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Mixed Livelihood Society in Iin Hamina – a Case Study of Medieval Diet in the
Northern Ostrobothnia, Finland
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ABSTRACT
A stable isotope investigation of a large Medieval population buried in Iin Hamina, northern
Finland, has been used to reconstruct palaeodiet. Iin Hamina is situated approximately 30 km
away from the modern city Oulu, in close proximity to the Bothnian Bay coast and the river
Ii. The material used in this study is human skeletal material from an Iin Hamina cemetery
dated as 15 to 17th centuries AD and animal bones excavated in Northern Ostrobothnia
from pre-industrial contexts. Stable isotope analysis of well-preserved collagen indicate that
both freshwater and marine fish was the dominant protein source for the people buried at
the Iin Hamina cemetery.
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Introduction

Finland is situated on the northern periphery of Europe’s
cultivation zone. The northern border of cultivation and,
thus, the most northern limit of cereal ripening in
Europe is placed within the country (Peltonen-Sainio
2012). Even though it was possible to have a successful
harvest in favourable years in the Nordic climate, agricul-
ture was always a risky way of living. Although the tim-
ing is still uncertain, it is assumed that farming reached
Northern Ostrobothnia (see Figure 1) either during the
Iron Age (500 BC – AD 1200) or the Medieval period
(AD 1300 – 1500) (Koivunen 1992; Vahtola 1992). It
is also unclear how important domesticated animals
and plants were to the farming communities in Finland
and what proportion they represented in the human diet.
In order to address this question, we investigated the diet
in northern Finland during the Medieval period by
undertaking stable isotope analysis of the population
buried in the large cemetery at Iin Hamina, in Northern
Ostrobothnia. Subsistence based solely on terrestrial wild
animals is unknown in northern Fennoscandia, and diets
are usually supplemented either by freshwater or marine
resources or by farmed foods. The aim of this study was
therefore to investigate if terrestrial farmed foods are
identifiable in human diets at Iin Hamina and to what
extent the population constitute an isotopically homo-
geneous group. This study contributes to a better under-
standing of early economies in the little-known region of
the Northern Ostrobothnia and, more generally, of Euro-
pean populations living near the Arctic Circle.

Cultivation and subsistence history in Northern
Ostrobothnia

In our study period, the 15 and 16th centuries AD, it
was particularly difficult to obtain food by farming.
Even though no paleoclimate data is available from
Northern Ostrobothnia itself, several tree ring studies
from Finnish and Swedish Lapland suggest that the cli-
mate at the time was characterised by the Little Ice Age
anomaly (Helama et al. 2009; McCarroll et al. 2013).
This cold anomaly affected northern Finland during
the 15 and 16th centuries AD (Luoto 2012) and com-
pared to previous, relatively warmer periods, late frosts
would have been more common, shortening the grow-
ing season and thus affecting cultivation (Luoto 2012).

Julku (1985) suggests that even in the sixteenth century
AD, it was not possible to survive purely as a traditional
farming-based society in Northern Ostrobothnia and
that the economy was mainly based on hunting and fish-
ing; small fields and cattle herding provided only a minor
input into the diet. However, direct evidence of this is still
lacking and Julku (1985), a historian, does notmention his
source material. Nevertheless, hunting is documented in
records from the eighteenth century AD and it was con-
sidered as an essential part of an economy otherwise
based on farming (Soininen 1974). Moreover, non-dom-
esticatedanimalboneshavebeendiscovered in largequan-
tities inNorthernOstrobothnian towns and settlements in
contexts dating from the 17th to the 19th centuries AD,
and from rural settlement sites dating from the 16th to
the 18th centuries AD (Puputti 2008; Salmi 2011a). In
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archaeological animal bone assemblages from Northern
FinlandandSweden, up to30%of the identified specimens
and up to 70% of theminimumnumber of individuals are
non-domesticated animal species (Salmi 2011a, 2011b).
Fur-bearing species are not commonly found, and the
remains are generally fromdomestic assemblages, indicat-
ing that thesewild animals were utilised primarily for food
not hunted for fur (Puputti 2010). The overall good dental
health, including low caries rates, that characterise the
human skeletal material from Iin Hamina suggests that
the population’s diet contained a high level of protein
whereas carbohydrate consumption was low (Vilkama
2010; Lahtinen, Salmi, and Vilkama 2013).

The village of Ii and the Iin Hamina cemetery

The village of Ii (65° 19′ 0′′ N, 25° 22′ 0′′) is in the
Northern Ostrobothnian region approximately 35 km
north of the city of Oulu (see Figure 1). It is currently
not known where the earliest occupation around Ii was
located, or when the parish of Ii was established. How-
ever, the presence of a chapel in Ii was mentioned for
the first time in documents dating from AD 1374
(Elo, Satokangas, and Jouko 1998; Vahtola 1992).
Even though there was a chapel, there is no historical
or archaeological evidence for a settlement from this
period (Tanska 2011). Based on the assumption that

Figure 1. A map of Finland showing the site locations in Northern Ostrobothnia discussed in the text: Rovaniemi, Kuusamo, Tornio,
Ii (Ii Hamina) and Oulu.
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a church or chapel would not be built without a congre-
gation, it has been postulated that there was a perma-
nent settlement in the town of Ii by this period
(Tanska 2011). However, in seventeenth century Fin-
nish Lapland, churches were also established in places
where people gathered for other reasons, such as tem-
porary markets or along the annual reindeer migration
routes (Kylli 2005, 2012).

The cemetery at Iin Hamina is situated at the mouth
of the River Ii on a small peninsula in the modern town
of Ii. The cemetery was initially discovered in AD 1898,
and in the 1960s it was partly damaged during pipe
construction work (Kallio-Seppä 2010). In the summer
of 2009, a rescue excavation was undertaken by the
Finnish National Board of Antiquities directed by
Titta-Kallio Seppä (Kallio-Seppä 2010). In total, 70
in-situ burials were found, of which 60 individuals
were excavated. The majority of the skeletal remains
(at least 160 individuals) come from a charnel pit
and individual bones, which were discovered from
the boundaries of the excavated area (Kallio-Seppä
2010; Heikkilä 2011). The total minimum number of
individuals recovered in Iin Hamina has been calcu-
lated at 290 (Kallio-Seppä 2010).

