoski, 1973: pp. 271–272; Lundmark, 1982:161; 
Enbuske, 1995: pp. 171, 350; Kortesalmi, 2008: p. 44; Hansen & Olsen, 
2014: pp. 174–180) and wild reindeer populations were strong in the 
area still in the mid-18th century (Tegengren, 1952). It has been argued 
that wild reindeer hunting was economically and religiously important 
until the 17th century and later among many Sámi groups (Mulk, 2009; 
Andersen, 2011; Sommerseth, 2011), although there are also indications 
that the role of domesticated reindeer grew in the religious ritual of the 
Sámi in the 15th to 17th centuries (Salmi et al., 2018; Heino et al., 
2021). The reindeer herds were small and numbers of reindeer herders 
low in comparison with the mountain areas of present-day Norway and 
Sweden where reindeer herding was the main source of livelihood and 
the basis of social organization (Hultblad, 1968; Bergman et al., 2013). 
The data from this study supports the hypothesis that the mixed sub-
sistence adaptation was practiced by the Sámi in Northeastern Fenno-
scandia at least from the 14th century onwards. 

5.3. Implications for reindeer domestication in Fennoscandia 

As it is likely that Sámi reindeer herding did not originate in the areas 
of this study, the results do not represent the earliest Sámi reindeer 
herding, nor are they likely to be the earliest incidence of the use of 
working reindeer among the Sámi. However, they may have implica-
tions for the understanding of reindeer domestication among the Sámi. 
Several models and explanations have been posed for the onset of 
reindeer herding among the Sámi. Models emphasizing economic factors 
such as taxation and trade suggest that economic needs led to such an 
increase in wild reindeer hunting that the reindeer populations were 
depleted, which then created a need for new ways of resource man-
agement in the form of domestication (e.g., Vorren, 1974; 1977; Odner, 
2001). Another line of reasoning stressing economic factors suggests 
that the transition to larger-scale reindeer herding in the 15th to 17th 
centuries was initiated by the demands of trade networks and taxation 
(Lundmark, 1982; Wallerström, 2000; Hedman, 2003: pp. 223–230). It 
has also been suggested that the management of the wild reindeer 
hunting infrastructure, such as the fence systems, eventually led to the 
emergence of social organization with leadership, and the concept of 
ownership of resources such as animals (Hansen & Olsen, 2014: pp. 
203–214). 

These models for the emergence of reindeer herding domestication 
emphasize the economic importance of reindeer meat and hides as a 
driving force behind the adoption of reindeer herding. On the other 
hand, the importance of draught reindeer in early reindeer domestica-
tion has been hypothesized (Ingold, 1986; Bjørklund, 2013). According 
to this model, early reindeer herding of the Sámi was household-based; 
small in scale, with herds of some tens of reindeer per household; 
characterized by a closeness between people and the reindeer, and an 
emphasis on draught reindeer use; and herding was combined with 
hunting and fishing (Bjørklund, 2013). The utilization of draught ani-
mals was an important component of reindeer herding, as it allowed the 
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efficient movement of people and their things in a mobile herding 
adaptation (Bjørklund, 2013). According to Ingold’s (1986) hypothesis, 
draught reindeer use was adopted from Siberian reindeer herding peo-
ples. Recent evidence implies that draught reindeer were utilized in 
Siberia at the time Sámi reindeer herding began (Losey et al., 2020). The 
possible Siberian genetic origins of Fennoscandian domesticated rein-
deer (Røed et al., 2018) can also be seen to support the theory of Siberian 
influence in Sámi reindeer herding. 

