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Abstract: In this study we discuss the remains of reindeer skeletal elements found at two different snow patches at Varán-
junnje and Gárránistjåhkkå situated in the National Park of Stuor Muorkke in northern Sweden. Unfortunately, glaciers 
and snow patches are melting; however, this offers a unique opportunity to study the use of mountainous landscape in 
the past. The purpose of this study was to compare modern, historical and archaeological finds from reindeer in different 
reindeer herding areas in Swedish Sápmi. By using radiocarbon dating and osteological and stable isotope analysis (δ13C, 
δ15N and δ34S) we aim to study reindeer mobility and land use in the past. The results from the morphometric data, 
stable isotope analysis and radiocarbon dating from prehistoric and historic reindeer (n=40) show that there is very little 
variation over time in the diet of the reindeer retrieved from the snow patches. We also found that these reindeer must 
have grazed in different geographic areas. There was no correlation between age, gender, pathological changes and diet, 
and the castrated reindeer did not differ from other reindeer.
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Introduction
With global warming and climate change gla-
ciers and snow patches in the Swedish moun-
tains are melting and with this, archaeological 
and environmental objects in the snow are
starting to deteriorate (Callanan, 2016; Hol-
lensen et al., 2018). However, the objects ex-
posed due to melting snow provides opportu-
nities for a deepened understanding of the past 
use of the mountain landscapes (Hollensen
et al., 2018:575). Regular surveys of glaciers 
and perennial snow patches in Norway have 

revealed a whole set of unique artefacts which 
have shed new light upon historic and prehis-
toric use of passages in the south Norwegian 
mountainous landscape (Finstad & Vedeler, 
2008; Vedeler & Bender Jørgensen, 2013; Cal-
lanan, 2016:29; Bjørgo et al., 2015; Rosvold, 
2016; Pilø & Solli, 2017; Pilø, 2018; Rosvold 
et al., 2019; Pilø et al., 2020). Early surveys 
in the Swedish mountains have also revealed 
finds of organic materials such as ecofacts and 
artefacts (Lundholm, 1976; Karlén & Danton, 
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1976; Öberg & Kullman, 2011; Sandén, 2017; 
Aronsson, 2020). This suggests that it is impor-
tant to perform regular surveys of melting gla-
ciers, snow patches and ice sheets also in Swe-
den (Fjellström, 2018; 2019; 2020; Fjellström 
et al., 2019; Lidén, 2020). 

In the summer of 2016, a total of 21 fau-
nal skeletal elements (Tables 1, 2 & 4) were 
collected in two areas with permanent snow 
patches, Varánjunnje and Gárránistjåhkkå in 
the National Park of Stuor Muorkke (Stora 
Sjöfallet, Swe) in the Lule River Valley, Norr-
botten County (Fig. 1). The reindeer (Rangifer 
tarandus spp.) skeletal remains were found be-
tween two pasture areas within today’s reindeer 
herding district of Unna tjerusj. The national 
park Stuor Muorkke is part of the Laponia 
World Heritage in Swedish Lapland and has a 
varied natural and geological setting with high 

alpine areas, glaciers, tundra, birch forests and 
old pine forests (Forsberg, 1985; Mulk, 1994). 
Archaeological features in this area, such as 
pitfalls, cooking pits and dwellings of a Stone 
Age nature, as well as prehistoric and historic 
hearths, hearth row-systems, different Sámi 
dwelling sites and hut constructions (goathe, Sa, 
singularis) argue for an early human presence 
in the area (Mulk, 1982; Forsberg, 1985:34–
59; Aronsson & Ljungdahl, 2008; Aronsson & 
Israelsson, 2008; Länsstyrelsen, 2010). Dwell-
ing sites, such as stalló foundations are found 
at sites such as north of Vákkudavárre (Laponi-
atjuottjudus, Anna Rimpi, 2020) (Fig. 1) and 
are generally dated to the Late Iron Age and 
Early Middle Ages (Liedgren et al., 2007). They 
also provide information about the long use 
and human presence in these high alpine areas. 

Figure 1. Map of northern Fennoscandia with the archaeological sites mentioned in the study and the modern 
Sami reindeer herding districts marked. The zoomed-in map shows the location of the two snow patches men-
tioned in the study. The map has been remodelled by the authors. The background map was a screenshot from © 
2022 Google Earth, Map data: Google, DigitalGlobe. 
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Today there are no wild reindeer left in Swed-
ish Sápmi. According to Ekman (1910:11–15), 
the wild reindeer in the areas of western Arje-
plog and Gällivare parishes, as well as Kvikk- 
jokk, had probably disappeared already by the 
second half of the 18th century, suggesting
that reindeer pre-dating this period in this area 
could be both wild and domesticated. The find 
of an iron arrow at Ippátjåhkkå, close to Suor-
vvá (Fig. 1), dated to the late Iron Age, suggests 
that wild reindeer hunting was practiced at this 
time. Similar finds of arrows have been made 
near snow patches and glaciers, as well as from 
at least one Stállo foundation, in other parts of 
Swedish Sápmi (Lundholm, 1979; Liedgren, 
2003:5; Aronsson, 2020:190).

The reindeer skeletal remains in this study 
were sampled within an area of several taxation 
lands (lappskatteland, Sw.) which Pirkavärj was 
part of. A taxation land was an area that was 
provided and used by an individual or a group 
of people from the mid-17th to the beginning 
of the 20th centuries (Hultblad, 1968:81). The 
Sámi paid an annual tax to the state using a 
limited land area, which also was inherited (i.e. 
Hansen and Olsen 2014:280). Pirkavärj was a 
taxation land within the Kaitum reindeer herd-
ing district (Sköld, 1992:2). It was situated in 
the Lule River Valley, that was and still is an 
important passage for reindeer and also impor-
tant for reindeer herders. According to Sköld 
(1992:69), the Sámi from Pirkavärj also dwelled 
on the Norwegian side of the border. By the 
rocky promontory of the mountain Bierká at 
the Norwegian border (Sköld, 1992:70), are 
two well-known Sámi offering sites with finds 
of reindeer. They are situated both north and 
south of Bierká on the shores of lake Siidasjär-
vi: Hæsta-gal’lo (Manker, 1957:143, 153) and 
Bassenjunis (1458–1635 cal CE, Salmi et al., 
2018:479). Finds of reindeer skeletal remains 
at Sámi offering sites, as well as arrow heads 
connected to wild reindeer hunting supports 
the idea of human-reindeer related activities 

 

in high mountain areas. According to Salmi et 
al. (2015) the offering of animals at the offer-
ing site of Unna Saiva predates the offerings of 
metal objects, but that the number of offered 
reindeer at Unna Saiva increased from the late 
13th century. Further, this reflects an economic 
and societal transition within the Sámi society 
(Salmi et al., 2018).