Stable isotopes of collagen for dietary
reconstruction

Carbon and nitrogen isotope analysis of bone collagen
has been used successfully for many decades in archae-
ology (Post 2002; Schoeninger 2014). Dietary recon-
structions are made based on the fact that collagen is
produced primarily from ingested protein and there-
fore reflects its isotopic composition (Ambrose and
Norr 1993; Tieszen and Fagre 1993). Although an
input from other nutrients has been demonstrated
(see for example Schoeninger and Moore 1992; Fer-
nandes, Nadeau, and Grootes 2012; Reitsema 2013),
and there is a trophic level increase in δ15N and δ13C
values with each step of a food web (Schoeninger and
DeNiro 1984; Perkins et al. 2014). The processes lead-
ing to this trophic level effect are not completely under-
stood (Hedges and Reynard 2007; Schoeller 1999), but
have been reliably demonstrated in several controlled
feeding experiments (Schoeninger and DeNiro 1984;
Sponheimer and Robinson 2006; McMahon et al.
2015). Obersavations on modern animals suggest that
the trophic level enrichment for δ15N and δ13C varies
between 3‰–6 ‰ and 0‰–2 ‰ respectively (Boche-
rens and Drucker 2003; Hedges, Stevens, and Pearson
2007; O’Connell et al. 2012).

Diet is not the only factor affecting bone collagen
isotope composition. It has become clear that short-
term physiological causes can significantly change the
carbon and nitrogen isotope ratios in humans. For
example body stress such as morning sickness during
pregnancy or starvation can increase δ15N values in

rapidly growing tissues (Sealy et al. 1987; Ambrose
1991; Fuller et al. 2005; Mekota et al. 2006) although
the long term effects on bone collagen composition
are not known. Other factors, such as climatic affect
on δ13C values (Ambrose 1991). The δ13C values in
C3 plants vary by as much as 1 – 2 ‰ depending on
climatic conditions, growing environment and within
plan parts (Heaton 1999). Therefore, it is important
to have appropriate comparative faunal samples from
the same environment when reconstructing human
diet, in our case northern Finland terrestrial and the
Bothnian Bay marine sources.

The Baltic Sea is a brackish body of water with five
major basins; the Bothnian Bay; the Bothnian Sea; the
Baltic Sea Proper; the Gulf of Riga; and the Gulf of Fin-
land. It has been observed that the isotope composition
of organic sediments in the Baltic Sea varies between
basins and that their carbon isotope composition
strongly correlates with salinity (Rolff and Elmgren
2000; Emeis et al. 2003). This strong link between sal-
inity and carbon isotope composition can be explained
through a mixture of terrestrial and marine carbon
sources (Kiljunen et al. 2008; Ukkonen et al. 2014).
The salinity of the Bothnian Bay surface waters is cur-
rently approximately 3 – 4 psu (practical salinity unit),
which is significantly less than in the Baltic Sea proper
where salinity can reach approximately 30 psu
(Samuelsson 1996). This leads to a significant differ-
ence in isotope composition between the Baltic Sea
and the Atlantic Ocean, which can be observed in
marine animals such as cod (Orton et al. 2011) and
variation in the carbon and nitrogen isotopic compo-
sition of the species can be seen even within the Baltic
Sea proper and the Kattegat area (Barrett et al. 2011).

The Baltic Sea hosts faunal species originating from
both freshwater and marine environments and has
relatively low species diversity. Moreover, the isotope
composition of the food web has varied over time
(Ukkonen et al. 2014). During the history of the Baltic
Sea, the carbon isotope composition of seal bone col-
lagen has been observed to vary in the brackish basins
between −21.7 ‰ and −15.6 ‰ (Ukkonen et al. 2014;
Eriksson et al. 2008). This large variation is due to
changes in ecology and the carbon cycle during defor-
mation of the Baltic Sea and has a strong correlation
with the age of the sample and the isotope composition
of the seal collagen (Ukkonen et al. 2014). During a
stage of higher salinity, between 4000 and 1000 BC,
the carbon isotope composition of seal bone collagen
was between −17.7 ‰ and −15.6 ‰ (Eriksson 2004;
Eriksson et al. 2008; Fornander, Eriksson, and Lidén
2008; Ukkonen et al. 2014). Thereafter, the Baltic Sea
became less saline and seal δ13C values have decreased,
especially in the Bothnian Bay where salinity has
dropped dramatically from 10–11% to 1–3% (Wide-
rlund and Andersson 2011, 2006). Because of the
strong link between salinity and carbon isotope
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composition, we can expect lower and more fresh-
water-like collagen δ13C values for marine fauna in
the Bothnian Bay area during the period under investi-
gation in this paper than during the earlier periods.
This is in agreement with modern observations of sub-
stantial organic freshwater carbon in Bothnian Bay
plankton, which affects the carbon isotope composition
of the whole food web (Rolff and Elmgren 2000). Due
to the high temporal and geographical variation within
the Baltic Sea, it is highly problematic to use faunal
samples from different areas or periods as baseline
values for our study. Thus, comparative samples need
to be taken, ideally not only from the same stage in
the salinity history of the Baltic Sea, but also from a
sea basin similar to the Ostrobothnian Bay.

Material and methods

Isotope methodology

Samples were taken from 98 human individuals from
the cemetery at Iin Hamina. Unfortunately, no uncar-
bonised animal bones were discovered during the
excavation in the site, thus the faunal data was sup-
plemented with 15 animal bone samples from Oulu
(approximately 35 km to the south), Rovaniemi
(120 km to the north) and Tornio (approximately 80
km to the north-west). The sites in Oulu are Franzee-
ninpuisto, Kajaaninkatu and Pikisaari. Pikisaari was
excavated in 2011 by the National Board of Antiquities
and typologically dated (using ceramics, clay pipe dec-
oration and coins) to the 18th and 19th centuries AD, a
date also confirmed by historical maps (Hyttinen
2012). Kajaaninkatu and Franzeninpuisto were exca-
vated in 2003 and typologically dated (using pottery,
clay pipe and glass decoration) to the 17th to 19th cen-
turies AD (Maijanen 2003). The site in Rovaniemi, Yli-
kylä, was excavated between 1978 and 1979 and has
been radiocarbon dated to the 11th to 17th centuries
AD (Koivunen 1978; Paavola 1996). In Tornio, the
site of Keskikatu was excavated during the summer
of 2002 and typologically dated from 17th to 18th cen-
turies AD (Herva 2003).

