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Abstract

Based on the dominance of seal and fish bones in the zooarchaeological assemblages the coastal
sites of the Comb Ware cultures are generally considered to be settlements of prehistoric seal
hunters and fishers. Lipid analyses of food residues in pottery from such sites hold considerable
potential to extend understanding of the procurement and processing of these resources. Lipid
biomarker and compound-specific stable carbon isotope analyses were conducted on 28 potsherds
from a total of 64 Early Comb Ware and Jakarla Ware vessels from south-west Finland. The results
reveal that even though the Baltic Sea was an important economic resource, terrestrial animals
also played an important role in the food cultures of Stone Age coastal dwellers. Thus, combin-
ing zooarchaeological data and organic residue analyses on Finnish prehistoric pottery assists in
enhancing our understanding on the food procurement strategies of the Neolithic populations of
the region, and offer additional possibilities to explore spatial and temporal changes resulting from
climatic and/or cultural influences.
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INTRODUCTION

The pit-and-comb imprinted vessels originated
in the Volga-Kama region and spread to the
west at the beginning of the 6™ millennium BC.
Subsequently, the Upper Volga culture in cen-
tral Russia developed and created a basis for
the rise of Early Comb Ware in the north (Pie-
zonka 2012: 47). Thus, the oldest ceramic type
from Finland belongs to the Comb Ware group
(Pesonen & Leskinen 2009: 301), which can be
further divided into several subgroups (see Table

1). The earliest styles of these groups were the
Early Comb Ware in south Finland and Séréis-
niemi 1 Ware in north Finland (Torvinen 2000;
Skandfer 2005). The adaptation of these ceramic
vessels and the ability to store and process ani-
mal products, such as train oil, was a useful new
technology for hunter-gatherer-fishers, since
mass hunting of fish and seal played a major role
in their seasonal food procurement cycle (Pe-
sonen & Leskinen 2009: 299).

The Early Comb Ware occurred in Finland
and in Republic of Karelia (see e.g. Meinander
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Ceramic type Period of use (calBC)

Older Early Comb Ware 5150-4450
Saradisniemi 1 Ware 5100-4350
z\(l):rr;ger Early Comb 4450-4150
Jakarla Ware 4300-3900
Typical Comb Ware 3950-3500
Late Comb Ware 3750-3250

Table 1. The periodisation of Finnish Stone
Age Comb Ware according to Tallavaara et al.
(2010).

1984: 29-31; Halinen 2015: 57), while Jakarla
Ware sites have mainly been found in south-west
Finland (Edgren 1966: 15; 1993: 46). The loca-
tion of Comb Ware dwelling sites is often re-
garded as related to the optimal use of economic
resources. This is especially the case for sites in
coastal locations and in archipelagic environ-
ments, which have been linked to an increased
importance of marine game, i.e. sealing and fish-

62; cf. Tallavaara & Seppd 2012: 221). Where
zooarchaeological material is dominated by
seal and fish bones, the sites have been defined
19-20).

Animal bones from the Comb Ware sites in
Finland consist mainly of burnt bone fragments.
Wild mammal, bird, and fish bones have been
identified; however, no domestic animal bones
dating to this period have been found (Ukkonen
1993; Mannermaa 2003; Bliauer & Kantanen
2013). The Comb Ware culture economy has
traditionally been seen as being based mainly
on fishing, hunting, and gathering, as direct
evidence of cultivation and animal husbandry
is absent (e.g. Zvelebil 1981; Nuiiez 1999). Re-
cently buckwheat (Fagopyrum esculentum) and
barley-type (Hordeum) pollen grains were iden-
tified in an Early Neolithic (¢ 5200-4000 BC)
assemblage from south-east Finland and have
been interpreted as indicative of early cultivation
in that area (Alenius et al. 2013). The early be-
ginning of cultivation has been questioned by
Lahtinen & Rowley-Conwy (2013) suggesting
there is no reliable evidence of agriculture in
Finland before the Iron Age (500 BC).
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Zooarchaeological analysis of the bone ma-
terial from the Comb Ware sites indicates that
seals, harp seal (Phoca groenlandica), grey seal
(Halichoerus grypus), and ringed seal (Phoca
hispida), were the most important game animals
especially at coastal sites. Also, the European
beaver (Castor fiber), Eurasian elk (4/ces alces),
Artic hare (Lepus timidus), wild forest reindeer
(Rangifer tarandus fennicus), and brown bear
(Ursus arctos) appears to have been hunted
along with various fur-bearing carnivores (Uk-
konen 1993: 257). Furthermore, it should be
noted that the soils in Finland are so acidic that
unburnt bone is extremely scarce at prehistoric
sites, and even where it does survive, it is usu-
konen 1996: 66; 2001: 13).

Organic residue analysis of food residues in
archaeological cooking vessels is widely used
to identify food procurement, notably the emer-
gence of farming and dairying (see e.g. Ever-
shed et al. 2008a; Dunne et al. 2012; Cramp et
al. 2014a). This approach also offers numerous
opportunities in Finland, in particular in relation
to the cultural traditions and changes in procure-
ment practises of hunter-gatherer-fisher societies
and their transition(s) to farming. This is espe-
cially important in Finland where it is difficult
to discern coherent trends in animal exploita-
tion in prehistory due to the paucity of zooar-
chaeological remains. Thus, the study of organic
residue provides a major opportunity to gain a
better understanding of Neolithic animal use in
Finland.