Based on the taxation of fish and reindeer, 
Peter Sköld (1992:125) argues that the Sámi in 
the reindeer herding district of Sirges probably 
took on reindeer domestication in its extensive 
form during the 17th century. In connection to 
that he also argues that wild reindeer hunt must 
have been more important during the 16th 
century. According to Hultblad (1968:141), 
reindeer herding among the Forest Sámi herd-
ing districts becomes more important as fishing 
decreases in importance from around the mid-
18th century, and is explained by climatic vari-
ation (Hultblad, 1968:141). Mulk (1994:30) 
argues that the Sirges sijdda had its winter sett- 
lement (dálvvadis, Sa) by the lake Stuor Julevo 
(SaL.) where there was a good access to resourc-
es regarding hunting and fishing. The summer 
camp was situated in the mountains along the 
wild reindeer migration routes and with good 
fishing (Mulk, 1994:30). Taxation and do-
mestication probably had an effect on reindeer 
mobility, in that they were kept in more local 
herds.

In order to study the effect of domestication 
on reindeer mobility and land use in this area, 
we have analysed skeletal remains of reindeer 
found at the snow patches Varánjunnje and 
Gárránistjåhkkå north of Vietas in Gällivare 
parish, Sápmi (Fig. 1), using radiocarbon dat-
ing, as well as osteological and stable isotope 
analysis (δ13C, δ15N and δ34S). 

Reindeer diet, hunting, husbandry, and 
domestication
The reindeer is a herbivore and a intermediate 
ruminant grazer with a varied diet consisting of 
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more than 250 different plant species. Its win-
ter diet, from October to April/May, is mostly 
composed of lichen, and when abundant, li-
chens can constitute more than 80% of the 
food (Heggberget et al., 2002:15; Inga, 2008; 
Ophof et al., 2013; Goudeau, 2019:25). The 
reindeer also feed on various shrubs, herbs and 
grasses that are richer in proteins (Klein, 1990; 
Mårell, 2006:7; Morris et al., 2018). Based on 
the winter diet, Danell et al. (1994) demon-
strated from a feeding experiment that reindeer 
seemed to prefer specific lichens and plants. 
The tree lichens are important in winter when 
snow covers other resources that can be hard to 
reach. In spring, summer and autumn, but also 
when available in winter, reindeer feed on tus-
sock cotton grass (Eriophorum vaginatum), lin-
gonberry shrubs (Vaccinum vitis-idaea), wavy 
hair-grass (Deschampsia flexuosa), mushrooms 
and many more plants (Kuoljok & Blind, 
2015:26–29). 

The diet of wild reindeer does not differ 
from that of domesticated reindeer, unless the 
domesticated reindeer has been fed. The high 
consumption of lichens, which have a higher 
carbon and lower nitrogen isotope values 
(Evans, 2007:85; Britton, 2010, Salmi et al., 
2020a; Fjellström et al., 2020), make reindeer 
stand out in stable isotope values compared to 
other herbivores. However, deviating isotope 
values in reindeer can also be due to different 
physiological or biochemical factors, such as 
starvation or climate change (Nieminen & Pi-
etilä, 1999; Drucker et al., 2003, 2012; Parker 
et al., 2005; Barboza & Parker, 2006). 

Today, there are no wild reindeer in the 
studied area. The last wild reindeer from the 
area studied is said to have disappeared by the 
end of the 18th century (Ekman, 1910:8, 12; 
Lundmark, 1982:164). Although the reindeer 
today are not hunted in the studied area, this 
was a common practice in prehistoric and his-
toric times (Forsberg, 1985; Hansen & Olsen, 
2014). Rock carvings of reindeer and fence 

systems in Alta, Norway, dating to the Stone 
Age (Helskog, 2012), bear witness of an early 
human-reindeer relationship, the wild reindeer 
hunt. Archaeological pitfall systems, various 
trapping sites and wooden scare sticks are fur-
ther examples of a well organised wild reindeer 
hunt in the past (Hedman, 2013; Solli, 2016; 
Seitsonen & Viljanmaa, 2021).

Exactly when reindeer domestication and 
husbandry took place is highly debated. Be-
sides the fact that there might be regional dif-
ferences in the reindeer domestication process 
in northern Fennoscandia, either due to a re-
arrangement of social structures (Bergman 
et al., 2013), an increased privatisation of re-
sources (Hedman 2003:223–224) or religious 
practices (Salmi et al., 2015); some scholars ar-
gues for a Late Iron Age/early medieval domes-
tication process (Aronsson, 1991; Hedman, 
2003; Bergman et al., 2008; Andersen, 2011). 
Whereas, others argue for a domestication pro-
cess that started in the High Middle Ages (Arell, 
1977; Vorren, 1980; Lundmark, 1982; Mulk, 
1994; Wallerström, 2000; Sommerseth, 2009; 
Hansen & Olsen, 2006; Karlsson, 2006; Røed 
et al., 2011; Bjørnstad et al., 2012). It seems 
that small-scale reindeer herding combined 
with hunting, fishing, and gathering was prac-
ticed from the Late Iron Age onwards, whereas 
the transition to mobile pastoralism with larger 
reindeer herds occurred (at least regionally) in 
the High Middle Ages (Seitsonen & Viljan-
maa, 2021; Salmi, 2022).