Both in-situ burials and human remains from the
charnel pit were sampled (see Table 1). To avoid the
possibility of double sampling from the commingled
burial pit, human bone samples were taken only from
the mandible. From in-situ burials, the mandible was
preferred, but in 26 cases other types of bone were
sampled (see Table 1). Two samples from individuals
CH15 and 143A were sent to the Scottish Universities
Environmental Research Centre AMS facility for radio-
carbon dating (numbers SUERC-48355 and SUERC-
48356).

Collagen samples were prepared at the Department
of Archaeology at Durham University. The surface of
the bones was cleaned using air-abrasion with

aluminium oxide powder, photographed and weighed.
The extraction method followed that of Brown et al.
(1988). The samples were demineralised in 0.5 M
HCl, pH was increased to 3 and samples were heated
for 24–48 h at 75 °C until the collagen had denatured,
all samples were washed with deionised water and fil-
tered with ultrafilters (30 kD), and the resulting sol-
ution freeze-dried. Ten samples were analysed at the
University of Bradford with a Thermo Flash EA 1112
A and the remaining samples using Costech Elemental
Analyser (ECS 4010) coupled to a ThermoFinnigan
Delta V Advantage at the Department of Earth
Sciences at Durham University. Interlab reproducibil-
ity was tested using a modern collagen reference
sample. Variation between laboratories was less than
analytical uncertainty. Carbon-isotope ratios are cor-
rected for 17O contribution (Craig 1957) and all isotope
values were reported in standard delta (δ) notation in
per mille (‰) relative to the VPDB and AIR scale.
Samples were measured in duplicates and mean values
are reported in Table 1. Analytical errors (1 s.d.) for
δ13C and δ15N, at Durham University were determined
using international standards (Durham IAEA 600,
USGS 24, USGS 40, IAEA N1, IAEA N2) and internal
laboratory standards. They were less than 0.1‰ and
0.2‰ respectively. At Bradford University analytical
errors were obtained as part of the isotopic analysis
using internal standards (i.e. Glutamic Acid, 40.82%
C and 9.52% N) and precision of 0.2‰ or more was
obtained.

To ensure good quality collagen and identify diage-
netically altered samples, several indicators were used
to assess the quality of the sample: collagen yield
(between 1%–22%), and carbon mass percentage
(26.0%–43.6%), nitrogen mass percentage (11%–16%),
carbon and nitrogen atomic ratio (2.9–3.6) (Schoenin-
ger et al. 1989; Ambrose 1990; Van Klinken 1999).

Fruits model

FRUITS is a programme using a Bayesian mixing
model for isotope-based food reconstructions (Fer-
nandes et al. 2014). As we have a very limited baseline
data, we needed this to test the variation of the model.
Although it is likely to include large uncertainties,
especially for freshwater and marine fish, this model
will calculate distribution probabilities for each food
group, which can be further evaluated using other
lines of evidence. Because we lacked an estimate of
local plant isotope composition, we limited our recon-
struction to model the main protein source, excluding
other dietary components. Selected dietary groups are
terrestrial, reindeer, marine fish and freshwater fish.
For the terrestrial animals, we decided to use the
mean values of our studied terrestrial herbivores
excluding reindeer (δ13C −22.2‰ and δ15N 4.1‰)
with an uncertainty of 0.5 and 2.6‰ respectively. For
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Table 1. Stable isotope, elemental composition and elemental mass ratios of samples successfully analysed in this study. Sample
number refers to the individual from the sample is taken and same numbering as initial field reports has been used.

Sample nro Context
Mean
δ13C

Mean
δ15N C% N%

C/
N Bone

Bone Collagen
Yield (%) Species Site

7A pit −21.7 10.8 44.5 15.77 3.3 Mandible 11.3 Homo sapiens sapiens Iin Hamina
9A pit −20.2 12.5 44.4 15.34 3.4 Mandible 13.3 Homo sapiens sapiens Iin Hamina
CH10 in-situ −20.1 11.7 42.8 15.36 3.2 zygomatic 17.9 Homo sapiens sapiens Iin Hamina
Se10 in-situ −21 11.8 43.3 15.6 3.2 Mandible 18.3 Homo sapiens sapiens Iin Hamina
14A pit −20.3 12.4 42.9 15.09 3.3 Mandible 18.9 Homo sapiens sapiens Iin Hamina
CH15 in-situ −19.6 11.4 40.8 13.69 3.5 Mandible 3.8 Homo sapiens sapiens Iin Hamina
21A pit −22 9.5 42.8 15.08 3.3 Mandible 15.6 Homo sapiens sapiens Iin Hamina
Se21 in-situ −20.2 12.5 43.9 15.32 3.3 Parietal 16.9 Homo sapiens sapiens Iin Hamina
22A pit −20.4 12.5 42.4 15.1 3.3 Mandible 19.6 Homo sapiens sapiens Iin Hamina
23A pit −21.1 12.5 42.0 15.39 3.2 Mandible 5.1 Homo sapiens sapiens Iin Hamina
24A pit −20.3 11.9 41.9 15.39 3.2 Mandible 19.4 Homo sapiens sapiens Iin Hamina
26A pit −20.6 11.8 43.2 15.71 3.2 Mandible 16.5 Homo sapiens sapiens Iin Hamina
27A pit −22.2 12.8 43.2 14.86 3.4 Mandible 19.3 Homo sapiens sapiens Iin Hamina
28A pit −20 12.4 43.6 15.36 3.3 Mandible 14.9 Homo sapiens sapiens Iin Hamina
29A pit −19.1 13.2 41.4 15.12 3.2 Mandible 16.7 Homo sapiens sapiens Iin Hamina
CH29 in-situ −19.1 13 43.8 15.55 3.3 Mandible 17.4 Homo sapiens sapiens Iin Hamina
CH34pp1 individual

