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Abstract

This work contributes to wider discussions of his@ and prehistoric farming practices in
marginal environments. In its origins, the prooalsadopting farming as a new mode of subsistence
in Northern Europe was complicated, and its spoesdinued throughout Finland until the modern
period. Farming can be an unreliable form of foooldpcction, and failures in cereal cultivation are
still common. People's persistence in the faceuoh saadversity allowed for cultivation practices to

be adapted in a far northern climate

Discussions of early farming studies in Finland dndeen dominated by the question of whether
single pollen evidence can be considered as reliabidence of farming. This is based on the
assumption that all cereal-type pollens indicate firesence of cereals. This assumption is
considerably problematic: Cereal-type pollen inckideveral wild grasses that are also very
common in Finland and thus cannot be considereddratiable proof of cereal cultivation. It is not
possible to study small scale farming using po#lealysis alone, but such analyses are useful for
exploring when farming became well-established.sT&iudy combines the radiocarbon dates
obtained from cereal-type pollen that was preseiguiantities larger than a single-grain. Using this
approach it was observed that population size pan early farming studies correlate strongly.
This suggests that cereal cultivation started tecafpopulation size from approximately the last
millennium BC onward, although the majority of thisresad is seen during Iron Age and later

periods.

In addition to improving the resolution of the &st farming in Finland, this study also considers
the impact these changes would have had upon Rlietein intake can be studied using stable
isotopes from human bone collagen if local backgdoualues are known. The lin Hamina case
study revealed that protein was mainly obtaineanfrwild resources: According to the isotopic
composition of human skeletal collagen, fish weremajor dietary component. Moreover,
reconstructions from incremental dentine analysi®aled that humans from lin Hamina were well

adapted to their environment.

Many aspects of early subsistence practices inafthlremain unknown. However, this study
demonstrates that prehistoric cultivation was aticinhiensional phenomenon in northern latitudes,

and that this is an area that requires more abteiti order to be more fully understood.
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INTRODUCTION

Decision making in everyday life is a vital partaf human cultures and societies. How we eat,
dress, talk, and ultimately behave is a complexvoek of actions which varies across different
cultural groups. This study focuses on one of tlstifundamental aspects of human life: diet and
farming. It is often said: "we are what we eat"damore importantly, that food is not only the
building blocks of life, it is also a part of idégtand culture (Eriksson, 2003; van der Veen, 2003
in various ways. Food is constituted not only byawis available, but what we prefer to consume.
Moreover, choices regarding food are not only odifle of individual enjoyment and broader
cultural preferences, but also its production ao@ khis process impacts upon population density,
social structure, and the availability of other eoadlities. Finally it also impacts upon individuals
in a society or in a group and their interactiothvane another and their environment. Food affects
all of us in every aspect of life, be it culturalgconomically or socially; it is a vital conceior fall
humans. In marginal environment, such as North-Easbpe, options are limited, but nevertheless
as important and little understood. The subjedhaf thesis is to observe past farming in Finland
with a special focus on subsistence of peopleratHamina, Northern Ostrobothnia, during the

Medieval period (see map 1 for the location ofgite).

The subsistence strategy is the means by whichl@entain and consuéme food. The main
subsistence strategy used by different peoplelsasthe main criterion to classify different typefs
societies. Most societies are regarded as eithetehgatherer or farming based. However, this
classification does have exceptions, though thesenat necessarily taken into account, thus
societies practising farming together with huntorgyathering have often been referred to simply as
hunter-gatherers (Smith, 2001). The distinctionweein these two main classifications of
subsistence is not politically neutral. Early fangihas generally been regarded as one of the most
important steps in human evolution. However, théswis informed by the traditional values of the
Western Judeo-Christian World. It is a dichotomy mehenodernism (the learning of new
technologies) and civilization is seen in oppositio barbarism, i.e. hunter-gatherers are seen as
undeveloped compared with farming communities @isbn, 2010) and control over nature (which
emphasis that humans are superior to nature).viéng is also influenced by cultural evolutionary
theory which implies that human culture develojge Ibiological evolution, from simple to more
complex forms (Childe, 1936; Steward, 1955). It si@mers as innovative and advanced and
hunter-gatherers as rural and simple. In realitgracterising the nature of these two modes of
subsistence is a much more difficult propositiod &ciennik (2014) has even suggested that the



term 'Hunter-Gatherer' is outdated because ofhisi®rical burden. Moreover, both farmers and
hunter-gatherers belong to the human species,nwilundamental difference in cognitive capacity.
It is also possible to argue that the hunters attiegers endeavour, at least in marginal areas, to
cope with the natural variations in productivityckayear, and thus require greater knowledge of a
wider variety of species, whereas farmers rely updower diversity of species, seeking to repeat
the same processes with the same crops over seyeaed. However, while it is increasingly
recognised that there is little merit in comparthgse modes of subsistence under this traditional
and simplistic framework, there has also been avigigp consideration for how we can effectively
relate these societies to one another, explaineagations in food production, and how these
subsistence strategies relate to the societieshtbptare used to describe.

As a mode of subsistence, food production cartigésrent implications for everyday life compared
to societies where economy is primarily based ugwocuring resources from the wild.
Stereotypically, the potential for farmers to prodwsurplus is seen as one of the most important of
these differences. Surplus production makes itiplesso sustain larger groups in smaller areas,
thus increasing the sustainable population densitythe area. However, not all differences
associated with farming were positive: in varioases it is thought to have increased susceptibility
to various illnesses, made people dependent onvanlonber of sources, and narrowed dietary
breadth (Armelagos et al. 1991; Cohen and Armeld@&:l). In most of Europe farming can be
discussed in relation to the “Neolithic packagetlighed stone tools, ceramics, long-houses,
sedentism and farming itself (the package is fireshtioned by Childe 1929). However, this was not
the case in many eastern European areas whereypats in use before the adoption of farming
(Jordan & Zvelebil, 2010) and sedentism was predtisefore farming was important (Costopoulus
2012). Moreover, it does not take into accountribed to store in preparation for winter in cold
climates, which is facilitated by a seasonal préidacof surplus. This capacity to store over
difficult times can also lead to hierarchy, if lted resources are being kept possession of limited
individuals (Woodburden 1982, Rowley-Conwy 2001). tRewrmore, neither is food production
limited on purely cultivation as also Hunter-Ga#rsr manipulate their environment in attempt to
increase food production (Smith 2011, Rowley Conwy laawyton 2011).

All food production is highly dependent upon climaélthough it depends on the tolerance of the
species in question (‘environmental tolerancegntsl generally become more sensitive to climatic
variation in areas that are closer to the boundari¢heir 'habitat' (an area where particular pisn

able to grow) (Lynch & Gabriel, 1987). Cereals haviginated from a much warmer climate than
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that of northern Europe and the present day nartkdge of their habitat is located in Finland.
Therefore, as a marginal area for farming, Finlemd particularly interesting case for questions

regarding the adoption of agriculture.

Farming in Finland

Finland is situated in northernmost Europe. Whecussing diet and farming in this area, it is
necessary to understand main characteristics termers and how it affects in farming practises.
This is a short introduction how the geography @nedclimate shape the cultivation in this marginal

land.

The border between temperate and mixed forestiniesouthern Finland (see figure 1). This is
important, as many species, such as hazelnuts @ndrees rarely grow north of this vegetation
boundary. This boundary between Boreal forest arxednforest is also the border of the area
where cultivation is in most years successful asdst failures are occasional, and thus where the
difficulties related to climate start to increasavards north (Solantie, 1988, 2012). There is only
one harvest season in Finland, and the growingoseisshort. Outside this period when plants
grow (which even in south Finland lasts only foDXhays) not even grass is available. This makes
farming a very risky form of livelihood, and durirygars of poor harvest, there will be a strain due
to the lack of crop surplus for the winter. In artte understand cultivation in Finland, it's lintitan

in the north climate is first discussed.

10



5B

1 Arctic zone
2 Alpine zone
3 Subactic region
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Figure 1. Map of the vegetation regions in the lescandia (Redrawn after Sporrong, 2003)

Modern cultivation is practised only in areas whierie economically profitable in modern terms.
Therefore the modern dispersal of cultivated landat useful for revealing where for cultivation is
possible and yields may be less certain or small, #herefore it is no longer practised. This
marginal area is a trasitional zone in which famgnis possible but increasingly less reliable; it is
not the case that farming is simply possible or Reatrts of Finland, especially the northern areas,
are in a region where such practices may be pessibyood years with favourable climate, but
where crop failures are also very common. In mod#imate, the likelihood of reliable annual

returns decreases as one progresses further rastivagds (Solantie, 2012).
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Figure 2 shows the northern borders of cultivaiiothe early 28 century. The map is based on
Fullerton (1954) (Sweden); Leiviska, (1934) and &Goet al. (1956) (Finland). The northern border
of barley cultivation in Norway is based on Sjog(2009).

Because farming is no longer economically reasonablmany areas of Finland, we need to
investigate historical evidence for cultivationarder to establish wherethe most northern borfier o
cultivation is situated. This would help us to istigate the more distant past as it is unlikelyt tha
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farming advanced much more north than this. Fotaipave have plenty of historical evidence of
farming practises, and home based cultivation edgadruntil the mid-1900s into more marginal
areas (Hanski & Tiainen, 1986). This was possitdeabse of modifications in planning and
innovations relating to farming practices. This dmr described was reached in the 1950's when
these northern limits were identified, and farmind=inland was based on mixed practices where
animal husbandry was combined with cereal culrat{Simonen 1948). It is unlikely that

cultivation was ever practised further north thiais {see figure 2).

It is also possible to reflect the vulnerabilityabp species in this northern climate from present
the past. In modern cultivation, the main reasonddw yields in Finland are early and late season
frosts and the low number of growing degree 44ifss is a measure of heat accumulation over a
growing period). Furthermore, low precipitationlgan the planting seasoncan result in lower yield
(Peltonen-Sainio & Niemi, 2012; Peltonen-Sainiol20 Other risks include the possibility of
drought in the early planting season, and/or heawyat the end of the season, which can limit the
yields or cause failure in harvest (Kettunen etl#188). Winter harshness can affect the survifal o
the plants, and it is still used in the estimatdmlifferent zones for diversity of species (Glaniet

al., 2012).

Due to the harsh climate, only spring planted lyadan be successfully cultivated in Finland
(Kettunen et al., 1988). In the 1970's differentietses of barley were recorded as requiring
between 750 to 800 growing degree day€ (@lso called effective temperature sum) to ripsse (
figure 3). It is highly unlikely that the barley neties cultivated in the past would have had a
significantly shorter growing season. A mean of #teumulated temperature (between 1961 and
1991) of this length has been documented in Lap(&adantie, 2004). This corresponds with the
northern limit of historically recorded barley duéition (Soveri et al. 1952). Although there have
been attempts to cultivate barley even furthermoattdid not ripen and was used as animal fodder
(Edwards, 1972). The earliest varieties of spririgeat require minimum of 900@ for the fastest
varieties and, 1100'@ for the longest (Kettunen et al., 1988). Spring @gquires 960 ‘€ to ripen
and pea 930 - 980d (Peltonen-Sainio and Rajala 2007). In comparisefgrb development of
measure of growing degree days, growing seasorthemngs used in studying cultivation. Oat
varieties known in 1920's Finland had growing regmients from 104 to only 93 days, and peas

Long days compensate short growing season in marthtitudes, and thus growing degree days is irsstdad of the
length of the growing season in estimation of diiity of cultivates. It is calculated as followind'C =3 T, -5,
where T, is daily average temperature on days when TG &onturi 1979, Klemola 1991).

13



from 103 to 97 days (Suninen, 1932).

Figure 3. Map of mean growing degree days in Fohlaetween 1971 and 2000 (redrawn after
Ruosteenoja et al. 2011, p. 1482).

As explained, due to the harsh climate, the spogamtop cultivation in Finland is likely to differ
from that recorded in central Europe. Even Estommm southern Scandinavia are situated
sufficiently further south to occupy a differentgetation zone (see figure 1). Discussion regarding
the beginnings of cultivation in Finland has beather simplistic. The earliest dates for eviderice o
cultivation being practised have been studied (Hyw003a; Mékkénen, 2012; Vuorela, 1999a, b).
Equally interesting, and less studied, are questimyarding the extent to which early crops
contributed to people's diets and the kinds of ehpiaat the adoption of agriculture had in broader
society and the country, areas in which our knogéeis$ currently lacking. In this study, | consider
not only when farming was first practised in Firdamut also how dependent people were on it,
using the site of lin Hamina as a case study (seatibn figure 1). The site of lin Hamina was
selected because of good preservation and avéyabil samples. Isotopic research on this scale
has never previously been applied to Finnish skklaaterial, and therefore it was necessary to

select a site that provided sufficient materialsstoidy.
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Aims of the thesis:

This thesis has three main aims:

- To critically evaluate published pollen data pering to the earliest agriculture, and

to reassess the spread of farming in Finland welat this data.

- Estimate the advance of the cultivation by conmgaradiocarbon dates obtained in
the critically evaluated pollen analysis and popaiasize proxy obtained from radiocarbon

dates from archaeological material.

- To investigate the diet and its significance aewldence of environmental

adaptation at lin Hamina using analysis of stafd¢apes.

Structure:

The thesis is structured as follows: the introdarctfthis section), two papers about the beginning
and advance of farming in Finland, two backgrouhdpters detailing the site used for study and
the methodology used, two papers of the subsisterasises on lin Hamina, and the conclusions
of the investigation. The format of the thesis deslbhe author to contribute directly to the world-
wide audience, as the four papers form the comhisfthesis. The first paper discusses the use of
single pollen evidence as a proxy for early farmirag been published (Lahtinen and Rowley-
Conwy 2013, approval from co-author is included)e Becond paper summarises the published
radiocarbon dates from pollen studies recordingatigres suggestive of the beginning of farming
in Finland. The third paper discusses the low irtgpare of farming interpreted for the inhabitants
of the Northern Ostrobothnian Medieval site lin Haan The fourth paper considers environmental
adaptation using dentine incremental isotope aiglys the lin Hamina. References for these
sections are provided at the end of each chapter.

15



PAPER 1
Early Farming in Finland: Was there Cultivationdrefthe Iron Age (500 BC)?

Introduction

In this contribution, we consider the start of agliure in Finland. Finland would have presented a
major challenge to early farmers. It lies nortt66fN (Figure 1), and close to the northern limit fo
deciduous forest. However, it is still possiblept@ctise cultivation, although modern farming is
concentrated in the south-western corner and doastas. In most of Europe, the agricultural
transition is equated with the start of the Neditihis is not, however, the case in Finland, veher
the start of the Neolithic is defined by the appeae of pottery (see Figure 2). The question ‘when
did cultivation start?’ is under discussion in wais parts of Europe, but while the question
elsewhere is ‘was there pre-Neolithic cultivatiof@'g. Rowley-Conwy, 2004; Behre, 2007), in
Finland it is ‘was there pre-lron Age cultivation®’ Finland, the Iron Age started c. 500 cal BC,
and continued until AD 1200.

There is still no consensus as to when cerealvatilbn started in Finland. Some have suggested
that cultivation started as early as 3200-2300¢a| in the Neolithic Corded Ware (CW) culture
(Vuorela & Hicks, 1996; Alenius et al., 2009; Mé6kigén, 2010). Mokkdnen (2010) suggests that
the first cultivation might have begun even earligtore recently, Alenius et al. (2013) and
Nordgvist and Herva (2013) have argued that it@didve been as early as the appearance of the
first ceramics in 5000-4000 BC. These claims of eatlitivation have sometimes been used
uncritically (e.g. Costopoulus et al., 2012; Nordf\& Herva, 2013). Finland, like other northern
areas, generally has very poor organic preservatioarchaeological sites, so finds of animal bones
and macro botanical plant remains are very rarenyMaf the claims for early agriculture are

therefore based on palynological records (Huu®832), often single grains of cereal-type pollen.

We will argue that cultivation may have begun miatbr, as late as the start of the Iron Age (c. 500
cal BC). Finland is not alone in claiming early agliare on the basis of pollen evidence (see the
important paper by Behre, 2007). In Britain, Edwgi#89) identified numerous traces of ‘cereal-
type’ pollen of Mesolithic age, but in a recent oragtudy, Whittle et al. (2011: 808, 849) reject
these claims and date the start of farming to tleelithic. Claims for Mesolithic ‘cereal-type’

pollen have also recently been advanced in ceatrdlsouthern Europe (e.g. Tinner et al., 2007,
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Jeunesse, 2008). Other areas of northern Europe deen a similar debate. In northern Norway,
Johansen and Vorren (1986) argued that ‘cereal-pgien indicates that agriculture started in the
mid-third millennium cal BC, although other linesesfidence suggest a date not much before 1000
cal BC (Valen, 2007). The Finnish debate should thesseen as part of a wider European

discussion.
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Figure 1. Map of Finland showing various geographfeatures, and sites mentioned in the text,
other than where pollen cores have been samplatritidition of Corded Ware from Nufiez (2004:
Fig. 11).
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Early agriculture in Finland: the debate

The Late Neolithic Corded Ware and Kiukainen cultures

Cultures
Years
cal BC/AD South and West Eastern North
Historical period istori i
l/l el Historical period Cities
w0 B2 |
Iron Age ware No ceramics
Iron Age Hillfords
0
Luukonsaari ware Kieinoyrasiil 1 CI
Morby ware Sirnihta ware J y Clear evidence on farming
B A Anttila ware
1000 ronze Age .
Paimio ware  Textile ware Imitated ware  |go-0 stone tools
S Lovozero ware  |[still in use
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Mesolithic period
8000 Early pioneering stage
) . Finland is populated after
Early pioneering stage the end of the last ice age
9000
End of last glacial stage

Figure 2. Chronological and cultural outline of psttric Finland. Redrawn with modifications
from Carpelan (2002: Fig. 5).

The traditional view has been that farming wasoihiiced into southern Finland by people of the
CW archaeological culture (see Figure 1 for the Cg¥ithution). This typologically Late Neolithic
culture is associated with agriculture across aewdcka of Europe. Various arguments have been
advanced to support the claim for cultivation iml&hd. Most of these involve pollen, and will be
considered in detail below. The most recent cldiat the Finnish CW was agricultural has been put
forward by Mokkonen (2010). Mokkdnen used new aatacerning changes in settlement pattern,

18



and a correlation between spruce and the CW culini@aim that the CW people were cultivators.
The change in settlement pattern was from mordesieel inland areas towards more coastal and
open sites. This change could, however, be intexgra the opposite way: there is no clear reason
why such a settlement shift should be connecteduttivation, and it is questionable whether
cultivation has anything to do with it. It mightuegly indicate more intensive fishing as part of an
adaptation to the climate change.

Previous discussions have alluded to CW cultivatidmfiez (2004) stresses the weaknesses in the
evidence, but argues that the CW was indeed likehatve been partially agricultural, mainly based
on the fact that CW people were agriculturalistseehere. He believes that farming was
environmentally vulnerable this far north, and nhaye suffered a setback and disappeared almost
totally soon after the CW period. Edgren (1999) aggthat positive indicators of cultivation by the
CW culture are lacking, and that the argument iethgsurely on the situation at CW sites in
Sweden and the Baltic countries. Edgren believesittigunlikely that cultivation occurred during
the Late Neolithic period, although he does not whagn it did start. He points out that the Pre-

Roman Iron Age was the period of intensificatiorcoltivation in southern Finland.

There have been various critiques of these eariyifey claims. Zvelebil and Rowley-Conwy

(1984) wrote that ‘the palynological evidence for G&viming in Finland rests on a few uncertain
identifications of cereal pollen—evidence whichview of the great similarities in size and shape
of other Gramineae pollen..., could hardly justihe belief that CW economy was based on
farming’ (Zvelebil & Rowley-Conwy, 1984: 115). Find$ single pollen grains have subsequently
increased, but the same problems with reliabiliayéh remained (see Discussion below). Direct
evidence for CW agriculture continues to elude agol@ists. A recent major radiocarbon
programme using accelerator mass spectrometry \vastetl towards potential early domestic
animal bones. None of the bones dated were of CW ragst were recent or modern in origin

(Blauer & Kantanen, 2013). Although the evidencenfrthe subsequent Kiukainen period is
broadly similar, one domestic animal bone, a shyt/ carpal, has been directly dated to this
period. The bone is from Pedersdre Kvarnabba, dabér far north on Finland’s west coast (see
Figure 1), and is dated to 3679 + 33 BP (Ua-430B8uer & Kantanen, 2013: Table 1), or 2192—

1960 cal B, It is also possible that animal herding and deretivation were adopted at different

2 All calibrations in the article have been carrieat using OxCal 4.1 and the IntCal 09 curve
(Bronk Ramsay, 2009).

19



times.
The Bronze Age

There is some published evidence that could sufgromnze Age cultivation. Zvelebil (1981) used
productivity modelling to compare site locationsdaronnections to land which is suitable for
cultivation in south-western Finland. He showed (B®/ sites were not situated in close proximity
to potential arable land. However, during the BroAge, the proximity of the archaeological sites
to land suitable for cultivation increased. Thuselbil (1981) concluded that the Bronze Age
economy was a combination of farming and huntingwelver, since direct evidence is missing, this
alone need not prove anything about cultivatiorchSuotentially cultivable areas can also be rich in
natural flora, and might be optimal for wild animaluch as elk (Alces alces). Another possibility is
that these results simply reflect land uplift thesde former sea floor sediments, like arable clays
and silts, more available in the Bronze Age, as dmsnilso benefit from close proximity to
watercourses. As Zvelebil and Rowley-Conwy (1984:)14Gte, there is an ‘auto- correlation
between watercourses, sedimentary basins andesility.” According to Zvelebil (1981), arable

land does not become a major focus of the settlepeitern in south-western Finland during the
mid-first millennium AD.

Table 1. Criteria used to classify wild grass andous categories of cereal-type pollen in the
schemes of Andersen (1978) and Beug (1961).

Classification Andersen (1978) Beug (1961)

Wild grass Mean pollen size <37 um, Mean annw®§ pum, Pore <2,7 um, Annulus diameter

diameter <8 um, Surface pattern scabrate<®y7 um, Annulus thickness <2,0 and >3,0|um

verrucate
Cerealea Group No general cereal type >37 yum, Paré pm, Annulus diameter
>2,7 um, Annulus thickness between 2,0 and
3,0 um
Hordeum type Mean pollen size 32-45 um, Mean asnGerealea type which have surface structure

diameter, 8-10 um, Surface pattern scabrateunkt clumpen (punkt groups)

Triticum type (together with Avena type) Mean paollsize Cerealea type which have surface structure
>40 um, Mean annulus diameter >10 ppunkt grupen

Surface pattern verrucate
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Sarmaja-Korjonen (1992: 146) argues that ‘themeoisletailed Finnish pollen record that indicates
continuous farming from the Bronze Age onward’. $bats out that biostratigraphical correlation
with the archaeological record might be poor beeafsvide error ranges in the radiocarbon dates,
and also believes that cereal pollen might have @sported over long distances; thus, a decline
in Picea (spruce) pollen together with single Ceaetgoe pollen grains should be treated very
cautiously as evidence of local cultivation. Howewether palaeobotanists have suggested that
cultivation began in the Bronze Age. Tolonen (1984#jues that the results from three pollen
analyses in southern Finland are reliable. Twdo$é studies, from lakes Kantala and Kissalammi,
suggest that cultivation started in the Late Brokge (Tolonen, 1978a, 1981). One of these is from
Lake Ahvenainen, and has one pollen grain of Tnitiype and one of Hordeum-type in a level
dated by varves to 1200-1300 BC (Tolonen, 1978c).0kinil999) discusses cultivation in the
Bronze Age as if it was an established fact, busdu# give any references to support this idea.
Having said this, he does admit that signs of eauljivation are scarce, and can only be seen in a
small area of south-western Finland before the Age (Simola, 1999).

Macrofossil evidence for agriculture remains vergrse. One directly dated domestic animal bone,
a cow maxillary molar from Nakkila Viikkala, is aat to 3086 + 30 BP (Hela-1271) (Blauer &
Kantanen, 2013: Table 1), or 1427-1271 cal BC. Thifurther south-west than the Kuikainen
example mentioned above (Figure 1). These two bograain the only directly dated evidence of

domestic animals in Finland that necessarily pestfa Iron Age.

Charred cereal grains are also very scarce. Onetlglidated grain of barley has been recovered
from a multiperiod site from Kotirinne in Niuskaiathe city of Turku (Figure 1). 30 years after its
discovery, it remains ‘the oldest cereal grain fimdrinland’, with a radiocarbon date of 3200 + 170
BP (Ua-338), or 1891-1018 cal BC (Vuorela & Lampiained88: 33). It is derived from a ‘grain
from the lower part of the undisturbed layer’ (Velar & Lempidinen, 1988: 36). This has been used
as clear evidence of cultivation (Vuorela & Hicks996; Lempidinen, 1999; Huurre, 2003a;
Mokkonen, 2010). This date is one of five from Nials, and when calibrated (Figure 3), they
show a remarkably wide degree of spread. The datéhe cereal grain has a very large standard
deviation. A review of the dates both of the cergain and of the entire site is needed, and
independent verification of the cereal date reqlile the osteological study from Niuskala, no
domestic animals were found. The bone fragments wientified as seal, fish and hare (Asplund et

al., 1989). This suggests that this settlementmasly fishing and hunting site.
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Three other barley grains from two sites have li#ad to nearer the end of the Bronze Age. Two
from the site Jatinhaudanmaa in Laihia have beésdda 2785 + 30 BP (P0z-23351) and 2590 +
40 BP (Ua-33250) (Holmblad, 2010: 135), or 1008—844UBC and 831-552 cal BC, respectively.
The one from Kitulansuo has been dated to 2990 BB({Lavento, 1998), or 1400-1048 cal BC.
However, the grain from Kitulansuo was publishedainnon-peer reviewed journal, with no
contextual information or discussion of the datéheTlocation of these sites is puzzling:
Jatinhaudanmaa is remarkably far north and Kitwlanemarkably far inland for such an early
date; however, barley grains directly dated to alloe same time have been recovered from Umea
(Viklund, 2011), opposite Jatinhaudanmaa on thedsskeside of the Gulf of Bothnia (see Figure
1). The presence of barley grains at these sitgsimaiicate Late Bronze Age cultivation, but does
not necessarily prove that it took place locallye wannot rule out the possibility that they could

have been traded into the area. More studies gemtly needed that focus on this issue.

OxCal v4.1.7 Bronk Ramsey (2010); r:5 Atmospheric data from Reimer et al (2009);
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Figure 3. Calibration of the five radiocarbon ddtesn Niuskala. Us-338 is the cereal grain.
Original dates from Asplund et al. (1989).

Apart from these isolated examples, macrofossih daiggest that cultivation began between AD
100 and 1000 in the south-western extremity ofdfidl(see Onnela et al., 1996). Most of the sites
were excavated before Accelerator Mass Spectronasttiyng was widely used, and so it is very

likely that some dates are inaccurate. Plant massifstudies mainly cover southern Finland, and
in many more northern areas, such studies arelating. Thus, more detailed analyses are
needed. At the ancient field in Rapola, cereal ofassils are dated to between AD 780 and 1217
(Vikkula et al., 1994). In Mikkeli, central Finlandhey are dated to AD 596-1690 (Vanhanen,
2010a) (see Figure 1 for the location of theseskite
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In Finland, the earliest evidence for agriculturas comes from the pollen record. It is to thig tha

we now turn our attention.

Are single pollen grains evidence of cereal cultiten?

Most sites at which early agriculture is claimedéianly one grain of cereal pollen. The claim that
single pollen grains are reliable evidence is basedhe fact that self-pollinating (autogamous)
Hordeum (barley) releases only small quantitiepaidlen into its immediate surroundings (Vuorela,
1973). The pollen is unlikely to be found, and tiiugs been claimed that every single pollen grain
provides reliable evidence of cultivation (Vuorel®86; Vuorela & Kankainen, 1991; Vuorela &
Hicks, 1996; Alenius et al., 2009). Forests havéngwortant filtering effect on pollen, which makes
it even more difficult to find, especially in a nas-like forested area like those around slash-and-
burn clearances. This has lead Vuorela (1999: 889jate that ‘the first record of Cerealea pollen
in pollen diagrams, in many cases, can be takeanasadication of the beginning of agriculture’.
We do not argue against the unlikelihood of selfipating plants being seen in pollen analysis —
barley pollen does not spread in large quantiBes.does this mean that every pollen grain find is

reliable evidence of cultivation?

There are various reasons to doubt it. We areheofitst to raise these problems. In a major review
article, Behre (2007) pointed out that there areesd\possible errors in the identification of singl
pollen grains of cereals, such as: reliability @entification; long-distance transportation ofezdr
pollen; long-distance transportation of large grasdien; contamination; reliability of dating;

reliability of anthropogenic indicators.

In summary, Behre (2007) highlights that it is impible to prove whether single pollen grains are
local or even from cultivated plants at all. Hewseg that a single pollen grain neither proves early
cultivation nor the lack of it. Pollen analysisgdsalone, might not be the right tool to reseamty v

small-scale changes.

Identification

Firstly, ‘cereal-type’ pollen does not always meaareal pollen! It is only a classification type,

which also includes several wild grasses. Theraa® several definitions as to how to distinguish
cereal pollen from wild grass pollen and how tcssify different cereal pollen types. Criteria used
in early farming studies in Finland are from Row[@@60), Beug (1961), Erdtman et al. (1961),
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Andersen and Bertelsen (1972), Andersen (1978), rFae@l. (1989), Moore et al. (1991), and
Reille (1992, 1995).

Andersen and Bertelsen (1972) and Rowley (1960) tréae to distinguish cereal pollen types on
the basis of surface structure and exine. Rowleg@L@rgues that most cereal pollens have an
incised surface, but admits that this is not anuskee criterion. Andersen and Bertelsen (1972)
suggest that Hordeum vulgare (barley), Secale l(ege), Triticum monococcum (einkorn), and
several wild species such as Agropyron repens, Aphmifed arenaria, Elymus arenarius, and
Glyceria fluitans all have similar sculptures (igtructures on the pollen surface), although
Hordeum, Elymus, and Glyceria may have larger dpgiuBoth studies suggest that there are
insufficient differences in surface or exine sturetin wild and cultivated grass pollen to identify

individual grains.

Other classifications are listed in Table 1, witlisaof species falling into each class in Tahlét 2s
clear that in every classification there are sdweild grasses that fall into the definition of eet,
Hordeum or Triticum type. The classification by #ndn et al. (1961) does not fulfil modern
scientific criteria because the measurements opditlen grains (i.e. the data) on which the sty i
based were not published. Erdtman et al. (196Ev@ state that ‘the descriptions are definitely
provisional’ and ‘the size figures may sometimesretse misleading’. Therefore, this classification
should not be used. Andersen (1978: 91) statesthimaHordeum-group includes cultivated species
and some wild grasses’. Beug (1961) proposes thdt grasses, with few exceptions, belong to
wild grass type, and those exceptions are includeithe cereal-type group. Faegri et al. (1989:
284—-85) summarize this as follows: ‘by statisticedthods it is possible to differentiate between the
pollen of various taxa if there is a sufficient fuen and no admixture, but since the various curves
overlap, identification of individual grains remaimpossible or doubtful.” There is currently no
method to distinguish every single wild grass frooitivated species. Every study is based on

statistical differences and there is overlap betwsgecies of both classes.

Modern distributions of the Finnish wild speciesguicing large pollen grains have been studied by
the Natural Museum of Finland. The dispersion dtiiarge pollen grain species are reported in 1
x 1 km 2 (see Figure 4). The total number of squa&amined in 2011 was 7993 (Lampinen &
Lahti, 2012). Two species producing Hordeum-typliepoare found in Finland: Hordeum murinum
Is known from eleven squares, Glyceria fluitansyfroo fewer than 1385 squares, which accounts
for over 17 per cent of all the squares (LampinenL&hti, 2012). Pollen grains of Leymus
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(previously Elymus) arenarius and Ammophila arenéll into Beug's (1961, 2004) Triticum-type,
and several wild species fall into Beug's (2004ggaty of Cerealia-type pollen (Behre, 2007). In
Finland, two such wild species are found, Setanagla in eleven squares and Avena fatua from
220 squares, accounting for nearly 3 per cente@ttjuares (Lampinen & Lahti, 2012). The modern
distribution of Agrypyron species in Finland is twe squares, and Bromus species 662 squares.
Leymus species are common not only in the coastd &ee following discussion), but their

modern distribution covers almost the whole of &ml (Lampinen & Lahti, 2012).

The Table 2. Species falling into the categoriesavéal-type pollen listed in Table 1 Classification
Andersen (1978) Beug (1961, 2004)

Classification Andersen (1978) Beug (1961, 2004)
Cerealea type No Cerealia type
Hordeum type Ammophila  arenaria, Agropyrétordeum distichon, H. vulgare, H.

repens, A. junceiforme, Glycerigurinum, H. nodosum, H. marinum,
fluitans, G. plicata, Bromus inermi§tyza sativa, Elymus arenarius,
Elymus arenarius, Hordeum jubatuskgropyron junceum, A. intermedium,
H. murinum, H. vulgare, TriticumA. caninum, A. littorale, Spartina
monococcum maritima and partly Glyceria fluitans,
G. plicata, Bromus mollis, B. erectus,
B. inermis, Agropyron littorale, Secale
Cereale, Triticum monoccium

Triticum type Avena fatua, A. nuda, A. sativliticum dicoccum, T. durum, T.
Triticum aestivum, T. compactum, @icoccioden, T. compactum, T.
dicoccocum, T. durum, T. polonicunagstivum, T. spelta, T. monococcum
T. spelta T. aegilopoides, Avena brevis, Aven

nuda, Avena Strigoissa (?),

Ammophila arenaria, Bromus div spe.,

Hordeum div, spec. Agropyron (%),

Leymus arenarius
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Figure 4. Modern distribution of wild grasses imland that fall into Beug’s (1961, 2004) criteria
as Hordeum (A1, A2) and Triticum (B1, B2). Maps rednaand modified from Lampinen & Lahti
(2012).

These problems have not, however, been much desgussFinland. Tolonen (1984) did criticize
the use of single pollen grains, stressing tha &zhe only separator between wild and cultivated
grasses. However, several wild plants produce paigelarge that it will be considered as Cerealia-
type. Other indicators of forest clearance (e.gnflgo major and Chenopodiaceae) occur naturally
in coastal areas of Finland, often together with wild grasses that produce large pollen grains.
Therefore, it is not possible to study the begigroh cultivation in such places and it would beoals
more secure to only use cereal pollen as evidérmtenen (1984) also mentioned the possibility of

long-distance transport.

Donner (1984) also criticizes studies of early fiaugn He mentions the problems of distinguishing
cereal from wild grass pollen, and argues thatsthlation is to use different limits. The first, the
‘absolute limit’, is the first occurrence of thextm; the second, the ‘empiric limit’, is when the
pollen curve becomes continuous; and the third;rdt®nal limit’, is when the frequency of pollen
increases. He explains differences between the remgod rational limits with reference to the
introduction of rye, since it produces more poltean other species, rather than an intensification
of farming. However, he does not discuss whethertisolute limit, often only based on one pollen
grain, can be considered as evidence for localifgnMore recently Simola (2012) has criticized
the paper by Mokkoénen (2010) for citing little aaitevidence for early agriculture, and emphasized

that there are problems in the recognition of degze pollen.

It is important to know the local history of thengaling site. In Finland, because of land uplifie th

coast has moved throughout history. Single pollaingevidence has been used as evidence for
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cultivation in the Tornio area before 3500 BP (Vl@r& Hicks, 1996—citing Tikkanen, 1978).

However, Tikkanen (1978) showed that the periodlésrly characterized by coastal vegetation.
Wild grasses producing large pollen grains, sucklgsius and Agropyron, are common in coastal
biotopes (Reynald & Hjelmroos, 1976). The large grolgrains are more likely to belong to these
species than cultivated plants. At Merinjanjarviaeges in lithology (Figure 5) suggest that when
the first signals of cereal are seen, the siteawastal (Reynald & Hjelmroos, 1980). In such areas,

pollen should not be used as the only indicatoctdtivation.

Modern pollen dispersal has been used to evaluhtther pollen analysis can be used to study
small-scale cultivation. Finland is a large counényd, in marginal northern areas where cultivation
is small scale, indicators of cultivation are alwaporadic. According to Hicks (1985: 82), ‘... one
cannot expect to be able to distinguish close edlaictivities at this level (e.g. cereal fieldsnfro
hay fields)’. Thus, it is not possible to draw aronclusion about the beginning of cultivation based
on pollen analyses (Hicks, 1985). This is suppolied study where modern pollen was used to
test the representativeness of anthropologicaépdiicks & Birks, 1996). These modern samples
show that farms and fields cannot be distinguistad, furthermore both activities leave only a
small amount of pollen evidence. This suggests ithé& impossible to distinguish small-scale

cultivation by pollen analysis.
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Figure 5. The lithology of Merinjanjarvi, showinget change from sea (i.e. clay and silt), through
lake (i.e. gyttja), and finally the development tbe bog. The coastal stage is marked by the
presence of large size grass pollen falling inte tefinition of Cerealia-type. Redrawn with
modifications from Reynald and Hjelmroos (1980: figs pp. 270 and 271)
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Long-distance transportation

Long-distance transportation is always a problenpatien studies. Evidence of modern long-
distance transportation suggests that pollen camapsported by storms to Fennoscandia from as
far away as North Africa or North America (FranZijelmroos, 1988). Studies of coloured snow
from southern Sweden found that Hordeum-type ppliegether with that of other plants usually
regarded as cultural indicators, including Plantégeceolata and Urtica (nettle), is part of such
particle movements. The source of such pollen ossible to trace absolutely, but mineral grains
and plants suggest that the origin was somewhei®@emmark, at least 200 km away from the

sampling site (Franzén & Hjelmroos, 1988).

Pollen can travel not just hundreds of kilometiag, also thousands. Samples collected from the
snow surface in close proximity to the Arctic C&dh central Sweden show this. Cerealia-type
pollen was found, mainly Secale-type and Triticiypet The closest area where cereals flowered
before the time of sampling was Italy, and mingraiticles even suggest North Africa. These data
suggest that drawing conclusions from single poligains should be avoided (Hjelmroos &
Franzén, 1994).

Dating and interpolating problems

Simola (1999) has pointed out that Vuorela and 8lid096) used pollen evidence uncritically and
have used radiocarbon dates for early agricultactvity without any discussion of reliability of
the results. Many of their radiocarbon dates coramfbulk sediment samples. Simola states that
the possibility of old carbon is not consideredd dnat the dating results are not even discussed.
Bulk sediment was often used to date pollen corabenl970s and 1980s. It has been shown that
such results can be in error by thousands of y@&amekow et al., 1998; Grimm & Nelson, 2009;
Stanton et al., 2010). This has long been knowfimand: Tolonen et al. (1976) showed that
radiocarbon dates from several lakes in southantaid are 500-800 years too old compared with
known rates of land uplift or annual varves. Selvether Finnish studies have produced similar
results (Huttunen & Tolonen, 1977; Tolonen, 198890). Tolonen et al. (1976) accepted that such
dates are estimates and should not be considerabsadute dates. Therefore, estimating the
beginning of farming should be based on severasdand results from several sites, and one must
accept that some of the sites will give dates thay be too old. In another study, Pitkdnen and

Huttunen (1999) compared radiocarbon dates on $eand sticks from Betula (birch) with annual
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varves from Lake Ponttélampi. The results showed tte radiocarbon dates were 500-1100 years

older than the varve ages. Thus, any results shmmuttbnsidered with considerable caution.

In some studies, the layer with early farming emmeis not itself dated. Often, in pollen analysis,
age-depth models based on sedimentation ratessark ta place the results on a chronological
scale, and ages for particular horizons are intatpd or extrapolated. One study compared such an
age-depth model based on six radiocarbon datedake& annual varves, and concluded that the
age-depth model was in error by as much as 90—86s \(Telford et al., 2004). Most of the earlier
studies in Finland used only two to four dates, dhd samples spanned several years of
sedimentation. Thus, it is very likely that in igathe errors are even greater. One major problem
with extrapolating dates occurs when the latesbcadbon date comes from below the level under
consideration: the sediment at the surface is awagent and the sedimentation rate is fastest. To
be able to interpolate, it is necessary to disisigwhere the sediment ends (i.e. which is the
topmost layer), which is always an estimation. lany cases, error limits are not even discussed
and thus the uncertainty of the study is not knowhich makes comparison of the studies more

unreliable.

The spruce decline and forest fires

A decline in Picea (spruce) has often been usavidence for cultivation, because the occurrence
of single cereal-type pollen grains, other cultunaicator species, high levels of charcoal and the
introduction of spruce often appear together ingmotiagrams. The explanation offered for this is

that slash-and-burn cultivation worked well in sggdorests (Vuorela, 1986). However, in Finland,

such cultivation has been practised until recerghd the most suitable forest type was in fact
Betula-Alnus (birch and alder) forest aged abouB05years old (Heikinheimo, 1915).

Gronlund et al. (1992) used the spruce declinevaterce of a local forest clearance phase, and
together with single pollen grains as an indicatodrearly agriculture. Vuorela (1986) has even
suggested that the decline of Picea pollen is tiig imdicator of early clearance for cultivation.
However, it is not possible to distinguish betweatural and anthropogenic fires, although fires are
often visible in pollen diagrams before cereal @olbccurs. Natural fires do occur: Larjavaara et al

(2005) show that lightning can cause a fire inBloeeal forest.