Ancient DNA studies on reindeer skeletal 
remains from northern Fennoscandia demon-
strate that there was a massive genetic replace-
ment in reindeer during the 16th and 17th cen-
turies, that coincided with the onset of reindeer 
pastoralism (Røed et al., 2018:285; see also 
Røed et al., 2021). The modern domesticated 
reindeer have genetic affiliations with reindeer 
from two different areas: a north Russian/north 
American genetic cluster originating from the 
Beringia refugium and a north European ge-
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netic cluster originating from the European 
refugium (Røed et al., 2011; Weldenegodguad 
et al., 2019). There is little doubt that the do-
mesticated reindeer were used for different 
practices: clothing, transport of raw materials 
(Bromé, 1923:146–164) and the use of skin 
for the construction of huts (gåhte, Sa). How-
ever, already during the Late Iron Age, reindeer 
were kept for transport (i.e. castrated males), as 
decoys to hunt wild reindeer and for possible 
milking (Eidlitz, 1972; Ingold, 1986; Sommer-
seth, 2009; Bjørklund, 2013:181; Hansen & 
Olsen, 2014:195).

Mountain, forest and south Sámi reindeer 
herding districts
In this study we collected reindeer skeletal el-
ements dating from the 1940s to the 1960s, 
which is a time period before there was any 
substantial industrial feeding of the reindeer. 
These modern reindeer are from six different 
Sámi reindeer herding districts (Fig. 1). Ac-
cording to Berit Inga (2008), there are two 
types of reindeer herding today in Sweden: 
mountain and forest reindeer herding. The for-
est type is when the reindeer stay in the boreal 
forests all year round, and the mountain type 
is when the reindeer are in the mountains in 
the summer and the boreal forests in winter. 
Nevertheless, both herding systems depend on 
the reindeer moving between different areas in 
search of good pasture (Inga, 2008:8). Sámi in 
the northern Mountain reindeer herding dis-
tricts in Sweden move their reindeer over large 
areas, from the mountains to the boreal forests, 
sometimes all the way to the coast. The Moun-
tain Sámi further south in Härjedalen however 
move their reindeer in smaller areas, but still 
from the mountains to the boreal forests. The 
Forest Sámi move their reindeer in forest areas 
with good pastures, more or less in the same 
ecological zone, between winter and summer 
(Hedman, 2003; Andersen, 2011).

Mountain Sámi reindeer herding districts in 
northern Sweden—Sirges and Luokta-Mavás
The largest reindeer herding district in Sweden, 
Sirges (13,485 km2), has its year-round-area in 
Jokkmokk municipality in Norrbotten County 
(Fig. 1). The winter pasture for Sirges stretches 
from the boreal forest to the coast of the Both-
nian Bay.

The other northern Mountain Sámi reindeer 
herding district is Luokta-Mavás (6,318 km2) 
(Fig. 1). Its year-round-area is situated in Ar-
jeplog municipality in Norrbotten County, 
and they have their winter pastures stretching 
from the inland to the coast encompassing 
Jokkmokk, Arvidsjaur, Älvsbyn and Piteå mu-
nicipalities. Luokta-Mavás can be traced back 
to the 16th century, in the late 17th century 
Luochta Sámi village is mentioned together 
with Norrvästerbyn and Sörvästerbyn (Luokta-
Mavás Sameby 2007:6). 

Forest Sámi reindeer herding districts-Östra Kik-
kejaure and Udtjá (Rödingträsk, Dábmukjávrre) 
Östra Kikkejaure is a Forest Sámi reindeer 
herding district with an area of 4,539 km2 with 
its year-round area in Arvidsjaur municipality 
in Norrbotten County (Fig. 1). The winter pas-
tures are situated close to the Swedish coast. 

Rödingträsk (Dábmukjávrre, Sa) in Över-
luleå parish is part of the Forest Sámi reindeer 
herding district of Udtjá (Fig. 1). However, 
Rödingträsk is a free-standing group (Mank-
er 1950:199; Statens offentliga utredningar 
1966:26). Reindeer from Rödingträsk are in-
teresting as they are the largest reindeer in this 
study (Manker, 1950:199), however; little is 
known about their historic background (Utsi, 
2007:95). In contrast to the Mountain Sámi 
reindeer herding districts, the forest Sámi herd-
ing districts of Rödingträsk and Östra Kikke-
jaure cover smaller areas, mostly in the wood-
lands and the Bothnian coast.
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Mountain Sámi reindeer herding districts in mid-
dle Sweden-Ruhvten sijte and Mihte
Ruvhten sijte (SaS) is a Mountain Sámi rein-
deer herding district in a South Sámi area in 
Jämtland County (Fig. 1). The Sámi in Ruh-
vten sijte have their year-round-area (3,920 
km2) in Härjedalen municipality and the 
winter pastures are situated in Härjedalen and 
Älvdalen municipalities (Ljungdahl, 2013). 
Today the reindeer pastures are situated in the 
Swedish part of Sápmi; however, earlier, the 
reindeer also used to graze in Norway. 

In 1912, the Åre-Storsjö lappby was divid-
ed into several Sámi herding districts, among 
them were Mittådalen, Skärvagsdalen and 
Ljungris Sámi reindeer herding districts. The 
name Mittådalen (Mihte, SaS.) refers to the 
valley of Mittån. The Sámi of the Mihte rein-
deer herding district have their year-round-area 
(4,345 km2) in Härjedalen municipality (Fig. 
1). During the winter the reindeer graze both 
in Härjedalen and Berg municipalities. Just as 
for Luokta-Mavás and Ruhvten sijte, the oldest 
written records of reindeer husbandry for the 
area dates back to the 17th century. However, 
the name might be even older than that (Ljun-
gdahl, 2011). Both these reindeer herding dis-
tricts are considered to belong to a Mountain 
Sámi economy, but compared to the Northern 
Mountain Sámi reindeer herding districts they 
cover smaller areas.