bone
−18.6 13.3 40.2 13.87 3.4 Mandible 9.2 Homo sapiens sapiens Iin Hamina

67A pit −20.2 12.7 42.7 14.9 3.3 Mandible 3.8 Homo sapiens sapiens Iin Hamina
76A pit −21.5 11.7 44.4 15.56 3.3 Mandible 16.4 Homo sapiens sapiens Iin Hamina
91A pit −19.9 13.2 42.2 15.27 3.2 Mandible 8.1 Homo sapiens sapiens Iin Hamina
116 pit −19.9 13 42.2 14.87 3.3 Mandible 28.5 Homo sapiens sapiens Iin Hamina
137A pit −20.2 12.6 42.5 15.34 3.2 Mandible 17.4 Homo sapiens sapiens Iin Hamina
138A pit −20.5 10.5 42.7 15.17 3.3 Mandible 17.6 Homo sapiens sapiens Iin Hamina
141A pit −20.7 12.2 43.9 15.38 3.3 Mandible 19.8 Homo sapiens sapiens Iin Hamina
142A pit −20.7 12.3 44.3 15.18 3.4 Mandible 16.9 Homo sapiens sapiens Iin Hamina
143A pit −21 12.3 42.9 15.05 3.3 Mandible 19.2 Homo sapiens sapiens Iin Hamina
144A pit −19.2 12.8 42.3 15.6 3.2 Mandible 14.3 Homo sapiens sapiens Iin Hamina
145A pit −19.9 12.4 43.5 14.88 3.4 Mandible 21 Homo sapiens sapiens Iin Hamina
146A pit −19.4 13.1 43.5 15.54 3.3 Mandible 20.4 Homo sapiens sapiens Iin Hamina
266 pit −20.8 11.8 44.0 14.85 3.5 Zygomatic 20.8 Homo sapiens sapiens Iin Hamina
CH2b in-situ −20.6 12.3 41.9 14.95 3.3 femur sinister 7.7 Homo sapiens sapiens Iin Hamina
CH3 individual

bone
−19.3 13.1 41.5 14.88 3.3 mandible 7.7 Homo sapiens sapiens Iin Hamina

CH4 in-situ −20.8 11.6 42.1 15.18 3.2 femur dexter 9.3 Homo sapiens sapiens Iin Hamina
CH8 individual

bone
−19.9 11.8 41.9 14.97 3.3 unknown 23.6 Homo sapiens sapiens Iin Hamina

CH9 in-situ −20.4 11.4 42.1 15.15 3.2 mandible 19.8 Homo sapiens sapiens Iin Hamina
CH11 in-situ −20.1 12.8 42.2 15.32 3.2 Maxilla sin. 15 Homo sapiens sapiens Iin Hamina
CH11b in-situ −19.8 12.1 42.0 14.94 3.3 Maxilla sin. 13.2 Homo sapiens sapiens Iin Hamina
CH16 in-situ −20.6 12.7 41.4 14.79 3.3 tibia sin. 9.9 Homo sapiens sapiens Iin Hamina
CH21 in-situ −20.3 12.6 41.7 15.29 3.2 Cranium 20.1 Homo sapiens sapiens Iin Hamina
CH23 in-situ −20.6 13 41.9 15.06 3.2 Maxilla 16.8 Homo sapiens sapiens Iin Hamina
CH24 in-situ −20.1 13 42.1 14.92 3.3 costa dex. 24.2 Homo sapiens sapiens Iin Hamina
CH28 in-situ −20.1 13.9 42.0 14.71 3.3 Cranium 18.4 Homo sapiens sapiens Iin Hamina
CH32 in-situ −20.7 12.2 42.0 14.91 3.3 femur sin. 15.9 Homo sapiens sapiens Iin Hamina
CH34 in-situ −21.5 11.9 42.1 14.44 3.4 costa 13.8 Homo sapiens sapiens Iin Hamina
CH45 in-situ −20.5 11.5 42.3 14.85 3.3 femur or tibia 14.1 Homo sapiens sapiens Iin Hamina
CH50b in-situ −20.8 13.1 41.5 14.24 3.4 Cranium 7.3 Homo sapiens sapiens Iin Hamina
CH55 in-situ −19.7 12.9 42.1 14.47 3.4 pelvis dex. 10.9 Homo sapiens sapiens Iin Hamina
CH56 in-situ −20 12.5 42.6 15.31 3.2 femur dexter 12 Homo sapiens sapiens Iin Hamina
CH64 in-situ −20.3 10.5 42.2 15.38 3.2 radius sin. 14.4 Homo sapiens sapiens Iin Hamina
CH66a in-situ −21 12.5 42.5 14.39 3.4 tibia sin. 6.1 Homo sapiens sapiens Iin Hamina
CH67 in-situ −19.1 13.1 42.8 15.44 3.2 ulna sin. 12.5 Homo sapiens sapiens Iin Hamina
CH68 in-situ −19 13.7 42.6 15.08 3.3 tibia dex. 12.9 Homo sapiens sapiens Iin Hamina
1A pit −20.2 12.1 47.3 16.97 3.3 mandible 11.6 Homo sapiens sapiens Iin Hamina
4A pit −20.5 12.3 46.8 16.75 3.3 mandible 15.3 Homo sapiens sapiens Iin Hamina
10A pit −19.6 13.2 47.5 17.04 3.2 mandible 9.1 Homo sapiens sapiens Iin Hamina
11A pit −20.7 11.7 47.7 16.71 3.3 mandible 7.6 Homo sapiens sapiens Iin Hamina
13A pit −20.6 13 47.4 16.71 3.3 mandible 16.3 Homo sapiens sapiens Iin Hamina
16A pit −20.2 12.4 47.0 16.67 3.3 mandible 8.4 Homo sapiens sapiens Iin Hamina
19A pit −20.6 11.7 47.6 17.13 3.2 mandible 11.7 Homo sapiens sapiens Iin Hamina
20 pit −21.6 12 47.7 15.7 3.5 mandible 13.9 Homo sapiens sapiens Iin Hamina
20A pit −20.2 13.2 47.6 16.95 3.3 mandible 9.4 Homo sapiens sapiens Iin Hamina
25A pit −20.1 13.1 48.0 15.83 3.5 mandible 12.1 Homo sapiens sapiens Iin Hamina
30A pit −21.6 13.9 43.8 14.72 3.5 mandible 11.7 Homo sapiens sapiens Iin Hamina
58A pit −19.5 13 47.5 16.29 3.4 mandible 9.2 Homo sapiens sapiens Iin Hamina
70A pit −19.8 11.8 47.5 16.19 3.4 mandible 14 Homo sapiens sapiens Iin Hamina
77A pit −20.6 12.4 47.8 16.73 3.3 mandible 12.2 Homo sapiens sapiens Iin Hamina
78A pit −20.2 11.8 47.7 16.9 3.3 mandible 12.5 Homo sapiens sapiens Iin Hamina
80A pit −21.2 11.3 47.3 16.73 3.3 mandible 15.9 Homo sapiens sapiens Iin Hamina
85A pit −21 12.6 47.7 16.09 3.5 mandible 8.3 Homo sapiens sapiens Iin Hamina
89A pit −20.2 13.2 47.9 16.04 3.5 mandible 14.4 Homo sapiens sapiens Iin Hamina
122A pit −20.8 12.4 47.7 15.6 3.6 mandible 13.1 Homo sapiens sapiens Iin Hamina
123A pit −21.4 11.7 47.7 16.62 3.4 mandible 6.5 Homo sapiens sapiens Iin Hamina
139A pit −21.7 12.7 47.8 15.86 3.5 mandible 12.3 Homo sapiens sapiens Iin Hamina