A connection between spruce and cultivation isasatepted by all. Rowley-Conwy (1983) argued
that a spruce decline can be explained without ection to human activity. His main point is that
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‘fire is a natural component of spruce forest eggldRowley-Conwy, 1983: 206), and the so-
called cultural indicators originate naturally hretarea. A study from northern Sweden supports the
idea that fire is an important element in sprucetithated forest (Hérnberg et al., 2012). Similar
results between spruce and fire connections ane iseboreal forests in Canada (Black & Bliss,
1980). Spruce did not spread in close proximitgw@amps where fires were absent even if it was
present in the area (Segerstrom et al., 2008).

In Finland, Mokkdnen (2010) pointed out that thiedduction of spruce does not correlate with the
spread of the CW culture. If this culture did preetcultivation, as Mokkonen (2010) assumes, the
appearance of spruce therefore cannot be explaépexdltivation. Fire-interval studies have been
made in the context of early cultivation studiesuttdnen (1980) reconstructed fire intervals in
southern Finland. There were several changes quémcy. From AD 470 to 1100 mean frequency
was 95 years; from then until AD 1600 the meanrwatewas 57 years; and between AD 1600 and
1900 it was 30 years. A continuous cereal pollanegtarted around AD 1500. Similar results can
be seen in eastern Finland, where the fire intdveleen the seventeenth and nineteenth centuries
was around 30-40 years after the start of cultwatand 100-200 years before that (Lehtonen,
1998; Pitkdnen & Huttunen, 1999). In eastern FidJaa study of charcoal particles showed
intervals of 320-520 years without a clear sprumenection. However, sampling did not reach to
the modern surface, so this evidently reflectsrihtural fire frequency in boreal forest, not one
caused by agriculture (Pitkdnen et al., 2003a).terostudy supports this: in eastern Finland,
intervals are approximately 170-240 years until 2200, and, after that, approximately 50 years
(Pitkanen et al., 2003b). More recent studies ssiggager intervals.

In northern Swedish Lappland, fire intervals fliated between shorter (approximately 200—-300
years) and longer (approximately 500 years) peridtiss in fact correlates better with climatic
fluctuations than archaeological data (Caseldinal.et2008). It is doubtful whether agriculture
played any important role at all in such northereaa. In sum, it seems that fire intervals might
have decreased after cereal cultivation startedtiv@tion would also explain why there are
differences between regions. In northern Finlanden cultivation was not possible, slash-and-
burn cultivation was never practised and fire fitey stayed low. In southern and central Finland,

the evidence suggests the opposite to what hasopsty been argued.

There is no evidence that slash-and-burn cultivatvas practised in the early stages of cultivation.
Furthermore, it was probably never important inwestern part of the country. Thus, the spread of
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agriculture into eastern Finland might have bedecéfd by the late innovation of fast-cycle slash-
and-burn cultivation. However, more studies arededdrom the western part of the country.

What do the pollen diagrams tell us?

On the basis of the arguments put forward in tle¥ipus section, it is questionable whether pollen
provides any evidence concerning the beginningutiivation in Finland. It might be a more recent
innovation in Finland than has been previously sgtgd. Pollen studies that have been suggested

to support the presence of early cultivation betbeelron Age are discussed here.

Stone Age cultivation before 1500 cal BC

The only evidence for this period is in the formsafgle pollen grains found at various sites around
Finland. Seventeen examples are mentioned by \aamed Hicks (1996) and Mokkoénen (2010).
These are listed in Table 3, and plotted in Figu®p).

As we have discussed, method of identification ngportant. The studies of the sites of
Lamminjarvi, Lalaxkérret, and Humppila, Vasikkasaiad Karvalammi do not publish the criteria
used for cereal pollen recognition (Tolonen, 1980880b; Aalto et al., 1985; Vuorela, 1990). At
Konttarinlahti, a size criterion of 4@m is mentioned and at Vasikkasuo, g is used, but at
Konttarinlahti, the pollen is said to be Hordeurpéay(Vuorela & Kankainen, 1991; Vuorela, 1994).
In Northern Ostrobothnia, size (greater thanu#f and pore size (greater thapu®) were used to
identify cereal-type pollen (Reynald & Hjelmroos,8D9. At Kankareenjarvi and Preittilansuo,
Beug’s (1961) criteria were used. However, Kankaanj@as dated using bulk sediment dating,
and it has already been mentioned that such dateprabably too old. Two cereal-type pollen
grains (type is not mentioned) were found in défarlayers at Preittilansuo (Tolonen, 1987); these
could just as well be large wild grasses. At Ka#aja, modern methods of morphology and size are
used, and one Hordeum-type pollen grain was foarttle Stone Age layers (Alenius et al., 2009).
A similar situation is seen at Kemié where one Haom-type pollen grain and one Secale-type
pollen grain occur in Stone Age contexts (Alenitiale 2008).

The most recent claim to find Hordeum-type pollenbly Alenius et al. (2013) from southern
Finland. This paper published the criteria utilize®ne grain of Fagopyrum esculentum
(buckwheat) was dated to 6276 + 55 BP (5369-506B¢Cal It is possible for such large grains to
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travel long distances; also the possibility of modeontamination has to be considered with this

single pollen grain. In a study like this, where tminimum number of pollen grains counted is

1100, it is much more likely that rare large sizasg pollen grains will be recorded. Three single

pollen grains of Hordeum-type connected to signrokion are not highly significant proof of

cultivation, but may result from natural variationwild grass pollen. This simply does not prove

cultivation in the whole country.

Table 3. Sites producing claims of cereal cultmatiluring the Stone Age, earlier than 1500 cal BC.

Site Classification Apart from singleDating materialReference
used pollen, evidenceand comments
of farming
1. Ahmasjarvi,Grain  size  >45,Ignored Bulk sediment, sit®Reynald & Hjelmroos
Utajarvi annulus >8 unsuitable for such1980)
studies
2. Jalasjarvi, Raahe Grain  size  >A4fnored Bulk sediment, sitReynald & Hjelmroos
annulus >8 unsuitable for such1980)
studies
3. Sotkasuo, Utajarvi Grain  size  >4kBnored Bulk sediment, sit®Reynald & Hjelmroos
annulus >8 unsuitable for sucH1980)
studies
4. Nimisjarvi, Vaala | Grain  size  >43gnored Bulk sediment, sit®Reynald & Hjelmroos
annulus >8 unsuitable for such1980)
studies
5. Piplajarvi, Grain  size  >45,Ignored Bulk sediment, sitReynald & Hjelmroos
Ylikiiminki annulus >8 unsuitable for such1980)
studies
6. Iso-Mustajérvi, Grain size >45,Ignored Bulk sediment, sitReynald & Hjelmroos
Tornio annulus >8 unsuitable for such1980)
studies
7. Vasikkasuo,Not published Modern period (100 Peat Vuorela & Kankainen
Puolanka 65) (1991)
8. Karvalampi, Not published 710 £ 50 BP, AD Bulk sediment Vuorela
Pihtipudas 1200-1400 (1997)
9. Pieni-SummaneniNot published 1460 + 100 Dating material is natorela (1995)
Saarijarvi mentioned
10. Lamminjarvi, Not published 500 AD Relative dating Tolonen (1980a
Lammi
11. Katajajarvi Erdtman et al. (1961)2780 (interpolatedDating material is natAlenius et al. (2009)
Valkeala Faegri & Iversenestimation) cal BP | published
(1989), Moore et al.
(1991), Reille (1992,
1995)
12. Konttérinlahti) Not fully published;1180 + 110 BP Dating material is nduorela (1994)
Keuruu Grain size >42um published
13. JarvensuoNot published Only single polleating material is notAalto, Siiridginen &
Humppila evidence, analysis djgublished Vuorela (1985)

not reached surface
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14. LabbdlentrasketFaegri & Iversen775 - 900 cal AD Dating material is naétlenius (2008)
Kemidnsaari (1989), Moore et al. published
(1991), Reille (1992,
1995)
15. Laxkarret, Nauvo| Not published No data Datingtanial is notVuorela (1990)
published, bull
sediment (?)
16. KankareenjarviBeug (1961) 3530 + 140 BP Dating from bulk Tolonen (1987)
Salo sediment, clearly too
old
17. Preittilansuo,Beug (1961) 570 + 100 BP Dating from bulolonen (1987)
Paimio sediment
STONE AGE \o"
oS &
02 e
08
o9
0‘2
otd o™ o’g'-‘
1748
o om

018
BRONZE AGE \

040

045

0 100 km
| R —

Figure 6. Maps showing distribution of pollen sivath cereal-type grains. Top: Stone Age, sites
numbered as in Table 3; bottom: Bronze Age, sitesbaied as in Table 4.

The only continuous pollen curve claimed from then® Age is from Lake Kankareenjarvi in

south-western Finland, dated to 3530 BP. Howeveratlthor of the study has stated that compared
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to other studies in the region, the date is likeky old. Dating was done on bulk sediments, which
are probably contaminated by old carbon. Furtheemtre site is coastal, and thus some large

cereal-type pollen from wild grasses growing insthabitats should be expected.

Reynald and Hjelmroos (1980) studied six sites enrtbrthern Ostrobothnia region. Every one of
the sites shows evidence of cereal-type pollens Tiais been used without any criticism as clear
evidence of farming. However, most of the sites eveoastal, and have scattered cereal-type
evidence from the time the rising land caused swdation of the lake. The large-grained wild
species Elymus arenaria and Agropyron canina arenmm species in the area (Reynald &
Hjelmroos, 1976), so any evidence should be treatey cautiously. Levels of cereal pollen were
low and sporadic in every diagram, and no chang®a ft natural to a farmed landscape can be seen.
Radiocarbon dating in the area is problematic bexatithe recycling of old carbon. In the absence
of any other source of evidence, it cannot be datexd when cultivation first occurred. Historical
sources suggest that it could be as recent asabeewal era (Luukko, 1954).

Bronze Age cultivation (1500-500 cal BC)

There are several sites that have claimed evideh@&ronze Age cultivation. They are listed in
Table 4 and plotted in Figuré.6

There are only four sites with more than singldgyograins. They are Aholanlammi (Koivula et al.,

1994), Loimaansuo (Vuorela, 1975), Antinlampi (Melaret al., 1993), and Kissalammi (Tolonen,

1981). At Loimaansuo and Antinlampi, the identifioa criteria were not published. One single

Hordeum-type pollen grain from Antinlampi is statedoe as large as g0n. According to Faegri

et al. (1989) this should apparently be classiisdElymus-type, although, since other criteria are
not mentioned, this is not completely certain. Bseaof this, it is not possible to consider the

pollen grains from these sites as reliable evidence

At Aholammi, evidence is put forward for Bronze Agadtivation. A continuous cereal-type pollen
curve starts after 3460 + 90 BP (Koivula et al.,4)9%9r 2019-1531 cal BC. The radiocarbon dates

have, however, been done on bulk organic matevtakth includes all organic material found in the

3 All dates are calibrated, and the original radiboa date is mentioned in parentheses. If the

original paper published the calibration, only tisatnentioned.

34



sediment; therefore, the date should be considemgdvery cautiously. The dating of the layer is
the latest date in the core, so it is not known laceurate it is (see earlier discussion). The sampl
for radiocarbon dating was a 10-cm slice, whichblitvill cause great error limits (Koivula et al.,
1994). At Kissalammi, Cerealia-type pollen appearsaly as 3940 + 110 BP (2864-2135 cal BC)
but there are never more than one or two pollemgr@igure 7). These pollen grains appear in the
pollen diagram as Cerealia-type, but in the publistext it is stated that ‘in the last part of QM-
3060 + 120 BP [1608-979 cal BC] Cerealia pollen grauns Hordeum and Triticum types was
connected with cultivation in the vicinity of thées (Tolonen, 1981: 217). It is not evident how
many pollen grains from each genus were determioed;hether some grains were just of cereal
type. The total amount of cereal-type pollen insesafrom 500 BC onward. The study was carried
out by counting 1500 arboreal pollen grains per@aniTolonen, 1981); this large total increases
the likelihood that wild large-pollen species ondedistance transportation grains will be found.
There is also one cereal-type pollen grain befbeeBronze Age, so it is likely that some large-
grain wild species grew near the site.

In northern Finland, only a limited number of skglhave been done. Small amounts of cereal-type
pollen are found at almost every site. Tikkanen/8)Sstates that coastal vegetation can clearly be
seen in the diagrams and this will include wildsg&s with large pollen grains. Thus, it is not
possible to say whether the cereal-type pollenlyeames from cultivated cereals. As already
mentioned, cultural indicators are common in sutteavironment. As discussed in the Stone Age
section, there is similar evidence in the studyReynald and Hjelmroos (1976) from several sites
in the northern Ostrobothnia region, so this evigeis not conclusive. However, it has been used to
support the hypothesis that cultivation startedarthern Finland soon after it began in the souther
part of the country (Vuorela & Hicks, 1996; Mokkdne&010) However, the occurrences of cereal-
type pollen are small and scattered. For examgeat-type pollen is seen at Merijarvi from the
basal section of the core, which dates to befoeeigblation of the lake. This can be viewed as
evidence of the marine shore environment rather tidtivation. There is nothing other than pollen
to suggest cultivation: the archaeological recardgests that cultivation started in the Medieval
period (Huurre, 1983).
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Table 4. Sites producing claims of cereal cultmatiuring the Bronze Age, 1500-500 cal BC

Site Definition  usedApart from singleDating materialReference
for Cereal pollen pollen, evidenceand comments
of farming
18. Lohijarvi,| Grain size > 40 um ignored It is not possible Tikanen (1978)
Ylitornio trace beginning from
such site. See
discussion.
19. Aholammi, Jamsa Grain size  >BB720 + 220 cal BPDating from bulk Koivula, Raatikainen,
annulus  >8 umy(3460 + 90BP) sediment. See below|Kananen & Vasari
Anderssen 1978 (1994)
20.  Katinh&nnasuoNot published 1580 + 280 cal BBating from bulk Vuorela (1975a)
Vihti (1650 £ 140BP) sediment
21. LoimaansuoNot published 3670 + 300 cal BBating from bulk Vuorela (1975a)
Huittinen (3400 + 130 BP) sediment
22. Mortraskt, Sipoo | Grain size >40umBetween 2000 - 100@ating from  bulk Sarmaja-Korjonen

annulus >8 um, BeudsP

(based

1961, Andersen 1979 estimation)

rsediment was too o
and thus estimation

o

other studies

done by comparing to

d1992)
IS

23. Isoskarret, Kemig Not published 2480 + 190BHRl Dating from bulk Aspelund & Vuorela
sediment. (1989)
24. Mossdalen, Kemi| Not published 500 cal BP (bazeddating from bulk Aspelund & Vuorela
estimation) sediment. (1989)
25. Ahvenainen>42, Beaug 1961(2400BP) No dating Tolonen (1978b)
Koski Faegri & Ivarsen
1975, Rowley 1960,
Andersen & Bertelsen
1972
26. Ketohaka, Salo >42, Beaug 1962680 + 360 cal BPDating from bulk Tolonen (1985)
Faegri & Ivarsen(2320 + 120 BP) sediment
1975, Rowley 1960,
Andersen & Bertelsen
1972
27. Niuskala, Turku Not published No results bef@@ Sampling from Vuorela &

cm modern field sedimentempidinen (1988)
28. Syrjalansuo Not published 1500 + 100 cal BRadiocarbon fromVuorela & Kankainen
Taipalsaari (1605 £ 40 BP) moss (1993)
29. Hirvilammi, Loppi| Not published Only sporadic tracd3ating from bulk Rankama & Vuorela
(1-2) cereal pollens |sediment. Result$1988), Vuorela
from 5cm (960 + 100(1993)
BP) is clearly too old.
30. Not published 830 + 150 cal BPating material is notVuorela (1993)
Kaartinlammensuo, (900 £ 90 BP) mentioned.
Loppi
31. Rybnénsuo, Vihti| Not published 120 + 100 HERting material is notVuorela (1993)
modern mentioned.

32. Kissalammi

, Beug 1961, Faegri| & 2450 BP

Varasrd

Tolonen (1981)
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Palkane

Ivarsen 1975, Rowley

1960, Andersen &
Bertelsen 1972
33. Siikasuo,Not published No dating from thB®ating from peat Vuorela (1991)
Harjavalta beginning
34. Kirkkojarvi,| Not published 1040 + 260 cal BPating from bulk Vuorela (1975a)
Vehmaa (1140 +140 BP) sediment
35. Konnunsuo,Beug's (1964) criteria<620 + 95, modern Dating from bulkolonen & Ruuhijarv
Joutseno only cerealia type was sediment (1976)
recognized
36. HaukkasuoBeug's (1964) criterial550 + 240 cal BPDating from bulk Tolonen & Ruuhijérv
Valkeala only cerealia type wag1670 £140 BP) sediment (1976)
recognized
37. Tyétjarvi, Hollola | Not published 2430 = 280 c8P Dating from bulk Donner,Alhonen,Eron
(2350 + 100 BP) sediment en,Jungner & Vuorela
(1978)
38. Antinlampi, Not published One separate staDating from bulk Vuorela,Uutela,Saarni
Laukaa 2890 = 100 cal BPsediment sto,limasti &
(2790 £ 40 BP), but Kankainen (1993)
more continuous 830
+ 90 cal BP (900 + 40
BP) onward
39. Merijarvi, li Grain  size  >45jgnored It is not possible t&keynald & Hjelmroos
annulua >8 um trace beginning from(1976)
such site. See
discussion.
40. Kantala,Beug 1961, Faegri &stimation 1000BP Dating is based |dolonen (1978a)
Saaksmaki Ivarsen 1975, Rowley radiocarbon and
1960, Andersen & sedimentation rate
Bertelsen 1972
41. Kuivajarvi,| Not published 2690 = 150 cal BBPating from bulkVuorela & Kankainen
Tammela (2620+45 BP) sediment (1992)
42. Linnajarvi, Beug 1961, Faegri 8&<2650+120 BPDating from bulk Tolonen (1990)
Kuhmoinen Ivarsen 1975, Rowleyinterpolation 2000 sediment and
1960, Andersen &2200 BP) interpolation,
Bertelsen 1972 Tolonen (1990
mentioned that it's

likely to be 600 year
too old

[%2)

43. Lovojarvi, Lammi

+

Beug's (1964) criteri,710 500 cal B
only cerealia type wa$2620+180 BP) and
recognized 2560 + 438 cal B

(2500+180 BP)

PDating  from  bulk
sediment, Huttunen
PTolonen (2977

believed that datin
were 800 year too olg

Huttunen & Toloner
R(1977)

N

g
)

Dalkarbytrask, Jomala | No dating ignored Fries (1963)
44, Heindlammi,Not published No dating ignored Simola,GrénlundyT]
Siilinjarvi itsainen & Huttuner

N
(1991)

45. Katajajarvi

Erdtman et al. (19619, 660 (cal BC)
Faegri & Iversen
(1989), Moore et al.
(1991), Reille (1992,

Dating material is n
published

@tlenius et al. (2009)
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1995)

46. lgumeeninlampi | Not published c. 800 BP, in |hating from plantVuorela,Lampiainen
neighbouring sites | macrofossils & Saarnisto (2001)
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Figure 7. Pollen of cereal-type curve from Kissat@mRedrawn with modifications from Tolonen
(1981, Fig. 2)

Conclusions

Pollen analysis is a useful tool, but is not anoalise method for determining the presence of
agriculture. Wild grasses can produce pollen okaktype, Hordeum- type, and Triticum-type.
Consequently, any evidence derived from single pajjeains is always questionable. As there is
not enough reliable evidence to support agricultaféinland before the Iron Age, we conclude that
more studies using different lines of evidence \rguired before Stone Age or Bronze Age

cultivation can be proposed.
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The evidence from Finland thus takes its placegdme that from most of the rest of Europe. The
early pollen claims for cereal cultivation are ambons, and increasingly out of line with all the
other sources of evidence for agriculture. Finlaiots as an important test-case for Europe as a
whole: since prehistoric agriculture was a margew@nomic activity so far north, the pollen claims
focus attention on the issue across the contirenitire work by Finnish archaeologists on the date

of the earliest agriculture in Finland will be of ontinental significance.
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PAPER 2

The spread of cultivation in Finland was not a sinlg event

This study summarises the dating results from ghblil pollen studies that indicate the beginning
of farming in Finland and the adjacent regions, aadhpares this to a population proxy obtained
from archaeological materials and charcoal fronhaeological contexts. The results indicate that
the beginning of farming in Finland was a complergess with several intensification periods.
Moreover, the most important expansion of cultmatioccurred during the Iron Age and later

periods.

Introduction

The beginning of cultivation is considered one loé tmost important developments in human
history. Broadly speaking, it made sedentary socwth hierarchical social structures possible,
which allowed civilisations to grow and become melaborate. On the other hand, it forced people
to settle, have a less varied diet, work longerfi@nd suffer greater risks of sickness (Armelagos
& Cohen, 2013; Spencer Larsen, 1995). These gendesl have exceptions howewnot every
sedentary society was based around farming nor evasy farming society (especially animal
husbandry-based) sedentary. Nevertheless, it wasage that affected humans greatly in every
place that it occurred.

Finland is situated at the northern agriculturaiigieery of Europe. Even when modern farming
techniques are applied, ecological limitations pravcultivation from being practised in many
areas. In this harsh climate, cereal cultivatios h@ver been an easy task, and catastrophic farming
failures have occurred several times even througtiei 2¢" century (Peltonen-Sainio & Niemi,
2012). Moreover, the northern climate is not thé dimiting factor for farmers, as approximately
only 15 % of the land is suitable for field cultiian (Soini, 2010). Nonetheless, slash-and-burn
type cultivation can be practised on unfavourabits ss it does not require work on the soils. This
is one of the reasons it was the main method divation in eastern Finland until the 2@entury

AD (Heikinheimo, 1915; Solantie, 1988).

The question of who first started farming in Firdda still under discussion. However, it is notyonl
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the question of when farming was firstly practisedFinland that is of interest, but also the
particular processes involved when it spread thmoug the country. This information could
contribute to the more general discussion of tireap of farming in other marginal areas. In this
paper, we will discuss previously suggested idéasibhow farming spread throughout Finland and
compare the pollen evidence with estimates of @djmul size from the same area. This could help
determine whether this was a single process orlghmmiclassified into several events. This means
that while the focus of this paper is on the spreddarming it does not take into account
agricultural intensification. By combining severaublished studies, we try to minimize the
possibility of interpreting or over-emphasising ame case study, although this approach does not
necessarily identify systematic errors, which Wwél discussed in the dating methods section.

The pollen evidence has been discussed previondlyad review papers (Donner, 1984; | Vuorela
& Hicks, 1996). Donner (1984) studied pollen res@itom southern Finland. His conclusions were:
1. that there is sporadic evidence of farming mftbrm of single grains of cereal pollen during the
Bronze Age which could indicate cultivation, butttin@ost signs of cultivation can be seen during
the lIron Age and, 2. That the introduction of rgevisible in pollen cores pollen between AD 450
and 1000. Vuorela and Hicks (1996) estimate theaprof farming based solely upon pollen
analysis. They include every single cereal-typdepogirain as evidence, and conclude that farming
first started in the south-west of Finland apprcadiety four thousand years ago and spread very
quickly across the country. As already pointed @ghtinen & Rowley-Conwy, 2013; Simola,
1999), this synthesis is based on uncritical uspatien studies and thus is very likely incorrect.
Furthermore, this leaves out the important questiohow farming spread throughout the country.
This question is highly significant when discussimgether farming was introduced by immigrants,
adopted by locals or through a combination of bibéhse means (Galeta et al.,2011). It can be
assumed that if there was significant immigratioto ithe region of current day Finland, this could
mean a fast introduction of farming into the mastdurable areas (such as Varsinais-Suomi region)
and a significant population increase.

The pollen studies are compared with an estimatgopiilation size, which can be indicative of
farming, because in most areas farming causesn#isamnt increase in productivity which in turn
causes population density to increase. In EuropgeNamth America, this increase in population size
has been studied using radiocarbon dates. In Briaance and Denmark population size increased
rapidly after the arrival of farming (Collard et @010; Shennan et al., 2013). Collard et al. (2010)
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also showed that the earliest cereal macrofoss#isdeorrespond with an increase in the number of
radiocarbon dates on other materials which are asea proxy for population size in their study.
This paper focuses on the pollen evidence fromaRohlas a proxy for early farming and compares
this to estimates of population size based on cadimn dates covering most of Finland (Oinonen
et al.,2010).

Spread of farming during the Prehistoric period

Recent discussions of the beginning of farming mdfid have argued for dates anywhere between
5000 BC to the final millennium BC (Alenius et al., 30JAlenius, 2011; Blauer et al., 2013;
Lahtinen & Rowley-Conwy, 2013; Mokkdnen, 2009). Adplived debate in early farming studies
in Finland has been about whether single cerea-pglen grains are indicative of farming or not.
Alenius et al. (2013) and Mokkonen (2009) based grguments on Vuorela's (1970) finding, that
barley does not produce a large quantity of polgnthat in conjunction with cultural indicators,
each grain of cereal type pollen can be used ama$ human presence. Alenius et al. (2013) also
report the discovery of a single pollen grain otlwheat Fagopyrum esculentundated to the '6
millennium BC, which they conclude to be evidencéhef possibility that agriculture spread from
east Asia, rather than the Fertile Crescent, toaRthl The emphasis of single pollen evidence was
critiqued by Lahtinen & Rowley-Conwy (2013), by cateiing a common problem in pollen
studies: “cereal-type” pollen comprises a grouarfous grains including those of both wild and
cultivated grasses. This means that natural firek marginal scale farming can produce similar
pollen data and that the possibility of contamimatrequires consideration (Behre, 2006; Beug,
2004; Hornberg et al., 2014; Joly et al., 2007;tlredn & Rowley-Conwy, 2013). Consequently,
each pollen study should be interpreted with cautieor exampleHordeumtype pollen has been
recorded from Lehmilampi (first in zones 3a, 3b &ugl then not in hiatus zones 3d and 3e, and
again in top most zone 4). This has been usedatm¢hat cultivation was practiced (Augustsson et
al., 2013). This claim is advanced regardless eff#lct that in Augustsson et al.’s cluster analyse
the last pollen zone withlordeumtype pollen (3c) and the overlying zone withou¢3d), show
closer similarities with each other than is foundoag zones beneath it where cultivation is
considered to have been practised (i.e. zones, 33, Bone 3d was considered to reveal a period
when cultivation was not practised or when thers Wvle or no human disturbance’, whereas zone
3c exhibited cultivation activities around the stusike (Augustsson et al., 2013: 1254). This seems
illogical and these similarities are not explainedheir paper. This illustrates how difficult & to

interpret pollen data from a single core.
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Apart from pollen analysis, the first indirect esitte for farming has been discovered through lipid
residue analysis from Corded Ware (CW, 2800 — 2300 Btery that identified traces of milk

(Cramp et al., 2014). Analyses were done at sewtes, but only one sample contained milk
traces. It is not known whether these ceramics Wwarally manufactured. The analysis suggests
that animal herding may have been practised albagsouth western coast of Finland during the
CW period. Importantly, there are no traces of mékidue from the subsequent Kiukainen culture
(2350 — 1500 BE), which suggests that this practismppeared or that aquatic resource
exploitation was re-established (Cramp et al., 20THhe CW culture occupied only the coastal
areas, and the most fertile areas in the countuying the warmest period in the Holocene
(Carpelan, 1999; Heikkila & Seppa, 2003). It is polesthat similar subsistence practices have

since become impossible due to limitations impdsedlimate.

Direct information of animal husbandry from the lemt stages of farming is scarce. Finnish
osteological material is challenging as presenatkeb are mostly burnt, fragmented or visible only
as residual shadows in the soil. However, domestimal bones can easily be distinguished from
those of wild animals, because aurochs never lind€éinland and wild boar made only occasional
visits. Cattle and pig bones can therefore be predutm come from domestic animals. Only four
individual bones of domesticates have been radiocardated to before the Iron Age: one
sheep/goat, two cows and a horse (Blauer & Kante2@18; Blauer et al., 2013). If these dates are
correct and these animals were herded locallgntains possible that cereal cultivation and animal
husbandry were adopted separately. Mannermaa ankwDth (2010) argue that even if small
scale farming was practised, contemporary sitesatel farming and hunter-gathering taking place
separately in the same areas during the early mpetadd (1500 BC - 500 AD). This is seen in both
Varsinais-Suomi and Ostrobothnia, which are culyeateas with the oldest published and dated
cereal macrofossils (Holmblad, 2010). Mannermaa Reckwirth (2010) summarise that from the
available osteological evidence, not everyone medta farming-based subsistence economy even
during the Iron Age in Finland.

Direct evidence of cereal cultivation in the formi macrofossils has not been collected
systematically, and no evidence of cereals datddrdehe last millennium BC has been well
published (see Lahtinen & Rowley-Conwy, 2013). Thisot the only problematic area in studying
Medieval and Iron Age farming, as there is a latkwdence for farming related activities recorded

from settlements from both periods (Mikkola, 2008lost excavated sites are cemeteries, single
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objects or hoard finds (Mikkola, 2009). This malktesery difficult to estimate migrations or the
establishment of new settlements or small scaletwans. Unfortunately archaeological material is
very limited and even recent historical periods'{&8ntury AD onwards) are not represented in the

archaeological record in many parts of the country.

Most recently, Josefsson et al. (2014) studiedsfiread of farming in northernmost Fennoscandia.
Their conclusion was that farming started in thastal region and then spread to the hinterland.
Unfortunately their argument is undermined by twe studies they based their work on, one by
Reynaud & Hjelmroos (1980) and the other by Augustst al. (2013). Problems in the first study
have already been addressed in Lahtinen and Rowlay(2013), as they have used the criterion
of a size of 45um to identify cereal-type pollen. However, thisnsfact more likely to be from a
wild grass than a cereal. It is possible that eation was practised in Nurmes (Lehmilampi), as
Augustsson et al. (2013) stated, from 1800 BC onwhthe date is correct. Nonetheless, the site is
in an area which has never been favourable forivatilbn, and where people have had to
supplement cereals with pine bark even into th& @htury (Koistinen, 1912). This leads to the
guestion: why would someone start to cultivatergea that are remote and marginal, rather than in
the most suitable region (south Finland)? The otixefanation is that early farming was present on
a very small scale allover Finland, as Herva e(2014) recently suggested. In our opinion, this
seems an even less likely scenario. Farming pesstitke any other technological innovation,
require continuity. Farmers need to harvest croperyeyear, and they would risk losing the
knowledge involved in cultivation and cereal vaastadapted to their marginal environment. This
information is vital for a successful harvest imaluareas of eastern and northern Finland where
farming could be neither simplistic nor random. Eaample, slash-and-burn farming, which was
the main type of cultivation until the 9Gcentury in east Finland (Heikinheimo, 1915; Saémin
1974), included several years of pre-planning, Iming management of the forest, and in some
forest types, several years of burning activitiesrpto the actual cultivation process (Soininen,
1974).

The spread of farming in the Medieval period and aker

It has been suggested that farming did not spredmany areas of Finland until as late as the
Medieval period (in Finland, the £30 16" century AD) or even the Early Modern period (Orma
2003; Orrman, 1991; Taavitsainen et al., 1998; &gl 2010). However, this assumption is based
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on very limited historical material. It is mainlyaked on letters from peasants complaining to the
authorities that new settlers have occupied thend Iwithout approval (Soininen, 1957). This

suggestion comes from sources that lack citatiodssould no longer meet academic standards.

It has been suggested that the interior and nartparts of Finland were populated by farmers
much later than the southern part of the countayt &f this was the migration of Swedish farmers
to the coastal areas of southern Finland in tHE dr314" centuries AD, a similar migration of
Swedish farmers to Ostrobothnia in thé"Tentury, and the population movement into innet an
northern Finland in the i5century. These migrations have been considerdtagisg continued
during the early modern period in the form of thgnation of the Forest Finns into the northern
Swedish interior and to the New World (Solantie 8980rman 1991; Wallerstom 1995;

Taavitsainen et al. 1998).

Korpela (2012) strongly objects to the theory ofgration into Eastern Finland during the late
Medieval period, claiming that the idea is basdélgmn historical documents that are very likely
biased. Korpela (2012) argues that farmers becasilgler in remote areas only when the Swedish
or Novgorod realm and church was established am@rbéeeping records. Thus this assumed
migration into new areas might reflect the esthipfiesnt of centralized authority and record
keeping, not actually a new occupation.

Immigration into new areas has been explained tjiirahe exploitation of uninhabited land for
hunting and fishing, which eventually led to thekcupation (Enbuske, 2006; Keranen, 1984;
Luukko, 1959; Soininen, 1957). The utilization bese unsettled areas has been explained by the
existence of the “eramaa” (English: wilderness)urel Under this model, people travelled from
their permanent settlements up to hundreds of latoes for hunting, fishing and small-scale slash-
and-burn cultivation. The wilderness was utilizedlidg the summer, whereas winters were spent in
permanent houses to which people returned withr theivest (Luukko, 1959; Taavitsainen et al.,
2007; Taavitsainen, 1987; J. Taavitsainen, 2004yitsainen et al., 1998). Korpela (2012) argues
strongly against the existence of this traditiore $tates that there is no motive for returning to
more permanent sites during winter: “There werelegal, social, religious or other coercive
structures that made them do so”, and there ischahblarge-scale evidence (Korpela, 2012: 242).
He suggests that it is very likely that the innartpf Finland was not empty, nor was wilderness
used in the way that Taavitsainen (1987, et al812904, et al. 2007) have suggested Permanent
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occupation could have reached remote areas, butodire lack of a central administrative system
there are no records of this. He further suggdsa$ pollen analysis has shown evidence of
cultivation in these areas during the periods ef ¢tkimed migrations. Thus this model remains

hypothetical.

Dating of pollen analysis

Establishing chronological timelines for eventsotigh high resolution dating methods is a major
objective in all fields of archaeology and paladabg. It is particularly important when case

studies are compared with one another. Only théinpgssible to determine if different events are
simultaneous and thus connected to each otheollenpstudies, the most common methods used
are radiocarbon, varve or paleomagnetic dating. él@w there is always a degree of uncertainty in
the results, which cannot be precisely calculaiéderefore it is not always possible to estimate
dates accurately. This means that dating resuttsidtalways be critically examined, and discussed

in light of potential variability due to differenseén materials and methods.

Varve dating is based on the calculation of antaminated sediment layers deposited in lakes.
This can be studied only in very specific sedimegotaenvironments where lamination is not
disturbed during the formation of each varve. Tgpienvironments are small lakes that are
topographically closed or sheltered. Varve datmdhie most precise dating method available for
pollen cores, and since there is little disturbancguch an environment the pollen profiles are als
often more reliable. However, this method can hbl@matic due to missing varves, issues with
identification, and underestimation of sedimentutizance (Ojala et al., 2012).

Radiocarbon dating from bulk sediment has been loyayvn to result in dates that are too old or
too recent in sediment age-depth models. In Finldhd difference between varve and bulk
sediment radiocarbon dates has been as much asy2&@ (Alenius, Saarnisto, Taavitsainen, &
Lunkka, 2011; K. Tolonen, 1980; M. Tolonen, 1978881). Improvements in calibration have
narrowed this difference in some studies (see tahlevhich suggests that the offset might be
smaller than was estimated. Finnish bedrock iginbtin carbonates, so this difference is not due t
the effect of hard water, but is more likely duethe recycling of old organic carbon in the lake
catchment area. Similar effects have been recomd&iveden (Stanton et al. 2010; Zillén et al.
2003)
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Table 1. Calibration of late 1970's radiocarbon damgvas redone with Oxcal version 4.2 with
calibration curve IntCall3 (Reimer et al., 2013; $tuiet al., 2013). Table shows the difference
between calibrated probability distribution andweaages in Lake Ahvenainen (M. Tolonen, 1978a,
b) and Lake Lampelonjarvi (K. Tolonen, 1980). Ages in BC (-)/AD (+).

Site Sample Radiocarbon Calibration Upper varve age Difference
number age lower range
range
Ahvenainen  Su-690 800 (+100) 1023 1390 1473 83
Su-691 970 (£100) 780 1267 1168 0
Su-692 1450 (+100) 356 768 833 65
Su-693 2010 (x100) -354 230 546 316
Su-722 2080 (+100) -375 117 37 0
Su-723 2300 (x100) -757 -115 -304 0
Su-724 2770 (x100) -1213 -791 -915 0
Su-695 3440 (x100) -2017 -1508 -1464 -44
Su-698 3290 (x100) -1878 -1318 -1634 0
Su-696 3550 (+x100) -2194 -1637 -2106 0
Su-701 4040 (x100) -2881 -2306 -2987 -106
Su-702 4450 (x100) -3484 -2896 -3630 -146
Su-700 4820 (x100) -3894 -3366 -4200 -306
Lampelonjarvi  Su-581 1450 (£50) 435 666 1557 to 806
1472
Su-582 1840 (£130) -165 530 1185 to 623
1153
Su-583 2310 (£90) -755 -170 1098 to 1213
1043
Su-576 1830 (£130) -158 534 604 to 556 22
Su-577 2100 (x150) -511 242 385to0 344 102
Su-578 2330 (x70) -750 -202 215to 144 346
Su-579 3580 (x150) -2429 -1534 -1960 to - 0
1800

Radiocarbon dating from peat samples has been skmvee more reliable because the organic
material has grown in-situ and, unlike in lakegréhis less significant carbon recycling (Goslar et
al., 2005). Studies show that pure sphagnum (peashsamples are very suitable for carbon dating
and one study even suggests that there is no msefiect when only sphagnum leaves are used in
dating samples (Blaauw et al., 2004). However, deijpgnon which carbon fraction of the sample
is used for dating, the results can vary signifiarty up to a thousand years (Brock et al. 2011,
Shore et al., 1995).
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Paleomagnetic dating is based on measuring themalgnetic secular variation (PSV) observed
from several different proxies (Holcomb, 1986; Lut896). This variation is seen in the sediment's
magnetic orientation (natural remnant magnetisatiand when compared to known changes in
Earth's magnetic field, it can be used for datiediment layers (Creer, 1982; Mackereth, 1971). In
other words, it is a relative tool that is calile@twith other dating methods, like varves or
radiocarbon from other environments in close prainThe advantage of this method is that it can
be used to date lake sediments which would otherptisvide misleading radiocarbon dates due to
carbon recycling, because it is not dependent dimglan a single sedimentation environment
(Mackereth, 1971). Several studies suggest thathighly accurate (error 50-100 years) in lakes in
Finland (Haltia-Hovi et al. 2010; Kotilainen et 2D00).

In summary, each dating method has particular ssand different levels of uncertainty that are not
always possible to estimate. Because of these amtiges, pollen events should be considered only
as estimates, and it is important to understandabeuracy to within less than 100 years is simply
impossible with the margin of error likely to bgmsificantly greater.

Materials and methods

The data covers published and unpublished inginati reports of pollen studies conducted in
Finland and surrounding areas. The total numbetuafies used in this study is 112. Unfortunately
this does not cover the total area of Finland jtistthe best current approximation for the sprefd

farming. Data is presented in Appendix 1.

In each study, the beginning of a continuous cexged pollen curve was observed. The date of this
layer was recorded in the database. In severatmpoéicords cereal-type pollen shows a hiatus. In
this instance, both radiocarbon dates were incluDades were calibrated with Oxcal (version 4.2)
using calibration curve Intercal 13 and summarired single graph (Ramsey, 2013). Calibration
was performed even if a calibrated date was alrgathlished, in order to make the calibration
distribution more comparable and accurate, espgcdrathe case of older studies. Dates were then
divided according to the dating method used andwsamzed. Summaries of the calibrated dates are

presented in figure 1.

Detailed information regarding the summarised reatibon dates and interpolation parameters can
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be found in the online supplementary material. Ummary, sites were excluded if: 1. the data
needed extrapolation, 2. if the error margins cowdtl be estimated, 3. the dating was considered
considerably too old and erroneous. None of thessitere excluded on the basis that the event

itself did not fit in with the wider picture of tHeeginning of the cultivation in Finland.

Results

The frequencies of the data are presented in fijugummarised calibrated dates are presented in
figure 1 together with breakdowns of different dgtimethods. Visual observation of the summary
and the bulk sediment curves shows three diffepdratses of intensification in the radiocarbon
dates. The first increase is during the secondemmium BC, during the Kiukainen culture, but
notably it is absent in the peat dating resultee $acond can be seen in the first millennium BC,
during the late Bronze Age, and the third in thedtadf the first millennium AD during the Iron
Age. In the varve and peat dating results, twoedght increases can be perceived during the Iron
Age. Overall, in most studies the date of the baigim of farming is situated in between the first
millennium AD and 18 century AD. Visually, the population size estiraticorrelates with the
increase in the quantity of probability of radidwam of pollen studies that have recorded the
beginning of continuous cereal-type pollen. The mealue of the calibrated dates is AD 450, and
the standard deviation () is 730 years.
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Figure 1. Summary of the calibrated radiocarbonbability distribution of all samples and
breakdowns from radiocarbon dated of bulk sediraedtpeat, and paleomagnetic and varve dates.
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As already mentioned, the accuracy of each datiethod varies. The summary curves of the
different dating methods were compared to summanidgke varve and paleomagnetic data. Bulk
sediment radiocarbon results were shifted 0, 100, 300, 350, 400, 500, 600 and 700 years
younger. The best correlation between radiocarbatesdfrom bulk sediment and varves was
reached when bulk sediment dates were shifted @@syyounger (R=0.64). The same test was
carried out between peat radiocarbon dates ancek\aarg paleomagnetic dates. In this case the best
correlation was when peat dates were shifted 1@dsygounger (R=0.74). A new summary curve
was made with peat radiocarbon results shifted s and bulk sediment radiocarbon results

shifted 600 years (see figure 3).