The archaeological faunal assemblages discussed in this study do not 
go far enough in time to allow one to conclusively decide whether 
draught reindeer were indeed utilized from the onset of reindeer 
domestication among the Sámi. However, it is suspected that the sub-
sistence adaptation observed at the studied sites from the 14th century 
onwards could represent a model for earlier reindeer herding economies 
elsewhere in Fennoscandia. This is because it seems that the early 
reindeer herders employed a similar set of mixed subsistence strategies 
as the Sámi in the sites in this study did: dwelling sites utilized at the turn 
of the millennium, when the first steps of reindeer domestication among 
the Sámi were probably taken, were suitable not only for reindeer 
herding, but also for the hunting of wild game (e.g., Sommerseth, 2011; 
Halinen et al., 2013; Hedman et al., 2015). Moreover, faunal assem-
blages dated to this early period suggest a mixed subsistence patterns of 
hunting and small-scale herding (Vretemark, 2019), and archaeological 
evidence from dwelling sites suggest a close interaction of people and 
small reindeer herds (Jerand and Linderholm, 2019; Seitsonen & Vil-
janmaa, 2021). If the subsistence pattern observed in the archaeological 
sites analyzed in this study is indeed representative of earlier Sámi 
reindeer domestication, it is likely that draught reindeer utilization was 
an important part of early reindeer domestication process, combined 
with hunting and small-scale herding. 

In addition to modelling the mechanisms at play in early Sámi 
reindeer domestication process, this study has implications for human- 
reindeer relationships in the process of domestication. The results of 
this study show that the Sámi in Northeastern Fennoscandia employed a 
mixed subsistence pattern including hunting, fishing, and reindeer 
herding from ca. AD 1300 onwards. Therefore, they engaged with 
different types of reindeer, including wild, domesticated, and working 
reindeer. The multiple engagements likely manifested as different un-
derstandings of the personhood, agency and role of the reindeer in the 
Sámi society. In the Sámi worldview, animals were persons in their own, 
non-human ways and they could be incorporated into the web of social 
interaction (Helander-Renvall, 2010). Animal personhood was variable 
in different situations (Helander-Renvall, 2010). In the context of 
hunting, the relationship between the hunter and their prey were 
probably embedded in trust, reciprocity and interpersonal ritualized 
engagement (Ingold, 2000: pp. 69–72; Willerslev, 2007). The relation-
ship with domesticated reindeer were likely to be characterized by 
components of long-term interaction, intimacy, shared space and care in 
addition to trust and reciprocity that are also present in human- 
domesticate relationships (Knight, 2012; Oma, 2013; Anderson et al., 
2017; Birke, 2017). 

As animal personhood and human-animal relationships were 
context-dependent among the Sámi (Helander-Renvall, 2010), the 
components of trust, reciprocity, intimacy, care and interpersonal 
interaction were likely played out in multiple ways in the engagements, 
such as hunting, herding, and working, between the Sámi and the 
reindeer. In particular, training and working together with the reindeer 
were probably such engagements, where interpersonal communication, 
trust, and reindeer personhood played important roles. The training of a 
working animal and working with it are continuous, deep and personal 
interspecies relationships (Argent, 2016; Vuojala-Magga, 2010; Soppela 
et al., 2020). The training process of a draught reindeer involves mutual 
learning and cooperation between human and animal individuals 
(Vuojala-Magga, 2010; Soppela et al., 2020). Furthermore, domestica-
tion has been suggested to be something animals and people learn to do 
together (Losey et al., 2020), a process where both humans and animals 

modify their behavior to learn to live together in a shared landscape 
(Stépanoff, 2017). The interspecies relationships embedded in working 
animal training and use therefore mean that the relationships between 
people and working reindeer were constructed and maintained in 
everyday interaction, communication, and collaboration in a shared 
environment. This emphasizes that working reindeer training and use 
were important components of reindeer domestication among the Sámi, 
creating and maintaining the social bonds and shared environments of 
people and reindeer. 