(Continued )
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marine values, we used modern measurements of fish
nitrogen isotope composition between 8‰ and 12‰
in the Bothnian Bay area (Sinisalo et al. 2006), and cor-
rected the carbon isotope delta values for SUESS effect.
The Suess effect is being different for terrestrial carbon
(2‰ increase since 1820′s according to Hellevang and
Aagaard 2015) and marine carbon cycle (only 1‰
change). In the correction we assume that 40% of the
carbon is terrestrial in the Bothnian Bay (Rolff and
Elmgren 2000) and the rest marine, assuming a linear
correlation between these two for the Suess effect, giv-
ing a 1.4‰ increase in carbon delta values in the Both-
nian Bay area (Hellevang and Aagaard 2015). This
resulted in an estimate of typical values for marine
fish of δ13C −20‰ and δ15N 10‰ with uncertainties
of 1.5‰ and 1‰ respectively. For freshwater fish we
used data obtained from the Pike sample (−21.5)
with a generous uncertainty estimation of 1.5‰. For
the nitrogen isotope composition of freshwater fish,
we estimated it to be 3‰ lower (more abundant species
such as perch and roach species, have typically 3‰
lower nitrogen composition than pike, thus here δ15N
value 10‰ is used, Figueiredo et al. 2014) than
obtained from the pike sample and because pike is
the top predator (pike sample), with generous 2%

uncertainty estimation. This range is lower than the
nitrogen isotope composition of these species found
elsewhere in Finland (Syväranta, Haemaelaeinen, and
Jones 2006; Syväranta et al. 2016; Figueiredo et al.
2014; Syväranta and Jones 2008), but this would reflect
the pike sample and Baltic Sea fish values (Sinisalo et al.
2008). Reindeer values are the mean value measured in
this study (−19.9‰ and 4.1‰) and their standard
deviation for uncertainty (both 1‰).

Results

Radiocarbon dates

Two radiocarbon dates were obtained from individuals
CH15 and 143A (Table 2). Dates were calibrated with
Calib 6.0 using the INTERCAL13 calibration curve.
Results indicate a calibrated probability distribution
from AD 1430 to AD 1633 (2 sigma).

Stable isotopes

Collagen was successfully extracted from 74 human
and 21 animal samples; 24 human samples and one
animal sample produced no, insufficient or poor-qual-
ity collagen. Samples were measured in duplicate and

Table 1. Continued.

Sample nro Context
Mean
δ13C

Mean
δ15N C% N%

C/
N Bone

Bone Collagen
Yield (%) Species Site

140A pit −21.2 11.8 47.8 16.45 3.4 mandible 13.3 Homo sapiens sapiens Iin Hamina
CH36 in-situ −21.3 10.8 44.6 15.34 3.4 mandible 13 Homo sapiens sapiens Iin Hamina
OKAJA-1-C −23.1 2.8 40.6 14.11 3.4 phalanx media 16.7 Bos taurus (cow) Oulu Kajaaninkatu
OPIK-1-C −22.3 4.8 43.1 14.9 3.4 phalanx distlis 14.7 Bos taurus (cow) Oulu Pikisaari
OKAJA-2-S -22 5 44.0 15.55 3.3 tibia distalis 18.7 Ovis aries/Capra hircus

(sheep or goat)
Oulu Kajaaninkatu

OPIK-2-S −21.7 7.4 42.9 14.83 3.4 atlas 15.3 Ovis aries/Capra hircus
(sheep org oat)

Oulu Pikisaari

OKAJA-3-P −22.3 5.5 43.5 14.98 3.4 pelvis 27.1 Sus scrofa domesticus (pig) Oulu Kajaaninkatu
OPIK-3-P −21.7 9.9 43.5 14.58 3.5 maxila 16.2 Sus scrofa domesticus (pig) Oulu Pikisaari
OKAJA-4-H −22.4 1.6 44.6 14.86 3.5 scapula 3.9 Lepus timidus (hare) Oulu Kajaaninkatu
OPIK-4-H −22.8 3 42.2 15.25 3.2 tibia prox. 18.8 Lepus timidus (hare) Oulu Pikisaari
OFRA-2-G −21.6 2.3 44.0 14.54 3.5 humerus 13.9 Tetrao tetrix (black grouse) Oulu

Franzeninkatu
OPIK-7-M −22.4 1.7 42.1 14.37 3.4 carpometacarbus 9.9 Tetrao urogallus (The

western capercaillie)
Oulu Pikisaari

OPIK-8-A −23.4 8.2 41.9 14.86 3.3 coracoideum 10.3 Anas sp. (Bird) Oulu Pikisaari
OKAJA-5-F −21.5 12.5 43.4 15.65 3.2 dentale 13.7 Pisces (Fish) Oulu Kajaaninkatu
OFRA-1-D −19.6 5.5 43.0 14.93 3.4 tibia distalis 10.8 Rangifer tarandus