Discussion

Quantity of radiocarbon dates can be used a praxgdpulation size. The method might be robust,
but it can allow estimated reconstruction of chanigepopulation sizes (Timpson et al., 2014). The
population increase was assessed by recording carthon dates obtained from Finnish
archaeological finds and charcoal (Oinonen et28l1,0). This method has been criticised, because
of the underlying assumption that population sizel groductivity of consumables correlate
(Contreras & Meadows, 2014). This assumption caprbblematic when comparing mobile and
sedentary groups or the transition from one inmtlaer. However, regardless of whether the change
in cumulative quantity of radiocarbon dates is eaudvy population increase (i.e. increase in
productivity) or because of a cultural change nestdd with greater archaeological visibility,
comparison of these events correlates with an &seren site recorded pollen. This most likely
indicates a cultural change caused by the samer§adihese population size estimates are based on
radiocarbon dates from archaeological materialsaaedhus independent of the pollen analysis or

radiocarbon dates obtained from the pollen cores.

As mentioned, farming is not the only possible arpltion for an increase in population size.
However, farming can be one of the causes, bedagsa increase the quantity of food extracted
from an area. As seen in the graphs, there issaléirge peak in the quantity of radiocarbon dates
around 4000 BC, but none of the pollen studies supgrorincrease in cultivation at this time.
Therefore this peak cannot be explained by thedhiction of farming practices. This population
increase coincides with several proxies indicatiagid climatic warming: it has been suggested
that this led to a natural increase in productivggding to a higher carrying capacity of the

landscape for hunter-gatherer populations (Tallev&aSeppa, 2011).
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Figure 2. Temporal variation of relative populatisiae (based on Tallavaara & Seppéa, 2011) and
the summary of the calibrated radiocarbon datekisfstudy.

During the last two peaks pollen studies correspsurtprisingly well with estimates of the
prehistoric population size (as seen in figure 21 &). These two proxies are completely
independent from each other (although the reasothi® evidence is most likely the same), which
suggests that the pollen studies are likely tceoeflctual events. It is not possible to identifg t
precise date or dates of these events, becauseceftainties in methodology, but it is likely that
the first increase in the spread of cultivationki@dace during the last millennium BC and that the
second expansion occurred during the first millammiAD. Acceptance of these results must be
tempered by consideration of differences in theuesxy and reliability of the dating methods used.
The accuracy of radiocarbon dating was greatly awed with the development of the AMS
method, with reduced sample quantity requiremdnts.not just the possibility of analytical errors
that should be considered; if bulk sediment wagl dse dating, it is possible that old carbon was
measured, causing results to be as much as 500 yeds too early (K. Tolonen & Ruuhijarvi,
1976).
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Figure 3. A graph showing temporal variation oficadrbon probability density from pollen studies
and population proxy (archaeological material artarcoal from archaeological contexts;
Tallavaara & Seppéa 2011) and pollen studies whenbilk sediment dates and peat dates are
shifted 600 and 100 years respectively. Arrowsdat the location of estimated genetic bottle
necks (based on Sundell et al. 2010).

Lipid residue analysis suggests that Corded Ware (GWiire practised animal husbandry (Cramp
et al. 2014), but this is absent from our polletadand it is not visible in population size either.
Moreover, there is a lack of any archaeologicatlence for cultivation by CW people (Nordqgvist &
Hakala 2014), although Siiridinen (1980) argued tihair lack of hunting related tools could
indicate subsistence based on something otherhimating. The first studies indicating cultivation
date to Kiukainen culture. Moreover, as alreadgubsed by Lahtinen and Rowley-Conwy (2013),
wild and cultivated species can be misidentifigdisl possible that the three results indicating
cultivation during the 'Kiukainen culture' or eaByonze Age between c. 2000 and 1500 BC in fact
recorded wild species, or that the dating is inecttr However, preliminary results suggest that
starch grains of barley have been detected on anbalonging to a Kiukainen culture context
(Juhola et al. 2014), and a radiocarbon date oddiafiom a burned bone of sheep/goat dates to this
period (2200-1950 BC; Blauer & Kantainen, 2013). Adala et al. (2014) admit, future
investigations on the reliability of the starchntication method are needed before these results
can be accepted. It is also possible that burnemgsed the date of the bone to be too old.
Furthermore, signs of cultivation from this periate seen in only three studies, two with bulk
sediment dates - Aholammi (1957 — 1613 BC, Koivulalefi994) and Loimaansuo (2035 — 1716
BC, Vuorela 1975) - and one with a varve date - Kasani (c. 1500 BC, Tolonen, M., 1991).
Because of the unreliability of bulk sediment datitiggse results could date from the early Bronze
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Age, when there is also a small increase in theuladipn size proxy. The only other reliable
evidence for farming from this period is a cow nflaxy molar from Nakkila, southern

Ostrobothnia (1427-1271 cal BC, Blauer & Kantainer,30Overall, the evidence for cultivation
during the Kiukainen culture and early Bronze Agedsy limited, and needs support from future

studies.

The next increase in the pollen date probability papulation size is from the late Bronze Age, c.
1000 BC. However, this is first visible on bulk sedmhdates, which could suggest that this date is
too old. Evidence of milk lipids has been discodefom Bronze Age vessels (undated) and direct
dates have been obtained from two barley grains fd@uthern Ostrobothnia (1000-844 BC; 831-
552 BC; Holmblad, 2010; Cramp et al., 2014). Evideiocesarly cultivation remains limited, but
this could be indicative of minor Bronze Age farmprgictised on a very local scale. Corresponding
weak signals of small scale cultivation are seemfsimilar latitudes in northern Sweden (Viklund
2011).

Radiocarbon analysis of pollen shows that the tiniccease during Iron Age started from c. 300 AD
onward. This increase is mainly dominated by raalilbon dates derived from peat samples. This
coincides with an increase in the population skzewever, a peak in the summary curve of the
pollen analysis radiocarbon dates occurs at cABBecause of uncertainty in the dating methods
used in pollen analysis (as discussed above) nioie likely that the increase in the occupation of
new areas in fact occurred between c. 600 and TO0TAis increase may be connected to the
introduction of rye cultivation. It was not pos@blo estimate in this study, which varieties or
species of cereals produced these signals of atitiiv. Nevertheless, it is interesting that durtimg
Iron Age a change in macrofossil evidence in sautt@veden indicates an intensification of rye
cultivation (Grabowski, 2011). Donner (1984) claithat rye spread to Finland between theaid

11" centuries which could be a possible explanatiantie rise in the quantity of pollen studies
indicating farming during the first millennium ADhis does not necessarily mean intensification of
farming, as Donner (1984) has already argued: rgdyzes more pollen than barley and therefore
has greater visibility in the pollen record. Howevbecause of the simultaneous increase in
population size, it is likely either that more sibie farming methods were developed, or that
farming spread into new areas. The cultivation y# could explain a population increase, as
although rye is climatically more difficult to cidate than barley, it provides larger harvests
(Solantie, 1988). Another possibility is that tpigpulation size increase was connected to a growth
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in trade evidenced by an increase of imported ¢bjrom 700 AD onward (Huurre, 1979; Uino,
1999). Increased trade could have provided needed &upplements during a harvest failure

therefore reducing pressure upon farmers.

The decrease in radiocarbon date probability @00.AD is in agreement with the observation of a
possible genetic bottleneck (Sundell et al. 20T0)s would suggest a decline in the occupation of
new areas by farming communities. This same deatirfarms at c. 600 is recorded in Upland in
southern Sweden (Lagerds, 2012) and in Estoniaui2814). Furthermore, a tree ring summer
temperature reconstruction from northern Swedegestg that summers were cooler between 600
and 700 AD (Briffa et al. 1992). This could indicatealifficult time for a farming-based economy.
Another possibility is that the northern borderfafming was reached, and instead of occupying
new areas, farming was intensified in these anghsh would not be visible in this study, but this
seems a less likely scenario as the same phenomeamrbeen reported in the neighbouring

countries.

The rate at which Neolithic farming spread acrossope has been estimated at only approximately
one kilometre a year, although regional variatiame significant (Bocquet-Appel et al., 2012;
Galeta et al., 2011; Pinhasi et al., 2005). Formgta, the LBK culture spread over Central Europe
at a rate of approximately 6 km per year (Dolukhaaal., 2005). This would mean that even with
a much slower rate, Finland (1200 km in length)lddwave been settled by farmers more quickly
than has been previously estimated. It is not ptes$o draw conclusions based on migrations, at
least not with such studies alone, but this stugygests a slow expansion process, which must have

been different to the Central European Neolithiceve

Conclusions

The spread of farming was not a single event, blohg-lasting process, and therefore should be
discussed as a process rather than an evenpdsssble that there was a decrease in the spread of
farming at c. 600 AD, coinciding with the possilgenetic bottleneck suggested by Sundell et al.
(2010). In light of pollen analyses, it seems hké#hat moving into new areas was a long-lived
practise among farmers that continued at least teti16" century AD in Finland. Moreover, these
results suggest that there was no separate Medipxedd of farming but that the spread of farming
continued during this period. After the most infeasstage of this expansion in the™éentury
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AD, it is documented in several historical sourttes Finns continued to spread, but to other parts
of the Swedish realm, into Sweden's forested uglahdppland and to the new world in North

America.

56



METHODS
Stable Isotope analysis in Archaeology

Stable isotope methods have been used in archaeftog the 1970s onward. Several reviews of
the isotope method have been written during thie t{Ambrose and Krigbaum, 2003; Kelly, 2000;
Koch, 2007; Post, 2002; Schoeninger and Moore, 1%¥hoeninger, 1985; Schwarcz and
Schoeninger, 1991; Van Der Merwe, 1982). This arapummarises a brief discussion on the
history of the development of the methodology aneé turrent situation regarding information

related to the dietary reconstruction of collaged dentine.

Largely, the idea of collagen isotope reconstrucitobased on the assumption that collagen isotope
composition reflects diet (Schoeninger and DeNl@84; Walker and DeNiro, 1986). This can be
seen from the variation in the collagen carbonoisetcomposition of the studied animals and
humangsee figurel.). This variation is based on differences in oarbnd nitrogen isotope ratios in
marine and terrestrial food webs (Chisholm and Scteydl982; Schoeninger and DeNiro, 1984)

and enrichment of heavier isotopes in each stéjpeofood web (Schoeninger, 1985).

Terrestrial and
Fresh water

Marine

5 higre
o
-y

513¢c

Figure 1. A scatter plot of carbon and nitrogenape composition variation in different species and
environment. Terrestrial, freshwater and marinedfazebs can be distinguished with collagen
nitrogen and carbon isotope compositibased Fuller et al., 2012 and Schoeninger and BeNir
1984: 636, 637).
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Atoms, Elements and Isotopes

1 18

1 2
H He
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lithium beryllium name boron cartx nitrogen oxygen fluorine neon
16,938, 6.997) 9.012 standard atomic weight (10.80, 10.83) 20, 1. 14.00, 14 (15.99, 16.00) 19.00 2018
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Na Mg Al Si P S Cl Ar
sodiur magnesium aluminium licon phosphornus sulfur chiorine argon
29 12430, 2431) 3 4 5 6 7 8 9 10 1 12 2698 (28.08, 28.09) 3097 13205.3208) | [35.44,35.46) 3995
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium | chromium | manganese iron cobalt nickel copper zinc gallium gemmanium arsenic selenium bromine krypton
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 5893 5869 6355 65.3802) 69.72 7263 7492 78.96(3) (79.90, 79.91) 83.80
37 38 39 40 41 42 43 44 a5 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
rublidium strontium yitrium Zirconium niobium molybdenum | technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
8547 w6 w01 a2 w291 95.962) 1011 129 1064 w079 124 n4s a7 18 w6 1269 m3
55 56 57-11 72 3 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba | eotenos | Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caesium barium hafnium tantalum tungsten rhenium osmium inidium platinum gold mercury thallium lead bismuth polonium astatine radon
129 1373 s 109 1838 1062 1902 1922 1951 1970 P 200
87 88 89-103 104 105 106 107 108 109 10 m 12 n4 e
Fr Ra | anous Rf Db Sg Bh Hs Mt Ds Rg Cn FI Lv
francium radium nutherfordium|  dubnium | seaborgium bohrium hassium meitnerium | darmstadtium | roentgenium | copemicium flerovium livermorium
1 |
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
lanthanum cerum samarium europium | gadolinium terbium dysprosium |  holmium erbium thulium yiterbium Iutetium
1389 w01 109 142 1504 1520 1573 1589 125 1649 163 1689 1 150
89 920 91 92 93 9 95 9 97 98 29 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
actinium thorium | protactinium |  uranium neptunium | plutonium | americium curium berkelium | califomium | einsteinium | fermium | mendelevium| nobelium | lawrencium

2320 210 2380

Figure 2. Periodic table of the elements and aburelaf their isotopes, carbon and nitrogen
highlighted with yellow (redrawn aft&Vieser et al., 2013, table 4).

Atoms are made of different particles. The threennmarticles are named protons, neutrons and
electrons. Protons and neutrons form the nuclewanaitom and both have approximately similar
masses. Compared to the nucleus the mass of theoakecs very small and therefore the mass of
the atom is mostly characterised by the nucleus Miass of the nucleus (i.e. neutrons and protons)
has a given value of atomic mass unit (amu) thanis per particle. This mass unit is given as a
superscript preceding the element symbol (for examptation for nitrogen that has seven protons
and eight neutrons (15 amu)'®\, see figure 2). Isotopes are atoms of an elethatthave a same
number of protons, but different number of neustowhich means that the mass of an atom is
different to its sister isotope. This small madfedénce leads to a different kinetic energy arfteot
thermodynamic properties, and is the reason foctimation of the isotopes in different
environmental processes (Kieffer, 1982; Urey, 19AH)elements have more than one isotope, but
elements such as gold, bismuth, fluorine and sodiiawe only one naturally occurring isotope. The
magnitude of fractionation depends on the relamass difference of the isotopes of the element,

e.g. a relative mass difference between isotope$ghter elements is greater than the mass
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difference in heavier elements (Kieffer, 1982; UrE947). For example hydrogen has two isotopes:
'H and®H, of which have a difference in their mass ratim 1L (i.e. 100 %), whereas strontium has
several isotopes, such ¥8r and®*Sr and a mass difference ratio only 1 to 82 (i.)1(Wieser et

al., 2013). Isotopes of elements of with an atomass of less than 40 are observed to have a large
enough difference in their masses to have a statilgt significantfractionation which is detectable
with most instruments (Schwarcz and Schoening&1)19

Isotopes are categorized as stable and unstablegdioactive) isotopes. A half-life of an isotape

the period of time needed for half of the radioacisotope to decay. There are 256 stable isotopes
and two that have a very long half-life that theancdbe considered as stable. All together 19
elements have only one stable isotope accruingalbtyBe, F, Na, Al, P, Sc, Mn, Co, As, Y, Nb,
Rh, I, Cs, Pr, Th, Ho, Tm, and Au) (Wieser et al120 Radiogenic isotopes are unstable and decay
according to own characteristic half live. Thisdstifocuses on isotopes of two elements: carbon
and nitrogen. Carbon has both stable and radioadotepes. This research analysed the stable
isotopes’®C and *C leaving out the radioactiv'C (present in nature only in trace amounts)
(Coplen et al., 2002) and synthett€. Nitrogen has only two naturally occurring isotep# and

>N (Berglund and Wieser, 2011); other nitrogen isetopre synthetic with half-lives from nine
minutes to seconds (Audi et al., 2003).

Delta notations

Isotopes are not equally abundant in nature. Famgie,*?C -isotope is the most common carbon
isotope; its abundance is 98.93 % of all carbondBed and Wieser, 2011; Coplen et al., 2002).
To make it simpler for the reader, isotope ratibbght stable isotopes are often reported withtalel

notation (unit per mil).
8Y (%) = (RJRs)-1) x 1 004

where Y is the element, R is the isotope ratio &mmple'>N/**N) of sample (x) or standard (s).
This means that the isotope ratio in samplg)(R compared isotope ratio of a standarg.(Ror
carbon the international standard used for comparis the Vienna Peedee Belemnite (VPDB)
marine fossil limestone formation from South Caral{€raig, 1957) and for nitrogen isotope ratios

* (Coplen, 1994; Kendall and Caldwell, 1998)
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is the atmospheric nitrogen gas (AIR, i.e. Ambieridlable Reservoir).

The difference between the isotope ratios of tw@asneed samples, such as different tissues, is
given in AY values. Where x is different substances (for gXamcoiagen-musck @and Y is the
element that is compared. For example the notatiaritrogen isotope ratio5t°"N) between blood
and collagen i8piood-coliagen "N The unit for both delta values are per (%i).

The use of stable isotopes in dietary studies

Analysis of the nitrogen and carbon isotope contmosiof bone collagen is one of the most
common methods used in archaeological reconstrucfialiet. Both of the elements have different
cycles and abundance in the biosphere. Undersirttim carbon cycle started from empirical
studies which showed that different environmentyehaariations in their carbon isotope
composition (Craig, 1957; Rankama, 1948). After tlelisation, the carbon isotope composition
of plants was studied in both the marine (Degeral.etl968; Deuser et al., 1968; Sackett et al.,
1965) and different terrestrial environments (Snaitid Epstein, 1971, 1970). This lead to studies
that showed that variation in carbon isotope comntipos can been seen also in marine and
terrestrial animals' tissues (Haines, 1973; Smitd Bpstein, 1970). Moreover this was seen in
humans consuming either marine or terrestrial di@kisholm and Schwarcz, 1982). The
differences ins**C and8™N values between sea and freshwater habitats ofatime species have
been observed in various studies. For exampledikgmilarity is clearly defined in the freshwater
Lake Baikal and the Arctic Sea. Here, the Baikalss@hoca 9), the top carnivore species of the
food chain, have collages*C values between -23.3 %o and -20.2 %. (Katzenbergl.e2012;
Weber et al., 2002) whereas ringed seRlsota hispida from the Arctic Sea have collagénC
values between -14.5 %o and -13.5 %o (Coltrain et26Q4). This difference between freshwater
and marine resources is also recorded in hair frtarbour sealsRhoca vituling in northern
Quebec where, lake seals not only have |3, but also lowes™N values (Smith et al., 1996)
(See figure 3). Similar differences were found mhaeological fish species, excavated from

Belgium, that are known to migrate between freshsaidwater environments (Fuller et al., 2012).

60



Freshwater Marine
O O
20
O
18 — (]
%E]
O O
16 -
6 [ J O
%O | =
14 — o o [ 1)
55N (%o) IS éj ,
dﬁ o
12 — a 0
o [ ) m]
o
10 —
a P. v. mellonae
8 - @ P.v. concolor (Kasegalik Lake) O
O P. v. concolor (NW Atlantic)
6 T T T T T T T T
-30 -28 -26 -24 -22 -20 -18 -16 -14 -12
5"3C (%o)

Figure 3. A scatter plot of seal hair isotope cosifpan. Seal consuming resources from different
environments have different collagen carbon anchgén isotope hair compositigredrawn after
Smith et al., 1996: 276).

However, environment was not the only explanatibthe carbon isotope composition of tissues of
terrestrial plants and animals. It was also undetktthat plants have two main different
photosynthetic pathways (Hatchs and Slack, 197@) tkad to two different carbon isotope
compositions, which can be observed in the tissfiemimals eating these plants (Minson et al.,
1975). These two main photosynthetic pathways amed G and G. The names derive from two
different carbon cycles, where either three or fanbon atoms are synthesised. The&hway is
used by most plants (Ehleringer and Monson, 1998)that carbon cycle five carbon sugar
phosphate, ribulose-bisphosphate and carbon diosid#ansferred into two molecules of 3-
phosphoglycerate (which has the three carbon miggcltAn enzyme called rubisco catalyses this
event (Calvin and Bassham, 1962). The gathway is a more complex adaptation of the C
pathway. In it, phosphoenolpyruvate (PEP) catalygessphenolpyruve and atmospheric,GQo
oxaloacetate (a four carbon atom acid, Hatch aadk$SI1966; Hatchs and Slack, 1970). The C
pathway was developed to resist more heat and slsyaed therefore it is found mostly in tropical
and warm climates (Edwards et al., 2010; Gowik ®esbthoff, 2011). However, varieties of, C
plants have been developed into more cold resistant amdiesp such as millet can now be
cultivated even in south Finland (Saarinen et24112). However, these species are not commonly

cultivated and are very unlikely to have been prebefore recent times.
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Carbon and nitrogen isotope composition in boneageih is a useful method for dietary
reconstruction because of small variation of itpgople consuming similar diet (i.e. individual
differences on metabolism causing isotope fractionaare small). This small variation has been
observed from a North American population that gibsce was based on bison hunting; thag
only 0.3 %o (b) variations in their collagen carbon compositidroell and Nelson, 1986).
However, as it was not a controlled experiment, sawhple size was small in each age group, it

would be necessary to ratify the results in thartit

Different tissues used in dietary reconstructions

The most commonly discovered archaeological hurearains are bone, enamel and dentine. Bone
and dentine are composed of different tissues wtdoh intertwined mineral and organic
components. The mineral component of the bone asuatirst is mostly biohydroxyapatite,
Cao(PO4)(OH),, whereas the organic component is mostly a prateinplex called collagen. A
small quantity of other organic substance, a grauizktance, is present in bone and dentine. These
non-collagenous proteins can also be preservedoire but the collagenous proteins are more
resistant to post-burial alteration, larger in gugrand therefore other protein types are present
only insignificant quantities (Schmidt-Schultz aB8dhultz, 2004). The mineral part of the bone is
more likely to be altered than for example apatitenamel, and is not often used in archaeometry
because alteration is difficult to detect (Budd let 2000; Koch and Fogel, 1997; Nelson et al.,
1986; Schoeninger and DeNiro, 1982). However, ssindies have used bone apatite (Sullivan and
Krueger, 1981) and even if methods for recognitmhnaltered apatite and removal of the
contamination have been developed (Lee-Thorp arahi&pmer, 2003; Pate and Hutton, 1988;
Person et al., 1995; Price et al., 1992; Sillen Sadly, 1995), currently the use of bone apatite in

diet reconstructions remains doubtful.

Collagen is insoluble to water and can preserveaehiptoric bones, even if the bone minerals have
been alter (Hedges and Wallaceb, 1978; Nelson,et@86). Collagen is a fibrous protein that can
be found in bone but also in many other tissueanéist cases, only bone and tooth preserve in
archaeological contexts, other type of tissues liaae collagen, such as skin or muscle, are not
discussed here as they are not studied in thismg@seHuman bone collagen includes 20 different
amino acids (Alanine, Glycine, Valine, Leucine, l&awine, Proline, Phenylalanine, Tyrosine,
Serine, Threonine, Methionine, Arginine, Histidihgsine, Ornithine, Aspartic acid, Glutamic acid,

Amide, Hydroxyproline, Hydroxyline) (Eastoe, 199%arding, 1963). There are different types of
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collagen - at least 16 have been discovered - Buto80 percent of all collagen falls into the
categories I, Il and lll. Differencdsetween categories is the composition of the ceflagherefore
not all tissues are not necessary comparative, iév&tope composition of collagen of the tissse i
measured. Bone and dentine collagens are mainly Ityqmdlagen and that is formed from two
different types ofchains; oneal and one chain o&2 structure. Moreover, it is a very large
molecule, approximately 300 nm in length (Beckerakf 1986; Freeman, 2000). There are
variations in bone collagen composition betweetriettht animals, these variations in no due
difference in amino acids, babncentrations of the amino acids vary betweerewdfft collagen
groups. For example, fish bone collagen has mareesand glycine whereas mammalian collagen
is has higher concentrations in hydroxyline andlipeo(Szpak, 2011). The building blocks of
proteins, amino acids, can be classified as esderdnd non-essentials. Essential amino acids
cannot be synthesised in the body and thus aredamlyed directly from food. The essential amino
acids for humans are valine, leucine, isoleucimegednine, methionine, phenylalanine, lysine,

tryptophan (Young, 1994).

Bone collagen is constantly being remodelled dutireglifetime of the bone. Approximately 5 to
10 % of the bone collagen is renewed each year. réte of remodelling is not completely
understood and estimations vary. A medical studyodern living adults, suggest estimate of 20

to 80 years for total remodelling of bone collagétedges et al., 2007a). It is also known that
turnover rate is not constant; it increases inrpeniopausal and early post-menopausal women and
slows with further ageing (Kini and Nandeesh, 201R)also varies between individuals, and
several factors effecten the remodelling rate have been observed: thestigetackground,;
mechanical loading of the bones; vascular diffeesnautritional factors; and hormonal factors
(Kini and Nandeesh, 2012). However, it has beermiesl that collagen remodelling ratgght not
vary during the bone's growing period (Waters-Risdl &atzenberg, 2009). In contrast to bone
collagen, dentine collagen does not remodel attdras developed (Smith et al., 2012). This
difference makes it possible to study variatiopast diet during an individual's lifetime until gar
adulthood. This technique of using dentine forafigtreconstructions has made it possible to study
weaning from individuals who survived adulthood l{€uet al., 2003; Richards et al., 2002; Wright
and Schwarcz, 1999); recognising the victims of ifea® (Beaumont et al.,, 2013a) or dietary

changes in marginal environment (Montgomery e2813; White and Schwarcz, 1994).
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The trophic level effect

To be able to reconstruct a diet, it is necessapnterstand the process behind the development of
analysed tissues and the rate tissue can be edpecemrichwith >N or *3C from the diet. This is
often called a trophic level effect (also callegadimination value); the unit is per mil (%o). It
means the difference between the isotope compositfothe diet and the consumeasalysed
tissue. In the early studies, where isotope methedee applied, it was known that isotope
composition of plants vary according to differeniveonments (marine or terrestrial); however, it
was uncertain what kind of changes on isotope caitipn can be expected on animals consuming
the plansThe trophic level effect of carbon isotope compositwas first observed in controlled
feeding experiments by DeNiro and Epstein (1978)dmn average +1 %o. This study showed that
the rate was “similar to different species rosegishe same diet and for the same species raised on
different diet” and that different tissues can hdiféerent trophic level effect (DeNiro and Epstein
1978: p. 495)This was followed by a nitrogen isotope study aiptric level effects in a similar
feeding experiment of mice (DeNiro and Epstein,1)98hey suggested that trophic level effect of
mice varies between different tissues, but it isststent in a species with a different didie rate

of trophic level effect o™N value varied between 1 and 9 %o according to tie¢ a@nd the
analysed tissue, but was on average 3 %o. Thisi8 &fien used in isotope reconstructions for the
enrichment rate. However, in reality one value ii®ly inaccurate and a controlled feeding
experiment of guppy, brine shrimp and mobgeMinagawa and Wada (1984) resulted a varied
nitrogen isotope composition trophic level effecim 1.3 %o to 5.3 %d1lowever, the study does not
report what tissue was analysed, and thereforesthdts are problematic, but the study was used in
the early stage of the diet isotope studies as litapbevidence for the existence of the trophielev

effect.

Soon after these modern feeding experiments o€rdifit species, the trophic level effect was
studied by comparing the collagen isotope compositf wild predators and their main prey. This
study produced a large estimation: the differemcritrogen isotope ratios between carnivores and
their main pray herbivores from two valleys in A&fi showed the trophic level effect to vary
between 5 % and 6 %Ambrose and DeNiro, 1986). In a review paper, Boehg and Drucker
(2003) concluded that there is variation in puldsifieeding experiments and most studies suggest a
range for the trophic level effect in collagen ®téo for5°C values and 3 to 5 %o fé°N values.
These results were based on the comparison ofeslator mean collagen isotope composition.

This study did not consider the possible variatiothe trophic level effect in different levels tbfe
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trophic web and was limited to compare only collagamples from carnivores and their main prey.

Krueger and Sullivan (1984) proposed a theoretivadel to explain the variation that was
observed in different feeding experiments. Theygssted that differences in metabolic systems for
herbivores, omnivores and carnivores could leadifferent trophic level effects of carbon isotope
composition of collagen. In their model, an herlborwes diet would be very likely to have an
adequate amount of proteins, but a shortage oihtasamino acids, which could mean that a
substantial quantity of amino acids are being ssited in the metabolic system of herbivores.
This could lead to a large trophic level effect. Ba other hand, a carnivorous diet, which is purel
based on high protein, could consist of requiretharacid content and therefore the carbon isotope
signal of carnivores could be essentially more Isimio the carbon isotope composition of their
diet. In their model, an omnivorous diet can beigtume of both, and trophic level shifts can vary
according to the diet. Furthermore, they concludk in the case of humans, if they consume
sufficient amounts of meat in their diet, aminodasynthesis would not be needed and this could
lead to a similar trophic level shift to that ofsaloved in carnivores. They concluded that becatise o
a difference in the rate of collagen synthesidagein does not necessarily reflect the total tiet,
only the meat portion and therefore carnivore #sswould have more likely a different trophic
level effect in isotope composition than herbivotdewever, a small proportion of the proteins are
transferred to energy if more optimal sources ae present, and this could affect the isotope
composition of studied tissues. They also sugdest differences between apatite and collagen
values could be due to differences in the carbotose composition of blood bicarbonate and
atmospheric C®molecules that are recycled in the body.

Even if there is agreement that protein consumptdhe main control of the isotope composition
of bone collagen, there are still many poorly ustteyd processes behind this. Firstly, it is still
unclear if species with similar diets would exhibisimilar trophic level shift between their dietla
tissues or if this is characterised by species paditan. In a controlled feeding experiment on mice,
Tieszen and Fagre (1993) showed that trophic Igiviél can vary according to the diet even within
one species. The difference between bulk diet alldgen values was observed to range from 1 %o
to almost 8 %o. This variation is large and may po#dly lead to problems when applying dietary
models, especially if other information on tropkewel shift is unknown. Moreover, a controlled
feeding experiment of captive red foxes found adardifference in isotope ratios between the
tissue types of these carnivores than was obsdovdwerbivores (Roth and Hobson, 2000). A large
data set of isotope composition of different ansnaf published feeding experiments (n=137)
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showed that there was no statistiddference between the trophic level effect of lestous,
carnivorous and omnivorous animals (Vanderklift &whsard, 2003). However, even if they used
large number of samples, their statistical analgsigsisted insufficient number of samples in
different of the categories. For example, in thenparison of mean value of trophic level effect, the
number of vertebrate herbivores was only threeviddal animals, which is clearly inadequate
number of such a large scale analysiswever, even if the sample was small in some caiesg)
Vanderklift and Ponsard (2003) showed that tropeiel effect of herbivores varied more than
carnivores, this could suggest difference on mdisinobetween herbivores and carnivores. As
already discussed, different tissues can haverdifterophic level effects and also they can reflec
different part of the diet, and there is a diffaxemetween same tissue (such as muscle) of ditferen
animal categories such as birds, mammals, invertiebiand fish (Caut et al., 200Rpbbins et al.,
(2005) results suggests that one single valueeofrtiphic level effect is not useful in estimatimi
past diet and more detailed information on indialdiissue types on different animals is needed, as
they showed a strong correlation between biololjicahluable protein and the enrichment rate.
This would suggest that herbivorous and carnivoraosnals could have a difference in their
trophic level effect and is in agreement with thedel Krueger and Sullivan (1984) suggested. This
model is also supported by Reitsema, (2013) whoeargiiat when dietary protein is insufficient,
bodies could “scramble” the collagen from othernmicutrients such as hydrocarbon. His evidence
for the idea is from two case studies (Keenleysidal., 2006; Prowse et al., 2004) that showed that
non-essential amino acids can also derive from théd and not only from proteins, and therefore

the collagen and apatite isotope compositions easirhilar.

Secondly, there is no agreement on the importa@stgpn of the reason for the carbon and nitrogen
isotope fractionation in animals and humans tisques what explains the trophic level effect).
Having a proven theoretical framework would be imt@ot in order to understand variation of the
trophic level effect. Contradictory results are eaplained, because the reason behind is unclear.
For example, a high protein diet has been obsexvéntrease thé'>N value in omnivorous birds
and llamas (Pearson et al., 2003; Sponheimer,2@)3a), and in pigs and rodents (Froehle et al.,
2010), but opposite results hadween observed, as nitrogen content of the diehdictorrelate with
and™N value increase in a study of several species (RRslg al., 2005). The studies by Pearson et
al. (2003) and compared the different diets of rglsi species, but Sponheimer et al. (2003b)
studied different species with different diets. Hmer, Robbins et al. (2005) suggest that the
biological value of the protein (the rate thatwggen is incorporated from absorbed protein to body)
has a strong negative correlatiof(D.72) with the trophic level effect. In other wer eating fish
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(high biological value) would lead to a smallerpina level shift than eating carrots (low biolodica

value). This would suggest that the enrichmentéonivorous animals could be different to marine
animals and herbivores. This would be in agreemattit the model already suggested by Krueger
and Sullivan (1984) that it is not only the quantibut also the type of protein that affects the
trophic level effect. Moreover, this idea of immorte of essential amino acid for trophic level
effect is supported by Tieszen and Fagre (19939, eldserved that in a low protein diet, the trophic

level effect ismaller than protein rich diet

Human hair has been studied in order to undergtanttophic level effeah humans (see figure 4).
Differences were observed in hair nitrogen and @arltomposition of vegans, ovo-lacto-
vegetarians and omnivores humasis values in purely plant based diets was approxmat %o
lower than omnivorous diet; arid®C values was 1.5 %o lower respectively (Petzke et2805).
Moreover, a controlled dietary study of human hasulted approximately 5 %, enrichment in
keratin, which suggest even as high as 6 %o forhijevel effect in nitrogen isotope ratio for
collagen based reconstructions (O’Connell et al1,220This suggested that more information is

needed and the interspecies approximations mighaoeurate.
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Figure 4. A scatter plot of nitrogen and carbortdpe composition of human hair of different
dietary groups (Redravatiter Reitsema, 2013:446, data from Petzke et 860

Currently there are several studies with differepecses that evaluates diet-tissue isotope
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composition shift (some reviews collect evidencemiates (Crowley et al., 2010), overall review
(Vanderklift and Ponsard, 2003), benthic food wéBsterson, 1999). There are no longer easy
answers for a single value of the trophic leveketffand two controlled feeding experiments
showed that the enrichment rate can vary subslignbatween different species (Ambrose and
Norr, 1993) and omnivorous species eating diffediat have different muscle collagen trophic
level effect (Caut et al., 2008). The puzzle ofapets is not as straight forward as firstly thought:
would bepossible to detect the protein source efdiet easily based on simple analysis. Trophic
level effect can vary even within single species,éxample according to the sizefish, because
same species of fish of different size are situatedifferent trophic levels (Overman and Parrish,
2001). A significant difference in trophic levelitltan be observed between marine, terrestrial and
freshwater environments (Caut et al., 2009). Itosanly what we eat, but also the proportions that
affect the isotope compositions; Koch (2007) suggested #maincrease the nitrogen isotope
compositionin a high protein diet is due to more non-essemmino acids are being synthesised
from protein and this is agreed by Reitsema (20IBijs is observed also in human hair samples
from a controlled diet experiment, which suggesi ttarbon and nitrogen isotope ratios correlate

positively with the quantity of animal protein iret (Petzke et al., 2005).

It is not only diet, that affects the nitrogen @ composition; breast feeding makes the child one
trophic step higher than the mothers and incretsas nitrogen isotope ratio (Fuller and Fuller,
2006; Richards et al.,, 2002). There are severabfachaving effect on the nitrogen isotope
composition and increase of thEN values has been observed such as stanaftioamans (Hatch

et al., 2006; Mekota et al., 2006); lack of wa#mprose and DeNiro, 1986); seasonal low protein
intake (Deschner et al., 2012; Vogel et al., 20b®)rning sickness of mothers (Fuller et al., 2005);
high protein intake (Sponheimer et al., 2003b)erideceases (in rats) (Sick et al., 1997); Also
lower §*°C values havbeen observed from human hair of patients wittr lerehosis (Petzke et al.,
2006). These observed increases or decreases@bescompositions should be taken into account
when analysing carbon and nitrogen isotope compasif human samples as there are also other

causes than diet affecting the isotope composdfdruman collagen.

The first archaeological applications

Isotope studies in archaeology started with a malpdiall (1967) suggested that carbon isotope
composition could be used to study corn consumptsmon after, isotope applications were used

for the first time in archaeology to show consumptof maize in Native American population
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(Vogel and Van der Merwe, 1977). This study wastasn the fact that maize is a plant using the
C,4 photosynthetic pathway. Eating thig flant leads to a different carbon isotope sighahtthe
other vegetation, mainly {plants, consumed in the studied area. When consampf maize
increased, this led to a significant shift in carbeotope composition of bone collagen (Vogel and
Van der Merwe 1997). This study showed that iscdagan be used in archaeology to study diet and
several similar studies appeared shortly aftereVagd Van der Merwe (1997) also suggest that the
trophic level shift from diet to humans could behagh as 6 %.. This large shift is supported by
observation in collagen composition of European dwsnthat differ approximatey %. from the
mean of G plants (whictcould be expected to be the main type of plan&surope, Vogel and Van
der Merwe, 1977). First studies suggesting thato® signals can reveal thuese of marine
resources in bone collagen and analyses showephificant difference to those populations to that

use terrestrigbod sources such as milk or cereals (Chisholm.e1883; Schoeninger et al., 1983).

In Europe, the reconstruction of diet has been Ipaiased on investigation of terrestrial and
marine consumption. One of the early studies shoavetlarp shift in diet at the beginning of the
cultivation in Denmark (Tauber, 1981). Tauber (198&monstrated how Mesolithic population
subsistence was based on marine resources andwhasr@ sharp shift at the beginning of the
Neolithic, when people started using mainly terfessources. Similar results have been observed
in several European countries, such as PortugabglLiet al., 1994); in Oland island Sweden
(Eriksson et al., 2008) and in Britain (Richardslet2003). Later on these studies were criticised,
because archaeological and biomolecular evidenoeesh consumption of marine foodstuff and
collagen might not have recorded small scale copsom (Craig et al., 2007; Milner et al., 2004).
This, in fact, was the case in Shetland islandsrevisporadic marineesources were used in the

early Neolithic (Montgomery et al., 2013).

Alteration and diagenesis

In the first studies, it was not known if the pmghric bones they sampled were sufficiently well-
preserved to provide reliable biogenic values. Hsdgnd Wallaceb, (1978) extracted proteins
similar to collagen, but reported that the molesuiad a different amino acid composition to their
modern comparisons. Even if post-depositional msee were poorly understood, results of the
bone collagen isotope studies were reasonable hwdunvinced some researchers about the use of
isotopes to study the past diet, and several diffepopulations were studied (Bender et al., 1981).

Because the question of preservation was unknowwa# necessary to prove that the method

69



works in every situation and on differently presstvsamples: Bones buried in archaeological
contexts are surrounded by natural contaminatiatgeses such as microbes that were likely to
alter the material (Ambrose, 1990). After the fietempts, a study showed that collagen has
preserved and could be used to study the biogeetarg signal which was a very significant
discovery; it is possible to test whether samples @eserved well enough by comparing the
molecular ratio of carbon and nitrogen (often ahl@/N ratio) (DeNiro, 1985). DeNiro (1985)
suggested that the prehistoric samples had siculdegen isotope composition to modern species
if the C/N ratio was between 2.9 and 3.6 (DeNird83)9This is supported by the discovery from a
large data set from Oxford radiocarbon laboratbat have carbon and nitrogen atomic ration mean
3.29 (x0.27), which suggested that the range 3dL 38 is well suited for recognition of well-
preserved collagen (Van Klinken, 1999).

The C/N ratio is now an important part of the evabraof the quality of the samples. A second
quality criterion was the collagen yield. Ambros€©90) observed that the transition from well-
preserved bone to contaminated in collagen yietd/den 3 and 4 % for herbivorous animals and
1.2 % and 1.8 % for humans. Even smaller yield%]lhave been observed to result in reasonable
iIsotope composition and amino acid profiles simitarcollagen (Van Klinken, 1999) which is in
agreement with the detailed results obtained framous archaeological sites (Dobberstein et al.,
2009).

In addition to collagen yield, Ambrose (1990) sugigd that carbon (above 4.5%) and nitrogen
(above 0.5%) concentrations in collagen could bdeddinto the quality criteria of samples
considered well preserved. Ambrose (1990) alsodahat modern animals contain up to 47 % of
carbon. This is in agreement with Van Klinken (1p98o reports that modern Western Europe
mean carbon percentages in bone vary between 2@8&8d% and this could be used with other
quality criteria when assessing alteration. Furtteee, Van Klinken (1999) suggested, based on the
bone composition of modern animals, which the atde range for total nitrogen should be
between 11 and 16 %.

Quality control assessment is an important pathefisotope studies and the only way to guarantee
that the isotope results represent unchanged atigaiues. This needs to be done for every sample
using the methods described above, as it has loesn fthat bone collagen preservation can vary
even within a single site and preservation of gmla cannot be visually observed (Jans et al.,
2002).
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Different laboratory methods

To be able to analyse collagen, it is necessargdiate it from the mineral and other proteins in
bone. This can be done with various methods argktladoratory methods can effect on analysis of
the isotope ratios in bone collagen and dentine. Mbst common methods used in isotope studies

have been:

1. Modified Longin method (Brown et al., 1988):
Mineral matrix is dissolved in weak (0.5 M) HCI sotn; the collagen is solubilised in pH 3 HCI
solution and filtered with ultra filter and freedaed.

2. NaOH pre-treatment (DeNiro and Epstein, 1981):
NaOH treatment is used before the solubilisatioretoove humic acids followed by method 1.