Material and methods
Twenty-one bone elements of reindeer were 
selected from a set of reindeer skeletal remains 
collected from different snow patches from two 
adjacent areas (Fig. 1), nine skeletal elements 
from Varánjunnje, north of Vákkudavárre, and 
12 from Gárránistjåhkkå north of Vietas (Fig. 
1, Table 1). Eleven elements were selected for 
further stable isotope analysis and radiocarbon 
dating. In order to study the diet and mobil-
ity patterns of these reindeer, we compared 
them to a modern reindeer skeleton collection 

from Ájtte, the Swedish Mountain and Sámi 
Museum in Jokkmokk, dated to between 1947 
and 1956. The reindeer skeletal remains were 
collected by Folke Skuncke in the mid-1900s. 
The collection holds more than 1,000 domesti-
cated reindeer crania, antlers and mandibles of 
known origins from Swedish Sápmi. All ages 
and sex are represented (Göran Sjögren, Ájtte, 
personal communication; Skuncke, 1973:11). 
Thirty individuals from six different Sámi rein-
deer herding districts representing different ge-
ographical areas in Swedish Sápmi with differ-
ent herding practices were also included in this 
study as comparative material. The reindeer 
came from two northern Mountain (Sirges and 
Luokta-Mavás), two Forest (Rödingträsk and 
Östra Kikkejaure) and two South (Ruhvten si-
jte and Mihte) Sámi reindeer herding districts. 
Geographically, the reindeer from Sirges are 
the one that corresponds most closely to the 
location of the snow patch reindeer (Table 1). 

Osteological analysis
The faunal material from the permanent ice 
patches were osteologically analysed to deter-
mine size, sex, age of death and to look for 
pathological traits. The modern collection from 
Ájtte was also osteologically analysed. The age 
estimation was based on epiphyseal fusion fol-
lowing Takken Beijersbergen & Hufthammer 
(2012). Skeletal measurements were taken for 
body size estimation (von den Driesch 1976). 
The bones were checked for pathological le-
sions following Mann and Hunt (2005), Bar-
tosiewicz and Gál (2013), Thomas and Worley 
(2014) and Salmi et al. (2020b). 

Stable isotope analysis and bone collagen extrac-
tion
In order to not sample the same individual 
twice we selected our samples according to the 
minimum number of individuals identified 
(Table 2).

Stable isotope analyses, δ13C, δ15N and δ34S, 
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Table 1. Osteological information on the age, sex, and skeletal elements of the modern reindeer in this study. 

Sample Age at death (year) Sex Skeletal elements present Other 

SIR1 2.25 M Cranium

SIR2 4 M Cranium

SIR3 9 F Cranium

SIR4 5 F Cranium

SIR5 10.5 F Cranium

RÖD1 2.5 M Cranium

RÖD2 4.5 F Cranium

RÖD3 6 M Cranium

RÖD4 3 F Cranium

RÖD5 6 M Cranium Castrated

ÖKI1 3 M Cranium

ÖKI2 4 M Cranium

ÖKI3 2 F Cranium

ÖKI4 4 F Cranium

ÖKI5 4 F Cranium

TÄS1 2 M Cranium

TÄS2 4 M Cranium

TÄS3 2 F Cranium

TÄS4 6 F Cranium

TÄS5 8 F Cranium

LMA1 2 M Cranium

LMA2 5 M Metatarsal and metacarpal

LMA3 1 F Cranium

LMA4 5 F(?) Metatarsal and phalanges

LMA5 5 M Metatarsal, centrotarsal bone, metacarpal Castrated

MIÅ1 2 M Mandibles

MIÅ2 5 M Cranium

MIÅ3 2 F Cranium

MIÅ4 2 F Cranium

MIÅ5 - M Cranium Castrated

are frequently used in archaeology to study 
both human and animal diet and mobility 
(Eriksson, 2013). The δ13C isotope value is de-
termined by the photosynthetic pathway that 
different plants use, or by the dissolved carbon-
ate in marine environments (Sealy, 2001:270). 
The most common photosynthetic pathway in 

our region is C3, and since there are no historic 
signs of feeding reindeer with C4-plants, the 
latter photosynthetic pathway can be disregard-
ed. For each trophic level, δ13C values increase 
by c. 1‰ (DeNiro & Epstein, 1978). The δ15N 
isotope value varies depending on a number of 
different factors: the trophic level, physiology, 
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stress, climate and environment (Ambrose, 
1990; DeNiro & Epstein, 1978; O’Connell & 
Hedges, 1999). For each trophic level the δ15N 
isotope value increases by c. 3–5‰ (Bocherens 
& Drucker 2003; Minagawa & Wada, 1984). 
The δ34S isotope value vary depending on the 
local geology of the bedrock, as well as between 
different terrestrial and marine environments 
(Richards et al., 2003; Krouse, 1980:436; 
Faure & Mensing, 2005). In coastal areas, 
the δ34S isotope value of an individual feeding 
solely from terrestrial plants can be affected by 
the so-called sea-spray effect that can alter the 
δ34S isotope value towards a more marine value 
(Nehlich, 2015). Trophic level shifts in δ34S are 
still heavily debated, however, Nehlich (2015) 
suggested a trophic shift in the fauna around 
0.5±2.4‰. Webb et al. (2017), on the other 
hand argues for a depleted value of -1.5±0.8‰ 
for each trophic level. 

Collagen was extracted from the bones and 
antlers of both archaeological and modern 
reindeer using the modified Longin method 
(Brown et al., 1988). An amount of 0.4–0.6 
mg of collagen for carbon and nitrogen isotope 
analysis, and between 5.6 and 8.5 mg for sul-
phur isotope analysis were weighed in tin cap-
sules and measured in a masspectrometer. We 
also used 1.0–2.9 mg for radiocarbon dating. 
Carbon and nitrogen isotopes were analysed 
at the Department for Geological Sciences at 
Stockholm University, combusted in a Carlo-
Erba NC2500 elemental analyser connected to 
a masspectrometer (continuous flow IRMS)—
a Finnigan DeltaV Advantage—with a preci-
sion of ±0.15‰ or better for both δ13C and 
δ15N. Later, for the modern reindeer samples 
that had a C:N ratio outside of the accepted 
ratio (2.7–3.6) and in order to correct for a 
possible effect of lipid residue, we extracted li-
pids using a solution of DCM/Methanol (2:1) 
(Guiry et al., 2016) and then analysed them 
at the Masspectrometry Laboratory at Vilnius 
University, using a Flash EA 1112 Series El-

