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ABSTRACT

We used stable (§'80) and radiogenic (37Sr/2°Sr) isotopic proxies to investigate the origins of dogs (Canis familiaris) buried in Viking
Age graves at Luistari, Finland. While all 13 dogs exhibited oxygen isotope values compatible with local surface waters, 37Sr/36Sr
ratios for two of the four dogs analyzed (graves 289 and 480) were compatible with a likely origin in southern Scandinavia. The
findings align with previous evidence of the mobility of Viking Age dogs. The results highlight the importance of dogs in trade,
exchange and social networks between communities in southwestern Finland and the Baltic Sea coastline during the Viking Age.

1 | Introduction

Throughout history, dogs (Canis familiaris) have been invalu-
able animals for hunting, herding, guarding (Jennbert 2011,
65; Griaslund 2004, 168), and even warfare (Forster 1941;
Gotfredsen et al. 2014, 158; Perri 2020). Dogs were also im-
portant in Northern Europe during the Iron Age. Dog collars
and fittings associated with collars and leashes have been
found in high-status 7th-8th-century boat burials at Vendel
and Valsgidrde in Sweden, as well as in Viking Age boat buri-
als at Ladby, Denmark and Oseberg, Norway (Grislund 2004,
168-169; Nichols 2021, 2023). Beyond their practical uses, dogs
held significant symbolic and cultural importance. For example,
they were often buried alongside their owners, suggesting a be-
lief that dogs would continue to serve and follow their masters
in the afterlife (Lehtosalo-Hilander 1982, 38; Prummel 1992;
Morey and Jeger 2022).

The Luistari cemetery is a prominent archaeological site in
Eura, southwestern Finland (Figure 1), dating to the Iron

Age and Early Medieval Period (c. 600-1300 CE). With its ca.
1300 graves, of which around 300 are from the Viking Age (c.
800-1050 CE) (Lehtosalo-Hilander 2000, 158-162), it is one of
the largest cemeteries in the Nordic countries. At least 13 of
the Viking Age graves contained remains of dogs (Lehtosalo-
Hilander 1982, 38), though due to preservation issues, it is possi-
ble that more originally included dog remains. The dog remains
were in most graves found by the feet or legs of the deceased and
inside the remains of a wooden coffin. In one grave, dog bones
were found at the waist area, and in one they were found outside
the coffin.

We studied the Viking Age dogs buried at Luistari using 830 and
87Sr/80Sr isotope proxies to determine their origins. Strontium
isotopes (}7Sr/%6Sr) are commonly used in archaeology to trace
the geographical provenance of humans or animals based on the
geological settings of their habitat, while oxygen isotopes (8'30)
are related to the climatic context, thus also being linked to
their geographical location (e.g., Bentley 2006; Daux et al. 2008;
Pederzani and Britton 2018; Lazzerini et al. 2021).
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2 | Materials and Methods

Dog tooth enamel from 13 graves (Table 1) was analyzed for
phosphate 8'80 values (§'%0p). The material belongs to the

collections of the Finnish Heritage Agency (museum numbers
18,000 and 22,346). Due to the poor preservation of the re-
mains, only loose enamel fragments were used for sampling,
thus leaving the specific tooth from which the samples were

FIGURE1 | Location of the places mentioned in the text. [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 1 | Luistari dog tooth enamel 8 Sr/56Sr and 8'¥0p values, and calculated 8'°0 of drinking water.

Grave Museum ID 87Sr/86Sr 2SE 8130p (%o, VSMOW) 8130 (%0, VSMOW) water
280 18,000:3143 0.728387 0.000006 14.7 -8.1
281 18,000:3191 0.726662 0.000006 14.1# -8.5
289 18,000:3306 0.721288 0.000005 14.42 -8.3
480 22,346:387 0.713837 0.000007 12.72 -9.5
35 18,000:1448 N/A N/A 13.1 -9.2
51 18,000:1571 N/A N/A 13.4 -9.0
76 18,000:1999 N/A N/A 13.9 -8.6
145 18,000:2485 N/A N/A 14.0 -8.5
195 18,000:2785 N/A N/A 13.1 -9.2
208 18,000:2865 N/A N/A 15.0 -7.8
318 18,000:3600.5 N/A N/A 13.82 —8.7
345 18,000:3854 N/A N/A 14.42 -8.3
359 18,000:4117 N/A N/A 14.42 -8.3

aMean value of duplicate extraction and IRMS analysis (SD; %.): grave (281=0.00, 289=0.01, 480=0.06, 318 =0.03, 345=0.01, 359 =0.24).
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taken unknown. The analytical protocol included acetic acid
leaching, microprecipitation of Ag3PO4, pyrolysis at 1400°C
on a Thermo Scientific Delta V Plus isotope ratio mass spec-
trometer and data normalization to Nbs120c¢ (21.7%o0), AGPO-
SCRI (14.58%0) and SJ-1 (in-house; 5.56%c). R2 between
expected and measured values > 0.99, and analytical reproduc-
ibility within + 0.4%.. For details, see Danielisova et al. (2025).
To estimate the drinking water §'®0 values, calibration equa-
tions for humans (Equation 6 of Daux et al. 2008) and foxes
as the nearest canid analogue (Iacumin and Longinelli 2002)
were used.