3. Longin method (Longin, 1971):
Mineral matrix is dissolved in weak (0.5 M) HCI soan; the collagen is solubilised in pH 3 HCI
solution.

4. EDTA (ethylenediaminetetraacid) method (Turdss.e 1988):
Bone samples are demineralized in weak EDTA and edhstultiple times to remove the EDTA.

These methods have been compared in various studieskov et al., 2007) showed that in
comparison of the methods 1, 2 and 3, the collagelds and carbon isotope ratios are dependent
on the method for collagen extraction but nitroggatope ratios were constant. Nevertheless, they
suggest that differences in these methods are swuale and would most likely not influence
interpretation on the isotope results in archaaoddganalysis. Tuross et al., (1988) compared
methods 1, 2 and 4 showed that if the bones arepnederved, isotope composition is similar, but
poorly preserved bones shows variation between esthod. According to Tuross et al. (1988)
study, EDTA method seems to produce higher yieldcallagen compared to the two other

methods.

Cleland et al., (2012) showed that the use of hydooic acid as the reagent produces cleaner
samples than use of EDTA, because the remove ¢i@idrom samples is easier. Moreover, EDTA
method required more working hours (Cleland et24112). However, HCI can hydrolyse collagen
and split the molecule into smaller particles (Routakis and Lahm, 1998), which can lower yields
if samples are being filtered (Cleland et al., 20I2ross et al., 1988). Furthermore, very small
differences were reported between different methd®issults of a study also suggest that

hydrolysing demineralised bone powder could be areliable method to use for collagen
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extraction (Cleland et al., 2012; Pestle et al., 4201 was also detected that even if the bone is

altered, extraction with HCI resulted a similar amacid composition to collagen, which suggests

that it can be extracted successfully and presevea if other tissues of the bone has been altered
(Schoeninger et al., 1989).

A recent study suggest that use of filters is eogpuired if the yield is high and the samples fulfil
the discussed quality criteria (Sealy et al., 20T4)is is particularly useful in large data sets as
funding is often limiting the sample size and thteifs are one of the most expensive parts of the
analysis. In summary, these studies suggest that tdlese methods can be used in well-preserved
bone materiaMethod one is the most commonly used one for gelleand applied in this study for
bulk collagen; because it was unclear if bone geltais well-preserved, filters were used in this
study for bulk collagen samples. Method three wasduto study dentine collagen; Collagen

preservation is dentine is likely to be higher #merefore filtering of the sample is not necessary.

Origin of the isotope signal in bone collagen

Even if several empirical observations of tropleied| effects have been done, the mechanisms that
cause fractionation from diet to bone collagenapetcomposition are not completely understood.
Already in the first studies, different tissues wfodern animals showed different isotope
compositions (DeNiro and Epstein, 1978; Jacobsa@h.£1972). This was assumed to be caused by
a different remodelling period between each tisgyee. Moreover, early studies assumed that
collagen would represent the average of the ta¢hl(sfan Der Merwe, 1982). Sullivan and Krueger
(1981) showed that herbivorous collagen and apatiteclates linearly and very strongly with the
type of plants they digest and mixing models camided to calculate the percentage pbCG in

their diet. According to Sullivan and Krueger (198his suggested that the process behind the
collagen and apatite formation and fractionatioousth be possible to resolve.

After a decade of dietary research of collagen l@ndpatite carbonate, it was shown in controlled
feeding experiments that it is mainly dietary protidat affects the isotope composition of collagen
(Ambrose and Norr, 1993; Tieszen and Fagre, 198Bhilar conclusions have been observed
elsewhere (Jim et al., 2004). It has been veryr ¢lest after these studies, that investigationgthas

on collagen evaluate mainly the protein source thatl estimations of the whole diet needs to be
based on several methods, for example a compatsiween apatite and collagen isotope

composition. This is possible because it was shinanhcollagen and bioapatite isotope composition
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represent different parts of the diet (Crowley et 2010; Lee-Thorp et al., 1989). Crowley et al.,
2010) showed that there is a difference betweerafiadite and collagen carbon isotope ratio in
primates regardless of body size, sex, or hablthis supports the idea that apatite and bone

collagen isotopé'°C and3'°N values represent different sources of carbon.

Environmental differences

Because of large differences in the relative massdion and nitrogen isotopes they fractionate in
environmental processes. This means that nitrogah @rbon isotope composition differs
geographically. For example, the parts of thestgm®wing closer to the ground have highEc
value than the canopy (Vogel 1978). Vogel (19783 this ‘canopy effect' first in Germany and it
was soon observed also in Amazonian rainforest (iMeand Minchin, 1980). This was also seen in
the diet of animals living on different levels dietcanopy (Ambrose and DeNiro, 1986). Ambrose
and Deniro (1986) also discovered that animalsigain the forest floor have significantly lower

carbon isotope ratio than browsers.

Other factors affect isotope composition, such @&®gen recycling. It has been observed that
manuring increases the nitrogen isotope ratiodasftp because nitrogen is re-used and fractionated
(Bogaard et al., 2007; Fraser et al., 2011; Kans&tupl., 2012). This would also increase the
nitrogen isotope ratio in the higher trophic levelsd would significantly affect the isotope
composition of animal and plant based food. Thigladancrease the nitrogen isotope composition
of humans without a change in diet.

As previously mentioned, the first isotope recamndions in Europe were based on differences
between marine and terrestrial food sources. Rewmtisins based on the idea that consumption of
fish could be seen from isotope are no-longer vbédause freshwater environments has similar
isotope signature than terrestrial environmentsfdDu et al., 1999). This is an important

consideration when undertaking studies in countgash as Finland and Sweden, which have large

lakes which have the potential to provide a sigatiit source of food.
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Summary

Collagen preserves well in archaeological bonescamdbe successfully isolated from the mineral
component of bone. The study of collagen is usefutlietary reconstructions, but it does not
reconstruct the total diet: the collagenreflectstiyathe protein intake and thus gives us only @ on
sided story. There is still much we do not undedtan the collagen enrichment of the heavier
carbon and nitrogen isotopes. One of the most itapbruestions is the trophic level effect of
humans and other omnivorous species. It seemsathiatals inhabiting different stages in the
trophic levels have the different trophic leveleets because of the availability of essential amino
acids. This would lead to a conclusion that omraegobtrophic level shift could vary according to
the diet. Recent studies suggest that human collagghic level effect for nitrogen isotope
composition range from 5 to 6 %.. Moreover, each @ammeeds to fulfil quality criteria when
accepting the measurements: the sample has C% ImeR@eand 43.8 %, N% between 11 and 16
%, collagen yield more than 1%, and C/N ratio betw2® and 3.6.
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BACKGROUND FOR THE THE IIN HAMINA — THE MEDIEVAL BU RIAL
SITE IN THE NORTHERN OSTROBOTHNIA

The introduction of farming practises has been iptesly discussed in Finland (see former
chapters). However, the proportion of farmed fooddiet has not recieved much attention. This
study introduces isotope analysis on the Finnigtady studies. This chapter introdudks lin
Hamina site in the Northern Ostrobothnian contéixtwill briefly summarise previous studies
regarding the Northern Ostrobothnian area, andlifieulties and challenges that archaeologists
have to face when studying this complex area wtty ittle evidence. Further on, the paper 3 and
paper 4 are provide a step forward in understantfiagdiet in this region during the 1@nd 17"

centuries.

Geography of Northern Ostrobothnia

Finland is situated between 60 and 70 °N latitdde climate in Finland is mainly characterised by
northern polar fronts, continental influences frim East (cold winds during winter, warm during
summer) and marine effects from the Gulf streamrifvirg effects) (Kersalo and Pirinen, 2009).
This means that even though Finland is situatedidrthern Europe, at the same latitude as
Greenland, the climate is warmer, and climatic#llgland belongs to the subarctic zone. The
Northern Ostrobothnian region is located in nonth&inland (see map 1). It is situated in the
subarctic zone, middle Boreal vegetation zone, &edntain vegetation type is pine forest. Soil
types are mainly sand, moraine and silt, but mbent50 % of the land area is covered by

sphagnum peat wetland (Rikkinen, 1980).
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Map 1. The Map of Finland, the Iocatlon of North@strobothnia, and the town Ii.

Post-glacial rebound still causes land uplift ie thorthern Ostrobothnian region. Fertile land has
been rising from the sea since the end of theltastAge (Saarnisto, 2005). This is optimal for
archaeologists, as people prefer to occupy areae®se proximity to water, and the land uplift has
been used in dating estimatiarfssites. It also means that sites have an absolutenum age, the
date when the site rose above sea level and tluasrgeavailable for human occupation. As we can
see from the land uplift rate curve (figure 1), th@ift has not been constant, but has slowed down

towards modern times.

Archaeological Background

The chronology of Northern Ostrobothnia has begmdd into the Stone Age (approximately 7500
to 1600/1250 BCE), the Early Metal Age (approximate§p0/1250 BCE until 300 CE), the Iron
Age 300 CE until 1300 CE) and the Historical perifrdrq circa 1300 CE onward) (Carpelan,
1999; Huurre, 1983). The river li valley is espégidamous for its Stone Age large-scale centres
(Costopoulus et al.,, 2012) and megalith structutee, 'Giant churches' (Okkonen, 2003).
Simultaneous to the Neolithic population declineFinland approximately 4000 BCE (Tallavaara
and Seppé, 2011), population and sedentism aldine@édn Northern Ostrobothnia. It has even
been suggested that population in Northern Osthriitstopped producing and using ceramics at
the end of the Early Metal Period (Huurre, 1983)wdver, this is not necessarily an indication of

abandonment of the area (Hakamaki et al., 2013a).
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Figure 1. A graph showing the sea level from ddfeérperiods. This describes the general rate of
land uplift in Finland (redrawn after SaarnistoQ20166).

The classical debate in northern Finland has ceén@eund whether there was population
continuity, or a migration from the south in the dieval period (Luukko, 1954; Vahtola, 1992).
Due to the lack of research, little is known of then Age (500 BC — AD 1200), in the Northern
Ostrobothnia region (Makivuoti, 2013). Limited eertte for a human presence is found again only
from AD 1000 onward in the form of a small numbémocupation sites devoid of human graves
(Koivunen, 1992; Kuusela and Tolonen, 2013). Evkaugh there is limited archaeological
evidence and unreliable, although continuous, teaype pollen evidence, Kuusela et al. (2011)
assumes the area was uninterruptedly and permgmeatipied during the Iron Age. However, this
hypothesis exaggerates the power of pollen analyigisre is simply no evidence for farming
during the Iron Age because there is not enough ttatsupport this (see Lahtinen and Rowley-
Conwy 2013). Consequently, it is possible that tlvesie no permanent, farming-based, occupation
in Northern Ostrobothnia before the Medieval peribldis is evident in the inner part of Northern
Ostrobothnia, where single artefacts are only foumdreas that have been used during previous
periods, which suggests similar patterns of livadth, most likely hunting, fishing and gathering
(Kuusela et al., 2011). It is surprising that thteagion is very different in the Tornio river area
approximately 80 km north from li, where evidenoe permanent occupation has been discovered
from the late Iron Age onward (Wallerstom, 1995).
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The Iron Age (the period proceeding the Medievaiqah is challenging for researchers in the area
of Northern Ostrobothnia. Studies of the Iron Agethe region of Northern Ostrobotnia are
characterised by the abundance of archaeologic#rias, and minimal resources to conduct
excavations. Surveys have revealed several camhsettiement impressions in the area, but sites
are excavated only rarely, and thus the dating ahynarchaeological discoveries is uncertain.
Several cemeteries and iron casting sites in tha anggest that Northern Ostrobothnia was likely
inhabited during the late Iron Age and early medigeriod (Hakaméki et al., 2013b; Kuusela and
Tolonen, 2011; Kuusela et al., 2013) but detailsuatthe way of living or occupational processes
are still missing. The latest discoveries in liinBaari, the Suutarinniemi site, included human
burials, which suggests that the surroundings imeiie used during the Late Iron Age (Kuusela et
al., 2013), but details on the behaviour or permapef these people are still unclear. Moreover,
poor preservation, scarce finds and unclear stredtaprints make the interpretation of the sites
very difficult (Kuusela, 2012). Also, nothing inglarchaeological record implies that these people
were cultivators (Korteniemi 1992, Méakivuoti 199Dt the opposite can also be argued as there
are simply no reliable pollen reconstructions frtme area, nor macrofossil studies. Thus, more

research on any area of archaeology is vitally eééa the Northern Ostrobothnian area.

Individual discoveries, such as a Karelian typeain@bula, have been made in the village of Ii.
This could represent a trade connection to Ka glekamaki et al., 2013b). Other single artefacts
have been discovered around northern Finland areti&w but not in association with settlements
(Koivunen, 1985). A recent discovery of a cemetsitg in the village li has been typologically
dated from the 12to 13" century AD. This suggests that the lack of exertlence for human
burials at the other sites might be simply due kach of visible traces on the ground. These buried
features are often left undiscovered, due to viemtdd resources on surveys in northern Finnish
archaeology (Kuusela et al., 2013). Nonethelessadimcarbon dates have been published from the
site, and thus it is possible that people in litcared to use typologically earlier styles of jelegy

and the dates are therefore deceptive.

The economy of the Iron Age and Medieval periodQstrobothnia is still mainly unknown.
Nothing in the archaeological record supports thectusions that these people were settled farmers
(Méakivuoti, 2013). Macrofossil analysis has stariedthe Northern Ostrobothnian area, but
currently the site studies are only from historigatiod sites, and it is thus not yet possible &ken

conclusions based on microfossils. The people irthéon Ostrobothnian area started to pay taxes
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on cereals from year 1540 onward. This has beempréted as the beginning of cultivation in the
region (Luukko, 1954), but it does not provide @vide enough as large-scale taxation did not took
place before this (Seppéala 2009). Nor does is explaether all people cultivated or not, and to
which extent they consumed their farmed food thévese(Seppala 2009). Also in the™@entury

the tax was lower than in other regions in Finlé&éeppald 2009 and Luukko 1954), which could be
explained by the smaller yields in harvest. In yfars 1571 and 1600 Northern Ostrobothnia
together with Ahvenanmaa were noted as the mosoriiaupt cow herding area of the country
(Seppala 2009). However, there is no record betédd of cows being kept in the area (Seppéala
2009).

Fish is widely available in the region and rivelhls been famous for its salmon. Fishing is very
likely to have been important in the area. Accagdio the Acerbi (1802) travel story, in the year
1799 AD salmon was an important exported item ftboenOulu region. This was a luxury product,
and the salmon from this area was one of the mqstrsive salmon types in Stockholm at the
time. Other important export items from the areaemar, perch, butter, tallow, pikes and planks.
The town Oulu was also importing rare items suctviag, oil and lemons. Acerbi (1902) travelled
to Northern Ostrobothnia and stayed over the wiméulu where he studied the local culture. He
described how several types of food were eateh, (figg, cow, birds, milk, and barley) and how
they served wine and used wild game such as westgercaillie {etrao urogalluy. He wrote that

in the region of Oulu, an annual cycle of huntimgl dishing was practised; Birds were hunted only
during the summer season (May-Middle June), winéhunting of other animals and fishing was
done solely during the winter months. The seasomsdal hunting was in the springtime, when ice
cover of the sea started to break, and mainly maas were targeted. He wondered why only few
people adapted fire guns, and that hunting was lyndione in traps. Tornio, a town further north
from Oulu, exported mainly: butter, salmon, herriptanks, timber, tar, furs (reindeer, fox, wolfs
and other) and birds. They also imported supplfesom, flour, falt, flax, woollen clothes, linen,
tobacco, spices and hemp. In Tornio, they not emighanged items with towns further south, but
they also trated with nomadic Sami (Acerbi 1802)isTtravel story is interesting, although not
necessarily accurate, as the intention of Acerlts wat to write a scientific article but rather an
entertaining travel story. He was most likely umatdl speak the local language to the extent that he
could have interviewed people himself, assuming tth@ population of the area was Finnish/Sami
speaking at the time he visited. It is not mentibménether all people in Oulu took part in every

type of hunting activity, or that everyone had $amimeals. Since this story is mainly based on his
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companion Mr. Julian's stories and interviews, sitpiossible that some parts are fictional or

misunderstood.
Climate between the 1% to 16" centuries AD

The impact of climate on cultivation and the praduty of nature is larger in marginal areas than
anywhere else. The radiocarbon dates from lin Hamsuggests that the burials were made from
early 15" to very early 1% century (Kallio-Seppa, 2011). During the period Hamina was used,
the annual temperature was cooler and it was ctaised by the Little Ice Age, which affected
Finland from 15 century AD onward. After this period, another matestic, cooler period
affected the country I'7and 18 century AD, resulting in a large-scale famine (taet al., 2009,
2008; Muroma, 1991). Unfortunately we have no rdsasf the effect the little Ice Age had on the
population in Northern Ostrobothnia or wheatherghgas famine in the area from the period of the

lin Hamina.

The climate is still affecting farming dramaticaitythe Northern Ostrobothnian region, which still
suffers regularly from harvest failures. During theriod 1953 — 1983, which was a climatically
warm period, significant failure occurred six timasd smaller failures another five times (see
figure 2). During the same period, the south-wespart of the country (Varsinais-Suomi) suffered
only one major failure in rye harvest, and oneufalin spring wheat harvest (Kettunen et al.,
1988).

4000 kg /ha
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Figure 2, total amount of cereal produced per mecta North Ostrobothnia (redrawn after
Kettunen et al., 1988).
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In this northern climate, summer temperature is @nde most important elements contributing to
a good harvest: During the Early Modern period, rtfiean summer temperature and harvest yield
strongly correlated in south Finland (Holopainen &ielama, 2009). The correlation between the
temperature and the vyield is likely to be evenrgias in northern Finland, where the growing
season is shorter. Furthermore, Holopainen et28l1%) suggest that the dependence of climatic
events during the Little Ice Age were likely strenghan seen today as the farming methods have

since developed.

Variation in summer temperature can be observed fildferent climate proxies. Warmer summer
temperatures in Lapland have been observed duerigchbAD 931-1180 and 1'7century AD, until
the beginning of middle fdcentury AD, when a short cooler period took plédelama et al.,
2009). In Eastern Finland, varved lake sedimenterded a Middle Age anomaly, which was

possibly caused by milder winters between AD 10886land several cooler phases (between AD
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Figure 3. A summary of three different summer terapge reconstructions. A tree ring
reconstruction of north Fennoscandian summer testyes (Briffa et al., 1992) B. Multiproxy
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reconstruction on summer temperature in northemrméscandia (McCarroll et al., 2013) C. Tree
ring reconstruction of the summer temperature ipldsad (Helama et al., 2009).

In northern Sweden, tree rings indicate cooler semsnfrom periods that took place between AD
1110-1150, AD 1190-1360 and AD 1570-1750 and irsiregy warmer periods around AD 1140's,
between AD 1580-1620 and around AD 1640's (Briffalet1992). This study shows that cooler
summers might have been more common between 140@ralDthe end of 1500 AD. Moreover,
another tree ring study estimates a cooler peraytiqularly between AD 1451 and1480, when the
temperature was approximately 1@ cooler than the mean temperature during prevkRQG0
years (Esper et al., 2012). Similar results to supthe argument that there were in fact cooler

summers were seen in tree ring data from FinnishSamedish Lapland (McCarroll et al., 2013).

In summary, most of the climatic studies suggest snmmers could have been warm when the first
burials in lin Hamina were made in early™&entury. Therefore, the burials in lin Hamina were

made at the point when summers became cooler.
The site lin Hamina

The site lin Hamina (Lat: 65° 19' 30" Lon: 25° 22™) is situated in the Northern Ostrobothnian
region, approximately 35 km north from the city QulThe site is situated in the mouth of the river
li in a small peninsula close to the Baltic Sea toHse site was found in year 1898 during a field
survey and was later partially damaged in the 1960e to pipe construction work (Kallio-Seppa
2010).

Vahtola (1988) argues that the name of the placeriginates from Sami language words iddja or
ijje, meaning night. The prefix ii- also appearscentral Finland, however, according to Vahtola
(1988) it still should be considered as derivirmirthe Sami language. A clearer etymology for the
ii-prefix has been recorded in place names in tamiSdominated areas of Lapland during the
historical period (Vahtola, 1988). This may indeleel true; however, Vahtola (1988) does not
explain why a significant coastal place would benad as night. It could, for example, suggest a
long term or traditional night camp area. Nor isréhdiscussion about the possibility of the use of
this same prefix in Finnish, as the word in bothglaages is similar (fin. ilta). Whatever the

etymology, the continuation of the use of the Samd Finnish names indicates long-standing

connections between these two language groups.
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The earliest written information describing thegaldi is in a letter from the 1370's, which mengion
a chapel in the mouth of the river |i (Elo et d998). The location of this chapel has not been
discovered and it is unclear whether it was sithatethe lin Hamina. However, the location of the
lin Hamina cemetery could suggest that at leastabnech could have been located in the current
town li before the foundation of the current chuichearly 17" century AD. It is not known
whether there was a village or harbour, duringgéeod when the lin Hamina cemetery was used,
but historical records show that between 1600 a@@01AD I|i was intensively used as a

marketplace.
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Figure 4. Map of the excavation area of the lin kersite (Kallio-Seppa, 2011a). Most human
skeletal material was discovered from the rebubieake pit.

Discoveries in the lin Hamina excavation

The site lin Hamina is the largest excavated cemétenorth Finland. Its importance in the studies
of Medieval north Finland is unique, and therefarg/ information of this little known area and
period is considered important. Only a small nundfeartefacts were discovered from the site, but
many well-preserved human remains were found. Mbstudies made from lin Hamina have been
published in the book 'lin Haminan Kirkko ja Haudenaa — Arkeologisia tutkimuksia' (2011, ed.

Kallio-Sepp4&, Ikdheimo, Paavola), which is addrddsea public audience, and therefore does not
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include all the details which would be essential $aientific studies. However, this important
evidence cannot be dismissed, as it is a signifipart of the scarce information available from the

site and skeletal collections. This chapter attsngpsummarise the information available.

The site is situated in the modern village of Idas no longer visible above ground level (site
visited by the author in 27.5.2014). An excavatas used in the removal of the topsoil, and the
topmost layer consisted of recent materials froemtBth and 20th centuries. Beneath the modern
layer, only a few artefacts and 13 coins were disped. All material from those below modern
layers dated from the T30 16" centuries CE (Kallio-Seppé, 2011b). In the excaVvarea, several
different wooden structures were interpreted asabedations of buildings. One of those structures
had an east-west orientation, which according tthd<&eppa (2011a), could indicate that it was a
church or a chapel. The burials underneath of waeden structure differed in density, while all
coins (dated 14th and 15th century) were only disoed inside the structure (Kallio-Seppé,
2011a). Kallio-Seppéa (2011a) interpreted that theaasituated underneath the structure, had
remained untouched and unused for burials, whiechdcsuggest that the structure was abandoned

when the burials were made. The wooden structisenbaibeen dated.

Green window glass fragments were discovered filuenldyers of the lin Hamina cemetery. They
were was typologically dated to the 16th century @ere found in the soil contents of four graves.
The glass was extremely rare at the time in Nornttténland and must have been highly valuable
and shows the high status of the site. Accordinglatlio-Seppa (2011a), these glass fragments
were possibly older than the graves in which theyendiscovered. Rather than being deliberately
placed, it is quite possible that the glass hach lakanaged in a fire and left in the soil, which was
later used for filling the graves. In the lightrafdiocarbon dates obtained from the site (see ehapt
4) this theory seems plausible. There is no clealeace that a church was situated in the site, but
glass fragments suggest a high status buildingi@8eppa, 2011a). The main soil type in the area
Is sand, with occasional horizontal layers of dd@yween sand layers. All of the burials were made
above one of the clay laminates. All the buriaks @ctangular, just slightly larger than coffingf b
with rounded corners. Neither the history of laisé in li nor the land use after burials is cleae du
to the modern activities that have lowered theenirground floor (thus making it impossible to
estimate burial depth). The depth of the graves @4 - 1.0 meters from the modern top soll
(Korpi and Kallio-Seppa, 2011).
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The burials were made close to each other or sutting, and according to Kallio-Seppa (2010)
the burial ground seemed non-organised. A tota®in-situ burials were discovered, including
human remains from 70 individuals who were situaiatside of the “church” structure while the
rest of the skeletal remains of 20 individuals wéoend inside. Most in-situ burials were
fragmented and thus sex (in 32 cases) or age (ircak®s) could not be estimated. In the
churchyard, both male (9 individuals) and femaleir(@ividuals) were buried, and there is no
difference between those found outside and in$idechurch. Fourteen of the skeletons found were
children (>15 years old), one of which was lessitbae year old. Only one skeleton could be

categorised as aged more than 50 years old (KathKallio-Seppa, 2011).

Table 1. Number of individuals; sex and age acogrdio Korpi and Kallio-Seppa (2011).

Age/sex Male Female Unspecified sex |SUM
0-15 1 13 14
16-25 7 2 9
>26 1 10 11
Unspecified age 19 19
SUM 8 13 32 53

Korpi and Kallio-Seppéa (2011) also argue that nundiechildren was high compared to the other
Finnish cemeteries. It is clear that age estimatibichildren is easier than adults where as sex
estimation is mostly impossible and leaving 19 paesnale or female skeletons, which is almost
as many as among the group of recognised sex. Hoyewe to the small number of samples and
the fact that not many Medieval cemeteries haven lmeavated in Finland, it is not possible to

draw any clear conclusions.

Most of the skeletons were situated in individuatif#ls, but on two occasions a child was buried
together with an adult (graves 46 and 50) and enaase two children were buried together. Inside
the church there were at least 18 individual gravBsirials were made close to each other, and
were sometimes cutting each other or on top of edlobr. The site continued underneath modern

buildings and thus it was not possible to excaafitbuman remains in the area, nor to determine
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the size of the cemetery. It was not possible tmeate some of the burials completely, and in these
cases only the lower part of the skeleton was extealy and thus sex or age estimation was
impossible to conduct (Korpi and Kallio-Seppa, 2011

All the in-situ burials were made in wooden coffiffhie wood was mostly degenerated, so only
fragments were discovered under skeletons, or stedbthe remnants were seen in the excavation
profile. Exceptionally, a complete wooden area Vi@asnd in the bottom of one grave: four

individual barns were laid under the burial in ggd@ In 35 graves, iron nails were found, which is
seen as evidence of wooden coffins. The wood framdffins was analysed, and determined to be
pine (Pinus) in 9 cases; spruce (Picea) in one; @k both spruce and pine in two cases (Korpi
and Kallio-Seppa, 2011). Both are common treeseratiea, and thus it is likely that local materials

were used.

All graves were dug in an east-west orientatiorgdsewere situated eastward. Only two bodies
were buried in an NE-SW orientation inside the ‘tdl structure. According to Korpi and Kallio-
Seppéa (2011) this might indicate continuation oh4@hristian burial culture, or it might have
simply been a mistake. All burials were made faggswhich is a very common practise in the
Christian tradition. In 20 graves it was possiblestimate arm position but there were no general
patterns. Different sized small circular stoneseM@und from burials, but their connection to the
burials was unclear. However, the soil in the aseaell sorted sand, which does not include such
stones. This would suggest that they were delibbrddid in the grave (Korpi and Kallio-Seppa
2011). In one grave there were remains of a shrinailigh it is possible that others were already
decomposed. One female in grave number 36 haccfabgments and a copper cross jewel around
her neck (Korpi and Kallio-Seppé&, 2011). In grawember 44, under the burial, an individual
human skull was found, and inside it an amulet mafdseal tooth (Salmi, 2011a). Moreover, in
grave 27 an iron bullet was found. Even though aswlegenerated and thus made interpretation
difficult, according to Nurmi (2011) it was cleanynused. It dates typologically from the 16th to
17th century AD (Nurmi, 2011).

A charnel burial pit was discovered. Most humarietiaé remains were discovered from a bone pit.
It was approximately 1.9 meters in length and Oebems deep. It contained unburned human bones
and some burned bones. Skeletal remains were mskaolis and long bones. Bones were situated
in random positions. Only one coin was found (détBth to 16th century), but it was discovered

from filling soil and very likely reburied with doiLower and upper jaws were not attached,
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indicading that the reburial was made after theodgaosition of soft tissue. It is possible that beone
were reburied during the 1960's pipe work, but learcevidence for this has been found (Korpi and
Kallio-Seppéa, 2011).

Skeletal remains have been studied for sex an@éstgeation, which were mainly determined from
skulls. Based on facial measurements, sex was guedéor 129 individuals, of which 62 were

determined to be male and 67 female. Age was asmated from teeth, which were possible to
obtain from 149 body parts (Kallio-Seppa et al.020 Kallio-Seppéa (2011 or 2009) does not
mention whether age or sex estimation was done foahy the upper jaws or if both jaws were
studied. Therefore, it is possible that one peisa®cognised as two if both of his/her jaws were
used, making it impossible to draw definite cosmuas. Also, these are not reported at individual

levels, which limits the use of biological sex agk in this study.

Table 2. Age variations in lin Hamina graveyarddaben Kallio-Seppa et al., (2009) investigation.

Age (years) | Quantity
0-10 7

10-20 24
20-50 87

50- 31

SUM 149
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Coins

From the lin Hamina excavations, altogether 13 cowere found (Kallio-Seppé&, 2010). They were
minted from the 14th to the 16th century (Jylkk&gpfanen, 2010), which corresponds to the
beginning of money usage in the area. The majorfitgoins (11 of them) were made in Sweden
(Stockholm and Vasterd), one in Turku (Finland,imtyilin Hamina cemetery under the Swedish
reign) and one in Oslo (Norway) (Jyrkka-Karppin2@l1). Most of the coins were found inside the
structure, althought not from clear contexts, b mixed soils. Only two of them could be
connected to burials, whereas others were foundediment layers above burials (Jylkka-
Karppinen, 2010).

Macrofossils

Five macrofossil samples were taken from five dife graves from the possible location of the
occupants’ stomachs. Approximately 2 kg of soil peas was analysed from each sample. Only a
few macrofossils were found, while several weregetsably burned. Results are shown in table 3
(Tranberg, 2011). Organic material preservationFinland is poor, so these results were as
expected. According to Tranberg (2011), the findsdicate nutritious and moist soil. Tranberg
(2011) argues that the typical soil found arounel dinaveyard is coarse sand, so it is likely that
these plants were either brought, or the land \wasidd. Though most of the recognisable seeds
were burnt, it is unlikely that those originatedrfr food. It is also possible that the seeds had bee
accidentally dropped into the graves. The numibendividual macrofossils was small, and thus

any conclusions are uncertain.
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3. Table: All of the samples were taken from thegible place of the stomach. (number = quantity,
X = existence, underlined = sample was burned)eTialbased on Tranberg (2011).

Grave number CH2B |CH46 |CH47 CH55 |CH56
Sex/age of the huméM/young Adult Child F/~30 | M/adult
remains adult and child (~15)

SEEDS:

Brassica rapa spp. 1
Carex spp. 1
Chenopodium album 1 1

Rudus ideaeus 1

INSECTS:

Otiorthyncus ovatus 1 2

Formicidae 1

OTHER:

Cenococcum X X X X X
Bone fragment X X

Picea albies needle 2

Betula bark X

Unidentified plant material | x X

Charcoal X X X X X
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Osteological analyses

Human skeletal remains

Height and weight estimation were carried out usihg methods published in Maijanen and
Niskanen, (2009), which resulted in a mean heigHt5® cm and weight of 64 kg (Kortelainen et
al., 2011). Women were approximately 154 cm and @r@&hcm tall, which is a remarkable 11 cm
and 15 cm shorter, respectively, than the currepufation (Kortelainen et al., 2011). It is possibl
that the majority of people buried in the lin Haraamhose sex was not possible to determine were
women, as the average estimation of the lin Harhigight is shorter than during the™#nd 1§
century in Oulu (even if the bones are approxinyas&nilar in length and the average height of
women is the same in Oulu and li) (Kortelainenlet2011). Therefore, skeletons and individual
bones for which sex could not be determined wotfiecathe mean height of the lin Hamina site
(Kortelainen et al., 2011).

Fragmented animal bones

Fragmented animal bones were found in sedimengmrs either in graves or in the soil above.
Altogether there were 3,122 pieces of bone (of w8111 were burned bone), a total of 1397 g.
Most of the bones were badly fragmented and burtiheds, knowledge which actual animal those
are from remains a mystery. Animal and human baomeb{rnt and burnt) remains were found in

the same context, which implies that bone fragmese likely in the soil and mixed during the

burial processes (Salmi, 2011b). Few bone remaiese wecognisable, and therefore it is not
possible to make any clear conclusions based odate However, the existence of animals such
as cow and sheep/goat (which are not native irakd)jl clearly implies that animal husbandry took
place somewhere near the lin Hamina site at the tien burials were made. As lin Hamina was
used for several decades as a graveyard, andwiasra@o individual dating, it is unfortunately not

possible to say clearly when those animals lived.
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Table 4: Animal bones found in lin Hamina. Talddased on Salmi (2011b).

Number Context Cattle (Bos| Sheep| Cinine Cat (Felis| Human

taurus) /Goat | (Canidea) | catus) (Homo
sapies)

Grave 16 Grave 16 1

Grave 48 Grave 48 1 1

Sample from Graves 2 and 1

area CSY23 | 4-7

Sample from Grave/mixed | 1 1

area CSY33 | soil

Sample from Grave/mixed

area CSY50 | soll

Sample from Mixed soll 1

area CSY65

Sample from Graveyards |1

area CSY77 | soll

SUM 4 1 1 1 2

Paleopathological research of the human bones

Skeletal bones

Only adults were included in the study of the phtbimal changes in human skeletal remains. At
the lin Hamina site, human skeletal remains wetteebereserved in the bone pit than those found
in the in-situ burials. This could be due to postil differences, or it is possible that only well
preserved bones were reburied when the pit was .nfdeopathological analysis was carried out
with challenged bone preservation, and without lamywledge about bone pit's history. The results
are shown in table 5 (Heikkild, 2011). Since indual bones were studied, including pathological
characteristics of the effect on bone preservatibig possible that some of the individuals are
researched several times. According to Heikkildl{3dpbroken bones could have been counted as
two. The book was written for general public audenand it does not provide any information
about procedures that were used in the researcanyitinformation regarding how many bones
were studied. Results are only shown as percentagfesut any indication of the counting method
used (if these were the number of bones foundpéneentage in type of bones, or from the whole

population). Therefore it is not possible to makeg &ertain conclusions. However, the lack of
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rickets (vitamin D deficiency) is surprising, altigh this could be due to the limited preservatibn o

the diagnostic bones.

Table 5. Results of paleopathological investigatidnnon-scull bones (in percentage). Table is

based on Heikkila (2011).

Percentage of bones th

are effected

at

DISH

New bone formation under periostis 43,14
Osteoarthrosis 82,35
Osteochondritis dissecans 4,9
Schmorl's nodule 21,57
Ancylosis or ancylosis articulation|
coxae

Eburnation 0,98
Spina bifida 2,94
Spondylolysis/spondylolisthesis 0
Rickets (vitamin D deficiency) 0
Trauma 2,94
Skulls

44 randomly selected skulls were examined by HEiki@011). Twelve of the selected skulls were

children, and were discarded from the study. Resale shown in table 6 in percentages. Some

possible reasons for death were seen. Accordingiedkkila, 2011), cribra orbitilia and porotic

hypertostosis originate from anaemia, which carcdngsed by disease (such as thalassemia) or a

deficient diet. However, a more detailed study l&ré/et al. (2013) shows that cribra orbitalia was

common in lin Hamina (effected approximately 20 #skulls), and because it was found to be

common in both sexes, it is more likely to be cdusg pathogens (including anaemia, and possibly

malaria).
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Table 6: The table shows percentage of differdneslses observed from 33 investigated adult
skulls (Heikkila 2011).

Percentage  of
bones that are
effected

Cribra orbitalia 12,5

Erosive changes 0

Ossa suturalia 31,25

Endocranial woven bone formation 15,63

Scurvy 3,13

Sinuitis 15,63

Osteoarthrosis 0

Osteoma 0

Porotic hyperostosis 6,25

Trauma 3,13

Teeth

Table 7. Dental pathologies according to age (baseédlkama 2011).

Young (10-20) Adults(20-50) Senior(50-)

Caries 9% 9% 9%
Calculus 2% 9% 31%
Enemal hypoplasia 13% 8% 4%
Ante mortem tooth - 93 205
loss

Periapical abscess - 14 14
Periodontitis  upper - 17% 83%
jaw

Periodontitis lower - 17% 63%
jaw

Dental pathologies can be indicative of diet andegal health. Most pathologies seen in the lin

Hamina, like in other archaeological populationg eonnected to dental plaque, which is one of
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the key elements in dental pathogens (Vilkama, RCAtbm the lin Hamina site, the collection of
1,197 teeth in 303 jaws (both lower and upper) stadied. Several pathologies were determined,
including caries, calculus, enemal hypoplasia, ambetem tooth loss, periondintis and periapical
abcesses (see table 7. and 8., Vilkkama and Niinjra@k1).

Table 8. Dental pathologies according to sex.

Sex Male Female
Caries 13% 5%
Calculus 12% 14%
Enemal hypoplasia 10% 7%
Ante mortem tooth loss 127 116
Periapical abscess 4 13
Periodontitis upper jaw 23% 35%
Periodontitis lower jaw 28% 32%

Dental hypoplasia is indicative of dietary stregshsas starvation, but can also form during other
physical stress, such as illness (Spencer Larggy)10f the lin Hamina teeth, only eight percent
of investigated teeth had dental hypoplasia, otttvimone were reported as strong. This could mean
that dietary stress (if there was any) was briafk@vha and Niiniméki, 2011). This was mainly
identified from the incisors and canine teeth amd/oung individuals (Vilkama and Niinimaki,
2011). Enamel in these at the latest teeth devdlefiwe the age of five (AlQahtani et al., 2010).
Moreover their results suggest a strong age coiwalavith dental periodontitis, which suggest that
young people had a more coarse diet, possible hatgter levels of carbohydrates in their diet,
which increased with age (Vilkama, 2011). Low lavelf dental calculus and caries, wearing
pattern, and dental pathologies suggest that tbeinlilin Hamina was low in carbohydrate, and

most likely high in protein (Lahtinen et al., 20M8lkama and Niinimaki, 2011).

Summary

lin Hamina cemetery is the largest burial site @atad in North Finland. The coin finds date
typologically from the 18 and 16' century AD (Jylkk&-Karppinen, 2010). Three othetefacts
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were discovered from the lin Hamina (a cross feskle seal tooth pendant and a bullet) (Kallio-
Seppa et al.,, 2010; Nurmi, 2011; Salmi, 201la). tBlemvestigation suggests high protein

consumption among population in the lin Hamina anwleased soft foodstuff with age (Vilkama
and Niinimaki, 2011).
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PAPER 3

Mixed livelihood society in lin Hamina — a case sty of medieval diet in the

Northern Ostrobothnia, Finland

This study investigates the diet of a large Medigy@pulation buried in lin Hamina, northern
Finland. lin Hamina is situated in close proximitythe Bothnian Bay coast and the river li. The
cemetery dates from the %o 17" centuries AD. Carbon and nitrogen isotope compmsstiof
human bone at lin Hamina, and animal bones excadveteNorthern Ostrobothnia from pre-
industrial contexts, were analysed in order to wtiee main protein source of human diets. The
results indicate that freshwater and marine fishewlge dominant protein source for the people

buried at the lin Hamina.

Introduction

Finland is situated on the northern periphery ofdpa's cultivation zone. The northern border of
cultivation and, thus, the most northern limit @real ripening in Europe lie within the country
(Soveri et al. 1956). Even if it were possible &vé a successful harvest in favourable years in the
Nordic climate, it is a very risky way of living drbecomes more difficult with increasing latitude.
Despite modern improvements of crop species genatid farming technology, significant failures
occur regularly; for example in 1987, 45 % of crdg@iéed in Finland (Peltonen-Sainio and Niemi,
2012). Although still uncertain, it is assumed tfzaming reached the Northern Ostrobothnia either
during the Iron Age (500 BC - 1200 AD) or the Mediepariod (1300 - 1500 AD) (see figure 1.
Koivunen, 1992; Vahtola, 1992). However, it is wal how important domesticated animals and
plants were to the farming communities in Finland avhat proportion they represented of human
diet. In this study we investigated the proteirtted diet in northern Finland by undertaking stable
isotope analysis of the population buried in thegdacemetery at lin Hamina, in Northern
Ostrobothnia (figure 1). As subsistence based ysalal terrestrial wild animals is unknown in
northern Fennoscandia, the aim of the study isnteestigate if terrestrial farmed foods are
identifiable in human diets and if the populati@mstitutes an isotopically homogeneous group. In
case the farming contributes an insignificant propo to the diet, it is likely that marine or
freshwater fish may have been consumed in largatiies. Such evidence will contribute to a
better picture of early social structure in thédiknown region of Northern Ostrobothnia and a

European population living near the Arctic Circle.
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Figure 1. A map of Finland showing the site locasion Northern Ostrobothnia discussed in the

text: Rovaniemi, Kuusamo, Tornio, li (Ii Hamina) a@dlu.