emental Analyzer that was connected to a Delta 
V Advantage Isotope Ratio Mass Spectrometer 
(IRMS) via a ConFlo III Interface with a preci-
sion of ±0.1‰ for both δ13C and δ15N. Iso-
tope ratio data was normalised to international 
isotope scale using IAEA standards: IAEA caf-
feine (δ13C =-27.771, δ15N =1), USGS24 (δ13C 
=-16.05), IAEA-N-1 (δ15N =0.43). Sulphur 
isotopes were analysed at Iso-Analytical using 
a Sercon CNS-EA Elemental Analyser Auto-
Sampler linked to a Europa Scientific 20-20 
Isotope Ratio Mass Spectrometer with a pre-
cision of 0.3‰ Inhouse standards IA-R068 
and IA-R069 were used and calibrated against 
NBS-127 and IAEA-SO-5. All stable isotope 
values are expressed in per mille (‰).

Result
Osteology
In total, 21 reindeer fragments were identified 
to element from the two snow patches (Table 
1), scapula (n=2), metatarsal (n=2), metacarpal 
(n=1), metapodial (n=1), tibia (n=2), pars petro-
sa (n=1), femur (n=1), radius (n=1), long bone 
shaft (n=5) and antlers (n=5). The minimum 
number of individuals from Varánjunnje was 
two, based on two metatarsals bones of consid-
erably different sizes. The minimum number 
of individuals from Gárránistjåhkkå was also 
two, based on the presence of bones of a small, 
possibly juvenile individual(s) (shaft fragments 
from a tibia and a femur), and the bones of an 
adult-sized individual(s) (scapula and radius 
fragments). The epiphyses of the latter bone el-
ements were fused, indicating an age at death of 
at least 2–6 months and at least 4–10 months, 
respectively (Takken Beijersbergen & Huft-
hammer, 2012). Due to the fragmentation of 
the bones from Gárránistjåhkkå, measurements 
were only obtained from one sample, a scapula 
fragment. No pathological lesions were identi-
fied on the bones (Table 2). Of the 21 samples 
11 were selected for radiocarbon and stable iso-
tope analyses (Table 2).
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Additional cranial elements were measured 
on 30 modern domesticated reindeer from 
different Mountain and Forest Sámi reindeer 
herding districts (Table 1). The age at death and 
sex of the individuals were known and recorded 
in the museum catalogue. No pathologies were 
recorded on the bones (Table 3). Although the 
cranial measurements of the reindeer from For-
est Sámi villages were slightly larger on average, 
the difference was not statistically significant 
(Table 3).

Radiocarbon analysis
The samples from the snow patches were ra-
diocarbon dated at the Ångström laboratory, 
Uppsala University. One sample dated to the 
Roman Iron Age/Migration Period (259–414 
cal CE), one sample to the Migration Period 
(412–541 cal CE), five samples were dated to 
between 1482 and 1948 cal CE and four were 
modern (Table 4).

Stable isotope analysis
All samples but one, ICE 11 from Gár-
ránistjåhkkå, gave collagen of good quality (van 
Klinken, 1999) and fulfilled the quality criteria 
(DeNiro, 1985; Ambrose, 1990; Nehlich & 
Richards, 2009). 

The δ13C values for the archaeological and 
historical reindeer varied from -20.0‰ to 
-18.3‰ with a mean value and standard devia-
tion of -19.1±0.6‰. The δ15N values for the 
same individuals varied between from 1.5‰ to 
3.5‰ with a mean value and standard devia-
tion of 2.5±0.8‰ (Fig. 2). The low δ15N values 
reflect the expected dietary intake for reindeer, 
<3.0‰, see for example Salmi et al. (2020) and 
Fjellström et al. (2020). According to Finstad 
and Kielland (2011:543, 548–550), the δ15N 
value of collagen in antlers correlates with that 
of the value of the diet from spring until the 
ossification. They also showed that δ15N values 
of lichen are depleted, sometime even negative.

One sample from Varánjunnje did not yield 

enough collagen for further δ34S analysis (ICE 
5) and one sample from Gárránistjåhkkå (ICE 
11) did not fulfil the quality criteria. The nine 
individuals from Varánjunnje and Gárránis-
tjåhkkå had δ34S values between 8.3‰ and 
10.8‰ and a mean value and standard de-
viation of 9.7±1.1‰ (Figs. 3 and 4, Table 4).  
All modern samples yielded enough collagen 
for further analysis. For the modern samples 
that did not fulfill the C:N ratio criteria we 
took new samples and extracted collagen and 
removed lipids prior to stable isotope analysis 
(Table 5). All samples subjected to lipid residue 
removal, except seven samples (SIR 2–4, ÖKI 
1 and 2, MIÅ 5 and TÄS 1), met the expected 
quality criteria, providing evidence that the li-
pids caused the erroneous C:N ratio for pure 
collagen. We could also see that the lipids only 
effected the samples where the C:N ratio was 
>3.8 (Table 5). Furthermore, as a fossil fuel ef-
fect must be considered for the δ13C values of 
the modern reindeer, all modern samples were 
corrected for a fossil fuel effect according to the 
known year of collection and the isotopic value 
of that years atmospheric CO2. The atmospher-
ic CO2 isotopic value between 1947 and 1956, 
the year of collection of the different reindeer, 
do not vary much (from -6.89‰ to -6.92‰) 
(Francey et al., 1999; Long et al., 2005; Keel-
ing et al., 2017); hence, the correction value 
we added to the modern samples are 0.22‰ 
(1948) and c. 0.23‰ (1953/1956), respective-
ly. Also, we applied a correction of c. 1.7‰ to 
the modern reindeer from Canada and Alaska. 
In addition, since we do not know the exact 
date of the modern samples from Varánjunnje 
at the Gállaktjåhkkå we assume they date to the 
approximately the same time as when they were 
collected, i.e. 2016. We thus applied a correc-
tion of 1.89‰ to these samples (Graven et al., 
2020) (see Salmi et al., 2020a for more details).