Strontium isotopes were determined only in four cases where
enough material was left after the other analyses and enamel
had retained its characteristic hardness and translucence ac-
cording to a visual and tactile inspection. The samples were
pre-treated following Dudas et al. (2016). 87Sr/%6Sr ratios were
measured using a Thermo Triton Plus thermal ionization
mass spectrometer at the Institute of Geology of the Czech
Academy of Sciences using W filaments in the presence of Ta
activator. During this study, the periodical analyses of NIST
987 reference solution yielded 87Sr/36Sr of 0.710252 £ 0.000007
(20, n=18); (details in Danielisova et al. 2025).

3 | Results

Dog 8'80p values show a constrained range without outli-
ers (Table 1) with the mean at 13.9%o +0.7%0 (n=13), ca. 2%o
lower than that of humans buried at Luistari (15.8 +1.0%o,
n=78; Danielisova et al. 2025). The offset is possibly associ-
ated with differences in physiology and metabolism affecting
fractionation. Applying the taxon-specific calibration equa-
tions (Daux et al. 2008; ITacumin and Longinelli 2002) on the
mean 8'80p values yielded drinking water 880 estimates
for dogs and humans at —8.6%. and —9.4%., respectively.
Factoring in measurement uncertainty and variance around
the mean (SD), the drinking water §'80 estimates are similar,
suggesting also that the use of the fox-based equation for dogs
is justified.

The #7Sr/%6Sr provenance analysis of dogs from Luistari builds
on a strontium baseline based on plants, surface waters and ar-
chaeological bones covering an area of ca. 40 X 45km around the
burial ground (Danielisova et al. 2025). The bioavailable range
estimated using the high-density interval method yielded ranges
0f 0.7262-0.7353 at 90% and 0.7246-0.7390 at 99% of the highest-
density intervals.

Of the four specimens analyzed for 87Sr/86Sr (Table 1), two re-
turned surprisingly low values. At only 0.7138 (grave 480) and
0.7212 (grave 289), both are outside the 99% range of the bioavail-
able Sr for Luistari. The 37Sr/3¢Sr values place the origins of both
these dogs outside the Eura region and, for grave 480 most likely
also outside of Finland (see Discussion). The remaining two
dogs have very similar 37Sr/3Sr values of 0.7283 and 0.7266 at
the lower fringe of the 87Sr/30Sr distribution of the Luistari pop-
ulation (Figure 2, cf. Danielisova et al. 2025), and it is quite prob-
able that they were, therefore, likely local.
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FIGURE 2 | ¥Sr/*Sr and 8'°0, values of the four dogs from the
Luistari cemetery compared to humans (Danielisova et al. 2025).
Dashed colored lines connect the dogs to humans from the same graves
(in the case of grave 281, human isotope values are shown for both
second and third molars). The notable differences in the Sr ratios be-
tween the dogs and humans indicate that two of the dogs came from
different geographical regions than the humans they were buried with.
Horizontal dashed gray lines show the local Sr range according to 90%
highest density interval (Danielisova et al. 2025). [Colour figure can be
viewed at wileyonlinelibrary.com]

4 | Discussion

Archaeological dog remains offer direct evidence of past canine
populations. (e.g., Fortelius 1982, 311; Nichols 2021, 2023). It
has been suggested that the morphology of the Luistari dogs
resembled that of modern spitzes, and that they mainly came
from one interbreeding population based on their similar mor-
phology and intermediate size (Fortelius 1982: 310-311). Our
Sr and O isotope results are not, however, consistent with this
theory.