The area of Northern Ostrobothnia

A longstanding debate in northern Finland has fedusn whether there was population continuity
and if a migration occurred from the south in thediéval period. Due the lack of research and

materials, little is known of the Iron Age (500 BB 1200) which proceeds the Medieval period,
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in Northern Ostrobothnia. It is still not known &rh farming started in Northern Ostrobothnia.
Palynological studies to investigate the beginnafigcultivation in the region and subjected to
modern statistical methods have not been done. Sathods are vital: interpreting pollen analysis
from the area is difficult because the coastalaegiof Finland are natural environments for cultura
indicator species and wild cereal-type pollen pomia (see more Lahtinen and Rowley-Conwy
2013). One study shows sporadic cereal-type pdtem the bottom of the sedimentation of the
sampling site upward (Reynaud and Hjelmroos, 19&¥ntrary to Raynaud and Hjelmroos
interpretation, Lahtinen and Rowley-Conwy (2013) smsjghat this is more likely to represent
evidence for local wild species than cultivationofdover, the quantities of cultivation indicators
were low in quantity even near the surface, whiggests that cultivation was never large scale.
This conclusion is supported by the fact that i Barly Modern Period cereals were imported into
the region and by the T7century AD only rye, turnips and barley were aated (Virrankoski
1973).

As discussed above, little is known of the occugratf the region during the Medieval period, but
it is likely that either living conditions were ntavourable for a farming-based society or that the
population was not numerous. Julku (1985) suggbstseven in the f6century AD, it was not
possible to survive purely as a traditional farmibaged society in Northern Ostrobothnia and that
the economy was mainly based on hunting and fishengall fields and cattle herding provided
only a minor input into diet. However, this is basen very limited historical evidence: Julku
(1985) argues that the economy of the area is lgigitrough the geographical location of the
houses, the majority of which were situated eititeriver mouths or in coastal areas. Water would
not only provide fish resources but also a fastdpartation route. Moreover, Julku (1985) suggests
that hunting was significant as furs remain impatrtdems for export during the Early Modern
Period. In their opinion the importance of theimétion of wild resources can be seen in the spatia
distribution of houses which are not found in \ghalike clusters during the Middle Ages and the
Early Modern Period, but any direct evidence fas ik still missing from the Middle Age period
and Julku does not mention his source materiatHerinterpretation of Middle Age subsistence.
However hunting is documentidrecords from the 8century AD where hunting is considered as
an essential part of farming and not as a diffemofession (Soininen, 1974). Moreover, wild
animal bones have been discovered in large quesititom Northern Ostrobothnian towns and
settlements in contexts dating from thé"1@ 19" centuries AD, and from rural settlement sites
dating from the 18 to the 18 centuries AD (Puputti 2008; Salmi, 2011a). Mommvin
archaeological animal bone assemblages from NeortRerland and Sweden, up to 30 % of the
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number of identified specimens (NISP) and up to%®f the minimum number of individuals
(MNI) are wild animal species. These include wilddb, arctic hares, reindeer, and at coastal
locations, seal (Salmi, 2011a, 2011b). Fur-beaspegcies are typically not common, and all the
skeletal elements of the wild species are genenatBsent in the dwelling-site assemblages,
indicating that wild animals were utilized primarilfor food (Puputti, 2010). In contrast,
contemporaneous animal bone assemblages from Soufrdand typically contain only a few

percent of wild animal bones (Tourunen, 2008).

The village of li and the lin Hamina cemetery

The village of li (65° 19' 30", 25° 22' 14") is Morthern Ostrobothnian ~35 km north of the city of
Oulu (see Figure 1). It is not known where theiearlMedieval occupation around li was or when
it started. Neither is it known when the parisHiofias established, but the presence of an existing
chapel in li was mentioned for the first time incdments dating from AD 1374 (Elo et al., 1998;
Vahtola, 1992). However, there is no historicaborhaeological evidence of any settlements in li
from that period (Tanska, 2011). On the assumptian a church or a chapel would not be built
without a congregation and hence, a town (TansB&l) it is accepted that there were permanent
settlements in the town of li. However, this migtut be the case: for example, in"™@entury
Finnish Lapland, churches were established in plgm®ople gathered for other reasons, such as
markets or where reindeer migration routes wouksamnually (Kylli, 2005, 2032

The cemetery at lin Hamina is situated at the moftine river li on a small peninsula in the town
of li. The site was initially discovered in AD 18€8ring a field survey by members of an historical
society, and in the 1960s it was partly damagethdysipe construction work (Kallio-Seppa 2010).
In the summer of 2009, a rescue excavation wasrtalkdan by the Finnish National Board of
Antiquities directed by Tiitta-Kallio Seppa (Kali®eppa, 2010). In total, 70 in-situ burials were
discovered, but 65 individuals were excavated, iiagority of skeletal material coming from a
comingled charnel pit (Kallio-Seppa, 2010). Basedcamial remains, the minimum number of
individuals (MNI) in the charnel pit was assessé0 {Heikkila, 2011). The remains in the charnel
pit were possibly the result of reburied skeletahains excavated during earlier construction work,
when no archaeologist was present. In-situ buwalse excavated separately and the pit as one unit.
Next to the excavation area, excavator continuedigpbut in this case burials were only recorded
from profiles, not excavatedhis resulted additional the discovery of 40 bwiahd 20 skulls
(Kallio-Seppéa, 2010). The minimum number of indivads was calculated at 290 from excavation
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and following documentation of the profile. Kall®eppa (2011a) argues that, because the graves
were closely packed and often inter-cutting, thenetery was likely used over several decades or

centuries.

The burials were made mainly without artefacts:dhb/ grave goods recorded from the cemetery
are 13 coins, one metal cross and one seal toottlapé The cross's closest parallel have been
discovered at Kuusamo (North Western Finland) aederal examples from Russian Karelia
(Kallio-Seppa et al., 2010). The coins dated frowm 14" to 16" century AD and 11 of them have
been stamped in Sweden, one in Norway and onerkuTrinland) (Jylkk&-Karppinen, 2010). In
most in-situ graves a wooden platform was discaveneder the body (Korpi and Kallio-Seppa,
2011). Graves were cut into yellowish sand butame graves the filling was clearly different,
being darker, and possibly organic-rich, sediméllio-Seppa, 2010). Infilling included highly
fragmented bone material. Fragments were smallflyndsarred and the majority non-identifiable
(Salmi, 2011b). Identified bones consisted of foon fragments, one goat/sheep fragment, one dog
and one cat fragment (Salmi, 2011b). Dental pathiety such as a low caries rates and good dental
health, amongst the lin Hamina skeletal materighests that the population’s diet contained a high

level of protein whereas carbohydrate consumptias lww (Lahtinen et al., 2013; Vilkama, 2010).

Unfortunately no palynological data is currentlyadable from Northern Ostrobothnia, but several
tree ring studies obtained from Finnish and Swedliapland suggest that the climate during the
period the lin Hamina cemetery was characterizedhieyLittle Ice Age anomaly (Briffa et al.,
1992; Helama et al., 2009; McCarroll et al., 20183ffected north Finland during the®&nd 16'
centuries AD. Compared to previous and relativelymex periods, the cool anomaly most likely
influenced cultivation success because early amdftast would have been more common and the

growing season shorter.

Stable isotopes of collagen for dietary reconstruicin

Carbon and nitrogen stable isotope analysis has heed successfully for many decades in
archaeology (Bocherens and Drucker, 2003; Koch, 2@dst, 2002; Schoeninger, 2014)
(Bocherens and Drucker, 2003; Koch, 2007; Post, 286RBoeninger, 2014). Reconstructions made
from collagen are based on the fact that it is pced primarily from ingested protein (Ambrose
and Norr, 1993; Fuller et al., 2005; Jim et al.020Tieszen and Fagre, 1993) and that there is a
trophic level increase @&°N ands**C values in each step of a food web (SchoeningeDeiro,
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1984). The processes leading to this trophic leffelct are not completely understood (Hedges and
Reynard, 2007; Schoeller, 1999), however it has be#ably observed in several controlled
feeding experiments (Ambrose, 1991; DeNiro etE85; Hobson and Schell, 1996; Schoeninger
and DeNiro, 1984; Sponheimer and Robinson, 2006)di& on modern animals suggest that the
trophic level enrichment af*°N and3**C values varies between 3 - 6 %o and 0 - 2 %o respyti
(Bocherens and Drucker, 2003; Hedges et al., 2007onnell et al., 2012). A recent controlled
diet study on modern living humans undertaken a@in $uggests that the trophic level effect on the
nitrogen isotope ratio in humans is closer to thpan end of the scale (i.e. ~6 %0) (O’Connell et
al., 2012).

At the base of the food web, plants have two maimt@synthetic processess@nd G) that lead to
distinctly different carbon isotope compositionsarfvder Merwe, 1982). This difference is
transferred in each step of the food web. Howendfinland, the ¢ carbon cycle is uncommon, as

it is mainly used by tropical plants such as, milB®rghum, sugar cane and maize, which are not
indigenous to northern Europe and were unlikelfzdge been farmed in Finland during the period
under investigation and millet cultivation was ualum in later historical periods (Soininen, 1974).
Attempts at growing modern varieties of millet hdaeen successful in Northern Ostrobothnia, but
resulted in low yields, and the varieties testedewery sensitive to frost and were harvested leefor
ripening (Saarinen et al., 2012). Therefore, iumikely that people in lin Hamina would have

consumed gplants or that they would have fed them to domestimals.

It has become clear that short term non-food oaitig causes can significant change the carbon
and nitrogen isotope ratios in humans: for exanmudy stress such as morning sickness during
pregnancy or starvation can increaS® values in rapidly growing tissues (Ambrose, 199aljer

et al., 2005; Mekota et al., 2006; Sealy et al§7)%Dut the long term effects on bone collagen are

not known.

There is also a small climatic factor that may @ff&>C values (Ambrose, 1991; Hedges et al.,
2004; Klinken et al., 1994). This is seen in thstfstep of the food webd™*C values in @ plants

vary by as much as 1 — 2 % depending on climatieditions (Heaton, 1999). Therefore, it is
important to have comparative appropriate faunahptas from the same environment when

reconstructing human diet.

Typically the marine animals' bone collagen carbgotope composition can be clearly
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distinguished from freshwater habitat sources sash lakes (DeNiro and Epstein, 1978;
McConnaughey and McRoy, 1979). The Baltic Sea is ekish area that has five major basins; the
Bothnian Bay; the Bothnian Sea; the Baltic Proper;@&ulf of Riga; and the Gulf of Finland. It has
been observed that the isotope composition of acgsediments in the Baltic Sea varies between
basins and that their carbon isotope compositioongty correlates with salinity (Emeis et al.,
2003; Rolff and Elmgren, 2000). Furthermore, the Bath Bay is situated in the northernmost part
of the Baltic Sea, where the salinity of surfaceera currently approximately 3 - 4 psu (practical
salinity unit) or 1 to 3 %o. Salinity in the Baltice§ varies considerably and surface water in the
Baltic proper can reach approximately 30 psu (Sassoel 1996). This is still significantly less
than in the oceans: the salinity of the Atlantice@c varies between 34 and 37 psu (Antonov et al.,
2010).

This strong link between salinity and carbon isetapmposition can be explained as a mixture of
two carbon sources from terrestrial and marineiriljunen et al., 2008; Ukkonen et al., 2014).
This leads to a significant difference in isotopenposition between the Baltic Sea and the Atlantic
Ocean, which can be observed in marine animals asatod (Orton et al., 2011). Although cod
cannot breed in low salinity basins like the Bothnizay, variation in the isotopic composition of
the species can be seen even within the Balticgorapd the Kattegat area (Barrett et al., 2011).

The Baltic Sea hosts faunal species originating flmth freshwater and marine habitats. It has
relatively low species diversity and therefore datimchanges or environmental catastrophes can
easily be seen in all the steps of the sensitioel foeb The Isotope composition of the food web
has varied during the history of the sea. Thisistbile in the bone collagen of seals, a top pradato
in the area (Ukkonen et al 2014). During the histoir the Baltic Sea, seal bone collagen carbon
isotope composition has been observed to varyerthckish basins between -21.7 %0 and -15.9 %o
(Ukkonen et al. 2014). This large variation is daehanges in ecology and the carbon cycle during
history of the Baltic Sea (Ukkonen et al., 2014)ribg a higher salinity stage of the Baltic Sea
between 6000 BP and 3000 BP, carbon isotope commosifiseal bone collagen varied between -
17.7 %o and -15.6 %o (Eriksson, 2004; Eriksson et24l08; Fornander et al., 2008; Ukkonen et al.,
2014) However, thereafter, the Baltic sea has fresthand seal values have increased, especially in
the Bothnian Bay where salinity has dropped dramigtideom 10 to 11 % down to 1 to 3 %o
(Widerlund and Andersson, 2011, 2006). This is greement with modern observations of

substantial organic freshwater carbon in the BathhrBay plankton (Rolff and Elmgren, 2000).
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However, seasonal variation in freshwater-dissolveghnic carbon (DOC) is high (Zwaifel et al.,
1995) and seals are migratory animals. Neverthgiessause of the strong link between salinity and
carbon isotope composition, we can expect higheraslagens™>C values than has been observed
in the earlier periods of the sea, during inveséidaperiod, especially in the Bothnian Bay area
where salinity is at lowest. Variation in isotopengosition between seals studied from various
periods of the sea is large (Ukkonen et al. 2024y therefore samples from different areas or
periods from the Baltic sea are not comparable antpbtes which are used as reference values for
reconstructions should be, not only from similalingly stage of the sea, but also from a similar

basin of the sea.

Material and Methods

Ninety-nine human individuals were sampled from ¢keenetery at lin Hamina. Unfortunately, no
uncarbonized animal bones were discovered duriagefitavation in lin Hamina, thus the faunal
data was supplemented withl5 animal bone samplesn Oulu (approximately 35 km to the
south), Rovaniemi (120km to the north) and Tornjgp¢aximately 80 km to the north-west),. The
sites in Oulu are Franzeeninpuisto, Kajaaninkatl Rikisaari. Pikisaari was excavated in 2011 by
the National Board of Antiquities. Franzeeninpuistas typologically dated to the 1&nd 14
centuries AD and the dating was confirmed fromdrnisal maps (Hyttinen, 2012). Kajaaninkatu
and Franzeeninpuisto were excavated in 2003 armlagieally dated to the 17to 19" centuries
AD (Maijanen, 2003). The site in Rovaniemi, YlikyMas excavated between 1978 and 1979 and
has been radiocarbon dated to th¥ fid 17" centuries AD (Paavola, 1996). In Tornio, the site
Keskikatu was excavated during the summer of 2002 tgpologically dated from 17to 18"
centuries AD (Herva, 2003).

To avoid the possibility of double sampling frone tbtommingled burial pit, human bone samples
were taken only from the mandible. From in-situiblsr mandible was preferred but in 26 cases
other types of bone were sampled (see Appendik&) samples from individuals CH15 and 143A
mandibles were sent to the Scottish Universitiegitenmental Research Centre AMS facility for

radiocarbon dating.

Collagen samples were prepared in the Departmetrafaeology at Durham University. The
surfaces of the bones were cleaned using air-a@oragth aluminium oxide powder, photographed
and weighed. The extraction method followed thatBodwn et al. (1988). The samples were
demineralized in 0.5 M HCL and heated for 24 - 48rkaat 75 °C until denatured. All samples
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were filtered with ultra filters (30 kD) and thestdting solutions were freeze dried. Samples were
analysed using a Costech Elemental Analyser (ECS)4ffpled to a ThermoFinnigan Delta V
Advantage in the Department of Earth Sciences ah&u University and ten samples in the
University of Bradford with a Thermo Flash EA 11Tarbon-isotope ratios are Craig-corrected for
70 contribution (Craig, 1957) and reported in staddielta §) notation in per mil (%o) relative to
the VPDB and Air scale. Samples were measured ificdigs and mean values are reported.
Analytical error for5**C and$'N using international standards (Durham IAEA 60BGS 24,
USGS 40, IAEA N1, IAEA N2) were less than 0.1 %o aniggrnal standards was 0.2%.. These were
obtained as part of the isotopic analysis usingrivdl standards (i.e., Glutamic Acid, 40.82% C and
9.52% N).

To ensure good quality collagen and to minimizeube of diagenetically alterated samples, several
indicators were used to assess the quality of dmepke: collagen yield (between 1 - 22%), and
carbon mass percentage (26.0 - 43.6 %), nitrogess parcentage (11 - 16%), carbon and nitrogen
atomic ratio (2.9 - 3.6) (Ambrose, 1990; Schoenireggel., 1989; Van Klinken, 1999).

Results

Radiocarbon dates

Two radiocarbon dates were obtained from individu@H15 and 143A (Table 1). Dates ware
calibrated with Calib 6.0 using the INTERCALOQ9 califiwa curve. Results suggest calibrated
probability distribution from 1430 to 1633 AD.

Table 1. Results from radiocarbon dates from lin kam

Individual Material Lab code Date (BP) Calibration (26, Reference
AD
CH36 Bone Hela-2303 47230 1439-1455 (Kallio-Seppa,
2011)
CH64 Bone Hela-2543 324430 1481-1644 (Kallio-Seppa,
2011)
CH69 Bone Hela-2542 411430 1430-1521 (0.883) (Kallio-Seppa,

1579-1580 (0.001)  2011)
1591-1620 (0.116)

143A Bone (mandi- SUERC- 382+ 34 1442-1527 This study
ble) 48355 (0.631)
1554- 1633
(0.369)
CH15 Bone (mandi- SUERC- 33934 1468- 1641 This study
ble) 48356
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Stable isotopes

Collagen was successfully extracted from 78 humah22nanimal; 22 human samples produced no
or insufficient collagen. Samples were measureduplicate and the mean values are provided in
Appendix 2 and presented in table 2, and figuraa®3. The human samples carbon isotope ratios
range from -22.2 %o to -18.8 %0 (mean -20.4 %o, SB)(A.7) and the nitrogen isotope range from
9.5 %o t0 13.9 %0 (Mean 12.4 %o, SDo§10.8 %o).

Table 2. Summary of the results presented in Appehd

n Meand™N SD3  Mean d*C SD Range 8°C  Range 6°N

(%o) "N (%o) d%c (%o) (%o)
Humans 78 12.4 0.8 -20.4 0.7 3.6 4.4
Terrestrial 15 4.4 2.2 -21.6 1.2 41 8.3
animals
Marine 5 12.4 0.8 -18.4 2.6 6 2.3
animals
Aquatic 2 104 3.0 -22.5 1.3 1.9 4.3
animals
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Figure 2. A plot of carbon and nitrogen isotopeadfar humans from the site of lin Hamina and

faunal samples from Rovaniemi Ylikyla, Oulu Pikisa@ulu Franzeeninpuisto, Oulu Kajaaninkatu
and Tornio Keskikatu. Data for modern fish musslé@om (Sinisalo et al., 2006).
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Figure 3. Box and whiskers plot of nitrogen and oarisotope composition of humans of the lin
Hamina. Note the very different nitrogen compositas the individual 21A.

Sample characteristics were analyzed with SPSSoftvare. A Shapiro-Wilks test (p > 0.05),
visual estimation of boxplot (figure 3), histograand normal Q-Q plots showed that the human
carbon isotope ratios at the lin Hamina are nonrdiitributed (Razali and Wah, 2011; Shapiro and
Wilk, 1965) with skewness -0.114 (SE = 0.274) arklgosis 0.148 (SE = 0.541). For nitrogen
Isotope ratios, the Shapiro-Wilks test (p = 0.08uWgygests that the nitrogen isotope ratios are not
normally distributed. However visual observationtbé box-plot, the histogram, and Q-Q plot,
supports that the data is approximately normakiyritiuted. It is very likely that Shapiro-Wilks tes
failed to estimate the normality because the samsigkeis small, the variation on the data is small,
and there is one significantly different data pdiotver than Q1-(2.2 (Q2-Q1)) sample (21A) that
affects the skewness and kurtosis of the datafgigntly (Razali and Wah, 2011). As a result of this

observation, the sample 21A is assumed to be dierontthe data set.

The carbon isotope ratios of the herbivorous arsmahge from -23.4 to -19.6 %0 (mean -21.6 %o,
n=15, see table 2) and nitrogen isotope range ft@rto 7.4 % (mean 4.4 %o, SDd)12.2, n=15,
see table 2). The reindeer samples have higheorasotope ratios than other herbivores except
one (TOKE-4023). Furthermore, four seal samplehhe highes'*C values of the samples, but
one seal has a very low carbon isotope ratio of0-23. The only fish sample of this study, a pike,
produced &"°C value of -21.5 %o and &°N value of 12.5 %o.
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Discussion

Radiocarbon dates

Five radiocarbon dates, have been obtained frone Inoaterial from lin Hamina (Table 1). Three
dates are from published literature and two wesdyaed in this study. Individuals CH15 and 143A
were discovered in the reburial bone pit and theeselts are contemporary to the dates obtained
from individuals from in-situ burials. This supp®rthe assumption that secondary burials were
made from bone material discovered during earb@struction works and both burials are likely to
be from the same population (Korpi and Kallio-Sepp@ll). The result for the sample CH69
should be viewed with caution, as the collagendymbtained from the bone in this current study
was very low, and the collagen yield of the datedebwas not published originally. The results are
consistent with the dating evidence for the coissa/ered from the cemetery (Jylkka-Karppinen,
2010). These results strongly suggests that theteggnwas in use during the"1%0 16" century
AD, until a new church was built in AD 1620 and emncemetery was established at a different
location in the town at which time the cemeterylinfHamina was probably abandoned (Kallio-
Seppéa, 2011a)

The bone collagen stable isotopes in lin Hamina

Terrestrial isotope signature

The reindeer samples have similar carbon and mtragotope ratios to modern caribou in Canada
(8"°C values from -20.2 %o to -18.8 %o aBtfN values from 4.2 %o to 6.3 %o) (Drucker et al., 201
Furthermore, these values are typical for openrenument herbivores (Drucker et al., 2008). The
two cow samples (2.8 %o and 4.8 %) have lowEN values than those obtained previously from
archaeological sites in Sweden: mean vatitdgs = -21.6 %o, SD (&) 1.3 ands™N = 5.41 %o, SD
(10) 1.39, n=21 (Eriksson, 2004; Eriksson et al., 2008derholm et al., 2008a; Linderholm and
Kjellstrém, 2011; Linderholm et al., 2008b; Lindkti 2007). A similarcomparative range to the
cows and hares can be discovered from archaeolagingexts in Sweders™*C values from -24.5

%o t0 -21.0 %o, andb™N values from 1.8 %o to 3.5 %o, n= 7 (Fornander et 2008; Kosiba et al.,
2007; Linderholm et al., 2008a; Linderholm et &008b). These suggest these animals had a
similar diet, at a similar trophic level, in a slarienvironment: the common link could be that they
all inhabited a forested, Boreal environment whiesst°N values of plants have been shown to be

low (Drucker and Bocherens, 2009). Furthermore,lthiv 8'°N values in cows may also indicate
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that manuring of fodder or intensive use of pastangl (i.e. nitrogen reuse) was not practised, as
such practices have been shown to incré&®¢ values of plants (Bogaard et al., 2007; Fraser et
al., 2011). This possible non-use- of pasturess aupported by the traditions of keeping cows in
varied forested areas which has been documenté@"ircentury Finland and continued until the
20" century(Soininen, 1974; Virrankoski, 1973). Moreover, ireeval and 16th century Northern
Ostrobothnia, cattle were mainly fed with hay cosel from natural meadows in the river valleys
and coastal areas (Luukko 1954: 186-192, 462—-479).

Two pig samples, from the city of Oulu, have thghast terrestrial animal nitrogen isotope ratios.
This could be explained by the fact that the pigsendiscovered from an urban centre (in the town
of Oulu) and they are omnivorous and can digestamrdisposal, which would possible increase
8N values compared to animals digesting only plartsvever, with only two samples, it is not
possible to draw any conclusive statement abouthpgpandry in general. Two goat or sheep (it
was not possible to determine exact species) samm Oulu have collagen isotope composition
that are very similar to most herbivores in Scaadia. This might suggests that these animals are
kept differently to cows discovered from the samemnaor that they have eaten human food waste
with higher nitrogen isotope composition. In sumynéine 5'°N values of herbivores range from
1.8 %o to 7.4 %o, which is very low compared to psbéd studies of archaeological remains from

Scandinavia.

Marine and freshwater isotope signature

Fish are very rarely discovered from archaeologeatavations in Northern Ostrobothnia. This
might be due to preservation problems or that thbaseological methods used in past excavations
failed to recover small fragmented fish bones. Huos reason, only one fish bone from an
archaeological context was measured. i€ andd™N values of the pike in this study were -21.5
%0 and 12.5 %o respectively, which are similar tatope values measured from pike bone samples
elsewhere: one sample in Sweden from Sigtdh€(-20.4 %. and*>N 13.1 %.); one in Holmegard
(8"3C -22.8 %o and™N 10 %o); and seven from Denmark in Storel\¢n°C from -25.9 %o to -21.6

%o andd™N from 6.6 %o to 8.9 %o, n=7) (Fischer et al., 208Gellstrom et al., 2009). Pike lives
both in freshwater and brackish marine environmedish, the fresh water and the Bothnian sea (a
brackish marine environment) carbon range of tlogl faweb in Ostrobothnia is currently unknown,
thus the isotope ratio of the pike measured in stusly cannot determine which environment this

fish inhabited. A bird identified as belonging teetAnseliformes order (it was not possible to
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determine the species more precisely) had isotapesrthat were untypical for herbivores: some
species of this order consume fish and a dietasihfwater fish may explain the low carbon and high
nitrogen isotope ratio observed. The three sedgeh analysed in this study cluster together, but
one seal carbon isotope ratio (-23.0 %o) is lowdnisT could suggest a different origin than the
Bothnian Bay area or that the carbon isotope compnsiange is much larger in the Bothnian Bay
than the other three samples suggest

The human population

Collagen isotope composition of the lin Hamina husannormally distributed, apart from one
outlier (21A). The individual 21A has a statistigasignificantly lower nitrogen isotope ratio than
the rest of the population. This could indicateet dontaining relatively more terrestrial meat,aor
significant amount of vegetables or cereals. Thesdd be more difficult to get access to and were
likely highly valuable at lin Hamina, thus this feifence in isotope ratios could indicate a higher
consumption of these souces, i.e. difference inabatatus. A further possibility is that this
individual emigrated from an area where a differelet prevailed but this would need
corroborating with additional evidence such asrdgioon and oxygen isotope analysis.

Isotope methods have been used to study differsttgopulations around the Baltic Sea. Research
on early farmers in southern Scandinavia has shbaintheir diet was mainly terrestrial (Eriksson
et al., 2008; Fischer et al., 2007; Fornander, 2608nander et al., 2014; Lidén et al., 2003, fegur
4) with debatable quantity of additional fish (Cragal., 2007; Milner et al., 2004); For example
isotope studies of early farmers sites indicatersite terrestrial diet in Torsberg (medfC value
-20.1%o, SD (&) 0.4and 5™N value 9.4 %, SD 0.9 €) in the late Neolithic and Bronze Age)
(Eriksson et al., 2008), the Resmo 3th phase (rd¥&nvalue -20. 0%o, SD @) 0.4 and5™N value
9.9 %o, SD (&) 0.8) (Eriksson et al., 2008), or in Algutsrum @né*>C value -20.0 %o, SD €) 0.4
and3™N value 9.9 %o, SD @) 0.8) (Eriksson et al., 2008). In these studiks,mears™N values
are typically less than 10 %o, abtfC value approximately -20 %o. Similar collag&liC values in
the lin Hamina site and early farmers in south 8oevia would suggest that the diet could have
been terrestrial. Howevér°N values are higher, which suggests that the nmince of protein in

lin Hamina is different.
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Figure 4. Scatter plot of Sigma 1 distribution sftope composition from sites which have similar
carbon or nitrogen isotope ration with the lin Hamsite. Data according to; Bjorned (Linderholm
et al., 2008a); Birka (Linderholm et al., 2008b)sh§ (Lindkvist, 2007); Bjarby (Howcroft et al.,
2012); Sigtuna (Kjellstrom et al., 2009; Linderholand Kjellstrom, 2011), North England
(Muldner & Richards, 2005). and Sund (Lidén, 20t2Aiand island.

A mixed diet has been observed with isotope anebdsgical analysis from human skeletal material
in Viking Age Haithabu (meaf*C value -20.0 %o, SD ) 0.5 ands'>N value 11.5 %o, SD )

1.4) and its succeeder Medieval city of Schlesvighleswig Rathausmarkt late stage m&4ea
value -19.7 %o, SD @) 0.8 and™®N value 11.9 %o, SD @) 1.1) (Becker and Grupe, 2012; Grupe
et al., 2013). The sites are situated in the sco#st of the Baltic Sea and close to freshwater,
brackish and marine resources, and had a shift mame fish based to more terrestrial diet (Grupe
et al., 2013). These results are very similar &lihh Hamina isotope composition. However, the site
Is situated considerable more south (1500 km) é& avhere growing season is significantly longer

and winters are shorter which makes it more swetédsl economy based on farming.

Several sites in southern and central Sweden puomuikR collagen isotope composition is

overlapping with lin Hamina (see figure 3): Sigtu(igellstrom et al., 2009; Linderholm and
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Kjellstrom, 2011); Bjorned (Linderholm et al., 20088irka (Linderholm et al., 2008b); Visby

(Lindkvist, 2007); Bjarby (Howcroft et al., 2012)ItAough some of the individuals from these sites
have higher nitrogen isotope ratios than foundraHbmina, the diet was considered to be mainly
terrestrial. Notwithstanding this evidence, freshtav fish consumption was considered by the

authors as a possibility at least one of the $&&gtuna), but not as a main proportion of diet.

Although the range of human isotope ratios couldicate a terrestrial diet, there are strong
arguments proposing fish as the main source ofpron the diet of humans at the lin Hamina.
Firstly herbivore nitrogen isotope ratios from therthern Ostrobothnian area are lower than those
obtained for archaeological herbivores from Scaadim or in Haithabu and Schleswig (céWN
values vary between 4.1 to 6.8 %0) (Becker and Gr2p#2). Cattle keeping has been considered as
the most profound farming activity in the medieald early modern Northern Ostrobothnia
(Virrankoski, 1973). If dairy products or cow meetre the main source of protein at lin Hamina,
humans should have low&tN values than those observed at lin Hamina. Howavigh limited
baseline faunal data, it is not possible to exclaileontribution of terrestrial animals, but iteses

less likely scenario.

Secondly, because of a short growing seasony#rg questionable if it would have been possible
to provide enough winter fodder for domestic ansrtal be able to produce meat or milk products
year around. Currently, around the lin Hamina aheagrowing season is c. 180 days which means
that at least half of each year farmers are comlyletependent on winter storage. During the lin
Hamina burials, the Little Ice Age anomaly suggéséd growing season was likely shorter (Luoto,
2012; Luoto et al., 2008). A short growing seasauhd require intensivecollecting and storing of
animal food, for which there is currently no eviderduring the Medieval period, although small
scale collecting of fodder from natural meadows l@obave been practiseflLuukko 1954)
However, Soininen (1974) even suggests that colgaf winter fodder did not start before the"18
century in Finland. Moreover, in early modern Nerth Ostrobothnia cows were mainly used for

dairying, not for meat production, and butter wasmaportant tax item (Salmi, 2011a).

Thirdly, the pike measured in this study has simdarbon isotope ratios to the humans at the
“terrestrial” end of the carbon isotope ratio ranie pike is the top carnivore in the freshwataerdo
chain, it is very likely that humans consumed séistespecies . This could explain similar isotope
ratios for humans and pike. Moreover, although modamples are not necessarily comparable to
pre-industrial samples, a variety of modern fishsai@ carbon isotope composition range between -
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23.0 %o and -20.0 %o with nitrogen isotope componit® %o to 12 %o in the Bothnian Bay area
(Sinisalo et al., 2006). This would lead to venmyigr isotope composition that was observed from

humans buried in lin Hamina if 3 %o trophic levelfwould be used in estimation.

Fourthly, human at lin Hamina have similar collagetiogen isotope ratio level as seals, which
could suggest a similar trophic level. Althoughstltonclusion assumes that humans and seals
consuming the same diet would display a similaphrio level shift, it also implies that seals were
not in themselves a significant part of the humiat. d1oreover, whilst the nitrogen isotope ratio of
the pike indicates it occupies a similar trophiceleto the seals and humans, the carbon isotope
ratios are consistent with a freshwater diet. Ashitbhman carbon isotopes range largely between the
pike and the seals with no obvious correlated Bseein nitrogen isotope ratios, it is possible to
conclude that the dietary protein of the populatiotin Hamina was predominantly sourced from a

mixture of freshwater and marine fish with a neilig input from terrestrial meat or crops.

Similar dependence on fish has been observed er ptrts of the subarctic region. For example in
the early historic population in Ontorio, Canada t@€aberg, 1989). Hunter-gatherer-fishers in
various northern climates have been dependent omen@ammals or fish (Coltrain, 2010). Marine

dominant diet was also common in Mesolithic Scaadia (Bonsall et al., 2009; Eriksson et al.,

2008; Fischer et al., 2007; Jagrkov et al., 200dghiet al., 2003).

Conclusions

This study demonstrated that terrestrial and maglies for humans in the Bothnian Bay area are
not as clearly demarcated as previously suggesteese results suggest that at lin Hamina both
brackish and freshwater fish were consumed in ggmit quantities whereas domestic animals had
a negligible input into the diet of humans. Thessuits are consistent with a population following a
robust a sustainable subsistence strategy thaswesl to the high-latitude, coastal location of li

Hamina, where it would have been very difficultdorvive on domesticated crops, and animals

alone.

In contrast, and somewhat surprisingly, one hunmafividual had a loweb™N value than the
general population, which could indicate the congtion of terrestrial meat or plants. In agreement
with Dufour et al. (1999), Becker and Grupe (2012) &rupe et al. (2009) this study shows that

freshwater fish and terrestrial diets can have lapping carbon isotope ratios, but it also shows
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that their nitrogen isotope ratios can be simildaus future work should focus on confirming fish
consumption in studies where this is the case.lligin& is recommended that further work to
determine the stable isotope ratios of archaeddd@gh bones from the Baltic Sea region should be

undertaken wherever possible as they are currantgr-represented in the archaeological record.
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PAPER 4

Biomolecular evidence for environmental adaptationin Medieval lin Hamina,

Northern Finland

Introduction

Dark, cold and distant, Finland is one of the nmustrginal areas in Europe where cultivation is
practiced. Livelihoods dependent upon farming halweys been risky and challenging, especially
during cool climate anomalies like the Little Icgé\ In this paper we consider the adaptation and
survival of a population at lin Hamina in northdfimland during the last stage of this particular
cool anomaly (Luoto et al.,, 2008) with stable ig@® from ten individuals' dentine incremental
samples. lin Hamina, the site at which the indialduvere buried, is dated to between th® as8d

16" centuries AD (Kallio-Seppa 2011a, paper 3). Thi iwcrease our knowledge of subsistence
during the Little Ice Age, as there is currently mdormation on the difficulties faced by
populations surviving through this climatic fluctioen for most of the country. This study will
examine the evidence specific to northern Finlamkdere our understanding about the period is
generally quite limited. This land is not fertileyen in modern times, and the limited resources
available during the winter months would have bkew factors for survival in this area. How
humans adapted to this environment is one of thst mteresting questions of the human past in
the north. The dentine incremental samples fronteheindividuals buried in lin Hamina are used
to reconstruct dietary histories through theirepiad composition. This information will contribute
to our understanding of dietary change and stresisei Northern Ostrobothnia during the Little Ice

Age anomaly.

The lin Hamina site

lin Hamina is a large cemetery site in the modelage li in the Northern Ostrobothnian region.
The site is situated on the riverbank of the riveone the largest rivers in Finland, and closéh®
Baltic Sea coast. The burials at lin Hamina were enddring the 18 and 18 centuries AD
(Kallio-Seppéa, 2011a; Kallio-Seppa et al., 2009a3). There are at least 290 individuals buried
at the site (Kallio-Seppa, 2011a). Both in-situ alsriand a large reburial of selected human remains
were discovered during rescue excavations conduct2009 (Kallio-Seppé, 2010). The reburials
were likely made during pipeline construction warkhe 20" century in the village, though there is
no direct evidence to support this theory (Kallepa, 2010). Two radiocarbon dates obtained
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from reburied human remains show that they areetopbrary with those obtained from the in-situ
burials (Korpi and Kallio-Sepp&, 2011 and paperaByl thus are likely to be from the same
population. This site is the only largely excavatethetery from this period in this area, and adarg

burial ground compared to contemporary sites whién excavated in Finland.

This site was selected because of its unique cteaiistecs: the period it dates from, high qualify o
preservation, availability of samples, and its herty location. The study area, Northern
Ostrobothnia, is in close proximity to the Arctior€e, but is in fact located in the subarctic it
zone; the main vegetation is Boreal forest (i.egdpi Currently, the growing season in li is
approximately 180 days. This means that for théodesutside this growing season, approximately
half of the year, very little plant-based food isiable. Sources of protein are widely available
because hunting and fishing may be practised ymard. Human diet cannot, however, be based
solely on protein: medical studies suggest thategmmantake cannot exceed approximately 35 per
cent of total energy in the diet, as a higher iatelould cause serious health problems (Bilsborough
and Mann, 2006 and citations therein). Over-congiompof protein can cause poisoning and
starvation symptoms in weeks, and for most humaug, protein intake does not exceed more
than 25 per cent of their daily calorie intake (Nahd Averyb, 1988; Speth, 1987 and their
citations). There are some exceptions: accordingnthropological studies, indigenous northern
Canadian people can consume up to 40 per cent iofdiéy energy as protein together with other
animal based food-groups such as fat (Draper, 19iAhe case of lin Hamina, it is not known
whether protein intake was close to this maximurmpacdy, but a diet based solely on protein

remains untenable in Northern Finland.

Methods

Dentine isotope analysis

Skeletal material in the lin Hamina cemeteries basn previously studied carbon and nitrogen
stable isotopes (paper 3). In that paper, theseges was analysed using the bone collagen of 78
individuals from the lin Hamina cemetery and 15naals from pre-industrial contexts excavated at
the northern Finnish sites in Rovaniemi, Tornio &du. Bone collagen is an optimal sample for
reconstructing averages of long-term diet as darmaé throughout the entire human lifetime and has
a slow rate of turnover and thus can representaliet several decades (Hedges et al., 2007a;
Sponheimer and Robinson, 2006). In contrast to thast teeth develop during childhood and early
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adulthood, thus isotope analysis from dentine amlgan be used for temporal studies (Wright
1999; Howcroft et al. 2012; Eriksson & Lidén 201R).particular, the isotope composition of
incremental dentine samples provide a good recbigreastfeeding and weaning (Eerkens et al.
2011; Beaumont et al. 2013; Burt & Garvie-Lok, 20B&aumont et al. 2015). In this study,
however, we focus on the diet of the population s use samples from teeth (second and third
molars are prioritised) that are likely to havegesweaning age.

Dentine has inorganic and organic components tbrah the structure of a tooth. The former is
mostly apatite [Ca(POy)s(OH,F,Cly] that can be found from different parts of thetlpsuch as
enamel and cementuas well as dentine (Linde and Goldberg, 1993). dhganic fraction is
mostly collagen and a small quantity of 'groundssabce’, e.g. non-collagenous proteins (Linde
and Goldberg, 1993). The collagen proteins in dentan be used in temporal reconstructions of
diet (Drucker et al., 2001), as teeth do not refafter the completion of their growth (Balasse et
al., 2001). Moreover, unlike bone collagen, whiefflects diet over a long period (Hedges et al.,
2007a), dentine collagen reflects isotope compmsitif diet during its development. Furthermore,
even though dentine tissue does not reform, iorhaxge is possible: this has been observed
between fillings used in dentistry and the dent{Kaight et al., 2007). This suggests that ion
exchange in the carbon composition of dentine miighpossibldt should be noted, however, that
the observed ion exchange of inorganic compoundsaofa very small scale (ion exchange layers
were microns) and thus do not noticeably impactuimerpretations made from the incremental

dentine analysis.

Temporal reconstructions of diet with the isotopemposition of dentine collagen can give
information about sources of nutrition from infanagtil the full development of the third molar.
Even pre-birth conditions can be studied, as dergtarts to develop early in humans, and the first
teeth develop in-utero (AlQahtani et al., 2010).eTdevelopment of dentine starts during the
initiation stage, and continues throughout the lwmagh and bell stages of tooth growth. The crown
develops first, followed by root, continuing untile formation of the whole tooth is complete
(Linde and Goldberg 1993). The incremental growtthe dentine collagen is apparent in conical
layers of dentine formed concentrically within oaeother, growing like a series of overlapping
sleeves (Hillson, 2005). It is likely that each gdenin this study represents several of these abnic
layers because the sampling process was done h@irapntal sections (see Beaumont et al. 2013);
the method used in this paper averages the isatopgosition of each sample. Consequently, the

results are likely to present an underestimatéhoftderm changes in diet. Any variation in isotope
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composition is more likely to represent annual @mgler term changes, rather than those of a
monthly scale, and can indicate if there were arplems resulting from the short-term dietary
habits (Montgomery et al., 2013). This methodol@dpws the study of not only the victims of
starvations and illness, but also individuals whovived through difficult times of hardship
(manifested in dietary stress) into adulthood, #ng avoiding the 'osteological paradox’, a term
used to refer to problems relating to when the deeel erroneously portrayed as a truly
representative sample of a past living populatiBeaumont et al. 2013, Wood et al. 1992).
Moreover, isotope analyses from incremental dertaliagen samples offer a better resolution than
isotope studies made from bulk bone collagen (Beatirab al. 2013; Montgomery et al. 2013;
Sandberg et al. 2014).