(reindeer)
Oulu
Franzeninkatu

ROTI-1458 −20.1 3.9 44.9 14.76 3.5 humerus 8.1 Rangifer tarandus Rovaniemi Ylikylä
TOKE-SY22P −19 4.1 44.6 15.55 3.3 humerus 15.4 Rangifer tarandus Tornio Keskikatu
TOKE-4023 −21.2 3 43.3 12.55 4 humerus 6.7 Rangifer tarandus Tornio Keskikatu
TOKE-4042 −17.2 13.5 44.1 14.85 3.5 metatarsal V 16.3 Phocidae (seal) Tornio Keskikatu
TOKE-SY7H −17.3 12.6 44.6 15.25 3.4 scapula 25.4 Phocidae Tornio Keskikatu
TOKE-SY39 −23 11.2 44.1 14.42 3.6 ulna 9.6 Phocidae Tornio Keskikatu
TOKE-SY22S −17 12.4 44.9 14.96 3.5 scapula 3.3 Phocidae Tornio Keskikatu
OPIK-6-S −17.4 12.2 42.9 14.42 3.5 scapula 16.2 Phocidae Oulu Kajaaninkatu

Table 2. Radiocarbon dating results analysed in this study and earlier published dates.
Individual Material Lab code Radiocarbon date (BP) Calibrated date (2σ) cal AD Reference

CH36 Bone Hela-2303 472 ± 30 1409–1455 (Kallio-Seppä 2011)
CH64 Bone Hela-2543 324 ± 30 1481–1644 (Kallio-Seppä 2011)
CH69 Bone Hela-2542 411 ± 30 1430–1521 (0.883) 1579–1580 (0.001) 1591–1620 (0.116) (Kallio-Seppä 2011)
143A Bone (mandible) SUERC-48355 382 ± 34 1442–1527 (0.631) 1554–1633 (0.369) This study
CH15 Bone (mandible) SUERC-48356 339 ± 34 1468–1641 This study
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the mean values of the two measurements are provided
in Table 1 and presented in Figure 2. The carbon iso-
tope ratios of human samples range from −22.2‰ to
−18.8‰ (mean −20.4‰, 1 SD = 0.7‰) and the nitro-
gen isotope values range from 9.5‰ to 13.9‰ (mean
12.4‰, 1 SD = 0.8‰).

The carbon isotope ratios of the herbivorous ani-
mals (cows, sheep/goat, pig, hare, reindeer and
grouses) range from −23.4 to −19.6‰ (mean
−21.3‰, n = 13, 1SD = 2.1) and nitrogen isotope
range from 1.6‰ to 7.4‰ (mean 3.9‰, SD (1σ) 4.8).
The reindeer samples have higher carbon isotope ratios
than other herbivores except for one individual animal
(TOKE-4023). Furthermore, three seal samples have
the highest δ13C values of the samples, but one seal
has a very low carbon isotope ratio of −23.0‰. The
only fish sample in this study, a pike, produced a
δ13C value of −21.5‰ and a δ15N values of 12.5‰.

Descriptive statistics

Descriptive statistics were calculated using SPSS 21
software. A Shapiro-Wilks test (p > 0.05), a visual esti-
mate of box-and-whiskers plot, a histogram and nor-
mal Q-Q plots showed that the human carbon
isotope ratios at the Iin Hamina are normally distribu-
ted (Razali and Wah 2011; Shapiro and Wilk 1965)
with skewness −0.114 (SE = 0.274) and kurtosis 0.148
(SE = 0.541). For nitrogen isotope ratios, the Shapiro-
Wilks test (p = 0.007) suggests that the nitrogen isotope
ratios are not normally distributed. However visual
observation of the box-plot, the histogram, and Q-Q
plot, supports that the data are approximately normally
distributed. As a result of this observation, the sample
21A is assumed to be an outlier in the data set.

Fruits model

With the used values explained earlier, the model esti-
mated that marine fish as equal source of dietary
protein, albeit with large ranges (mean 28%, SD 20 per-
centage points), than freshwater fish (mean 28%, SD 20
percentage points); followed by terrestrial foods (mean
22%, SD 18 percentage points) and reindeer (mean
21%, SD 17 percentage points) of the diet of total popu-
lation (see Figure 3). The results have a very large stan-
dard deviation and it is much larger than the difference
between each dietary group. However, this model is
preliminary and the results should be interpret with
caution.

Discussion

Radiocarbon dates

Five radiocarbon dates have been obtained from bone
material from Iin Hamina (see Table 2), two of them

for this study and three more previously published in
Kallio-Seppä (2011). Two of the dated individuals,
CH15 and 143A, were from the charnel pit and these
results are co-eval to the dates obtained from individ-
uals from in-situ burials (see Table 2). The dates are
also consistent with the age of the coins discovered
from the cemetery (Jylkkä-Karppinen 2010). This sup-
ports the assumption that the charnel pit was made
during earlier construction works and the human
remains are likely to be from the same population as
those in the individual graves (Korpi and Kallio-
Seppä 2011). Moreover, the reservoir effect for the
Bothnian Bay, which might lead to to artificially ‘old’
results in individuals with a significant proportion of
marine protein in their diet, has been estimated to be
a maximum of 25–50 years (Lougheed, Filipsson, and
Snowball 2013). The fresh water reservoir effect has
not been studied in this area. This strongly suggests
that the cemetery was in use during the 15 to 16six-
teenth century AD, probably until a new church was
built in the town of Ii in AD 1620 (Kallio-Seppä 2011).

The bone collagen stable isotopes in Iin Hamina

Terrestrial isotopic signature
The reindeer samples have similar carbon and nitrogen
isotope ratios to modern caribou in Canada
(δ13C values from −20.2 ‰ to −18.8 ‰ and δ15N
values from 4.2‰ to 6.3‰) (Drucker et al. 2001). Fur-
thermore, these values are typical for open-environ-
ment reindeers (Drucker et al. 2008). This likely
reflects the consumption of lichen (Ben-David, Sho-
chat, and Adams 2001).