6. Conclusion 

The domestication of the reindeer (Rangifer tarandus) and the 
development of reindeer herding among the Sámi of Northern Fenno-
scandia was a gradual and regionally variable process, probably begin-
ning in the Late Iron Age and intensifying in the 15th to 17th centuries 
AD. It has been suggested that early reindeer herding in Fennoscandia 
was small-scale and that reindeer herding was supplemented by other 
means of livelihood such as hunting, fishing, and gathering. This kind of 
mixed subsistence pattern prevailed among the Sámi of Northeastern 
Fennoscandia into the 17th century and later, when large-scale reindeer 
nomadic reindeer pastoralism had already been established as the basis 
of the economy and society of the Sámi in Western Fennoscandia. The 
importance of draught reindeer in early, small-scale reindeer herding 
has been hypothesized, but direct archaeological evidence has been 
lacking so far. 

The analysis of reindeer physical activity patterns through the 
analysis of palaeopathological lesions and entheseal changes presented 
in this paper shows that the Sámi in Northeastern Fennoscandia 
employed working reindeer as a part of their reindeer herding strategy 
from ca. AD 1300 onwards. Working reindeer were an integral part of 
the mixed subsistence pattern of the Sámi of Northeastern Fennoscandia, 
including hunting wild reindeer and other species, fishing, and small- 
scale herding. This subsistence adaptation is a possible model for 
earlier Sámi reindeer domestication elsewhere in Fennoscandia. Work-
ing as a draught or cargo animal requires training taking place over 
several seasons and forms deep interpersonal relationships between the 
human and animal partners. In addition to working reindeer, the Sámi of 
Northeastern Fennoscandia engaged with other domesticated reindeer 
as well as wild reindeer, with these engagements being associated with 
different frames of thinking about the animals and their roles in society. 

The multiple engagements of the Sámi of Northeastern Fennoscandia 
and the reindeer can complicate archaeological analysis and make it 
difficult to comprise straightforward narratives and domestication his-
tories. However, the acknowledgement of the multiple forms of entan-
glements of people and reindeer in Northeastern Fennoscandia is a 
prerequisite for a comprehensive understanding of the role of the rein-
deer in shaping Sámi subsistence and society in the past. The acknowl-
edgement of the various engagements between the reindeer and the 
Sámi of Northeastern Fennoscandia implies that the identification of 
working reindeer in the archaeological record with the aid of analysis of 
pathological lesions and entheseal changes can inform us not only about 
the beginnings of reindeer domestication, but also on the various roles of 
reindeer in human societies. In the future, these type of studies must be 
complemented by analysis of ancient DNA, stable isotopes and geo-
metric morphometrics to identify early reindeer domestication and 
herding practices. 
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Leiden.  

Harlin, E., Mannermaa, K., Ukkonen, P., 2019. Animal bones from medieval and early 
modern Saami settlements in Finnish Lapland. In: Mannermaa, K., Manninen, M.A., 
Pesonen, P., Seppänen, L. (Eds.), Helsinki Harvest. Archaeological Society of 
Finland, Helsinki, pp. 149–177. 

Hedman, S., 2003. Boplatser och offerplatser. Ekonomisk strategi och boplatsmönster 
bland skogssamer 700–1600 AD. Umeå University, Umeå.  

Hedman, S., Olsen, B., Vretemark, M., 2015. Hunters, herders and hearths. Interpreting 
new results from hearth row sites in Pasvik, arctic Norway. Rangifer 35 (1), 1–24. 
https://doi.org/10.7557/2.35.1.3334. 
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Hull, E.H., Niinimäki, S., Salmi, A., 2020. Differences in entheseal changes in the 
phalanges between ecotypes of Fennoscandian reindeer. International Journal of 
Osteoarchaeology 30 (5), 666–687. https://doi.org/10.1002/oa.2897. 

Hull, E.H., Puolakka, H. & Semeniuk, M. in press. Pathological peculiarities between 
modern ecotypes of Fennoscandian reindeer: Injury patterns and implications for 
domestication and paleoecology studies, in Salmi, A., Niinimäki, S. (eds.) 
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Zooarchaeological and stable isotope evidence of Sámi reindeer offerings. 
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