Although the time scale of the dietary reconstarcis limited to the period of development for the
dentine collagen, this method allows the studyeshgoral variations of diet in areas and from
periods where historical records are not availadeh as for lin Hamina in Northern Ostrobothnia.
Furthermore, in marginal climates, temporal recmmtsions allows investigation into whether
people had constant subsistence practises, omié $gpes were prioritised over others (as shown in
studies of early farming as practiced on the Shdtlslands [Montgomery et al. 2014]). It is also
possible that dietary stress is evident in theop®tcomposition of the dentine from the people of
lin Hamina. This should be apparent in such casdbat at lin Hamina - similarly with regards to
preindustrial Finnish crop yields, where most peogid indeed survive harvest failures, many of

them into adulthood (Hayward et al. 2012).

The reconstruction of temporal variation in dieih garovide unique insight into strategies of
adaptation and survival in marginal areas. It wesvipusly mentioned in paper 3 that fish was
probably the main source of protein, but, as nabdve, humans require other nutrients than
protein to survive and live healthily. There isinformation yet available, however, regarding what
the non-protein edibles consumed by people of Emiha were. It cannot be determined through
bulk collagen isotopic data, as bone collagen istmdormed from consumed protein (Ambrose
and Norr, 1993; Jim et al., 2004), although contrdn from other macronutrients, such as fat and
sugar, has been suggested as contributing as nsu2fl per cent into the isotope composition of
bone collagen (Fernandez 2012, Craig et al. 201@Neer, a shortage of food can be observed: a
controlled feeding experiment using mice revealeat & calorie restricted diet increas&dN
values in bone collagen, althoughC values were not affected (Robertson et al. 20likpwise,

in another study, this time on birds, an increasé'®N values was observed in avian liver and
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muscle tissue when a calorie restricted diet wasdniced (Hobson et al. 1993) and has also been
observed in assessments of excreta from fastingjeegMcCue & Pollock 2008). An opposite
result (i.e. a decrease 8F°N values) has been observed in the blood of soag®ps when a
restricted calorie diet was applied (Melospiza deglpKempster et al. 2007) as well agiurffins
(Williams et al. 2007). Avian test subjects canwhuer, have substantially different metabolisms to
mammals. Most importantly, the Robertson et al. 3Gitudy is in agreememtith observations
made on human hair from clinical studies conduetgll patients suffering a restricted calorie diet
as a result of anorexia nervosa (Mekota et al.62@8d in the urine of bonoboBgn paniscuk in
cases where restricted calorie diets have also tmegritored (Dechner et al. 2011). Therefore it is
considered most likely that restriction on caldrieake will increase bone collagé™N values,
which will be observable in dentine collagen incests. Such an increase in nitrogen isotope
composition when living on restricted calories bagn observed in other cases using this method:
for example, signals of starvation were observethenhuman dentine incremental samples taken
from individuals who died during the Irish Potatankine (Beaumont et al., 2013b). In this
particular study, we use analysis of incrementaltide isotope composition to observe temporal

patterns in dietary variation and stress.

Materials

Eighteen human teeth were selected on the badisedbulk collagen study (detailed in paper 3)
isotope compositions. Samples were selected fragividuals of varying bone bulk collagen
isotope composition (see figure 1). This data $s1 acludes the only significant outlier of the
study, the individual 21A (paper 3). The second #mdd molars from each individual were
sampled. Due to restrictions on sample availabilitg permanent third molar of individual 21A and
the second molar of individual CH15 were not assksBarthermore, the second molars of the
individuals 144A and Sel0 were not sampled as liaelybeen damaged during the post excavation
process. Altogether, nineteen teeth were usedisnstindy. All sectioned teeth were fully grown
with completed roots. Tooth crowns were not worvddo the dentine, apart from in samples of

individual CH-34pp1; whose teeth were damaged |lepslantine exposed.

The age estimation of the dentine of each tootteisved from the median age from the study by
AlQahtani et al. (2010). For age estimation of acrement sample, the length of dentine
development was divided equally by the number ofément samples (Appendix 2). The age of the
development for each tooth varies between indivglgalQahtani et al. 2010) and is likely to be

approximation. The dentine of the first molarststardevelop in utero (approximately in week 30)
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and is completed between the age of 8.5 and 12 yenedian 10.5), but the growth of the tooth
itself is completed between the ages of 7.5 and/®@abs (median age: 8.5 years) (AlQahtani et al.,
2010). The dentine of the second molars startset@ldp between the age of 2.5 and 4.5 years
(median 2.5), while the root is completed betwdssn age of 12.5 and 14.5 years (median 14.5
years) (Al AlQahtani et al.,, 2010). The dentine tbé third molars has a more varied initial
development age, ranging between 7.5 and 14.5 \eadian 8.5) and the root is completed
between the ages of 17.5 and 23.5 years (medi&h (AdQahtani et al., 2010). AlQahtani’s sample
population included only 12 males and 12 femaldsclvis a very small sample, and it is possible

that variation in the growing age of the third matauld be even greater.

Laboratory methods

Each tooth was photographed and bisected vertigalhalf. From the selected half of the tooth,
enamel was removed and all surfaces were cleanttd avhand drill before the samples were
weighed. The sampling method used is describedetaildin Beaumont et al. (2013) with the
process of collagen extraction following that set by Longin (1971). The treated half was then
demineralized in a 0.5 M HCI solution until the sdnpas flexible and did not release carbon
dioxide. Each half tooth was sliced into 1 mm |ayand the layers were then placed in individual
tubes. The tubes were filled with a pH 3 HCI solatand heated for 48 hours at’@5n order to
reflux the collagen. Dissolutions were centrifuged4 minutes with 30k runs per minute and then

freeze-dried. The result product is consideredessinle collagen.

Samples were measured at Durham University andJtheersity of Bradford (see appendix 2).
Carbon and nitrogen isotope compositions were medsir duplicate at the Durham University
Department of Earth Sciences using a Costech Elammémalyser (ECS 4010) coupled to a
Thermo Finnigan Delta V Advantage. Carbon-isotop@sawere corrected fof’O contribution
(Craig, 1957) and reported in standard dalanptation in per mil (%o) relative to the VPDB and
AIR scale. Data accuracy was monitored through aealyof in-house standards, which are
stringently calibrated against international staddde.g., USGS 40, USGS 24, IAEA 600, IAEA
N1, IAEA N2). Analytical uncertainty fos'*Cqoy and 8™Nyx measurements was +0.1 %o for
replicate analyses of the international standandis<®.2%. on the replicated sample analysis. Total
organic carbon and total nitrogen data was obta@iseglart of the isotopic analysis using an internal
standard (i.e. Glutamic Acid, 40.82 per cent C ar® $er cent N). The University of Bradford
duplicated samples were analysed with a ThermdF#s1112 and coupled to a Delta plus XL via

a Conflo Il interface and reported in standard alelbtation §) per mil (%o) relative to the VPDB
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and AIR scale. Based on analysis of the internaliatatnational standard (IAEA N1, IAEA N2,
IAEA600, ANU Sucrose, PEF1) accuracy of 0.2 %0 arager was obtained.

Diagenetic alteration of collagen discovered fromhaeological contexts may have changed the
original isotope composition. It has been suggedtediever, that by using the following criteria,
altered bone collagen samples can be recognizedtfre data:

1. The total carbon percentage was between 28.848dper cent (Ambrose, 1990).

2. The total nitrogen percentage was between 1216.5 per cent (Ambrose, 1990; Van Klinken,
1999).

3. The collagen yield of the tooth was not lowenil3 per cent (Ambrose, 1990).

4. The nitrogen and carbon molecular ratio is betw29 and 3.5 (DeNiro, 1985).

The yield was measured from the whole tooth, bhewotriteria were obtained from each sample
independently.

Results

The mean of the duplicate delta value, calculated eeported in the results, is presented in
appendix 2fogether with C/N ratios, C and N per cent. The dqualriterions introduced above

were met with most samples. 39 of the samplesxtiderd 44.8 per cent carbon limit. This could be
due the carbon composition having been observédrie collagen, and not in dentine. Even if this
criterion was exceeded, carbon and nitrogen rdébbswvithin the limit and this suggests that the

preservation of dentine was good and the isotopgositions were not altered. Moreover, analyses
from dentine with even higher carbon compositiomeheen shown to result in reliable isotope

composition (Beaumont et al. 2014).

In a scatter plot of the isotope composition of saeples (figure 1), incremental samples cluster in
close proximity (no more than one %. difference)th® bulk collagen isotope composition.
Furthermore, no significant sudden increase oredesa of nitrogen isotope composit{tebles 1,
appendix 2, figures 1, 2, 3) apart from individ@4lA and CH15 is apparent. A summary of the
isotope composition of the teeth is shown in tabl®isual observation of the isotope composition
profiles in figure 3 shows that no similaritiesvariation were apparent.

Contrary to overall minor (less than one %.) changfes,first molar of individual 21A shows an

increase in the nitrogen isotope ratio of the crdfigure 3). Apart from that first sample of thesti
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molar, the samples from the individual 21A clustegether with higher nitrogen and carbon isotope
composition than the bulk collagen sample (figureBased on a visual observation of the isotope
composition temporal changes of individual 21A réhare two increases in the nitrogen isotope
ratio; the isotope composition increases around afel and 9. The increase at approximately 4
years of age is visible in both first and secondamso Large scale change (more than 2 %&)"iC
andd™N value of the CH15 third molar is clearly visibiefigure 1.
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Figure 1. Scatter plot of the incremental dentind aulk collagen sample's nitrogen and carbon
isotope compositions, connecting line are on temporder from grown to root (bulk collagen
iIsotope compositions from paper 3). Note the irdliei CH15 radical changes (with connecting
line) in both carbon and nitrogen values.

A first and second molar was studied from two imdlinals (21A and 137A, see figure 2). This was
an important part for evaluating the reliability wiethods for determining the age or the isotope
composition of incremental. This was particulangportant when comparing second and third
molars, because age estimation of the third maaes more than in other teeth (Al AlQahtani et
al., 2010) and thus has the highest likelihoodehtp inaccurate. Visual observation of the isotope
composition of incremental samples from the firsti @econd molars of individuals 21A and 137A
show that samples of the same age provided sinst#ope compositions, with simultaneous

changes, which suggests that the ageing is prolzadayrate and that the changes analysed from
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incremental dentine samples are indeed real chafiggs is in agreement with Beaumont et al.
(2013) and Fuller et al. (2003), which suggests tina method is reliable and that dietary changes

can be studied from dentine incremental samples.
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Figure 2. Isotope ratio profiles of Human 137A thmmolars and Human 21A first and second
molar. The increase in nitrogen isotope compositidren carbon isotope composition remains

unchanged is circled.
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Result characteristics

Table 1. Minimum, Maximum, Mean and range 3fC and&™N values and Spearman's rank
correlation coefficient § of 8°C and5'°N values of each tooth. Means of each column is
calculated into the last row of the table.

Tooth - —_

S o ¢ 3 z 7# %

go=> o g S ﬂoc> o Ug E

c s o S = s o S

S = s x S = s xr 0
IIHA-CH15-M3 -215 -193 -20.1 22 10.2 128 112 2.6 0.811
IIHA-137A-M3 -21.5 -20.0 -20.8 15 124 13.4 12.7 1.0 0.192
IIHA-137A-M2 -21.6 -206 -209 10 123 134 127 1.2 -0.157
IIHA-137A-M1 -21.6 -20.4 -20.9 1.2 119 13.2 12.8 1.3 0.954
IIHA-21A-M2 -21.4 -210 -21.2 04 101 108 104 0.7 0.207
IIHA-21A-M1 -21.4 -20.9 -21.3 0.6 9.6 13.5 10.5 3.9 0.679
IIHA-CH34ppl1-M2 -19.6 -180 -184 16 127 147 134 20 0.432
IIHA-143A-M2 -20.8 -19.5 -20.2 1.3 125 13.1 12.8 0.6 0.516
IIHA-143A-M3 -21.1 -20.3 -206 0.7 126 131 129 0.6 0.509
IIHA-116-M2 -18.5 -18.1 -18.3 0.4 125 14.0 13.4 1.5 -0.273
IIHA-Se21A-M2 -19.8 -19.1 -194 0.7 122 134 125 1.2 -0.647
IIHA-se21-M3 -19.8 -19.1 -19.4 0.7 121 12.9 12.6 0.8 0.513
IIHA-144A-M3 -19.2 -184 -188 08 126 141 134 1.6 0.120
IIHA-CH34ppl1-M3  -18.7 -18.0 -18.3 0.8 13.3 14.3 13.9 0.9 -0.428
IIHA-Sel10-M2 -208 -20.3 -204 05 11.8 140 125 2.2 0.122
IIHA-116-M3 -18.9 -18.3 -18.5 06 134 14.1 13.7 0.8 -0.005
IIHA-23A-M2 -20.7 -200 -204 0.7 121 127 124 0.6 -0.191
IIHA-23A-M3 -21.4 -20.4 -20.9 1.0 12.0 13.1 12.5 1.1 0.810
Means -20.46 -19.53 -19.93 0.9 12.02 13.38 12,58 1.4 0.19724821

Result characteristics were studied in order to @mmpncremental dentine isotope composition
profiles (figures 3 and 4). Following a visual assaent of the results histograms for each tooth
independently (appendix 3), it is clear that neiléC nors™N are normally distributed in any of
the sampled teeth. Minimum, maximum, mean and rarfigbe 5°C ands**N values are listed in
table 1. Rarnge (difference between minimum and mami value) of3*°N values is at highest

3.85 %o and at lowest 0.59 %o (mean 1.38), andStdE values, is at highest 2.21 %. and lowest
0.42 %o (mean 0.92).

In order to test similarities in the behaviour bé 6*°C andd'N value curves (see Appendix 3),
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Spearman's rank order correlation was tested bat®é@ and3'°N value curves (see table 1). This
describes similarities in the behaviour of the ey the two curves are simultaneously increasing
or decreasing (correlation) or moving in oppositeeations (negative correlation). This could
indicate whether or not changes in the profilesralated to dietary range (assumingly to correlate)
or if nitrogen and carbon vary independently (acd$sed before, calorie restricted diet increases
8N values, but not necessariB/°C, thus limited correlation could indicate dietaryess).
Variance in correlation is substantial, from almqsrfect correlation (0.95) to almost zero
correlation (-0.005), and both negative and positigrrelations appear. Correlation coefficients are
not normally distributed, nor are any of the pareargereported in table 1 (see also Appendix 5).
Therefore statistical analyses which assume notynedinnot be used. The different parameters of
table 1 were compared though: Spearman's and Kengadk order correlation was run using SPSS
21. A negative correlation between the mean carbatiope composition and correlation of the two
curves (¥) is statistically significant [Kendall's taa)(correlation coefficient and Spearman's rho
(p)]. Surprisingly, range 08'*C and'N values did not correlate with any other variabtewith
each other (at 0.05 nor 0.01 confidence levelshd&#'s tau b test showed a negative correlation
between mins**C and & (at level 0.05, correlation coefficient -0.428grsficance 0.01) and the
same correlation was also observed with Spearmam'60.551, significance 0.018). There is less
correlation of the simultaneous behavioustiC and3™N values curves (figure 3). Correlation is
not a proof of causality, but, especially in cabdietary reconstruction where two variables are no
independent, causality can affect correlation. s tobservation, higher carbon isotope
compositions exhibit a more simultaneous behawduhes**C ands™®N values curves (i.e. higher
r9. This could suggest that when more marine ressutgere consumed, either diet is more
monotonous (curves are flat), or that these indiaigl are less affected by other influencing factors
in the isotope composition of human dentine, suchtarvation, which could be expected to cause a
different behaviour of the curves. As there is noeation between range 8FC, §*°N values (i.e.
flatness of the curve) and, rthe later seems the more likely scenario. Thierpretation is,
however, provisional, as the sample size is snmall therefore may be significantly affected by a

single individual's lifestyle.
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Discussion

Visual assessment of the isotope compositions @fitbremental dentine samples shows that the
majority of the incremental dentine profiles candascribed as flat (Figures 3 and 4, Appendix 3)
and the range i6'°C and5™®N values is approximately 1 %o or less in most @f teth and there is

a strong correlation between temporal changeg’af ands™N values (¢ > 0.4 or £ <-0.4) in nine

of them. This range of 1 %o or less is observedvimd humans with monotonous diet, too (Lovell
et al. 1986). There are few exceptions to this ggnemall-scale range in isotope composition: A
larger than approximately 1 %. rangedHC and3™N values (table 1, figure 2) is observed in the
third molar (M3) from the individual CH15. This irdites a change in the diet, from the range of
the individual 21A bulk collagen composition to thther end of the range of the bulk collagen
carbon and nitrogen isotope ratios. Changes in CHitdb molar incremental samples correlate very
strongly(rs = 0.8) and thus likely indicate a significant cgarof diet towards more marine based
subsistence rather than as a result of dietargssthecording to Kallio-Seppa (2010) the individual
in question is female. As the wisdom teeth devetoparly adulthood (Al AlQahtani, 2010), it is
possible that this change could be due to mobilitsough marriage or some other social
arrangement, or that the person had immigratechéoarea and adopted the local diet. Isotope
composition of the mandible provides an averageewtral years diet prior to death (Tricker et al.
2002). In this case, mandible collagen had notgathed equilibrium with the new diet. Mandible
collagen isotope composition does not reflect imblial’s diet over longer period, and bone
collagen isotope composition had started to turnéewards the isotope composition of the new
diet (Figure 1). This would also suggest that g@dpe composition derived from the diet of an
individual can be restored, unaltered in dentift teconstructions from dentine incremental
samples do reflect past diet, and that bulk cotlaggmples do not necessarily accurately describe
the diet of the individual.

Another exception of the overall low variability &goparent in the profile of the first molar of
individual 21A. The first incremental sample frohettooth shows a higher nitrogen isotope ratio
than can be observed from the other samples framrholars (table 1, figure 3). It is likely thaeth
first sample is anomalous and does not reflect gheson's diet, but, this sample's isotope
composition has developed in close proximity to tinge of birth of the person or in-utero (Al
AlQahtani, 2010). Therefore the high nitrogen ipatccomposition of the sample could be an
indication of breastfeeding, child development tara, or that the mother had a different diet

during the pregnancy. In clinical studies, babresl keratin indicates that infants have a 2 to 3 %o

127



higher keratin nitrogen isotope ratio than theirtmeos (Fuller and Fuller, 2006). Similarly this has
been observed from a British medieval site, wheeedifference between rib and second molar
crown indicates increased values by 1.2+0.4%.f®C and 3.2 £0.8%. fob15N (Fuller et al.,
2003), and at an ancient Californian site with a 8 %o drop in515N values after breastfeeding was
recorded (Eerkens et al., 2011). There is, howewerindication of such behaviour in tB&N
values, apart from for the individual 21A, as candbserved in both molars at the age of 4 and 9
years (see figure 2 circulated areas). This caufitate dietary stress, as only 61&N values are
changing, whereas th&>C values do not (in agreement with Robertson etGl42and Mekota et

al. 2006).

Individuals CH34pp1, 143A, 116, Se21, and 23A shaweain the nitrogen isotop®mposition of
dentine close to the age 15 (Appendix 3 and 4))it Asobserved at around the same age, it could
suggest that it relates to a growing spurt durinbepty. The effects of growth spurts on isotope
composition are unknown though, and consequently thterpretation remains provisional.
Moreover, culturally driven short-term changes it @dannot be excluded and these aspects require

further consideration.

In general, only individual 21A showed signals afspible stress, and the nitrogen isotope
composition increases twice. Although both increasee only approximately 0.5 %o, first of the
increases is recorded in both studied teeth andreagithout a change i&*°C value. This could
indicate that the individual experienced dietargss at two different points during her growth.sThi
individual is an outlier in the bulk collagen saemplthough and probably cannot be considered
representative of the broader local population €p&). The possibility that this person originated
non-locally should be investigated with strontiundaxygen isotope analysis. Only then it would
be possible to determine if dietary stress can drfi@d during the Little Ice Age period from

Northern Ostrobothnia using this sample.

There are several possible explanations for therobd results. Firstly, due to a lack of indication
of starvation, it is possible that cultivation didt play any significant role in the diet of people

lin Hamina and thus harvest failures during théle.itce Ace did not cause famine. Even though the
history of cultivation in Northern Ostrobothniausknown, pollen studies indicate that it was likely
very small scale (Reynaud and Hjelmroos 1980, bahtiand Rowley-Conwy, 2013) and it is
therefore possible, that the climate did not hasgaificant impact on resource availability. Irchu

a scenario, the little Ice Age may not have hadseednible effect on the subsistence of the people
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in lin Hamina meaning that there would be no sifjdietary difficulties to be found. Secondly, the
sample size is small, consisting of only ten indiials, it may quite easily not demonstrate the
average diet of the general area. For most indalgincluded in the study, two teeth were studied,
which means that the period of reconstruction ipreximately twenty years per person.
Consequently, this may be a more likely interpretathat there was no significant dietary stress or

shifts in subsistence during this period.

Subsistence in marginal areas: lin Hamina in Northen Ostrobothnia

Failures in farming are a common phenomenon inaRohland rural agrarian communities must

have had survival mechanisms against regular paedsy Recently, it has been argued that

subsistence returned from farming to hunting, gatlgeand fishing after the Corded Ware period,

even in the most prominent region in the south-arespart of the country (Cramp et al., 2014).

This creates the impression that it is impossiblehéave a sedentary, farming based society in
throughout the majority of Finland without vitalgplementary resources. Harvest failures and even
dramatic drops in farming yields are still very coon in Finland. Consequently, a purely farming-

based society seems impossible without importsipplementary wild resources.

Fish played a significant role in the life of hursan lin Hamina (paper 3). The site is situated in
close proximity to the Baltic Sea and the rivemihere they could have accessed a constant year-
round source of protein through this resource. Meee, it is unlikely that the inhabitants of lin
Hamina experienced a lack of proteins, but rath&liatage of other vital elements of nutrition. As
already mentioned, typically, human diet cannoeexic30 per cent protein, and therefore more than
70 per cent of daily energy needs to be obtainaah fother sources. This non-protein component of
the diet may comprise fat, such as seal fat usedndtyve Americans (Draper, 1977), or
carbohydrates, such as pine phloem as used byah® eople in northern Fennoscandia and
during the historical period, when they were oftefierred to as a starvation food by Finns
(Zackrisson et al 2000). Salmon, one of the fattésish, has a maximum of 13 per cent fat, which
is 61 per cent of the calories derived from thh,fend 12 per cent protein which is the other 39 pe
cent of the energy (Finnish National Institute lftgalth and Welfare, FNIHW). The availability of
salmon is seasonal though, and most fish in Baléa Bave a relatively low fat content. For
example, the energy from perch derives from 18&pet fat, 82 per cent protein (FNIHW), which is
too low to make it a viable candidate as a maiexamiusive source of nutrition. In cases of failure
in other resources, we would expect that fish comion might have become a larger part of their
diet. High protein consumption is known to incre#fse nitrogen isotope ratio (Sponheimer et al.,
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2003Db). In order to supplement carbohydrates hosiugh poor harvest yields, the total amount of
proteins in daily energy could have been increasethething which should be visible in the

nitrogen isotope ratio. This was not, however, wias$ observed in the incremental analysis.

If farming was not an important part of peopleiglihood in lin Hamina, they must have had
sources of food other than fish in their diet. Bper 3, we demonstrated that the consumption of
fish was very likely an important part of the humdiet for the people buried at lin Hamina.
Subsisting on only fish would not be enough for theman diet though, and other sources of
nutrition (such as a constant supply of vitamin @uld be necessary. Presence of other nutrition
sources, this is very likely as pathological changé the sort that are caused by scurvy were
detected in only one individual (out of 44 studsdills) from the skeletal material from lin Hamina
(Heikkila, 2011). This strongly suggests that theyst have had a regular alternative source of
vitamin C. As farming is not a reliable means oforese management and failures occur
systematically, supplementary foods have beenah pért of survival in northern latitudes. The use
of pine phloem as a food supplement is ethnografifiand archaeologically known from the
Northern Fennoscandian area (Zackrisson et al 20@Oprovided an important source for
carbohydrate and vitamin C during the winter monghgeriod when other sources are not available
(Ostlund et al., 2004). Moreover pine needle tedigh in vitamin C and was known by the
Swedish army to cure scurvy during thé"X&ntury (Schick, 1943). There is no record thagpi
needle tea or pine bark was used in lin Haminapiné needles are available widely year-round in
the area. The carbon isotope composition of the pmloem and needles should be investigated as
it is possible that these contributed to the isetopmposition of the individuals.

There are several possibilities that made life édoable in Northern Ostrobothnia without
dependence upon exclusively farming. One option ldvdave been extensive gathering and
supplementary hunting. Currently, we have no diestlence for gathering in the area during the
period in question. Julku (1985) argues that fautiized the wilderness extensively, something
that is seen from the distribution of houses in ltite 16" century: farms were situated far from
each other, not in village like clusters, suggestimat the surroundings were an important source of
wild food resources (e.g. berries). Survival wasikely more difficult during the Little Ice Age
anomaly because the net primary productivity of Bareal Forest correlates strongly with
temperature (Zheng et al., 2004). The level of e®®ed productivity during this period (for
example in wild berries) is not known. Furthermarereals and other cultivators that originated in

much warmer climates might be much more sensitivelitnatic factors than local wild species.
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Consequently, a failed harvest might not necessédye correlated with a low yield in wild

resources.

The second option is that trade was used to sugpiepoor harvest yields, and that significant
amounts of food were imported into the area. Tlisspendant (originating possibly from Karelia)
buried in the lin Hamina suggests that trade wdsed practised (Kallio-Seppa et al., 2010), but
the extent to which the community of lin Hamina aged in it remains unknown. Trade was
certainly a common practice elsewhere in Northestr@dothnia during later periods, and even
luxurious items, such as silk have been discov@esllk glove has been recovered from Liminka
layers dating approximately to the™@entury [Salmi et al., 2012]). Imported items dodds may
have been an important factor in survival. Thiségn to be the case in a study of t@ntury
Finland, which shows that during years of low ryeld; the poorest social class suffered much
worse than people who could afford supplementargate (Hayward et al., 2012). As farming
failures are common in the area, food supplemeist wed only used during exceptional years, but
also more commonly as a source of food for norniet. &urprisingly, Hayward et al. (2012) did
not find a correlation with climate, cereal yielddadeath rate in pre-industrial south Finland. This
seems to suggest that maybe people in Finland Heatetit survival mechanisms that remain
poorly understood. As the supplementary foods nhaste been an important component of
subsistence practises, it is possible that somesyaawhich farming failures occurred were not
visible using the sampling methedployed in this study, and that finer scale samgphould be

used in order to detect such seasonal variation.

The third option is a combination of the aboved#afishing, hunting and gathering providing the
needed supplement for harvest failures. Unfortupateis not possible to say which of these
options people in lin Hamina predominantly religabn. In the light of the preliminary evidence
described here, however, it is likely that the peay lin Hamina were well adapted to their local
environments and thus, even during the Little Aljd,not endure significant dietary stress. This, in
turn, could suggest that the population was notihedependent upon farming, as our analyses
show no indication of a calorie restricted diet; do they support arguments of dramatic change in
food procurement. Moreover, because herbivoresarthgrn Ostrobothnia have a lower nitrogen
isotope composition than has been obtained frommetho South Scandinavia (paper 3), if these
animals formed a substantial dietary componerghdtuld be reflected in our incremental isotope
analysis. We did not, however, observe signifiagrdanges in isotope composition of the dentine,

which suggests that subsistence practises didargtsubstantially on a yearly basis. This signature
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instead could be interpreted as evidence of thadl foroduction and gathering was constantly
practised and that subsistence strategies remaineldr throughout the lifetime of the individuals

analysed from lin Hamina.

Summary

It is possible to study environmental adaptatiod pariods of famine using isotope methods from
incremental dentine samples as an indicator of-teng dietary stress. The results obtained from
the individuals buried at lin Hamina do not, geigrahow signs of dietary stress. On the basis of
this lack of stress, it is suggested that the Igmgulation were well adapted to their northern
climate. One female individual, 21A, showed a snradtease in the nitrogen isotope ratios of her
incremental dentine samples, but not an increasarimon composition, which can be indicative of
a restricted calorie diet. The individual 21A alsad a different diet when compared to the broader
population buried at lin Hamina, which could sugdbat the person had different diet compared to
others. The sample size used for this study is Isama therefore these results may only be
considered preliminary and cannot be used for titempts at larger-scale interpretation. The
reconstructions show diet for more than 20 yearsrfost of the studied individuals, which would
suggest that it was very unlikely that people atHamina at least experienced little in the way of
dietary stress.
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CONCLUSIONS

This dissertation is divided into eight chaptens, the core of the thesis comprises the four papers
that make chapters 2, 4, 6 and 7 referred to psrdg paper 2, paper 3, and paper 4. These papers
each cover different aspects of the research taptt deal with various different methods and
techniques used over the course of the project. pepers are first summarized below and then

discussed in greater detail.

Paper 1discusses the difficulties in interpreting poli@ata. The aim is to show that with single
pollen data, in the absent of other proxies suamaterial culture or botanical macrofossils, ihat
possible to determine if particular types of polléerive from wild or cultivated species. This
demonstrates that current evidence indicating sstalle farming before the Iron Age is not enough
to support early farming.

Paper 2 summarises the radiocarbon dates pertaining tditsiesignals of farming (excluding
single pollen grain evidence) from published stadid compares this to the population proxy
obtained from archaeological radiocarbon samplés. main results from these observations were
that an increase in population correlates veryngiisowith an increase in the evidence for farming
from the last millennium BC onward. Moreover, theesal of cultivation was a complex processes
and involved several periods of intensification tbé spread and the Medieval expansions of
farming was one of the final steps on the longrgsbhenomenon.

Paper 3is a case studk/ focusing on the site of lin Hamh@arthern Ostrobothnia. The site covers
burials from 18 to 16" century (Kallio-Seppa, 2010). This period was jauitly characterised
climatically by the Little Ice, with shorter summseasind consequently a shorter growing period. The
Medieval period in Northern Ostrobothnia had presgig been thought to be when the first farming
and sedentary settlers from the south Finland dpirga this area (Vahtola, 1992). However, this
study showed that the main protein consumed atdimina was likely to be fresh water and marine
fish, and not terrestrial animals as might be etguedrom a farming community. Moreover, this
study showed that isotope reconstructions in thdidah Bay area are difficult to interpret as the
main sources (marine fish, seals and terrestriah@s) may have very similar isotope composition.
This may be problematic if the isotopic compositiohlocal fauna and flora is unknown and
comparison is based solely on studies from theheontpart of the Baltic sea.

Paper 4 analysed ten individuals buried in the lin Hamoemetery using dentine incremental
iIsotope analysis. This study concluded that theleeof lin Hamina most likely did not suffer from
long periods of food shortage or other large sda¢ary stress. Taking into account the climatic
anomaly of the Little Ice Age during this periotiese results further suggest that farming was
likely not an integral component of subsistencesficas in the lin Hamina.
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The beginning of farming in Finland and neighbourirg areas

All of the cultivated plants and domestic animdiarmacterising farming in Finland were originally
alien to the area, with the exception of occasiovild boar invasions (Ukkonen et al., 2014), and
thus cannot have been domesticated in Finland. likely, instead, that farming practises spread
from neighbouring areas. Discussion of early fagrim the Baltic countries is ongoing and it has
been mainly based on pollen analysis (and therabomdfected by the same issues discussed in
paper 1). Statistical analysis of pollen proxiesrfrmultiple sites in Estonia shows the beginning of
cultivation to have taken place between 4000 td02BB (i.e. 2000 BC to 0 BC/AD; Reitalu et al.,
2013). However, domesticated animal bones have theeavered from the same context as Corded
Ware pottery, but the bones have not been radiobadated and thus the association remains
speculative (Kriiska, 2003; Ldugas et al., 200Me@ig has been radiocarbon dated to 2700-2500
cal BC (Lougas et al., 2007) but as the author stiate,difficult to distinguish wild and farmed
individuals, especially in the case of a singlalfiA single burnt barley seed has been discovered
intact from a Corded Were potsherd, but it has eeitfeen published in the scientific literature nor
radiocarbon dated (Jaanits, 1992). At this potng not possible to draw definite conclusions from
this very limited evidence and it has been suggestat cultivation was not well established before
the mid-Bronze Age (Ldugas et al., 2007). This redewould be vital for understanding the spread
of farming into Finland as the Gulf of Finland iarrow (approximately 50 km at the most narrow

point) and can be easily crossed either duringtimemer by boat or during the winter on ice.

Although the southern part of Sweden is situateal d@ifferent climate zone than even the southwest
part of Finland, this area is relevant as anotlmssible route for the spread of farming into north-
eastern Europe. It is also an area which has bedred intensively and thus is well known. Based
on radiocarbon dates from an extensive collectiooeoeal macrofossils and domesticated animal
bone, cultivation in South Scandinavia is estimatechave started between 4000 — 3700 BC
(Rowley-Conwy, 2004; Sgrensen and Karg, 2012; Seanef6é4; Eriksson et al., 2008). Even
though there has been discussion of whether Naoféihmers consumed fish or not (Milner et al.,
2004; Richards and Schulting, 2006; Craig et al. p0thkre remains no evidence of the intensive
exploitation of seals, a significant contrast witbrthern Baltic areas (Ukkonen, 2002). Farming
continued to spread during the Late Neolithic andnBe Age towards Norway and North Sweden
(Pedersen and Widgren, 2000; Prescott, 1996; Miklu2011). If farming spread from the
Scandinavian Peninsula into Finland, it is likdhatt the timing of the spread would not have been

earlier than this. Previously the evidence for fiagnn northern Sweden had been based solely on
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pollen, but recently several macrofossils have kissctly dated to Bronze Age (1200 — 800 BC,
Viklund, 2011). Although the evidence is still stafrom northern Sweden, it seems that there was
an expansion of farming into the same latitudesdintatic zone within which southern Finland is

also situated during this period.

The Aland Islands are situated between Finlandweden and operate as an autonomous area of
Finland. The islands are visible from the Swedistintand, and, once reached, Finland would have
been visible within their eastward viewshed. Thegrevlikely an important navigational aid for
water based transportation across the area. Ttalfimesticated animals in the Aland Islands have
been discovered from contexts associated with itiedPNare culture (Stord, 2000). The two oldest
cattle bones date to 3400+60 BP (1881- 1585)B@d 3725+65 BP (2338-2310 BGind a sheep
bone has been dated to 3710+80 BP (2397-2349 B&tord, 2000). Although it has not been
confirmed whether these domesticates were of lodgin, Stora (2000) claims that the bones are
from complete skeletons which suggests that whoimals were butchered on the islands. A cereal
macrofossil has been discovered from a Pitted \&kee but neither the site nor the cereal has been
radiocarbon dated rendering the reliability of #esociation doubtful (Lindqgvist, 1988). Further
doubt is cast upon this particular find as theelittVare culture is not known to have practised
farming elsewhere within its cultural sphere in 8es (Eriksson et al., 2008). Although this
argument clearly did not preclude the same culftma practising animal husbandry on the Aland
Islands, it would be important to test this hypaikevith strontium isotope analysis. It is alse@lik
that they interacted with farming communities anghanged farming products with the Pitted
Ware people, and thus a small quantity of cultidgteoducts could be found from PW settlement
sites. Nevertheless, sealing and fishing remaingilyhimportant activities for much later periods,
even into the Bronze Age (Lindqvist, 1988; Siiriain&980). Thus the timing of the first farming in

the Aland Islands remains speculative and morearekds needed.

In mainland Finland, detection of milk lipid resekifrom a pottery sherd of the Corded Ware (CW)
culture provides the earliest indirect evidenceaaimal husbandry (Cramp et al., 2014). As
mentioned in paper 1, pollen studies do not indiaareal cultivation during this period, which
suggests that if there was cultivation, then it wha very small scale and likely restricted tolégr
which does not produce large quantities of poli@nd is therefore often not visible in pollen
studies. Moreover, extensive macrofossil analy$isw@ CW sites did not recover any cereals

®Calibration was done with Oxcal 4.2 using IntCalchBibration curve, the dates are reported in 96 grobability.
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(Zvelebil, 1981). Ayrapaa (1950: 29) states that@W culture only occupied the region in Finland
that is climatically and geographically most favahie to farming, which might support animal
husbandry or farming. Moreover, Siiridinen (198@jnped out that assemblage from this culture
lack hunting tools, which may also support argumefta farming based subsistence. However,
Nordqgvist and Hakala (2014) dismiss the discovefyttee milk residue mentioned earlier,
suggesting that the CW culture did not practise fiagnin Finland as, indeed, it did not in other
parts of east Europe, but rather continued hunfisging and gathering. Their belief is based upon
the location of the site and the lack of evidenoe farming. No archaeological data suggest
subsistence based on anything other than hunistgng and gathering. No farming related tools
have been discovered from CW contexts; no grindinges or sickles have been found (Asplund,
2008). Keeping significant quantities of animals®vin south Finland requires a substantial
supplement of winter fodder, and an appropriatékibfor the collection of it. Nevertheless, during
this period, which was characterized by the Holecelrmatic optimum, population size correlated
strongly only with the climatic factors, which sweggs that if cultivation was practised it did not
visibly affect in population size (Tallavaara anepfa, 2011). Currently the evidence is insufficient

to prove that farming was practised.

In the subsequent Kiukainen culture period, intemseal hunting and extensive exploitation of
marine resources was practised (Cramp et al., 2BBinander, 1954). According to Siiridinen
(1980), unlike the preceding CW period, huntingipqent has been found from the Kiukainen
period. However, their toolkits also included qustanes and sickles (Meinander 1954, Salo 1972,
Siiridinen 1980). As these tools were mostly disged before the widespread use of radiocarbon
dating in Finland, they deserve reinvestigatiorrtipalarly as many of these tools may also have
been used by hunter-gatherers in the same wayptitedry was adopted in Finland before the
adoption of farming (Jordan and Zvelebil, 2010).rbtver, Asplund (2008) points out that these
finds are undated and the security of their contextebated; the sites where these grinding stones
have been discovered were used during multiplegsr@and these artefacts could date considerably
younger. In contrast to the previous CW period,alievidence suggestive of small scale farming
has been obtained; one burnt sheep/goat bone basdaéed to this period (3679+33, 2200 - 1950
BC; Blauer and Kantanen, 2013). Although carbonatetifma of bone has been used successfully
for radiocarbon dating (Laning et al. 2001), Burngam alter the radiocarbon age making the date
appear younger or older depending on the firingdydemperature and post depositional alteration.
(Olsen et al. 2013, Zazzo & Saliége 2011, Van Singt 2009) Nevertheless, this could have been
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exploitation of domestic animals similar to whae tRitted Were culture practised on the Aland

Islands: importing a wild animal for consumption.

The Kiukainen culture period was a time, in whig@ngtic modelling has suggested a bottleneck in
population (Sundell et al., 2010). This is visilallso as a decrease in the population size proxy
(Oinonen et al., 2010) and the density of settlansges (Siiriginen, 1980). Cereal starch grains
associated with a Kiukainen vessel has been fddodever, the pot sherd dates to the Bronze Age
(1131-973 BC, Juhola et al., 2014). As discussedapep 2, this date is either erroneous or
alternatively the use of Kiukainen pottery was awretd longer than has previously been suggested.
Moreover, the authors admitted that the methodf itsenot completely understood, conceding that
starch grains can vary considerably geographicalhy that these results should be tested with
further studies. With the limited history of inviggttion into the evidence for early farming, there
remains much about the process that is unknown ore ntomplex than we can currently
comprehend. As Siiriainen (1980) has already sugdeshat using only archaeological data (the
lack of hunting tools associated with the Cordeda@Marlture), it is possible that animal husbandry
with cattle was practised in the coastal regioifriofand, but that it declined during the Kiukainen
phase (Cramp et al., 2014). If the Kiukainen cultdi@ practise cereal cultivation and animal
husbandry, the importance of farmed food remainknownm, and it is possible that it was
relatively insignificant as no large population @tb is observed (paper 2). Moreover, their main
source of protein was most likely derived from seglfishing and wild game hunting (Carpelan,
1999; Cramp et al., 2014; Siiriainen, 1980).

Evidence of farming in the coastal areas does aoéssarily mean that the rest of the country was
occupied by farmers. Both the Corded Ware, and Knéicultures exclusively occupied coastal
areas of Finland (Carpelan, 1999; Nordqvist and HKé&ka014) leaving most of the country
undoubtedly occupied by hunter-fisher-gatherers. t€uoporary with the CW and Kiukainen
cultures, the inner, eastern and northern partirdénd were occupied by groups using asbestos
ware, such as the Kierikki, Polja and Jysméa waf@argelan, 1999). The reservoir effect of
radiocarbon dates obtained from food crusts onstgbeeramics, and carbon isotope composition
of the food crust suggests that fishing was an mapd dietary component in these cultures
(Zhulnikov et al., 2012). Moreover, it is likelyahthese groups interacted and exchanged goods
with one another, and according to Carpelan (1988, Kiukainen culture emerged from these

interactions between CW and inland Finland cultamss exhibits similarities to both traditions.
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During the beginning of the Nordic Bronze Age, flsitkles first appear in the archaeological
record, although a discovery is also mentioned feotdiukainen site is (Salo, 1972). However,
most of these studies were conducted before thespréad use of radiocarbon dating, and sickles
are individual discoveries from unclear contexts] thus the date of the sickles seems problematic.
According to Asplund (2008) deposition of thesekkgis in wetlands might suggest that these
objects were used as votive offerings, which migétreflective of the growing importance of
cultivation. However, the Nordic Bronze Age in Fimawas, according to Siiriainen (1980),
predominantly characterised by grey seal huntirgnm#entioned in paper 1, according to Zvelebil,
(1981) arable land only became important duringedy Iron Age, and the proximity of fertile
land and settlements began during the Bronze Abis. dlose proximity to former sea sediments
(such as clay) can reflect the uplift of new fertiand or other available resources. Salo (1970)
argues that Bronze Age settlements indicate yeamaraoccupation, which could imply that
farming started to take place in Satakunta areaofling to Lavento (2014) the Bronze Age in
Finland was characterised by small scale occupatimentres and even the coastal areas considered
to be part of the Nordic Bronze Age differed consathdy from those of the South Scandinavian
culture, and could have been characterised byrdiffesubsistence strategies, although these are not
elaborated upon. There are a few indicators ofifagrfrom the Bronze Age: A single cow tooth has
been discovered from a Bronze Age cairn (Blauer &043); three macrofossils from the south
Ostrobothnian area have been dated to the lasermiim BC (Holmblad, 2010): the pollen
evidence and population proxy would support the ithat farming did not spread to Finland before
than the very late Bronze Age (during the last miliem BC), although this method fails to record
very small scale cultivation. As already mentiortbé, starch grains from a Kiukainen potsherd date
to the Bronze Age (Juhola et al. 2014), which ccwdde been part of this first establishment of
farming. However, the importance of farmed foothét time remains unknown. It is still likely that
the whole country was not dependent upon farmirdythat most of the intensification of farming

took place during the Iron Age.