The two cow samples (2.8‰ and 4.8‰) have lower
δ15N values than have been obtained previously from
archaeological sites in Sweden: mean values δ13C =
−21.6 ‰, SD (1σ) 1.3 and δ15N = 5.4 ‰, SD (1σ) 1.4,
n = 21 (Eriksson 2004; Lindkvist 2007; Eriksson et al.
2008; Linderholm et al. 2008; Linderholm and Kjell-
ström 2011). The common link could be that they all
inhabited a forested boreal environment where the
δ15N values of plants have been shown to be low (as
low as −2.7 Nash et al. 2011; Drucker and Bocherens
2009). Furthermore, the low δ15N values in cows may
also indicate that manuring of soil where fodder was
cultivated or intensive use of pasture land (i.e. nitrogen
reuse due to the natural manuring during the pasture)
was not practiced, as such practices have been shown to
increase the δ15N values of plants and animals
(Bogaard et al. 2007; Fraser et al. 2011). This possible,
as traditions of keeping cows in varied forested areas
and collection of fodder from natural meadows has
been documented in seventeenth century Finland and
this practise continued until the twentieth century
(Virrankoski 1971; Soininen 1974). Moreover, it has
been assumed that during the Medieval period and
into the seventeenth century, cattle were mainly fed
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with plants collected from natural meadows in the river
valleys and coastal areas as these areas are not manured
(Luukko 1954, 186–192, 462–479). However, this is
only one possibility for the low nitrogen values for
the two samples but further research is needed to ratify
this.

Two pig samples, from the city of Oulu, have the
highest terrestrial animal nitrogen isotope ratios. This

could be explained by the fact that, as omnivores, the
pigs were discovered from an urban centre (in the
town of Oulu) and can digest human waste, which
would possibly increase their δ15N values compared
to the other animals studied here. However, with
only two samples, it is not possible to draw any con-
clusive statement about pig husbandry in general.
Two sheep/goat samples from Oulu have collagen

Figure 2. A plot of carbon and nitrogen isotope data for humans from the site of Iin Hamina and faunal samples from Rovaniemi
Ylikylä, Oulu Pikisaari, Oulu Franzeeninpuisto, Oulu Kajaaninkatu and Tornio Keskikatu. Data for modern fish muscle is from Sinisalo
et al. (2006).

Figure 3. A probability distribution of the estimated food souces based on the model describe in the text. Results indicate a large
consumption of marine fish complemented with freshwater fish and unknown terrestrial souces.
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isotope values that are very similar to most herbivores
in Scandinavia. This might suggest that these animals
were kept differently to the cows discovered in the
same area, or another option is that pigs have had
more human waste and thus have higher δ15N values
than cows, but our sample was small and this is all pre-
liminary. In summary, the δ15N values of herbivores
range from 1.8 ‰ to 7.4 ‰, which is very low com-
pared to published studies of archaeological remains
from Scandinavia but to understand fully the animal
husbandry in Northern Ostrobothnia, it is necessary
to enlarge this dataset.

Marine and freshwater isotope signature
Fish are very rarely discovered in archaeological exca-
vations in Northern Ostrobothnia. This might be due
to preservation problems or because the archaeological
methods used in past excavations failed to recover
small fragmented fish bones. For this reason, only
one fish bone from an archaeological context was
measured for its isotope composition. The δ13C and
δ15N values of the pike in this study were −21.5 ‰
and 12.5 ‰ respectively, which are similar to isotope
values measured from pike bone samples elsewhere:
one sample in Sweden from Sigtuna (δ13C −20.4 ‰
and δ15N 13.1 ‰); one in Holmegard (δ13C −22.8 ‰
and δ15N 10‰); and seven from Denmark in Storelyin
(δ13C from −25.9‰ to −21.6‰ and δ15N from 6.6‰
to 8.9 ‰, n = 7) (Fischer et al. 2007; Kjellstrom et al.
2009). Pike live in both freshwater and brackish marine
environments, and thus the pike measured can have
δ13C values typical to both environments. A bird ident-
ified as belonging to the Anseriformes order (δ13C
−23.4 and δ15N 8.2, the species determination could
not be done more precisely) had isotope ratios that
were untypical for herbivores. Some species of this
order consume fish and freshwater fish consumption
may explain the low carbon and high nitrogen isotope
ratio observed. Three of the four seals bones analysed
in this study cluster together, but one seal carbon iso-
tope ratio (−23.0 ‰) is lower. This could suggest a
different origin from the Bothnian Bay area or that
the carbon isotope composition range is much larger
than the other four samples suggest.

The human population
The FRUITS results suggests that the Iin Hamina
people relied on fish and terrestrial animal consump-
tion including a proportion of reindeer. However, it
should be noted that probability distribution for each
dietary group is very large (17–20 percentage points).
This also means, that there is not much differences
between each food category, although marine and
freshwater fish has slightly higher probability than
the other two food groups (see Figure 3). Large vari-
ation means that with 97.5 percentage certainty rein-
deers and other terrestrial animals were consumed

between 0% and 62% and 0 and 65% respectively.
However, with 97.5% certainty, the consumption of
marine and freshwater fish is between 7% and 72%.
Large standard deviation is a common issue in mixing
models, that when more dietary groups are included,
uncertainties grow and with more than n + 1 (n = num-
ber of sources, meaning number of isotopes used) there
are no mathematical solutions (Phillips et al. 2014).

We only had a limited baseline data for this analysis,
which must be enlarged in future studies. More
samples, especially fish samples, should be gathered
in order to obtain more certain values for each food
group. Nitrogen delta value of the freshwater fish in
the model are solely based on one sample and compara-
tive modern data, thus we tested the variation using
different nitrogen delta values (10, 11, 12, 13 and 14)
and the resultant mean values do not change much
when nitrogen delta values are increased (less than
2% difference within every diet group, see Figure 3).

It should be noted, that the model itself can be the
cause of significant error, and it was not possible to
determine clear proportions. Notably, if reindeer was
excluded from the model, fish is estimated to be the
main food item (in summery of means 70% of fresh
water and marine fish), although the probability distri-
bution remains as large (approximately 20 percentage
points for both dietary groups) when reindeers are
excluded. Notably, this exclussion of reindeer would
not increase probability for terrestrial consumption
indicating the possiblity that variation in carbon iso-
tope composition can be explained either by reindeer
and fish or solely fish consumption.