Two samples, ICE 1 and 3, that have elevat-
ed δ15N isotope values (> 3‰), have similar 
δ15N isotope values as the reindeer from the of-
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fering sites in Unna Sájvva and Vierronjarka, 
as well as the modern reindeer from the Forest 
reindeer herding areas. The isotope, osteologi-
cal and the radiocarbon results for ICE 1 and 
3 are very similar and suggest that these two 
elements might originate from the same indi-
vidual and will be regarded as such from here 
on (ICE 1/3). Five other samples, ICE 4, 6, 8, 
9 and 10, all have similar δ15N values to the 

reindeer from the modern Mountain reindeer 
herding districts. However, ICE 4, dated to 
1482–1644 cal CE, with similar δ13C and δ15N 
isotope values as the reindeer from the offer-
ing site of Bassenjunis, has a lower δ13C isotope 
value compared to ICE 6 and 10 (259–541 cal 
CE) (Fig. 2–4).

ICE 1 and 10 have similar δ34S isotope val-
ues as the reindeer from the offering sites in 

Table 2. Osteological analysis and observations of the reindeer skeletal remains found at the snow patches in this 
study.

Sample Area Bone element Side Bone part Other observations

ICE1 1 Scapula Left prox

1 Metatarsal shaft Small individual

1 Metacarpal shaft Small individual

ICE2 1 Metatarsal Right prox Anterior fragment

ICE3 1 Tibia Left shaft Small individual

ICE5 1 Temporal pars petrosus

ICE4 1 Antler Right prox Shed

1 Long bone shaft fragment

1 Long bone shaft fragment

2 Scapula Left complete Blade broken, epiphysis fused, GLP=42.7, 
BG=29.4

ICE8 2 Femur Right shaft Small individual

ICE10 2 Radius Left prox Fused epiphysis

2 Metapodial shaft

ICE9 2 Tibia Right shaft Small individual

2 Antler prox Shed

ICE7 2 Antler prox Shed

ICE6 2 Antler prox?

2 Antler

ICE11 2 Long bone

2 Long bone

2 Long bone

Table 3. T-test of the osteological measurements regarding the modern reindeer from the mountain and forest 
reindeer herding districts. 

Mean Mountain Sámi Mean Forest Sámi t p

Total length of cranium 311.2 (n=15) 329.7 (n=9) -2.027 0.055

Greatest breadth across orbits 147.7 (n=15) 153.0 (n=10) -1.523 0.142

Molar row length 51.1 (n=11) 53.3 (n=10) -1.649 0.116
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Unna Sájvva and Vierronjarka, but not as the 
modern reindeer from the modern Forest rein-
deer herding districts. The δ34S isotope values 
of the two oldest reindeer (ICE 6 and 10) differ, 
indicating that they have different origins (Figs. 
5–7). Furthermore, ICE 4 and 6 have similar 
δ34S isotope values as the reindeer from the of-
fering sites of Bassenjunjis and Jervas, as well 
as to the modern reindeer from Rödingträsk. 
Samples ICE 8 and 9 have similar δ34S isotope 
values, but not similar to any of the other ar-
chaeological sites, nor to the modern reindeer 
from any of the mountain or forest reindeer 
herding districts. 

Th e reindeer samples from Ájtte and the 
four modern reindeer samples from Varán-
junnje and Gárránistjåhkkå have corrected 
δ13C isotope values that vary from -21.3‰ to 
-18.9 ‰ with a mean and standard deviation 
of -20.0±0.7‰. The δ15N isotope values vary 
from 1.2‰ to 4.6‰ with a mean and standard 
deviation of 2.6±0.9‰. Five samples were not 
analysed for sulphur isotopes, due to not fulfill-
ing the quality criteria. The δ34S values, for the 
analysed individuals, varied between 5.2‰ and 
8.8‰ with a mean and standard deviation of 
7.0±0.9‰ (Table 4). 

There is a small difference between the sites 
for both the δ13C and δ15N mean values. The 
modern reindeer from Rödingträsk have a 
higher standard deviation (SD) in δ15N values 
(SD=1.1‰) compared to the other modern 
sites (Fig. 8). Reindeer from both modern For-
est Sámi reindeer herding districts have higher 
δ15N values than the reindeer from the mod-
ern mountain reindeer herding districts (Fig. 
6). There is no difference in δ34S mean values 
between the modern reindeer from Sirges and 
Rödingträsk, indicating that the reindeer might 
have been grazing on the same lands during 
winter (Fig. 5). Luokta-Mavás, Östra Kikke-
jaure, Mihte and Ruhvten sijte are all from dif-
ferent geographic areas, however, they all have 
similar δ34S mean values with small standard 

deviations (Table 4). Here, the δ34S isotope val-
ues suggest that these reindeer were grazing in 
areas with similar δ34S values. 

Discussion
Diet
Stable isotope values from the modern reindeer 
are in accordance with the stable isotope of their 
natural habitat. According to Fjellström et al. 
(2020) low δ13C and low δ15N isotope values 
are expected for reindeer that has not been fed, 
as for example in Mountain Sámi herding dis-
tricts. This is also in accordance with stable iso-
tope data from modern and historical caribou 
populations in North America (Britton, 2009; 
McManus-Fry et al., 2018) and non-fed free-
ranging domesticated reindeer in Finland (Fig. 
10) (Salmi et al., 2020). In this study the rein-
deer from the Mountain Sámi reindeer herding 
districts had, as expected, the lowest δ13C (<-
18.9‰) and the lowest δ15N values (<3.0‰), 
except one reindeer from Mihte (MIÅ 3, δ15N 
= 3.3‰) that had a high δ15N value (Fig. 2, 
Table 4).