As discussed in paper 2, farming began to be pextton a larger scale and to have a more
significant impact upon society from the last niitheum BC, when an increase in both farming and
population density begins. This apparent increasggnificance does not preclude the practise of
cultivation before this period, as pollen studiesmbt necessarily record small scale farming, but
there remains insufficient evidence to support thieory. Therefore, a more informed
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understanding of marginal farming cannot be gawwétiout intensive investigations using other

methods such as macrofossil or lipid analyses. Wewdhe most profound increase in the spread
of farming and in its impact on the society is appaduring the Iron Age. There was a substantial
decrease in the spread of farming c. 700 AD, aisddhte corresponds with the timing of a genetic
bottleneck (Sundell et al., 2014). This event wiesly connected to a climatic event during (paper
2) this period although such an association reguuether investigation. Moreover, the scale and

importance of any such event remains unknown.

The question of when the first farming in Finlandghn remains unclear. Tracing the earliest
indicators is something of a slow and random precas the majority of excavations in Finland are
rescue excavations, where areas are threateneddedttnuction by construction work. In past
excavations, macrofossils were not systematicadljected, and their collection remains a non-
standard practise. Moreover, macrofossils are mdt pveserved in the acidic soils, unless they are
charred, which makes their identification more idifft. Therefore the discovery of cereal
macrofossils is very rare and results are likelgsbd due the taphonomic aspects of the charring
activity. Consequently, alternative methods of itigagion, such as the collection and analysis of

phytoliths, represent important complementary apgines for expanding our knowledge.

In archaeology we investigate material culture r@esyabut innovations involve also informational
knowledge which the material culture resembles. Béginning of farming involves learning new
types of activities. Farming is a continuous precem year to year, and consequently requires
strategies for sustainable harvests and livestoclrovide for future returns. It also requires
different expertise than gathering, as most cukggolants require unique knowledge of suitable
growing conditions, fertilization processes, andagal care and maintenance. Such information is
highly important in marginal zones, such as FinjJamdere the timing of planting and harvesting is
crucial for success. This would also mean that ii@gncould not have been practised as an
occasional pursuit, as it would have been impegatinat this knowledge was passed on to future
generations. Nunes (1999) has suggested that lEecdudifficulties in establishing agricultural
systems, cultivation was introduced on several siooa and that it played a major role in food
production from an early stage. However, on thasbat the current evidence, it is difficult to
interpret whether farming was first practised byfeav individuals whereas others remained
economically dependent upon alternative modes bsistence: estimating the scale of farming

during these early periods is highly problematic.
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Contrary to what has previously been suggestedjngptupports the idea that the first farming in
Finland was of a slash-and-burn nature (excludswaf fire for clearance). As mentioned in paper
1, there is no palynological evidence that indisaghort cycles of fire ecology. This is especially
the case in western Finland (Morris et al., 20W8)ere the earliest evidence of farming has been
found. In addition to the lack of palynological @ence for this practice, there is also a scardity o
archaeological evidence. As slash-and-burn agumiiioes not necessarily require unique toolkits,
this may have decreased its archaeological vigibiin the face of this lack of evidence, we can
reject the idea that farming developed from moraps (assumed to be slash-and-burn type)
processes to more complex methods (permanent didtdzation). Instead, it is more likely that
innovations were adopted from the neighbouring saré€his is seen in at least one site, during the
Early Iron Age, where field cultivation was praetistogether with fertilization (Vanhanen and
Koivisto, 2015). This relationship between thesacfises suggests that plant cultivation was linked
to animal husbandry. Although compost may also sedlutraditional methods where animals were

kept in forests and manure was brought to thedietwlld have been practised (Soininen, 1974).

The importance of cultivation in lin Hamina and Finland

As already discussed in the introduction, farmiagreot be simplified as existing or non-existing,
in marginal areas. Moreover, this study demongirétat if we want to understand the effects of
cultivation on population size and whole societys ialso important to understand the proportion of
cultivated food in the diet. Therefore this quastom beginning on the prehistoric farming practises

is needed to connect to dietary reconstructionls isdtope analysis.

Ideally, this investigation should have included/esal sites from different periods in Finland.

However, this was not possible, due both to finaincestrictions and to limitations in sites and

materials available for study. However, this sthdg contributed towards the discussion of farming
practises in northern Ostrobothnia during the dicnanomaly of 'the Little Ice Age' between the

15" and 18' centuries AD (Helama et al., 2009).

Communities contemporary to the society at lin Hamimthe South of Finland practised farming,
even in remote areas such as the Gubbacka settléolese to modern Helsinki) where cereals
were cultivated and animals were kept (Kivikerol@0Vanhanen, 2010b). Papers 3 and 4 indicate
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that the same was not true at lin Hamina. It islfikhat cultivation was a very limited source of
food as subsistence was based predominantly omdisithe population of lin Hamina did not
largely suffer from a lack of vitamin D (Heikkil2011). Vitamin D deficiency is typical in modern
societies that inhabit northern latitudes, oneheffactors affecting it, is lack of exposure tolggint
(Webb and Pilbeam, 1990). This could suggestsditiaer they spent more time outdoors or had
food which was high in vitamin D. Dental patholagigupport the suggestion that the diet at lin
Hamina was likely low in carbohydrates and highpmtein (Vilkama, 2011). Consequently this

suggests that fish were consumed in large quasititie

As discussed in paper 4, human diets cannot bdysptetein based. However, many current
hunter-gatherers occupying Subarctic or Arctic eagirely upon a seasonally high protein intake
(Speth and Spielmann, 1983). This period is verysstul for the body, and inadequate nutrition
can cause serious health problems (Noli and Avef@88). For example Steffansson (1944)
describes how protein poisoning can develop andakiuman in two weeks, if no food other than
lean meat is consumed. This is also why modernemgatherer avoids low-fat game during
shortages of non-protein based foodstuffs (SpethSmelmann, 1983). This period, when protein
is available but the other components of the dietadbsent, typically occurs during the winter and
spring months. Humans can avoid protein poisoningupplementing their diets with either fat or
carbohydrates. As an example of a predominantiyt in@sed diet, modern Arctic hunter-gatherers
often use animal fat, which allows them to subsishost exclusively on animal derived food
(Sharma, 2010). The fact that humans cannot sursikely on a high protein diet also makes
cereals highly important in the north, as they ptewnot only energy, but also a vital non-protein
dietary component. This lack of nutrition ratheartrenergy, makes non-protein dietary components
vital for survival, and possibly acts as a limitifector in population size. Incremental dentine
analysis from the population of lin Hamina does saggest a shortage of food during their
lifetimes (paper 4), and this can be interpreteé\adence that the population was well adapted to

their local environment, even during the climatictuation of the Little Ice Age.

It is possible that farming was never a dominantienof subsistence in most parts of Finland. The
climate in Finland remains generally unfavourabledreal cultivation. Total failures still reguharl
occur and therefore it is vital to have a surplusdpction to supplement periods of shortage. For
example in northern Ostrobothnia, failure occumhadt every third year in cereal cultivation

(Kettunen et al., 1988). It is unlikely that thdtmation of cereals was easier in the past, and as
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was not possible to rely on cultivation, it is vdikely that farmers were required to exploit
alternative resources (hunting-fishing and gatlggrior engage in trade with other groups.
Similarly, in other marginal areas, such as in Neigl Shetland Islands (Montgomery et al. 2013)
sporadic marine resources were used, in Indon&%&l (et al., 1997) and the Amazonian rain
forests (Gould 1985) hunting is practised alonggatening. Moreover, hunting and fishing are
observed to have been an important part of theidliptehistoric populations in the south-central
Arizona desert (Szuter, 1991) and Jomon societiekapan (Crawford 1992). This would suggest
that in marginal areas, there is a phenomenon whkebsistence strategies comprised various

approaches, and not exclusively practises of atlow or hunting, gathering or fishing.

As mentioned in paper 2, cultivation and populatiemsity increase simultaneously during the last
millennium BC. This suggests that cultivation inceshgroductivity in Finland and therefore
allowed the population size to increase. Bearingiimd that most parts of Finland did not have any
native nuts or acorns during these periods, thesaldvhave been a shortage of easily storable
carbohydrates and fats. Berries may have been tadlebut preservation is difficult with the
exception of the lingonberryVéccinium viti3, cloudberry Rubus chamaemoruskranberry
(Vaccinium microcarpunand Vaccinium oxycoccosnd black crowberryEmpetrum nigrum)in
which their acidity serves as a natural presereatifowever, berries decompose more easily than
cereals and cloudberries and cranberries (whictv gmngoeat bogs mainly in the North of Finland)
are energy-consuming to gather and yield considiedalss calorific return than nuts or acorns.
Therefore, it is possible that cereals providedngnease in carbohydrate consumption during the
critical winter/spring months when a scarcity ohrarotein foods may have been experienced. This
is a situation in which the total quantity of aahile food is not the only reason increasing thel foo
supply and yet it can very be critical for survivia a similar case, Speth & Spielmann (1983) have
asserted that carbohydrates would have been muoh @ffective than fats during such periods. If
incremental dentine analysis could provide a betsolution, questions regarding seasonality, or
whether animal fat or plant foods were used, cdnddaddressed and this theory could be further

investigated.

Terminology - Hunting farmers and farming hunter-gatherers

Modes of subsistence have commonly been used incldssification of human groups. The

definitions have commonly been either as huntenayats (in some cases also fishers) or farmers.
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The main difference between farmers and hunteregath is that farmers are more dependent on
the farmed food than not, but they may also husit, &nd collect edible wild foods. Zvelebil (1986,
12) even argues that hunter-gathering and cultnadre incompatible types of subsistence. This is
simply not the case in marginal areas where falunefarming occur commonly; this cannot be
universally true. At least in Finland, hunting agathering coexist with farming even in modern
society. In the case of past societies, a seaseli@hce upon wild resources (fish for example) is
likely to have been vital. This could only have eeplaced either by major imports of foods in

difficult years, or by extensive storage.

Smith (2001) argues that the definition of huntathgrers is difficult, as the distinction between
domesticated and non-domesticated is an artifiotadstruct in many regions. Moreover, Smith
(1998) showed how difficult it is to describe pemptho are not purely hunter-gatherers or farmers.
In Finland, the domestication of wild animals idyoproblematic with regards to reindeer, as this is
the only species that was semi-domesticated irhaort Fennoscandia. Most of the animals and
plants farmed in Finland must have been importedeissen (2014) supports the idea that hunter-
gatherer communities in northern Europe were ableractise small-scale and seasonal animal
husbandry. This may have been possible as farmiogpg did occur in the South Baltic region
much earlier than in the north. There would likehBve been contacts with these groups that could
have introduced domesticated livestock. Howeves, would not have been a possibility in areas
where hunter-gatherers were not in contact witlméas; as such practises cannot be conducted

merely on occasion but must be maintained andriratezi generationally.

As reindeer were likely the only native speciebéadomesticated within Finland, models assuming
a "taming stage" are simply insufficient to deserthe economic process by which farming began
in Finland. This also renders the terms used terdes transitional periods between farming and
hunting-gathering during this process inadequatehsas Harris' (1996, 1989) or Ford's (1985)
stage models of farming or animal husbandry). Sif#001) suggests that the term 'low level food
production' could be used to describe societiesvdmt these two categories. Zvelebil (1996)
introduced a three stage model by which cultivastowly replaced hunting and gathering. This

model does not take into account fishing, which ild source of food, but can be procured close
to occupation sites and thus allows permanenesetthts. Moreover this model fails to describe the
situation in an area where cultivation is problamand farming regularly fails. The dilemma is that

if fish is the main source of protein for farmeshpuld we perhaps talk about hunter-fisher-farmer-
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gatherers? Fish and other marine resources maytaéned year around, even from sedentary
camps, and are widely available in Finland.

In the complex picture of subsistence in Finland, weed to use more accurate terminology than
simply the dichotomy between hunter-gatherers amchérs. Moreover, even during the™18nd
19" centuries, farmers did not only practise cultivafibut also hunting, gathering, marketing,
handicraft, tar manufacturing etc. (Soininen, 192dl)this would suggest that a purely farm-based
subsistence is simply not possible in most partsiofand. Therefore it would be more appropriate
to term this a poly-subsistence-based economytlaageople practising it could be described as
multi-practioners rather than just farmers. Fumhene, it is likely that subsistence varied greatly
between different parts of Finland.

Final conclusions

Early farming in Finland was not a simple phenonmeand much more research is needed in order

to understand the full complexity of the beginningsultivation.

1. The overview of pollen studies suggests thatsfiread of farming in Finland was a complex
phenomenon, and that the spread of farming in warjgrovinces increased at several different
times. Farming started to have a significant impattthe country during the Iron Age when it
developed synchronously with an increase in popuiatize and became more visible in records
produced through pollen analysis.

2. Isotopic studies from the lin Hamina site supplo interpretation that fresh water and Baltic sea
fish were the main source of protein for the pedqpiged there, and that farming had a very limited
impact on the overall diet and was of limited impoce in the survival of the people in northern

Finland even as late as the Medieval period.

Suggestions for future research:

Initially it was planned that this thesis would lunte several sites for study, but unfortunatelyat
not possible to obtain more skeletal material mtime frame dictated by the thesis. Therefore this

should be considered as a preliminary study, amsl libped that further isotope work from other
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areas and periods will be possible in the future.

Pollen analysis is not the best method to invesiganall-scale cultivation and other independent
proxies are needed ratify pollen results. Therea iseed for wider application of alternative
scientific techniques in Finnish archaeology. Thuld generate more and alternative datasets for
investigation into subsistence strategies and gr@fic and early historic economies in Finland.
Methods such as sampling for macrofossils, soil DIS#arch grain analysis, phytoliths and the
chemical composition of hearths and lipid residoalysis of pottery should become more standard
archaeological procedures in future excavationshSmprovements would be very important for
resolving the issue of small scale cultivation aesolution that might be invisible in pollen stesli

From pollen analyses, more statistically-basedstigations should be developed.

A main area for future work in Finnish archaeol@iypuld be the re-evaluation of material culture.
Archaeological materials should be re-investigatth modern methods to allow for more

insightful interpretations. Currently, there is noncise text book covering the prehistory or the
medieval archaeology of Finland. This makes it \diffcult for researchers to engage with topics
related to Finnish prehistory or early history. fieheemain large and profound aspects of Finnish

archaeology that urgently require more attention.

This thesis is the first PhD level research onoges of archaeological material from Finland.
Currently, archaeological bones from this area &rarly understudied. Isotope analysis of carbon,
nitrogen, sulphur, oxygen, strontium and lead @letial material, both human and faunal, should be
carried out. This method would help us determirgegioportion of the diet constituted by different
components, the different practises used in antmabandry, and the migration of populations.
Skeletal material is scarce and does not preseelldwacidic Finnish soils. Therefore the value of

such research cannot be stressed enough.
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2 Ahvenainen -354 230 -28 B 61.03 25.119 Tolonen M., 1978a
1
3 Ahvenistonjarvi -382  -222 -302 Varves 60.99 24.417 Gronlund and Simola,
5 2009
4 Alasenjarvi 1275 1632 1403 B 61.01 25.740 Vuorela, 1978
2
5 Antinlampi 1034 1215 1125 B 62.31 25.982 Vuorela et al., 1993
6
6 Arminjarvi 428 880 653 B 61.02 24.345 Vuorela, 1975
4
7 Asilammi -482 60 -229 B 61.56 25.148 Tolonen M., 1990
3
8 Bonastrask 667 890 772 B 60.07 23.356 Tolonen M., et al.,
3 1976
9 Gordorna 1297 1406 1348 P 60.17 22.683 Alenius, 2008
6
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11 Hannusjarvi 775 969 881 B 60.09 24.411 Alenius, 2011
0
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macrofo
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4 Ruubhijarvi, 1976
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4
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Koivula et al., 1994
Koivula et al., 1994
Vuorela, 1990
Simola et al., 1988
Aalto et al., 1980
Tolonen, K. and
Ruubhijarvi, 1976

Ojala and Alenius,
2005
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66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

Nerderskogen
Niemispaabog
Niikkalanlampi
Orijarvi
Pakarinlampi
Parkonsuo
Parusuo
Pegrema

Petartrask

Pieni summanen

Pienikuuppalamp

i
Piilosuo

Pitkalampi
Pohjanlampi
Pytaralampi
Puutienlampi
Rukatunturi
RyoOnansuo
Sakinlampi
Santamaensuo
Siikasuo
Sistuslampi
Skiitanlahti
Soderbytrasket

Sotkulampi

1280

716

1185

730

1363

664

214

1326

256

385

143

1420

55

1278

563

1026

1528

430

125

1216

782

425

1022

1520

1432

1260

1290

930

1437

1119

682

1649

530

770

400

605

1480

401

1362

637

1392

659

680

1634

1225

665

1155

1580

1352

1008

1250

830

1400

881

480

1500

381

575

201

402

1450

224

1320

600

1214

1798

588

447

1372

993

o177

1096

1550

B
Paleom
agnetic
Varves
Varves

P

B

Varves
B
Varves
Varves
P

P

B

B

P
Modelli
ng

B

B

Varves

63.26
7
61.90
0
61.37
1
61.40
0
62.42
8
60.85
0
61.04
2
62.36
7
59.96
7
62.67
4
61.17
0
60.78
3
62.25
6
62.22
1
62.29
9
62.07
1
66.16
6
60.43
8
62.47
5
60.42
0
61.30
0
62.70
4
61.39
1
60.05
5
61.47
0

22.283

22.633

30.907

27.14

28.644

21.662

21.617

34.678

23.900

25.327

29.55

24.650

30.462

25.780

28.591

28.899

29.150

24.177

26.497

23.150

22.065

25.222

30.918

22.432

27.51

Wallin and
Segestrom, 1994
Tolonen, K. et al.,
1976

Vuorela et al., 2001

Alenius et al., 2008

Huttunen ja Simola,
1986

Tolonen, K. et al.,
1976

Vuorela, 1991

Vuorela et al., 2001
Alenius, 2011
Taavitsainen et al.,
2007

Miettinen et al., 2002
Tolonen, K. and
Ruuhijarvi, 1976
Gronlund and
Asikainen, 1992
Taavitsainen et al.,
2007

Huttunen and Simola,
1986

Simola et al., 1985
Hicks, 1976
Vuorela, 1993
Taavitsainen et al.,
2007

Tolonen M., 1985
Vuorela, 1991
Koivula et al., 1994
Vuorela et al., 2001
Alenius, 2008

Simola et al., 1988
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91

92

93

94

95

96

97

98

99

10

10

10

10

10

10

10

10

10

10

11

11

11

Stortrask
Suurijarvi,
Kerimaki
Suurjarvi
Syrjala Mire
Syrjalansuo
Taruslampi
Tervalampi
Tjarnen
Traskmyre
Tullerinsuo
Tyotjarvi

Tyotjarvi

Vahéa-Pitkusta

Vaiskansuo
Vasikkasuo
Vikpera
Vitsjon

Vitsjon bog

Vohtenkellarinsu

o]
Vuojarvi

Vuorijarvi

Ylimysneva

625

1151

580

356

346

422

520

900

416

233

-769

-769

1301

-767

1668

975

1020

1267

94

670

1576

1485

764

1248

740

552

559

950

680

1030

655

623

-204

-204

1631

-97

1947

1245

1445

1617

649

1119

1624

0

663

1200

660

466

465

677

600

997

551

433

-469

-469

1434

-383

1820

1099

1265

1379

399

892

1600

1725

B
Varves
Varves

P

B
B

terrestri
al
macrofo
ssil (P)
Modelli
ng

P

Varves

60.09

61.82

61.83

61.21

61.17

61.48

61.68

60.04

63.15

61.33

60.99

60.99

60.48

60.91

64.67

63.23

59.96

59.96

60.40

62.41

62.17

62.14

23.236

29.060

29.057

28.103

28.052

25.625

29.389

23.225

21.583

21.948

25.464

25.464

23.649

21.700

27.857

22.217

23.315

23.310

22.678

25.935

27.400

22.87

Alenius, 2011
Simola, et al., 1986
Gronlund, 1991
Vuorela, 1995
Vuorela and
Kankainen, 1993
Vuorela, 1982
Simola et al., 1985
Alenius, 2011
Wallin and
Segestrom, 1994
Vuorela, 1991
Donner et al., 1978
Donner et al., 1978

Hakala et al., 2004

Tolonen et al., 1976

Vuorela and
Kankainen, 1991
Wallin and
Segestrom, 1994
Tolonen, M. and
Tolonen, K. 1988
Tolonen, M. and
Tolonen, K. 1988
Vuorela, 1983

Vuorela et al.,1993
Simola et al., 1988

Huttunen, 1990

193



APPENDIX 2

A table of §°C values;5'°N values and quality criteria of humans and animaléch were
successfully analysed in this study. Human bualtext are classified into bone charnel (pit) or in
situ burials. Individual bones ware discovereditno-sontexts in excavated areas where burial was

not excavated completely or only partial bones vpeeserved.

Collage
Sample Mean Mean n Yield
nro Context 8°C &N C% N% C/N Bone (%) Species Site
Homo  sapienlin
7A pit -21.7 10.844.4915.77 3.3 Mandible 11.3apiens Hamina
Homo  sapienlin
9A pit -20.2 12.544.4215.34 3.4 Mandible 13.3apiens Hamina
Homo  sapienlin
CH10 in-situ -20.1 11.742.7815.36 3.2 zygomatic 17.8apiens Hamina
Homo  sapienlin
Sel0 in-situ -21.0 11.843.3415.60 3.2 Mandible 18.3apiens Hamina
Homo  sapienlin
14A pit -20.3 12.442.9015.09 3.3 Mandible 18.%apiens Hamina
Homo  sapienlin
CH15 in-situ -19.6 11.440.7713.69 3.5 Mandible 3.&apiens Hamina
Homo  sapienlin
21A pit -22.0 9.542.8115.08 3.3 Mandible 15.8apiens Hamina
Homo  sapienlin
Se2l in-situ -20.2 12.543.8715.32 3.3 Parietal 16.9apiens Hamina
Homo  sapienlin
22A pit -20.4 12.542.3715.10 3.3 Mandible 19.8apiens Hamina
Homo  sapienlin
23A pit -21.1 12.541.9615.39 3.2 Mandible 5.kapiens Hamina
Homo  sapienlin
24A pit -20.3 11.941.9315.39 3.2 Mandible 19.4apiens Hamina
26A pit -20.6 11.843.2215.71 3.2 Mandible 16.%5lomo  sapienlin
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27A

28A

29A

CH29

CH34ppl

67A

76A

91A

116

137A

138A

141A

142A

143A

144A

145A

pit

pit

pit

in-situ

individual

bone

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

-22.2

-20.0

-19.1

-19.1

-18.6

-20.2

-21.5

-19.9

-19.9

-20.2

-20.5

-20.7

-20.7

-21.0

-19.2

-19.9

12.8

12.4

13.2

13.0

13.3

12.7

11.7

13.2

13.0

12.6

10.5

12.2

12.3

12.3

12.8

12.4

43.2014.86

43.5715.36

41.3915.12

43.7915.55

40.2213.87

42.7114.90

44.3515.56

42.2215.27

42.1814.87

42.4715.34

42.8715.17

43.8615.38

44.3315.18

42.9315.05

42.3315.60

43.5114.88

3.4

3.3

3.2

3.3

3.4

3.3

3.3

3.2

3.3

3.2

3.3

3.3

3.4

3.3

3.2

3.4

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

sapiens
Homo
19.3apiens
Homo
14.%apiens
Homo
16.8apiens
Homo
17.4apiens
Homo
9.3apiens
Homo
3.&apiens
Homo
16.4apiens
Homo
8.kapiens
Homo
28.5apiens
Homo
17.4apiens
Homo
17.8apiens
Homo
19.8apiens
Homo
16.%apiens
Homo
19.2apiens
Homo
14.3apiens
Homo

21.Bapiens

Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sagenslin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin

Hamina
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146A

148A

266

CH2b

CH3

CH4

CHS8

CH9

CH11

CH11b

CH16

CH21

CH23

CH24

CH28

CH32
CH34

pit

pit

pit

in-situ

individual

bone

in-situ

individual

bone

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

-19.4

-20.6

-20.8

-20.6

-19.3

-20.8

-19.9

-20.4

-20.1

-19.8

-20.6

-20.3

-20.6

-20.1

-20.1

-20.7
-21.5

13.1

13.5

11.8

12.3

13.1

11.6

11.8

11.4

12.8

12.1

12.7

12.6

13.0

13.0

13.9

12.2
11.9

43.4615.54

40.7612.70

43.9914.85

41.9414.95

41.5214.88

42.1215.18

41.9014.97

42.1215.15

42.2115.32

41.9914.94

41.4014.79

41.6815.29

41.9215.06

42.0914.92

41.9614.71

42.0314.91
42.0914.44

3.3

3.7

3.5

3.3

3.3

3.2

3.3

3.2

3.2

3.3

3.3

3.2

3.2

3.3

3.3

3.3
3.4

Mandible
Mandible
Zygomatic
femur
sinister
mandible
femur
dexter

unknown

mandible

Maxilla sin.

Maxilla sin.

tibia sin.

Cranium

Maxilla

costa dex.

Cranium

femur sin.

costa

Homo
20.4apiens
Homo
3.%apiens
Homo
20.8apiens
Homo
7. /apiens
Homo
7.8apiens
Homo
9.3Fapiens
Homo
23.6apiens
Homo
19.8apiens
Homo
15.0sapiens
Homo
13.2sapiens
Homo
9.%apiens
Homo
20.%apiens
Homo
16.8sapiens
Homo
24 gapiens
Homo
18.4apiens
Homo
15.8apiens
13.8lomo

sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapieslin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina

sapienlin
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CH44

CHA45

CH50b

CH55

CH56

CH59

CHo64

CHG66a

CHo67

CH68

1A

4A

10A

11A

13A

16A

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

in-situ

pit

pit

pit

pit

pit

pit

-21.0

-20.5

-20.8

-19.7

-20.0

-20.7

-20.3

-21.0

-19.1

-19.0

-20.2

-20.5

-19.6

-20.7

-20.6

-20.2

13.0

11.5

13.1

12.9

12.5

13.3

10.5

12.5

13.1

13.7

12.1

12.3

13.2

11.7

13.0

12.4

42.1612.98

42.2514.85

41.5214.24

42.1114.47

42.6415.31

40.3712.74

42.1515.38

42.4914.39

42.8015.44

42.6115.08

47.3016.97

46.7816.75

47.4717.04

47.6716.71

47.3916.71

46.9716.67

3.8 tibia dex.
femur ol
3.3 tibia

3.4 Cranium

3.4 pelvis dex.
femur
3.2 dexter

3.7 femur sin.

3.2 radius sin.
3.4 tibia sin.
3.2 ulnasin.
3.3 tibia dex.
3.3 mandible
3.3 mandible
3.2 mandible
3.3 mandible
mandible

3.3

3.3 mandible

sapiens
Homo
10.8apiens
Homo
14.1sapiens
Homo
7.3apiens
Homo
10.8apiens
Homo
12.Gapiens
Homo
3.8apiens
Homo
14 dapiens
Homo
6.kapiens
Homo
12.5apiens
Homo
12.8apiens
Homo
11.6apiens
Homo
15.8apiens
Homo
9.%apiens
Homo
7.8apiens
Homo
16.8apiens
Homo

8.4apiens

Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin

Hamina
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19A

20

20A

25A

30A

58A

70A

T7A

78A

80A

85A

89A

122A

123A

139A

140A
CH36

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit

pit
in-situ

-20.6

-21.6

-20.2

-20.1

-21.6

-19.5

-19.8

-20.6

-20.2

-21.2

-21.0

-20.2

-20.8

-21.4

-21.7

-21.2
-21.3

11.7

12.0

13.2

13.1

13.9

13.0

11.8

12.4

11.8

11.3

12.6

13.2

12.4

11.7

12.7

11.8
10.8

47.6217.13

47.6915.70

47.6316.95

48.0215.83

43.7514.72

47.5316.29

47.5416.19

47.7816.73

47.6716.90

47.2716.73

47.6916.09

47.9416.04

47.7315.60

47.7316.62

47.8015.86

47.8316.45
44.5715.34

3.2

3.5

3.3

3.5

3.5

3.4

3.4

3.3

3.3

3.3

3.5

3.5

3.6

3.4

3.5

3.4
3.4

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

mandible

Homo
11.8apiens
Homo
13.8apiens
Homo
9.4apiens
Homo
12.%apiens
Homo
11.8apiens
Homo
9.2apiens
Homo
14.8apiens
Homo
12.8apiens
Homo
12.8apiens
Homo
15.8apiens
Homo
8.3apiens
Homo
14.4apiens
Homo
13.%apiens
Homo
6.5apiens
Homo
12.8apiens
Homo
13.8apiens
13.6lomo

sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapienlin
Hamina
sapieslin
Hamina
sapienlin
Hamina
sapienlin
Hamina

sapienlin
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OKAJA-1-
C

OPIK-1-C

OKAJA-2-
S

OPIK-2-S

OKAJA-3-
P

OPIK-3-P

OKAJA-4-
H

OPIK-4-H

OFRA-2-
G

OPIK-7-M

OPIK-8-A

OKAJA-5-

F

OFRA-1-
D

-23.1

-22.3

-22.0

-21.7

-22.3

-21.7

-22.4

-22.8

-21.6

-22.4

-23.4

-21.5

-19.6

2.8

4.8

5.0

7.4

5.5

9.9

1.6

3.0

2.3

1.7

8.2

12.5

5.5

40.6014.11

43.1114.90

44.0115.55

42.8914.83

43.5414.98

43.5214.58

44.5814.86

42.1915.25

43.9514.54

42.1114.37

41.8914.86

43.3615.65

42.9514.93

3.4

3.4

3.3

3.4

3.4

3.5

3.5

3.2

3.5

3.4

3.3

3.2

3.4

phalanx
media
phalanx
distlis

tibia distalis

atlas

pelvis

maxila

scapula

tibia prox.

humerus

carpometac

arbus

coracoideu

m

dentale

tibia distalis

Hamina
Oulu

Kajaani

sapiens

nkatu
Oulu
Pikisaari
Oulu
Ovis ariefCapreKajaani
18.7hircus
Ovis aries/CaprOulu

16.Bos taurus

14.7Bos taurus

nkatu

15.8ircus Pikisaari
Oulu
Sus scrof.Kajaani
27.domesticus nkatu
Sus scrof Oulu
16.2lomesticus Pikisaari
Oulu
Kajaani
3.Bepus timidus  nkatu
Oulu
18.& epus timidus  Pikisaari
Oulu
Franzeni
13.Yetrao tetrix nkatu
Oulu
9.9retrao urogallus Pikisaari
Oulu
10.3Anas sp. Pikisaari
Oulu
Kajaani
13.Pisces nkatu
Oulu

10.8Rangifer taranduEranzeni
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OPIK-5-D

ROTI-
1458

TOKE-
SY22P

TOKE-
4023

TOKE-
4042

TOKE-
SY7H

TOKE-
SY39

TOKE-
SY22S

OPIK-6-S

-20.1

-20.1

-19.0

-21.2

-17.2

-17.3

-23.0

-17.0

-17.4

5.4

3.9

4.1

3.0

13.5

12.6

11.2

12.4

12.2

44.1313.98

44.9114.76

44.6015.55

43.3112.55

44.1214.85

44.5715.25

44.0614.42

44.8714.96

42.9114.42

3.7

3.5

3.3

4.0

3.5

3.4

3.6

3.5

3.5

radius prox.

humerus

humerus

humerus

metatarsal

Vv

scapula

ulna

scapula

scapula

nkatu
Oulu

Kajaani

7.5Rangifer taranduskatu

Rovanie

mi

8.Rangifer tarandu¥likyla

Tornio
Keskika

15.Rangifer tarandutu

Tornio
Keskika

6.Rangifer tarandutu

16.3Phocidae

25.Rhocidae

9.6”hocidae

3.Bhocidae

16.Phocidae

Tornio
Keskika
tu
Tornio
Keskika
tu
Tornio
Keskika
tu
Tornio
Keskika
tu

Oulu
Kajaani

nkatu
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APPENDIX 3

Profiles of the incremental samples isotope contjposi Each tooth is presented individually and

increase iB™°N values whiles**C remains unchanged is circula
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137A-M1

.18 14
-18.5 - 13.5

m’ .
B X - 125

-19.5 - 12

g -20 11.5%
A

-20.5 —o U
D N B | 105

21 —pA—2 - 10
215 — - 9.5

22 9

0 1 2 3 4 6 7 8
Approximate Age (years)
——613C A Bulkcollagen8'3C  —-6'°N X Bulk collagen 6'>N

-18 14
-18.5 - 5.5
19 - 12,5

-19.5 L 12

g -20 11.5 g

-20.5 TN\ e\ -1
- 10.5

2 - 10
215 % — - 95

22 9

0 2 4 6 8 10 12 14 16
Approximate Age (years)
——6'3C A Bulkcollagen8'3C  —9-6'°N X Bulk collagen 6'>N
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21A-M1

-18 14
-18.5 —\ - g.S
19 \ - 125
-19.5 \ L 12
-20 11.5
20.5 * Y\ 1
21 A \ - 10.5
\ - 10
215 - 9.5
2 A 9
-1 0 1 2 3 4 5 6 7 8
Approximate Age (years)
-t 8'3C A Bulkcollagen8'3C  ——6'°N % Bulk collagen 6'°>N
217 15
-17.5 - 14.5
- 14
18 W - 135
'18.5 ﬁw_ 13
-19 A 12.5
-19.5 - ﬁ .
-20 1
-20.5 - 10.5
-21 10
14 15 16 17 18 19 20 21 22 23

Approximate Age (years)
—A—-06'3C A Bukcollagen8'3C —9-8'°N

% Bulk collagen 8*>N
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.17 — 15
-17.5 O\ 14.5
14
'12 s X 13.5
-18. 13
19 4 b 12.5
- A 12
_;35 A 1.5
11
-20.5 10.5
-21 10
0 2 4 6 8 10 12 14 16 18
Approximate Age (years)
—4-63C 4 Bukoollagen&3C 965N  x Bulkcollagen 5*5N
-18 14
-18.5 13.5
219 *—o VMM 13
12.5
-19.5 o
-20 11.5
05— AQ gttt
- M » 10.5
21.5 h
~ed. 9.5
-22 T 9

15 16 17 18 19 20 21 22 23 24
Approximate Age (years)
—A—-6'3C A Bukcollagen8'3C —-8'°N % Bulk collagen 6*°N
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-18 14
-18.5 7~ N\ - 135
-19 13
[ o S - 12,5
-19.5 m S - 12
20 11.5
-20.5 A—{- HX A A A - 11
BpAAnT - 105
i 5 [0
21, - 9.5
22 ? 9
0 2 4 6 8 10 12 14 16 18
Approximate Age (years)
=A—-6'3C A Bulkcollagen8'3C —9-6'°N  x Bulkcollagen6'°N
-18 14
-18.5 - g-5
Sl - 12.5
-19.5 w 1
20 11.5
A
20.5 - 1(1) .
21 | 10
21.5 - 9.5
22 9
14 16 18 20 2 24 26

Approximate Age (years)
—&-08'3C A Bukcollagen8'3C —49-8'>N  x Bulkcollagen8'°N
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Se21-M3

-18 14
-18.5 L g.s
B - 125
19.5 w 2
20 11.5

A
-20.5 - 1(1) ;
21 | 10
21.5 - 9.5
22 9

14 16 18 20 22 24 26

Approximate Age (years)
~A-583C 4 Bukcollagen8'3C 985N x Bulkcollagen 85N
-18 15
-18.5 A=t - 14.5
19 A - 14
X - 135

-19.5 - 13
-20 12.5
-20.5 - ﬁ ;
21 1
-21.5 - 105
22 10

14 16 18 20 22 24

Approximate Age (years)

—4-56'3C A Bulkcollagend'3C —9-58'°N % Bulk collagen 6*>N
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-17.5
18 - 145
-18.5 ‘@ - 135
-19 - 12.5 E
-19.5

% & 115
-20
205 - 10.5
-21 9.5

12 14 16 18 20 22

Approximate Age (years)
—A-53C 4 Bukcollagen8'3C -—4-6'5N  x Bulkcollagen 5*5N

Sel0-M2

- 12,5
-19.5 - 12 i

-20 11.5

20.5 _MM%_MA A -1
- 10.5

-21 10

-21.5 L 95

-22 9

0 2 4 6 8 10 12 14 16 18
Approximate Age (years)

=A-083C A Bukcollagen8'3C —9-8'°N  x Bulkcollagen 6*°N
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-18 T T T T T T T T T ]5
18,5 15 17 8 24 14.5
- 14
-19 e o
L R e 135
-19.5 N— - 13
-20 12.5
-20.5 - 12
- 11.5
-21
- 11
215 L 105
22 10
Approximate Age (years)
=A—-6'3C A Bukcollagen8'3C —9-6'°N  x Bulkcollagen8'°N
-18 15
-18.5 M‘A‘A’A‘A—MMA L 145
219 - 14
" - 13.5
-19.5 - 13
20 / 12.5
-20.5 g ﬁ ;
-21 1
-21.5 - 10.5
22 10

2 4 6 8 10 12 14
Approximate Age (years)

16 18

=A-06'3C A Bulkcollagen8'3C —49-8'>N  x Bulkcollagen8'°N
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23A-M3

-18 14
-18.5 L—-* — - 13.5
o \ ‘M B
- 12.5
-19.5 - 12
20 1.5 £
_205 l\ A A - 11
‘:\/ﬂm - 10.5
21 w - 10
-21.5 .95
-22 9
14 15 16 17 18 19 20 21 22
Approximate Age (years)

—&-08'3C A Bulkkcollagen8'3C —9-8'5N  x Bulkcollagen 8*>N

23A-M2

0 2 4 6 8 10 12 14 16 18
Approximate Age (years)
=A—-63C A Bukcollagen8'3C —9-6'">N  x Bulkcollagen 8*>N
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APPENDIX 4

5
< —~ =

SRS S —

s g o |2 |z & &

Sample numbers s 2 |6 3 O O =
IIHA-137A-M3-1 B 145 -21.3 126 4.0 405 119
IIHA-137A-M3-2 B 154 -20.9 126 3.8 405 123
IIHA-137A-M3-3 B 16.2 -20.8 126 3.6 40.7 13.0
IIHA-137A-M3-4 B 17.1 -20.6 126 3.6 405 13.1
[IHA-137A-M3-5 B 17.9 -20.6 12.7 3.6 405 13.1
IIHA-137A-M3-6 B 18.8 -20.6 126 3.3 41.0 145
IIHA-137A-M3-7 B 19.6 -20.3 124 3.3 41.0 145
IIHA-137A-M3-8 B 20.5 -20.0 126 3.3 41.0 145
IIHA-137A-M3-9 B 21.4 -20.0 129 3.3 409 145
IHA-137A-M3-10 B 22.2 -20.5 129 3.3 40.8 14.3
IHA-137A-M3-11 B 23.1 -20.6 12.7 3.3 427 15.1
IIHA-137A-M3-12 B 23.9 -20.7 12.7 3.3 444 155
[IHA-137A-M3-13 B 24.8 -20.8 13.0 3.4 411 14.2
IIHA-137A-M3-14 B 25.6 -20.8 134 3.4 426 145
IHA-137A-M3-15 B 26.5 -21.0 13.4 35 422 139
IHA-137A-M3-16 B 27.4 -21.5 11.8 3.3 41.3 145
IIHA-137A-M2-1 B 2.0 -20.8 135 3.4 41.3 14.0
IIHA-137A-M2-2 B 3.3 -21.3 129 3.4 420 14.6
IIHA-137A-M2-3 B 4.1 -21.6 12.7 3.3 41.8 14.6
IHA-137A-M2-4 B 4.9 -20.8 128 3.3 409 145
IIHA-137A-M2-5 B 5.8 -20.7 129 3.3 414 146
IIHA-137A-M2-6 B 6.6 -20.7 126 3.3 41.0 14.6
IHA-137A-M2-7 B 7.4 -20.6 124 3.3 408 144
IIHA-137A-M2-8 B 8.2 -20.8 123 3.3 411 144
IIHA-137A-M2-9 B 9.0 -20.9 124 3.3 41.1 145
IHA-137A-M2-10 B 9.8 -20.7 125 3.3 405 144
IHA-137A-M2-11 B 10.6 -20.7 125 38 433 13.1
IHA-137A-M2-12 B 11.4 -20.7 126 3.3 408 14.2
IHA-137A-M2-13 B 12.3 -20.7 12.7 3.4 406 14.1
IIHA-137A-M2-14 B 13.1 -20.8 126 3.4 40.2 13.6
IHA-137A-M2-15 B 139 -21.3 128 36 416 135
IHA-137A-M2-16 B 155 -21.0 128 3.4 40.8 13.9
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Sample numbers