In comparison to 8§80 values of mean annual precipitation
and groundwaters in the Eura region today (ca. —12%o; Rautio
and Korkka-Niemi 2011), the 8§80 of drinking water for both
dogs and humans is distinctly higher, at first glance indicating
non-local origins for the whole human population and their
dogs. However, we argue that the cause for this apparent dis-
crepancy is the prevalent use of evaporated surface waters as
the main water supply. The extensive Pyhdjdrvi lake close to
the cemetery, featuring prominently in the diets of the Luistari
people (Etu-Sihvola et al. 2022), has 8§80 values at ca. —8%o
(Rautio and Korkka-Niemi 2011). Thus, variable mixtures
of lake Pyhdjdrvi and other surface waters with groundwa-
ter sources would be compatible with the indicated drinking
water 8'80 levels. In this region, precipitation 880 values were
not significantly higher during the Medieval Warm Period
(ca. 900-1300 CE): reconstructed warm (Ljungqvist 2010)
and cold season (Edwards et al. 2017) temperatures for
Fennoscandia show anomalies mostly <0.5°C, corresponding
to even smaller%o-shifts in precipitation §'0 values according
to 8180/T correlation slopes in Finland (Kortelainen 2007).
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Bioavailable #7Sr/8°Sr in Finland are commonly > 0.73, but lower
values around 0.72 have been observed in certain parts (Aberg
and Wickman 1987; Sikora et al. 2018; Lahtinen et al. 2020,
Price et al. 2021; Armaroli et al. 2024; Danielisova et al. 2025):
the 87Sr/%6Sr value of the dog in grave 289 could thus be as-
sociated to origins in South Savo and the coastal areas of the
Bothnian Bay north of Oulu. However, similar ratios can also be
found outside Finland, particularly in southern Sweden (Blank
et al. 2018; Sjogren et al. 2009; Eriksson et al. 2018) and sparsely
on the island of Bornholm in Denmark (Frei and Frei 2013; Price
et al. 2012). Given that the material culture of Luistari shows
strong evidence of connections with Gotland and mainland
Sweden (Lehtosalo-Hilander 1982, 2000), and isotopic evidence
suggests that some humans buried at Luistari may have origi-
nated from Scandinavia (Danielisova et al. 2025), it is possible
that the dog in grave 289 also came from there, rather than more
distant areas within Finland.

The lowest observed ®7Sr/%¢Sr value of the dog in grave 480
is anomalously low for the Precambrian bedrock of Finland
(Nironen 2017; Supporting information Figure S1). Recent Sr
isoscape modeling (Supporting information Figure S2; Armaroli
et al. 2024) predicts ratios below 0.715 for regions in e.g., cen-
tral Finland and the Kainuu province in modern-day Finland,
but these areas were not permanently settled in the Viking Age
(Raninen and Wessman 2014, 331), making them improbable
source regions for the animals. The most probable origin could
be sought from further south, for example, the Baltic countries
(Pili¢iauskas et al. 2022; Price et al. 2020; Pétersone-Gordina
et al. 2022), the islands of Bornholm, Gotland, or Oland (Magnell
et al. 2024; Wilhelmson and Ahlstrom 2015), or southern Sweden,
specifically regions of Scania and Falbygden (, Ladegaard-
Pedersen et al. 2021; Blank et al. 2018; Sjogren et al. 2009).

The 8'80p values of dogs in graves 289 and 480 match the values
of the other Luistari dogs (Table 1), and they could be considered
locally raised. However, the values are also consistent with the
more southerly source regions mentioned above, with precipi-
tation and surface waters showing 880 values of ca. —10%o to
—8%o (Supporting information Figure S2; Burgman et al. 1987;
TAEA/GNIP, n.d.; Stansell et al. 2017; Kalvans et al. 2020).

Mobility of Viking Age dogs has also been noted in previous
87Sr/86Sr studies (Wilhelmson and Ahlstréom 2015; Loffelmann
et al. 2023), and it has been suggested that dogs could have
accompanied their owners on long voyages (Loffelmann
et al. 2023). Dogs were considered valuable animals, and there
are indications they could have been the subject of trade and ex-
change, and also given as gifts (Magnell et al. 2024). Magnell
et al. (2024) propose that the exchange of dogs, particularly
puppies, may have played a role in forming and maintaining so-
cial bonds and relationships between kinship groups. The fact
that Luistari dogs were buried in rich graves with international
goods suggests that these animals might have been acquired
through trade or diplomatic exchanges. This, again, reinforces
the idea that the high status of human individuals may have re-
sulted from contacts beyond the individuals’' immediate region.
Similarly, it is possible that dogs associated with these humans
were not only companions but also served as status symbols,
diplomatic tokens, or participants in gift-giving practices that
strengthened social and political alliances.

5 | Conclusions

The isotopic analyses of Viking Age dogs from the Luistari cem-
etery provide insights into the mobility and cultural significance
of these animals. The 8'%0p and #7Sr/%°Sr values suggest that
while some dogs could have been locally bred, others, particu-
larly those in graves 289 and 480, likely originated from more
southern regions around the Baltic Sea. The results support the
idea that dogs in Viking Age Finland were part of extensive net-
works of trade, exchange, and social interaction that bound re-
gions across the sea together.
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