In contrast, reindeer from the Forest Sámi 
reindeer herding districts, with a more station-
ary reindeer husbandry tradition (Hultblad, 
1936; Manker, 1968:229), had elevated δ15N 
values compared to reindeer from the Moun-
tain Sámi reindeer herding districts (Fig. 6). 
The exception was one castrated reindeer from 
Rödingträsk with a δ15N isotope value of 2.0‰ 
(Fig. 2). However, this reindeer also had a lower 
δ34S value compared to the other reindeer from 
Rödingträsk, indicating it might originate from 
another geographic area. The other castrated 
male, included in this study, show similar δ13C 
and δ15N isotope values as reindeer from its re-
spective area (Table 4).

According to Fjellström et al., (2020), low 
δ13C and high δ15N isotope values could in-
dicate feeding, thus the higher δ15N isotope 
values of reindeer from Forest Sámi reindeer 
herding districts suggests that they had been 
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Figure 2. Carbon and nitrogen isotope values for reindeer from the snow patches of Varánjunnje and Gárránistjåhk-
kå, the modern reindeer (this study) and previously published data (Salmi et al., 2015, 2020; Fjellströmet al., 2020). 
The δ13C values for all modern samples have been corrected for a fossil fuel effect (Table 4) (Francey et al., 1999; 
Long et al., 2005; Keeling et al., 2017). 

Figure 3. Boxplot of the stable carbon isotope data for the analysed reindeer. Center lines show the medians; box 
limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the interquartile range from the 25th and 
75th percent (Spitzer et al. 2014). The δ13C values for all modern samples have been corrected for a fossil fuel effect 
(Table 4) (Francey et al., 1999; Long et al., 2005; Keeling et al., 2017).
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Figure 4. Boxplot of the stable nitrogen isotope data for the analysed reindeer. Center lines show the medians; box 
limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the interquartile range from the 25th and 
75th percent (Spitzer et al. 2014).

fed (Fig. 6). However, there might be other fac-
tors that influence the δ13C and δ15N values. 
Drucker et al. have for example suggested that 
a decrease in lichen consumption could result 
in lower δ13C values, and higher altitudes could 
cause a decrease in δ15N values and an increase 
in δ13C values (2003:169; 2012:325–327).
Following this argument, ICE 2, 6, 10 and 9 
that were found on the snow patches at high 
altitudes and that had higher δ13C values and 
lower δ15N values could have resided at higher 
altitudes for longer periods. The one reindeer 
offered at Jervas with higher δ13C and low δ15N 
values could also have spent long periods at 
high altitudes. This could also be the case re-
garding four reindeer from the archaeological 
dwelling site at Vivallen (Fig. 2) (Zachrisson 
1997). The low δ13C values of ICE 4 and 7, 
and the one reindeer from the offering site of 
Bassenjunis, could represent a diet comprised 
of less lichen. 

Although situated close to each other, the 
stable isotope results from the archaeological 
and modern reindeer from Varánjunnje and 

Gárránistjåhkkå vary quite substantially. There 
is, however, very little variation over time in the 
reindeer diet at these sites (Figs. 9 and 10). In 
this study, the variation in δ13C values from the 
skeletal remains from the snow patches, could 
reflect greater land use in several Sámi reindeer 
herding districts.

Mobility 
The reindeer from all modern Sámi reindeer 
herding districts had lower inter-individual 
variation in δ34S isotope values, indicating low 
mobility (Figs. 3, 4, 5, 6 and 7), i.e. that the 
reindeer grazed in an area with low variation in 
δ34S values. Further, all modern reindeer have 
lower δ34S values than the archaeological and 
historical reindeer. This could be due to anthro-
pogenic acid rain in modern times, providing 
lower sulphur values (Nriagu, 1979; Zhu et 
al., 2015; Yan et al., 2020), but also due to a 
change in climate (Reade et al., 2020; Britton et 
al., 2023). However, reindeer from two of the 
modern reindeer herding districts have slightly 
higher δ34S values than the other modern rein-
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Figure 5. Carbon and sulphur isotope values for reindeer from the snow patches of Varánjunnje and Gárránistjåhk-
kå, the modern reindeer (this study) and previously published data (Salmi et al., 2015, 2020; Fjellström et al., 2020). 
The δ13C values for all modern samples have been corrected for a fossil fuel effect (Table 4) (Francey et al., 1999; 
Long et al., 2005; Keeling et al., 2017). 

Figure 6. Nitrogen and sulphur isotope values for reindeer from the snow patches of Varánjunnje and Gárránistjåhk-
kå, the modern reindeer (this study) and previously published data (Salmi et al., 2015, 2020; Fjellström et al., 2020). 
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Figure 7. Boxplot of the stable sulphur isotope data for the analysed reindeer. Center lines show the medians; box 
limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the interquartile range from the 25th and 
75th percent (Spitzer et al. 2014).

deer indicating their two different geological 
catchment areas with different isotopic values 
(Figs. 3 and 7). 

Terrestrial plants in coastal areas can be sub-
jected to a sea-spray effect that can lead the ani-
mal eating from that plant to have δ34S isotope 
values like marine environments (Wadleigh et 
al., 1994). Hence, more elevated δ34S isotope 
values would have been expected if the reindeer 
was feeding from coastal plants or if there was a 
sea-spray effect (Nehlich, 2015). Two reindeer 
from the archaeological offering site Mørs-
viksbotn (Andersen, 2018) by the Norwegian 
coast differ substantially from the other rein-
deer (Figs 3 and 7); hence, even though it is a 
small sample size from Norway, we are quite 
confident that the studied reindeer stayed in 
coastal Norway. However, none of our studied 
reindeer were grazing at the Norwegian coast.

The sulphur isotope values of the reindeer 
from Varánjunnje and Gárránistjåhkkå had 

quite a substantial variation. The two modern 
reindeer (ICE 2 and 7) from the snow patches 
with sulphur values have the lowest δ34S val-
ues of all reindeer (5.2‰ and 6.0‰) and are 
similar to most of the other modern Swedish 
reindeer: at Östra Kikkejaure, Luokta-Mávas, 
Mihte and Ruhvten sijte. One of the prehis-
toric and three of the historic reindeer from the 
snow patches (ICE 4, 6, 8 and 9), together with 
two historic reindeer from the offering sites of 
Jervas and Bassenjunis (Salmi et al., 2015; Sal-
mi et al., 2020), and one prehistoric reindeer 
from the dwelling site at Vivallen (Fjellström et 
al., 2020), have similar δ34S values to most of 
the modern reindeer from the reindeer herding 
district of Rödingträsk. 