These results are preliminary and should be seen as
a first attempt to reconstruct diet in this area and some
limitations of the mixing models cannot be avoided.
For example model does not take into account of abun-
dance of different dietary groups (Phillips et al. 2014).
Moreover, it does not calculate negative probability,
and every time the programme seems to estimate
some consumption for every included dietary groups.
Visual observation of the output of the probability dis-
tribution (Figure 3) shows that each he dietary groups
have also probability close to the zero values. Thus is
also necessary to reason these results using common
logic and the numeric results of the mixing model
should be used with caution.

According to isotope analysis results, there is a high
proportion of terrestrial souces could be indicated (see
Figure 2). The pike measured in this study has similar
carbon isotope and nitrogen ratios to the humans at the
‘terrestrial’ end of the carbon isotope ratio range. As
pike are the top carnivore in the freshwater food
chain, it is very likely that humans consumed fish
species and fish of smaller sizes that were also eaten
by pike. Moreover, although modern samples are not
necessarily comparable to pre-industrial samples, the
carbon isotope composition of modern fish muscle
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from the Bothnian Bay area ranges between −23.0‰
and −20.0‰ (when taking SUESS effect into account,
approximately between −21.6‰ and 18.6‰) with
nitrogen isotope composition between 8‰ and 12‰
in the Bothnian Bay area (Sinisalo et al. 2006). This
would lead to very similar isotope composition that
was observed from humans buried at Iin Hamina if
3‰ trophic level shift were be used as an estimation
(see Figure 2). Our model also supports this
assumption.

Human nitrogen isotope ratios at Iin Hamina indi-
cate that its population had similar nitrogen isotope
delta values levels to seals, which suggests that seals
were themselves unlikely a large part of the humans
diet. Moreover, whilst the nitrogen isotope ratio of
the pike indicates that it occupies a similar trophic
level to the seals and humans, the carbon isotope ratios
are consistent with a freshwater diet. This is atypical as
the marine food web has more trophic levels than
freshwater, and seals are situated at a higher trophic
level. As the human carbon isotopes values range lar-
gely between the pike (freshwater fish consumption)
and the seals (marine fish consumption), with no
obvious correlated increase in nitrogen isotope ratios,
compared to these ‘end members’ of the food web car-
bon isotope composition, this can be seen as one of the
supporting evidence that the dietary protein of the
population at Iin Hamina was predominantly sourced
from a mixture of freshwater and marine fish, with
some input from terrestrial protein. The use of both,
marine and freshwater fish, could also explain the
large variation in carbon delta values. Moreover, our
FRUITS model supports this assumption.

The local growing season is very short (currently
about 180 days), it is very questionable if it would
have been possible to provide enough winter fodder
for domestic animals to be able to produce meat or
milk products all year around. As the FRUITS model
does not take into account the abundance of resources,
it is probable to overestimate terrestrial consumption
(Phillips et al. 2014). During the period of the Iin
Hamina burials, the Little Ice Age anomaly would
have resulted in a growing season that was likely to
be shorter than it is currently (Luoto 2012). A short
growing season would require intensive collecting
and storing of animal food, for which there is currently
no evidence during the Medieval period, although
small-scale collection of fodder from natural meadows
could have been practised (Luukko 1954). However,
Soininen (1974) suggests that the collecting of winter
fodder did not start before the eighteenth century in
Finland. Moreover, in early modern Northern Ostro-
bothnia cows were mainly used for dairying, not for
meat production, and these dairy products were not
necessarily consumed by locals as butter was an impor-
tant tax item (Salmi 2011a). However, more research is
needed to investigate terrestrial consumption and it

could also have been also game or reindeer as suggested
by our model. Use of terrestrial or marine values could
be ratified in the future, as it would be beneficial to ana-
lyse sulphur isotope composition and single amino acid
analysis to quantify the marine consumption and thus
further increase our knowledge of this (Richards,
Fuller, and Hedges 2001; McCullagh, Gaye-Siessegger,
and Focken 2008).

The collagen isotope composition of the Iin Hamina
humans is more or less normally distributed, apart
from one outlier (21A). The individual 21A has a stat-
istically significantly lower nitrogen isotope ratio than
the rest of the population. This could indicate a diet
containing relatively more terrestrial meat, or a signifi-
cant amount of vegetables or cereals. These resources
are difficult to obtain in this region, and so the con-
sumption of such rare and expensive foods suggests
this individual had a different social status. A further
possibility is that this individual emigrated from an
area where a different diet prevailed but this needs
additional evidence, such as strontium and oxygen iso-
tope analysis.

Conclusions

This is the first study to use isotope analysis to recon-
struct diet of a population in Finland. With our limited
baseline data, it was possible to determine that most ter-
restrial herbivores have relatively lower nitrogen iso-
tope values compared to Scandinavian existing data.
This shows that local baseline values are highly impor-
tant in order to establish a good mixing model recon-
struction. Together with a model using FRUITS
software, the results suggests that both marine and
freshwater fish were a significant proportion of the
diet of the population, but some terrestrial resources
were also utilised. In contrast to general variation,
and somewhat surprisingly, one human had a lower
δ15N value than the general population, which could
indicate higher consumption of terrestrial meat or
plants.

Overall results suggest that at Iin Hamina both mar-
ine and fresh water fish were consumed in significant
quantities, and domestic animals (i.e here assumed ter-
restrial) were also part of the diet of humans. These
results are consistent with a population following a
robust and sustainable subsistence strategy that was
suited to the high-latitude, coastal location of Iin
Hamina, where it would have been very difficult to sur-
vive on domesticated crops, and animals alone. This
also shows that farming was not necessary as important
part of subsistence, as previously though and thus the
concept of subsistence on farming based societies in
subarctic region should be re-evaluated as whole.

In the Future, more focus should be put on studying
marine consumption with sulphur isotope analysis,
finding more osteological material for a better baseline
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reconstructions and osteological information of the use
of game and reindeer in the area.
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