IHA-137A-M1-1
IHA-137A-M1-2
IHA-137A-M1-3
IHA-137A-M1-4
IIHA-137A-M1-5
IIHA-137A-M1-6
IHA-137A-M1-7
IHA-137A-M1-8
IHA-137A-M1-9
IHA-137A-M1-10
IHA-137A-M1-11
IHA-137A-M1-12
IHA-137A-M1-13
IHA-137A-M1-14
IHA-137A-M1-15
IHA-137A-M1-16

Lab

O WWWWWOWOWWOWO®mO®WWOW®m

Age (years)

-0.5
0.1
0.7
1.3
1.9
2.5
3.1
3.7
4.3
4.9
5.5
6.1
6.7
7.3
7.9
8.5

5C (%)

-21.6
-21.4
-21.0
-20.7
-20.7
-21.1
-21.1
-21.1
-20.9
-20.8
-20.5
-20.4
-20.6
-20.7
-20.8
-20.8

AN (%o)

11.9
121
12.7
13.0
13.1
12.8
12.5
12.7
12.8
12.8
13.0
13.2
13.2
13.1
13.1
12.8

C/N

3.3
3.3
3.3
3.2
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.4
3.4
3.5

C (%)

40.5
40.5
40.7
40.5
40.5
40.4
40.4
40.5
40.6
40.6
40.4
40.6
40.5
40.6
40.7
41.1

N (%)

14.2
14.2
14.4
14.6
14.4
14.3
14.3
14.3
14.4
14.2
14.4
14.2
14.2
14.1
14.0
13.7
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Sample numbers

IHA-21A-M2-1
[IHA-21A-M2-2
[IHA-21A-M2-3
[IHA-21A-M2-4
IHA-21A-M2-5
[IHA-21A-M2-6
[IHA-21A-M2-7
IHA-21A-M2-8
[IHA-21A-M2-9
IHA-21A-M2-10
[IHA-21A-M2-11
[IHA-21A-M2-12
IHA-21A-M2-13
IHA-21A-M2-14
IIHA-21A-M2-15
IIHA-21A-M2-16
IIHA-21A-M2-17
IHA-21A-M2-18
IIHA-21A-M2-19

[IHA-21A-M1_1
[IHA-21A-M1_2
[IHA-21A-M1_3
IHA-21A-M1_4
[IHA-21A-M1_5
IHA-21A-M1_6
IHA-21A-M1_7
[IHA-21A-M1_8
IHA-21A-M1_9
[IHA-21A-M1_10
IHA-21A-M1_11
[IHA-21A-M1_12
IHA-21A-M1_13
IHA-21A-M1_14
IHA-21A-M1_15
IHA-21A-M1_16
IHA-21A-M1_17

Lab

0000000000000 U00U00oo

0000000000000 000o

Age (years)

2.0
2.7
3.4
4.2
4.9
5.6
6.3
7.1
7.8
8.5
9.2
9.9
10.7
114
121
12.8
13.6
14.3
15.0

-0.5
0.0
0.5
1.0
15
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5

7.0
7.5

o |z
A

-21.2 10.2
-21.0 10.2
-21.1 10.2
-21.3 10.7
-21.3 10.6
-21.3 10.2
-21.2 10.3
-21.0 10.5
-21.0 10.4
-21.0 10.8
-21.2 10.7
-21.1 10.5
-21.0 10.3
-21.1 10.4
-21.2 10.3
-21.4 10.1
-21.3 10.1
-21.1 10.4
-21.3 10.3
-20.9 13.5
-21.3 11.1
-21.3 104
-21.3 9.9
-21.4 9.6
-21.1 10.1
-21.1 10.3
-21.1 10.5
-21.2 10.5
-21.2 10.5
-21.3 10.8
-21.4 10.4
-21.4 10.3
-21.3 10.2
-21.4 10.1

-21.4 10.3
-21.2 10.5

C/N

3.3
3.2
3.3
3.3
3.3
3.3
3.2
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3

3.3
3.2
3.2
3.1
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

C (%)

46.0
42.6
47.4
46.2
46.6
46.6
42.9
46.6
46.3
46.7
46.3
46.8
45.5
45.5
45.5
45.7
45.2
45.0
45.0

46.3
43.7
43.6
43.7
43.6
43.5
42.4
43.5
43.6
43.8
43.8
43.7
43.7
43.7
43.7
43.8
43.2

N (%)

16.3
154
16.9
16.5
16.6
16.6
155
16.5
16.4
16.6
16.4
16.3
16.0
16.1
16.1
16.0
15.9
16.0
15.9

16.3
16.2
16.1
16.2
16.0
16.1
15.6
16.0
16.0
16.1
16.1
16.1
16.0
16.0
16.0
15.9
15.9
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Sample numbers

IIHA-CH34pp1-M2-1
IIHA-CH34pp1-M2-2
IIHA-CH34pp1-M2-3
IIHA-CH34pp1-M2-4
IIHA-CH34pp1-M2-5
IIHA-CH34pp1-M2-6
IIHA-CH34pp1-M2-7
IIHA-CH34pp1-M2-8
IIHA-CH34pp1-M2-9
IHA-CH34pp1-M2-10
IIHA-CH34pp1-M2-11
IIHA-CH34pp1-M2-12
IIHA-CH34pp1-M2-13
IIHA-CH34pp1-M2-14
IIHA-CH34pp1-M2-15
IIHA-CH34pp1-M2-16

IHA-CH34pp1-M3-1
IIHA-CH34pp1-M3-2
IHA-CH34pp1-M3-3
IIHA-CH34pp1-M3-4
IHA-CH34pp1-M3-5
IHA-CH34pp1-M3-6
IHA-CH34pp1-M3-7
IHA-CH34pp1-M3-8
IIHA-CH34pp1-M3-9
IHA-CH34pp1-M3-10
IHA-CH34pp1-M3-11
IIHA-CH34pp1-M3-12
IHA-CH34pp1-M3-13
IIHA-CH34pp1-M3-14

Lab

0000000000000 O0OO0o

0000000000000

Age (years)

2.0
29
3.8
4.7
5.6
6.5
7.4
8.3
9.2
10.1
11.0
11.9
12.8
13.7
14.6

513C (%o)

15.5

15.0
155
16.1
16.6
17.2
17.7
18.2
18.8
19.3
19.8
20.4
20.9
215

22.0

-19.6
-19.3
-19.2
-18.6
-18.5
-18.3
-18.0
-18.1
-18.0
-18.1
-18.1
-18.1
-18.3
-18.6
-18.0
-18.2

-18.3
-18.3
-18.0
-18.0
-18.0
-18.1
-18.1
-18.1
-18.2
-18.5
-18.4
-18.5
-18.7

AN (%o)

-18.7

13.2
12.8
12.7
13.1
13.2
13.2
13.1
13.4
13.6
13.5
13.6
13.6
13.8
14.0
14.7
14.6

14.3
13.9
14.3
14.0
13.4
13.3
13.7
13.9
14.0
14.0
14.0
14.0
14.1

C/N

14.1

3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.5
3.3
3.3

3.2
3.2
3.1
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

C (%)

47.2
46.8
47.1
46.7
47.2
47.3
46.5
46.8
46.7
46.1
46.0
46.1
46.3
48.0
46.4
46.2

44.1
44.1
43.6
44.0
44.0
43.7
43.7
44.2
44.0
44.1
44.1
44.2
43.8
44.1

N (%)

16.7
16.6
16.7
16.6
16.8
16.7
16.5
16.5
16.5
16.2
16.2
16.2
16.3
16.2
16.4
16.2

16.0
16.1
16.2
16.2
16.1
15.9
15.9
16.1
16.0
16.0
16.0
16.0
15.8
16.0
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Sample numbers

[IHA-143A-M3-1
[IHA-143A-M3-2
lIHA-143A-M3-3
[IHA-143A-M3-4
IHA-143A-M3-5
lIHA-143A-M3-6
[IHA-143A-M3-7
IHA-143A-M3-8
[IHA-143A-M3-9
[IHA-143A-M3-10
[IHA-143A-M3-11
IHA-143A-M3-12
[IHA-143A-M3-13
IHA-143A-M3-14
IHA-143A-M3-15
IHA-143A-M3-16

[IHA-143A-M2-1
IHA-143A-M2-2
[IHA-143A-M2-3
IIHA-143A-M2-4
[IHA-143A-M2-5
IIHA-143A-M2-6
IHA-143A-M2-7
[IHA-143A-M2-8
IHA-143A-M2-9
IIHA-143A-M2-10
IHA-143A-M2-11
IHA-143A-M2-12
IHA-143A-M2-13
[IHA-143A-M2-14
IIHA-143A-M2-15
IHA-143A-M2-16
IIHA-143A-M2-17

Lab

0000000000000 UO0o

0000000000000 00UO0o

Age (years)

15.0
155
16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5
20.0
20.5
21.0
215
22.0
22.5

2.0
2.8
3.7
4.5
5.4
6.2
7.1
7.9
8.8
9.6
10.4
11.3
12.1
13.0
13.8
14.7
155

513C (%o)

-20.3
-20.9
-21.1
-20.6
-20.5
-20.4
-20.5
-20.4
-20.3
-20.5
-20.5
-20.6
-20.6
-20.7
-20.7
-20.6

-20.4
-20.4
-19.9
-19.6
-19.5
-19.5
-19.7
-19.7
-20.0
-20.3
-20.7
-20.8
-20.8
-20.8
-20.6
-20.5
-20.5

AN (%o)

13.1
13.0
12.6
12.8
12.9
13.0
12.7
12.9
13.0
13.1
13.1
13.1
13.0
12.9
13.0
12.8

12.6
12.5
12.5
13.0
13.0
13.1
13.1
13.1
12.9
12.8
12.7
12.8
12.7
12.5
12.7
13.1

C/N

3.2
3.1
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

3.3
3.3
3.3
3.3
3.1
3.1
3.1
3.1
3.2
3.1
3.2
3.3
3.2
3.2
3.2
3.2

13.1

3.2

C (%)

43.4
43.5
43.7
43.5
43.0
43.5
43.9
43.9
43.7
43.6
43.9
43.8
44.0
43.2
43.3
43.7

46.0
45.9
46.5
45.9
43.7
43.9
43.6
43.6
43.5
43.4
43.7
46.1
43.9
43.9
43.8
43.7
43.8

N (%)

16.0
16.1
16.1
16.0
15.8
15.9
16.0
16.1
16.0
16.0
16.2
16.1
16.1
15.8
15.8
16.0

16.2
16.2
16.4
16.3
16.2
16.3
16.1
16.1
16.1
16.1
16.1
16.2
16.2
16.2
16.2
16.1
16.2
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Sample numbers

IIHA-Se21A-M2-1
IIHA-Se21A-M2-2
IIHA-Se21A-M2-3
IIHA-Se21A-M2-4
IIHA-Se21A-M2-5
IIHA-Se21A-M2-6
IIHA-Se21A-M2-7
IIHA-Se21A-M2-8
IIHA-Se21A-M2-9
IIHA-Se21A-M2-10
IIHA-Se21A-M2-11
IIHA-Se21A-M2-12
IIHA-Se21A-M2-13
IIHA-Se21A-M2-14
IIHA-Se21A-M2-15
IIHA-Se21A-M2-16
IIHA-Se21A-M2-17

IIHA-Se21A-M3-1
IIHA-Se21A-M3-2
IIHA-Se21A-M3-3
IIHA-Se21A-M3-4
IIHA-Se21A-M3-5
IIHA-Se21A-M3-6
IIHA-Se21A-M3-7
IIHA-Se21A-M3-8
IIHA-Se21A-M3-9
IIHA-Se21A-M3-10
IIHA-Se21A-M3-11
IHA-Se21A-M3-12
IIHA-Se21A-M3-13
IIHA-Se21A-M3-14
IIHA-Se21A-M3-15
IIHA-Se21A-M3-16
IIHA-Se21A-M3-17

Lab

0000000000000 00O0

0000000000000 00O0

Age (years)

2.0
2.8
3.7
4.5
5.4
6.2
7.1
7.9
8.8
9.6
10.4
11.3
12.1
13.0
13.8
14.7
155

8.5

9.2

9.9
10.6
11.3
11.9
12.6
13.3
14.0
14.7
15.4
16.1
16.8
17.4
18.1
18.8
19.5

513C (%o)

-19.7
-19.8
-19.6
-19.6
-19.5
-19.5
-19.4
-19.4
-19.5
-19.5
=lels
-194
-19.7
-19.6
-19.5
-19.6
-19.6

-19.4
=lels
-19.5
-19.8
-19.7
-19.7
-19.6
-19.3
-19.2
-19.2
-19.1
-19.1
-19.2
-19.3
-19.6
-19.7
-19.5

AN (%o)

13.4
12.7
12.7
12.4
12.2
12.2
12.2
12.3
12.4
12.4
12.4
12.4
12.4
12.3
12.5
12.9
13.2

12.7
12.7
12.7
12.4
12.5
12.6
12.6
12.6
12.7
12.7
12.7
12.8
12.9
12.8
12.9
12.3
12.1

C/N

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.1
3.2
3.2
3.2
3.2
3.2

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

C (%)

43.5
43.6
43.6
43.6
42.0
43.5
43.6
43.4
43.6
43.6
41.9
42.5
42.3
42.6
42.8
42.8

42.7
42.9
43.3
43.3
43.4
43.4
43.3
43.4
43.5
43.9
43.7
43.4
42.5
43.7
44.0
43.5
43.4

N (%)

15.7
15.9
16.0
16.0
16.0
154
15.9
15.9
15.9
15.9
15.9
15.6
15.6
15.6
15.6
15.6
15.6

15.8
15.8
15.9
15.9
16.0
15.9
15.9
15.9
15.9
16.1
16.0
15.8
15.6
16.0
16.0
15.8
15.8
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Sample numbers

IHA-144A-M3-1
IHA-144A-M3-2
[IHA-144A-M3-3
IIHA-144A-M3-4
[IHA-144A-M3-5
IIHA-144A-M3-6
IHA-144A-M3-7
[IHA-144A-M 3-8
IHA-144A-M3-9
IHA-144A-M3-10
IHA-144A-M3-11
IHA-144A-M3-12
IHA-144A-M3-13
IHA-144A-M3-14
[IHA-144A-M3-15
IHA-144A-M3-16
IHA-144A-M3-17

IHA-CH15-M3-1
[IHA-CH15-M3-2
IIHA-CH15-M3-3
IHA-CH15-M3-4
IHA-CH15-M3-5
IHA-CH15-M3-6
IIHA-CH15-M3-7
IHA-CH15-M3-8
IHA-CH15-M3-9
[IHA-CH15-M3-10
IHA-CH15-M3-11
[IHA-CH15-M3-12
IHA-CH15-M3-13
IHA-CH15-M3-14
IHA-CH15-M3-15

Lab

0000000000000 00Uo

0w WWWWWWWOWOWWOWWW

Age (years)

155
15.9
16.4
16.8
17.3
17.7
18.1
18.6
19.0
19.4
19.9
20.3
20.8
21.2
21.6
22.1

22.5

12.5
13.2
13.9
14.6
15.4
16.1
16.8
17.5
18.2
18.9
19.6
20.4
211
21.8
22.5

513C (%o)

-19.2
-18.8
-18.7
-18.5
-18.4
-18.5
-18.7
-18.7
-18.6
-18.7
-19.0
-18.9
-18.9
-18.5
-18.8
-18.8

-18.9

-21.5
-21.4
-20.3
-20.2
-20.7
-20.4
-20.0
-20.0
-19.9
-19.7
-19.4
-19.4
-19.3
-19.6
-19.4

AN (%o)

12.7
12.8
12.6
12.9
13.2
13.3
13.2
13.5
13.8
13.9
13.7
13.7
13.6
141
13.7
13.7

13.2

10.2
10.2
111
10.8
10.7
10.7
10.8
10.9
10.8
11.0
11.5
11.8
12.1
12.5
12.8

CIN

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.3
3.3
3.2
3.2
3.2
3.2
3.2
3.3

3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.4
3.4
3.5
3.4

C (%)

42.5
42.8
43.1
42.9
42.5
42.9
43.1
43.1
43.1
43.0
42.9
43.0
43.2
43.0
42.7
43.1
43.3

40.8
40.8
40.6
40.6
40.7
40.9
40.7
40.8
40.5
40.5
40.8
40.7
40.9
41.1
41.0

N (%)

155
15.6
15.7
15.6
15.4
15.6
15.6
15.6
15.6
15.4
154
155
15.6
155
15.3
15.5
15.4

14.3
14.4
14.4
14.4
14.2
14.3
14.4
14.4
14.4
14.3
14.3
14.2
14.2
13.9
14.0
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Sample numbers

[IHA-Sel0-M2-1
[IHA-Sel0-M2-2
[IHA-Sel0-M2-3
[IHA-Sel0-M2-4
[IHA-Sel0-M2-5
[IHA-Sel0-M2-6
[IHA-Sel0-M2-7
[IHA-Sel0-M2-8
[IHA-Sel0-M2-9
IIHA-Sel0-M2-10
[IHA-Sel0-M2-11
[IHA-Sel0-M2-12
[IHA-Sel0-M2-13
[IHA-Sel0-M2-14
IIHA-Sel0-M2-15
[IHA-Sel0-M2-16
IHA-Sel0-M2-17
[IHA-Sel0-M2-18
[IHA-Sel0-M2-19
IIHA-Sel0-M2-20
sample was lost
[IHA-Sel0-M2-22

Lab

0000000000000 0000O0OO0

W)

Age (years)

2.0
2.6
3.3
3.9
4.6
52
59
6.5
7.1
7.8
8.4
9.1
9.7
10.4
11.0
11.6
12.3
12.9
13.6
14.2
14.9

155

513C (%o)

-20.3
-20.4
-20.4
-20.4
-20.4
-20.4
-20.3
-20.3
-20.3
-20.3
-20.4
-20.4
-20.4
-20.5
-20.7
-20.7
-20.8
-20.7
-20.7
-20.3

-20.4

AN (%o)

14.0
13.5
13.3
12.9
12.4
12.5
121
121
121
11.8
121
12.3
12.5
12.5
12.2
12.3
12.5
12.4
12.7
12.6

12.6

CI/N

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

3.2

C (%)

43.6
43.6
43.7
44.1
44.2
44.2
43.8
44.0
44.0
43.8
44.0
44.1
43.0
42.9
43.1
43.5
42.8
43.5
42.9
43.1

43.3

N (%)

15.8
15.8
15.8
15.9
16.0
16.0
15.8
15.8
15.9
15.8
15.9
15.9
15.9
15.8
15.8
15.9
15.6
15.8
155
15.6

15.6
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Sample numbers

[IHA-116-M3-1
IHA-116-M3-2
IHA-116-M 3-3
[IHA-116-M 3-4
IHA-116-M 3-5
[IHA-116-M 3-6
[IHA-116-M3-7
IHA-116-M 3-8
[IHA-116-M3-9
[IHA-116-M3-10
[IHA-116-M3-11
[IHA-116-M3-12
IHA-116-M3-13
[IHA-116-M3-14
[IHA-116-M3-15
[IHA-116-M3-16
[IHA-116-M 3-17

IIHA-116-M2-1
IHA-116-M2-2
IHA-116-M2-3
IHA-116-M2-4
IIHA-116-M2-5
IIHA-116-M2-6
IIHA-116-M2-7
IHA-116-M2-8
IIHA-116-M2-9
IHA-116-M2-10
IIHA-116-M2-11
IIHA-116-M2-12
IHA-116-M2-13
IHA-116-M2-14
IIHA-116-M2-15
IHA-116-M2-16
IIHA-116-M2-17
IHA-116-M2-18
IIHA-116-M2-19

Lab

0000000000000 0o0oo

0000000000000 000O0O0

Age (years)

155
16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5
20.0
20.5
21.0
215
22.0
22.5
23.0

23.5

2.0
2.8
3.5
4.3
5.0
5.8
6.5
7.3
8.0
8.8
9.5
10.3
11.0
11.8
12.5
13.3
14.0
14.8

15.5

513C (%o)

-18.8
-18.9
-18.8
-18.7
-18.6
-18.6
-18.5
-18.5
-18.4
-18.4
-18.4
-18.4
-18.4
-18.4
-18.3
-18.5

-18.6

-18.5
-18.2
-18.1
-18.2
-18.3
-18.3
-18.3
-18.2
-18.3
-18.3
-18.3
-18.4
-18.3
-18.2
-18.2
-18.4
-18.4
-18.3

-18.5

AN (%o)

14.1
13.5
134
13.6
13.7
13.6
13.4
134
13.5
13.6
13.6
13.8
13.9
13.7
13.7
13.7

14.0

12.5
13.4
12.8
13.0
13.3
13.2
13.1
13.4
13.3
13.4
13.5
13.5
13.4
13.6
13.8
13.8
13.9
14.0

14.0

CI/N

3.2
3.2
3.2
3.2
3.2
3.2
3.3
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.1
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

C (%)

43.1
43.0
43.4
43.4
43.3
43.3
43.3
43.3
43.3
43.7
43.7
43.9
43.5
44.0
43.6
43.8
43.7

43.7
43.8
43.8
43.7
43.7
43.9
44.1
42.8
42.8
42.9
43.1
43.1
43.1
43.2
43.3
43.1
43.0
43.2
43.2

N (%)

155
155
15.8
15.7
15.6
15.6
155
15.6
15.6
16.0
15.9
16.0
15.9
16.1
16.0
16.0
15.9

16.0
16.1
16.1
16.1
16.0
16.1
16.1
16.0
155
15.9
15.9
15.9
15.8
15.8
15.9
15.8
15.7
15.7
15.6
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Sample numbers

[IHA-23A-M2-1
[IHA-23A-M2-2
[IHA-23A-M2-3
[IHA-23A-M2-4
[IHA-23A-M2-5
[IHA-23A-M2-6
[IHA-23A-M2-7
[IHA-23A-M2-8
[IHA-23A-M2-9
IIHA-23A-M2-10
[IHA-23A-M2-11
[IHA-23A-M2-12
[IHA-23A-M2-13

IHA-23A-M3-1
[IHA-23A-M3-2
[IHA-23A-M3-3
[IHA-23A-M3-4
[IHA-23A-M3-5
[IHA-23A-M3-6
[IHA-23A-M3-7
lIHA-23A-M3-8
[IHA-23A-M3-9
[IHA-23A-M3-10
[IHA-23A-M3-11
IHA-23A-M3-12
IHA-23A-M3-13

Lab

000000000000

WO WWWWWwWWwWwWwwWw

Age (years)

2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5
11.5
12.5
13.5

14.5

14.5
15.3
16.2
17.0
17.8
18.7
195
20.3
21.2
22.0
22.8
23.7

245

513C (%o)

-20.6
-20.5
-20.3
-20.6
-20.2
-20.1
-20.1
-20.0
-20.1
-20.1
-20.4
-20.6

-20.7

-20.4
-20.9
-20.5
-20.5
-20.7
-20.8
-20.9
-20.9
-21.1
-21.1
-21.3
-21.4

-21.1

AN (%o)

12.6
12.5
12.4
12.3
121
12.2
12.4
12.6
12.5
12.5
12.4
12.7

12.7

12.7
12.8
12.9
12.4
12.0
12.0
12.0
12.2
12.3
12.4
12.7
13.0

13.1

CI/N

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2
3.2

C (%)

43.3
43.6
44.0
44.6
44.1
44.0
44.1
44.4
43.1
43.8
44.3
43.9
44.0

42.3
42.6
43.1
43.2
42.3
42.7
42.6
42.7
42.6
42.7
42.5
41.9
42.0

N (%)

15.9
16.1
16.2
16.3
16.2
16.2
16.2
16.3
15.6
16.1
16.3
16.1
16.0

155
15.7
15.9
16.0
155
15.8
15.6
15.7
15.6
15.7
15.6
154
154
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APPENDIX 5

Dentine statistics pictures

In this appendix histogram 6.5N 613C values of each tooth has been analysed witlsSPS

statistical software for histogram and descripstadistics (Q-Q plot).

st3c

Box plot of all carbon isotope composition of deatincremental samples of each tooth.
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Box plot of Nitrogen isotope composition of tooth
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lIHA-137A-M3
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IIHA-137A-M2
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lIHA-21A-M1

61C

Frequency

Expected Normal Value

IHA-21A-M1
57 Mean = -21 26
Std. Dev. = 143
M=17
4=
3
2
41—
o
221 40 -21,20 -21,00 -20,80
513C
o Normal Q-Q Plot of IHA-21A-M1 Detrended Normal Q-Q Plot of IHA_21A_M1
=21 = 01
21,1 o
0,10
- K
212 £
5
~ o
E
o
21,3 & 0,05
c
2
"
E @
21 4 a o
0,00 o
o
o o0
2154
| ° oo o ® 9
o
=216 T T T -0,05 T T T T T T
216 214 212 210 215 214 213 212 211 21,0 209 2
Observed Value Observed Value

232




N

Frequency

IHA-21A-M1

5

Expected Normal Value

11,00 12:00
615N

10,00

MNormal Q-Q Plot of IIHA-21A-M1

13,00

Observed Value

1
14,00

Mean =1054
Stel. Dev. = 829
MN=17
Detrended Normal Q-Q Plot of IIHA-21A-M1
1,0
"
E o
Z° 0,5
o O
E
2 o
c o
2 °
® 0o o
= 0
[ a
[s] o
o
© o
054 o ©
o
-1,0 T T T T
a 10 1 12 13 14

Observed Value

233




IIHA-CH34pp1-M2

o1C

IHA-CH34pp1-M2

5=

51

Frequency

7

1
20,00

1 1
18,50 18,00 18,50

513C

48,00

Normal Q-Q Plot of IHA-CH34pp1-M2

-18,09

18,54

Expected Normal Value

19,0

T T T T
195 190 185 180

Observed Value

4750

Mean =-18 42
Stel. Dev. = 457
M=21

0 Detrended Normal Q-Q Plot of IHA-CH34pp1-M2

0,27
o o
o
n o o
o1 o I[s)
= o
E [¢]
50,0000
=
E o
& 01 o
(=
2
&
= 02
[ o
[a]
03
047
Q
-0,5 T T T T
-19,5 19,0 -85 -180

Observed Value

234




6N

Frequency

IHA-CH34pp1-M2

4

12,50

Expected Normal Value

1
13,00 13,50 14,00 14,50 15,00
515N

Normal Q-Q Plot of IHA-CH34pp1-M2

14,0

13,541

13,07

12,541

12,0
120

T T T T
125 130 135 14,0 145

Observed Yalue

Mean =1337
Stel. Dew. = 557
M=21

Deviation from NMormal

Detrencded Normal Q-Q Plot of IHA-CH34pp1-M2

ki)

0,17

e]

0,0000

-0,1

-0,27

03
125

T T
135 14,0

Observed Value

145

235

150



IIHA-CH34pp1-M3

o1C

Frequency

IHA-CH34pp1-M3
57 Mean = -18,28
Stel. Dew. = 282
MN=14
4
-
o]
1
0
-18,30 18,60 -18,40 -18,20 -18,00 17,80
513C
- Normal Q-Q Plot of IHA-CH34pp1-M3 01Detrended Normal Q-Q Plot of IHA-CH34pp1-M3
0,10
18,0
g " 0,054 s]
G E ~
s | 5 o
= 82 =
£
s 5
= o= 0,0000
H s o
B 847 & o o
>
u% a8 -0ps
(2]
18 6
-0,10
o
-18, T T T T -0,1 T T T T
188 -186 184 182 -18,0 -18, -186 -84 18,2 -18,0

Observed Value

Observed Value

236

78



6N

IHA-CH34pp1-M3
S—
4
&
c
@
3
o
@
1S
w
2]
1-
0 T T T T
13,25 13,50 13,75 14,00 14,25
515N
1 Normal Q-Q Plot of IHA-CH34pp1-M3
144
a
= 1429
[
-
K
E
1=
2 1407
=
L0
k]
(1]
% 13,5
RS
13,6 o
o
13,4 T T T T
13,25 13,50 13,75 14,00 14,25

Observed Value

Mean =13 93
Stel. Dev. = 284
M=14

Deviation from Normal

0 Detrended Normal Q-Q Plot of IHA-CH34pp1-M3

o
o
o
0,1
(=]
o
o
o
0,0000
oo °
o
01
' o
o
0,2
o
0.3 T T T T T
132 134 136 138 14,0 142 144

Observed Value

237




lIHA-143A-M2

6C

IIHA-143A-M2
5-—
4
il
| =
Q
3
o
@
1S
w
2]
1
o T T T T T T
-21,00 -2080 -2060 -2040 2020 -2000 1980 -1960
513C

Normal Q-Q Plot of IHA-143A-M2

19,54

20,0

20,54

Expected Normal Value

21,04

T T T
210 205 200

Observed Value

Mean = -20 22
Std. Dev. = 4B7
M=17
Detrended Normal Q-Q Plot of IIHA-143A-M2
e Q
0,27
o
=
£ o
= 9" o
E
(=]
=
=1
2
® 0o
= o]
[
o o
(o]
017 & o
[+]
o o [s]
-0, T T
210 205 =200 195

Observed Value

238



6N

Frequency

IIHA-143A-M2
3—
7
1
0 T
12,40 12,50 12,80 13,00 13,20 1340
515N

Expected Normal Value

Normal Q-Q Plot of IHA-143A-M2

13,24

13,0

12,6

12,67

12,4
12,4

T T T
126 128 130 132

Observed Value

Mean =12 83
Stl. Dev. = 229
M=17
o Detrencded Normal Q-Q Plot of IHA-143A-M2
o o o
0,05 o
o
=
£ 00000
5
0
=
c o
2 o
B 005
=
[]
[a]
0,10
-01 T T T
124 126 128 13,0 132

Observed Value

239



lIHA-143A-M3

6C

Frequency

IIHA-143-M3
6
5
4
3-—
2
1
o
2120 21,00 2080 2080 2040 2020
513C
" Normal Q-Q Plot of lIHA-143A-M3
20,44
L0
=
"
=
=
E
=
S 205
=
3
(4]
@
o
3
w
20,8
o
210 T T T T
212 210 208 206 204

Observed Value

Mean = -20 58
Stel. Dev. = 199
=15

Deviation from Normal

o Detrended Normal Q-Q Plot of IHA-143A-M3

(o]
0,05 o
(o]
ofe]
o o
[e]
Q
0,0000
o
-0,05-
-0,10
o]
[s]
=015 T T T T
E 20 208 206 204

Observed Value

240

202



6N

IHA-143A-M3

3]

Frequency

2

1
12,40

Expected Normal Value

12,60 12,80 13,00

515N

13,20

Normal Q-Q Plot of IHA-143A-M3

13,2

13,1

13,07

12,9

12,5

12,7

T T T T T T T
12,6 12,7 128 129 130 131 13.2

Observed Yalue

1
1340

Mean =12 93
Stl. Dev. = 157
M=18
Detrencded Normal Q-Q Plot of IHA-143A-M3
‘ )
o o
(8]
o

— 90

% oo o

§ ] ] o

=z

E

g ° o

c

=

k]

=

a 005

o
-010 T T T T T T
1 126 127 128 129 130 131

Observed Value

241

13.2



lIHA-116-M2

oC

IHA-116-M2
.
=
o
C 4
Q
3
o
1]
1S
[
2
o T T T T T T T
4860 -1850 840 <1830 4820 <810 1800
513C

MNormal Q-Q Plot of IIHA-116-M2

18,0

EERE

-18,29

18,3

Expected Normal Value

18,4

18,54

T T T T
185 184 183 18,2 181

Observed Value

Mean =-18 30
Std. Dewv. = 11
M=19

Detrended Normal Q-Q Plot of IHA-116-M2

0,02

0,0000

-0,02-

Deviation from Mormal

0,04

0,06

-1

T T
184 183 18,2

Observed Value

242

18,1



6N

Frequency

IIHA-116-M2
5
.
4=
7
1] T
12,50 13,00 13,50 14,00 1450
515N

Expected Normal Value

MNormal Q-Q Plot of IIHA-116-M2

14,0

13,57

13,0

T
135

Observed Yalue

Mean =13 42
Stel. Dev. = 389
M=19
Detrended Normal Q-Q Plot of IHA-116-M2
0,1 o]
o]
o
o (]
Q
]
o
E [+]
Zo 0,0 = °
e 0
2
&=
c 0 o
o
8 2 °
=
L]
o
014 o
Q
(=]
-U, T T T
125 130 135 14,0

Observed Value

243

145



lIHA-116-M3

6C

Frequency

IIHA-116-M3
57 Mean = 18,53
Std. Dev. = 178
M=17
4
3
5
1
o]
-19,00 -18,80 -1860 -18,40
513C
i MNormal Q-Q Plot of IIHA-116-M3 010 Detrended Normal Q-Q Plot of IHA-116-M3
18,3
o
Q
0,05 o o
-18,4 o
2 = o ©
G E
> o
5 1 =
g 185 p o
5 o a
= W= 000
=1
E 18,5 2
o B o
a H o
kel
o o
18,7
0,05 o
o
18 8 o
[+
-89 T T T -010 T T T T T T
190 188 186 18,4 190 189 18,3 87 186 185 18,4 183

Observed Value

Observed Value

244



6N

Frequency

IIHA-116-M3
4-—
2
2
1
0 T T 1
13,25 13,50 1375 14,00 14,25
515N
i Normal Q-Q Plot of IHA-116-M3
[+]
14,0
a
=]
K
= 13,3
o
E
(-]
z
-
L0
S 136
o
o
£
w
13,4
13, T T T T
132 134 136 138 140

Observed Value

Mean =13 65
Std. Dev. = 209
M=17
Detrended Normal Q-Q Plot of IHA-116-M3
0,06
o
0,04
= o
E
£
2
0,02
o |
“E_ o}
s
.2 00000
5 oo
Ed
2 o o
-0,02- » €
o o
o
0,04 ©
[s]
-0,0E T T T T
134 136 138 140

Observed Value

245

142



lIHA-Se21A-M2

o1C

IHA-Se21A-M2
3-—
2
==
o
=
[ ]
3
o
(]
L=
'
14
i} T
-19,80 -19,60 -19.40 -19.20 -19,00 -18,80
513C

MNormal Q-Q Plot of IIHA-Se21A-M2

-19,0

19,24

19,4

19,64

Expected Normal Value

19,87

T T T
196 194 19,2

Observed Value

Mean =-15 43
Stel. Dewv. = 223
M=17

o Detrended Normal Q-Q Plot of IHA-Se21A-M2

Q

0,05

= o
=} o

£
S
= o o o]
£ o
]
& 000 5
s
:‘E [e]
>
H o
[a] o o

0,05 o]

o]
-010 T T T
198 -196 -19.4 -19.2

Observed Value

246

-19,0



6N

Frequency

lIHA-Se21A-M2
Mean =12 52
Stel. Dev. = 357
M=17
&
4~
2-—
[u] T I )
12,00 12,50 13,00 13,50 1400
515N
Normal Q-Q Plot of IHA-Se21A-M2 Detrended Normal Q-Q Plot of IHA-Se21A-M2
o
o
13,00
' 0,2 Q
T 1275 T o1 )
= E '
s 2 °
[}
£ E °
2 12504 & 0,0000 o)
3 s
o =
> 2 o o
W 12,254 a ;
o
o o, 0
12,00 0.2 ©
T T T -0, T T T T T T
15 12,0 125 130 12,0 122 12,4 126 128 13,0 132 134

Observed Value

Observed Value

247




lIHA-Se21A-M3

oC

Frequency

IHA-Se21A-M3
3-—
2
14
i} T
-19,80 -19,60 -19.40 -19.20 -19,00 -18,80
513C

190

19,24

Expected Normal Value

19,84

19,44

19,5

Normal Q-Q Plot of IHA-Se21A-M3

T T
196 194

Observed Value

Mean =-15 43
Stel. Dewv. = 223
M=17

Deviation from Mormal

. Detrended Normal Q-Q Plot of IIHA-Se21A-M3

[s]
0,05
o
o o]
o
o
® o
000 5
© o
o
o [s]
0,05 o
o
010 T T T
98 196 19,4 18,2

Observed Value

248

19,0



6N

Frequency

lIHA-Se21A-M3
4—
+
o]
.
0
12,00 12,20 12,40 12,60 12,80 13,00
515N

Expected Normal Value

Normal Q-Q Plot of IIHA-Se21A-M3

13,04

12,8

12,67

12,41

T
128

Observed Yalue

Mean =12 61
Stel. Dew. = 221
M=17

Deviation from Normal

Detrended Normal Q-Q Plot of IHA-Se21A-M3

0,19 o]
[s]
]
o o
0,0
o
o Q
o
(o]
014
-0, T T T T
120 12,2 124 128 128

Observed Value

249

13,0



lIHA-144A-M3

6C

IHA-144A-M3

67 Mean = -18,75
Std. Dew. = 20
M=17
5
4
-
o
=
@
=
o ¥
1™
'
2
14
0 T
-19,20 -19,00 -18,80 18,60 18,40 18,20
513C
" Normal Q-Q Plot of lIHA-144A-M3 0o Detrended Normal Q-Q Plot of IHA-144A-M3
a
0,04 o o o
18 4
0,02 o
g = o
= E
> 5
Z 1867 = o
E £ 0,0000¢
=
s g o o
- c 9
2 2 op
° 185 i}
o Ed
X a o oo
-0,04
19,0
-0,06
o o
-19, T T T T -0,08 T T T
192 19,0 EEY 186 18,4 192 19,0 RET] 186 18,4
Observed Value Observed Value

250



6N

Frequency

IIHA-144A-M3
s—
5
4
3-—
5
1
0 T
12,50 13,00 13,50 14,00 14,50
515N
i Normal Q-Q Plot of IHA-144A-M3
14,0
a
3
[
=
"
E
2 1357
-
3
L1}
o
g
i}
13,0
12,5

125

T
135

Observed Value

Mean =13 40
Stel. Dev. = 454
M=17
. Detrended Normal Q-Q Plot of IIHA-144A-M3
[a]
[s)
o
0,1
= [#]
E
=
2
p o
o ]
& 00 5]
c o ©
2 o]
B o
=
a
o o
-0,14
o
-0, T T T
125 130 135 140

Observed Value

251

145



lIHA-Sel10-M2

oC

Frequency

IIHA-Se10-M2
8-—
-
4
2
o T T T T T T T
-20,30 -20,70 -20,60 -20,50 -20,40 -2030 -20,20
513C

Expected Normal Value

Normal Q-Q Plot of IHA-Se10-M2

20,1

20,24

-20,39

-20,47

20,54

-20,67

20,7

T T
205 204

Observed Value

T
203

T
202

Mean = -20 45
Stel. Dewv. = 154
M=21

Deviation from Normal

0

o Detrended Normal Q-Q Plot of IHA-Se10-M2

o
[a] o0
o
0,05
o
0000
o (o]
o
-0,05
o]
-0,10] q
=015 T T T T
204 207 2206 205 204 20,3

Observed Value

252



N

Frequency

IIHA-Se10-M2
8-—
.
4
2
] T
11,50 12,00 12,50 13,00 1350 14,00
515N

Expected Normal Value

14,0

Normal Q-Q Plot of IHA-Se10-M2

13,5+

13,0

12,57

12,0

T T
120 125 13,0 135

Observed Value

Mean =12 55
Stel. Dewv. = 512

M=21

Deviation from Normal

Detrended Normal Q-Q Plot of IIHA-Se10-M2

B

0,44

0,0

o o000
o

T T
125 130

Observed Value

135

253

140



lIHA-23A-M2

oC

IIHA-23A-M2
4
-
=
o
c
@
=
o 27
1™
w
1
0 T T
2080 2080 2040 2020 20,00 1980
513C
1 Normal Q-Q Plot of IIHA-23A-M2
20,0
L0
=
"
2 202
o
E
=
(=]
z
=
3
o 204
@
o
3
w
20,6
=208

208

| T T T
208 204 202 200

Observed Value

Mean =-20,39
Std. Dev. = 217
M=18
Detrended Normal Q-Q Plot of IHA-23A-M2
o
010+
o
- o
[}
E
B
;_‘2 0,05+ o
5
£ o
c
o
=
'E 0,00 = 5
a
o °
o o
o
0,05
o
o ©
-010 T T T T T T
207 206 205 204 203 20,2 20,1

Observed Value

254

-200




6N

lIHA-23A-M2
4—
+
)
=
Q
3
s 7
[
.
0
12,20 12,40 12,60 12,80
515N

Expected Normal Value

MNormal Q-Q Plot of IIHA-23A-M2

12,7

12,671

12,57

12,44

12,3

12,24

T T T
123 124 125 126

Observed Yalue

Mean =12 44
Stel. Dev. = 169
M=18

Detrended Normal Q-Q Plot of IIHA-23A-M2

0,044 g
©
E
o
o .
2 o o
£ 2 o
o o]
= o
f= [s]
S o ©
® oo
>
@ ° o
a o
o [¢]
0,02
-004 T 0-d, T T T T
121 12,2 12,3 124 125 126 127

Observed Value

255

12,8



256