One of the reindeer from Gárránistjåhkkå 
(ICE 10), dated to the Roman Iron Age/Migra-
tion Period, and one reindeer from Varánjun-
nje (ICE 1/3), dated from 1482 to 1794, have 
similar δ34S values as previously published data 
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Figure 8. Variation of the standard deviation of the stable carbon, nitrogen and sulphur isotope data for the reindeer 
in this study, and previously published data (Salmi et al., 2015, 2020; Fjellström et al., 2020). The number above 
each column corresponds to the number of samples per site. 

Figure 9. Stable carbon isotope data and radiocarbon date for reindeer in this study and Salmi et al., 2015, 2018; 
Fjellström et al., 2020. The δ13C values for all modern samples have been corrected for a fossil fuel effect (Table 4) 
(Francey et al., 1999; Long et al., 2005; Keeling et al., 2017). There are two different colours for the snow patches 
sites: blue = Varánjunnje and red = Gárránistjåhkkå. The symbols for the same site depend on their radiocarbon 
dates. The filled purple triangle represent Vivallen, the black dotted triangles Unna Sájvva, the lined green triangles 
Vierronjarka, the dashed red triangles Mørsviksbotn and the empty blur trianlge Jervas.
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Figure 10. Stable nitrogen isotope data and radiocarbon date for reindeer in this study and Salmi et al., 2015, 2018; 
Fjellström et al., 2020. There are two different colours for the snow patches sites: blue = Varánjunnje and red = Gár-
ránistjåhkkå. The symbols for the same site depend on their radiocarbon dates. The filled purple triangle represent 
Vivallen, the black dotted triangles Unna Sájvva, the lined green triangles Vierronjarka, the dashed red triangles 
Mørsviksbotn and the empty blur trianlge Jervas.

from the offering sites of Unna Sájvva and Vier-
ronjarka (Salmi et al., 2015, 2018). Although 
ICE 1/3 has a higher δ15N value than ICE 10, 
we assume that these two individuals grazed in 
the same areas. The difference in δ15N values 
could be explained by feeding. Reindeer ICE 
1/3 has a similar sulphur isotope value and is 
dated to the same time period as the reindeer 
from the offering site of Unna Sájvva and could 
thus be a reindeer from the same population. A 
further aDNA analysis might solve this issue. 
The diet of the two prehistoric reindeer from 
the snow patches (ICE 6 and 10) are similar, 

Based on these results, it is impossible to 
define a specific grazing area for the reindeer. 
Further analysis of strontium and oxygen iso-
tope analysis could provide a more detailed pic-
ture of where that could be. Nevertheless, based 
on the δ34S values, reindeer found at the snow 
patches at Varánjunnje and Gárránistjåhkkå 
must have grazed in different areas with differ-
ent geological backgrounds.

Conclusion
From the use of morphometric data, stable 
isotope analysis (δ13C, δ15N and δ34S) and ra-
diocarbon dating from prehistoric and historic 
reindeer we have been able to show that there 
was very little variation over time in diet for the 
reindeer retrieved from the snow patches. We 
also found that these reindeer must have grazed 
in different geographic areas, maybe coming 
from different Sámi herding districts. We could 
also see that reindeer from Forest Sámi herding 
districts were probably fed, in contrast to the 
reindeer from Mountain Sámi herding districts 
where the stable isotope values reflect their nat-
ural habitat. This further indicates that reindeer 
in various herding districts were managed dif-
ferently.

We found no correlation between age, gen-
der, pathological changes and diet, and the 
castrated reindeer did not differ from other 
reindeer.

The analysis of the modern reindeer from the 
different reindeer herding districts has given a 
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Figure 11. Stable sulphur isotope data and radiocarbon date for reindeer in this study and Salmi et al., 2015, 
2018; Fjellström et al., 2020. There are two different colours for the snow patches sites: blue =Varánjunnje and 
red = Gárránistjåhkkå. The symbols for the same site depend on their radiocarbon dates. The filled purple triangle 
represent Vivallen, the black dotted triangles Unna Sájvva, the lined green triangles Vierronjarka, the dashed red 
triangles Mørsviksbotn and the empty blur trianlge Jervas.

good foundation for interpreting archaeologi-
cal reindeer remains. Osteological and stable 
isotope analysis are effective methods to under-
stand natural and cultural approaches to rein-
deer skeletal remains found at snow patches. 
Further studies with a broader analytic ap-
proach are needed to understand human-rein-
deer relationships in the past. 

This new dataset adds to the understanding 
of reindeer mobility and historic reindeer herd-
ing strategies through time and the “natural” 
use of the landscape by reindeer, but also by 
humans. 
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Ben och horn av renar från smältande snöfläckar avslöjar information om 
förhistorisk landskapsanvändning i svenska Sápmi

Abstract in Swedish/Sammanfattning: I den här studien undersöker vi fynd av ben och horn av re-
nar från två smältande snölegor vid Varánjunnje och Gárránistjåhkkå inom Stuor Muorkke (Stora 
sjöfallets) nationalpark. I studien ingår också renben från domesticerade renar insamlade från 
samebyar i Sverige, daterade till mitten på 1900-talet. Syftet med studien är att jämföra moderna, 
historiska och arkeologiska fynd från renar inom olika renskötselområden i svenska Sápmi. Gen-
om osteologiska analyser av kvarlevorna, 14C analyser och stabila isotopanalayser (δ13C, δ15N och 
δ34S) försöker vi förstå renarnas rörelsemönster och användning av landskapet. Resultatet från de 
morfometriska, radiometriska och stabila isotopanalyserna visar på liten variation i diet över tid 
för renarna från snölegorna. Vi har även kunnat visa att renarna betat inom olika geologiska om-
råden samt att det inte fanns någon korrelation mellan ålder, kön, patologiska förändringar och 
diet. Kastrerade renar skiljde sig inte heller från övriga renar. 
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