Organic residue analyses use a range of lipid
biomarker proxies to identify the different com-
modities being processed in the archacological
vessels. When diagnostic biomarker structures
are linked with their 8"C values, more pre-
cise interpretations of the origins of fats can be
achieved (Evershed 2008). This proxy is impor-
tant in tracing changes in food culture. By using
the APC (8"3C5,0-6"Ci60), different metabolism
and biosynthetic origins are emphasised, i.e.
fats originating from dairy products can be re-
solved from ruminant carcass fats. Moreover,
non-ruminant fats can be separated from rumi-
nant dairy and carcass fats (Copley et al. 2003:
1526). Fats originating from brackish water
or marine organisms have more enriched §"*C
values when compared with the terrestrial fats



(Cramp & Evershed 2014: 326; Padkkonen et
al. in preparation). Additionally, the mixing of
fats from different sources can be recognised if
the 3"°C values plot between the ranges defined
by modern reference fats (Copley et al. 2003:
1526). Unfortunately, most terrestrial mam-
mals, excluding ruminant animals, have similar
dBC and ABC signatures with freshwater and
brackish water fish (Pddkkonen et al. in prepa-
ration); hence, the only way of distinguishing
between them is to use characteristic aquatic
biomarkers.

Since all of the studied sites were located
on the Baltic Sea coast, the use of aquatic bio-
markers is especially important (for a review see
Cramp & Evershed 2014). Several biomarkers
have been developed to identify residues origi-
nating from fish and marine mammals. The ®-(o-
alkylphenyl)alkanoic acids (APAAs) are formed
from the heating of tri-, di- or mono-unsaturated
fatty acids, but they are not formed from satu-
rated fatty acids (Hansel et al. 2004; Evershed
et al. 2008b). Phytanic acid and 4,8,12-trimeth-
yltetradecanoic acid (4,8,12-TMTD) are found
in low concentrations in terrestrial animals and
high concentrations in marine animals (Avigan
1966; Ackman & Hooper 1968). Thus, APAAs
with chain lengths Cis, Cy, and Cy, should be
observed, and at least one of the isoprenoid
fatty acids should also be present if the residues
originate from aquatic sources (Hansel et al.
2004; Evershed et al. 2008b). In addition, dihy-
droxy fatty acids (DHYAs) are also considered
as biomarkers of aquatic commodities (Hansel
& Evershed 2009; Hansel et al. 2011; Cramp
& Evershed 2014). Furthermore, the peak area
ratio of stearic and palmitic acids (Cis.0/Cieo)
should be < 0.48, since a study of the distribu-
tion of the n-alkanoic acids in experimentally
decomposed lipids has shown that fats originat-
ing from fish and mammals can be distinguished
using the ratio of Ci5./Cie.0. It has been suggested
that this ratio can be used in detection of aquatic
biomarkers if cholesterol and/or at least the two
acyclic isoprenoid alkanoic acids, and the Cis—
C, APAAs are present in the sample (Olsson
& Isaksson 2008: 777). However, some caution
should be exercised as the relative abundances
of fatty acids are affected by differential solu-
bilities and volatilities of homologues in aged
fats. Even though findings of cholesterol have

been reported from archaeological pottery (see
e.g. Berstan et al. 2008; Heron et al. 2015), it has
also been suggested that cholesterol could de-
rive from modern contamination (Roffet-Salque
et al. in press), rather than from archaeological
fats. Thus, we have decided not to include the
data of cholesterol in this paper due to the pos-
sibility of cholesterol originating from modern
handling of the sherds.

Only a handful of examples exist of the inves-
tigation of absorbed organic residues of Finnish
prehistoric pottery using the afore-mentioned
approaches. The most relevant study to this re-
port is the study of Typical/Late Comb Ware to
the Late Iron Age performed by Cramp et al.
(2014b) of absorbed lipids. Earlier investiga-
tions focussed on food crust samples from the
Bronze Age Kokar Otterbote site on the Aland
Islands in an effort to detect the processing of
aquatic commodities (Isaksson 1997), while
Comb Ware from Vantaa Maarinkunnas were
investigated to determine the origins of organic
residues (Hopia et al. 2003). The general con-
clusion to emerge from the study of absorbed
organic residues in Typical/Late Comb Ware
is that there was a strong focus on the marine
environment as a food source. However, inves-
tigations need to be expanded to achieve better
chronological and statistical coverage.

Hence, the aim of this study was to investi-
gate a larger collection of Comb Ware vessels
than had previously been considered (Hopia et
al. 2003; Cramp et al. 2014b) so that more defin-
itive trends in animal exploitation and other as-
pects of food procurement might be established.
The main aims were to determine: (i) what kind
of lipid residue survive in the Comb Ware ves-
sels by using the organic residue approach, and
(i1) specifically whether biomarkers of aquatic
organisms are present, which is crucial as all
the studied pottery derive from settlement sites
for hunter-gatherer-fisher societies, (iii) whether
evidence of dairying is present; (iv) whether re-
lationships exist between the vessel form and
rim diameter and the lipid content of the pot,
and (v) whether the nature of the absorbed lipids
correlates with the zooarchaeological evidence,
thereby affirming if the investigation of lipids
can provide new information on the exploitation
of natural resources during the early stages of
the Comb Ware culture. To achieve this, lipid
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Fig. 1. All the studied sites are located in south-
west Finland; during the Stone Age they were
located by the shores of the Baltic Sea. The stud-
ied vessels from the Kokemdki Kraviojankangas
and the Pomarkku Myllytormd/Patakoski sites
date to the Early Comb Ware period, while the
vessels from the Turku Jékdrld site date to the
period of the Jdkdirld Ware. Illustration: M.
Pddkkonen.

biomarker and compound-specific stable carbon
isotope analyses were performed on potsherds of
Early Comb Ware and Jakérla Ware from south-
west Finland.

MATERIALS AND METHODS

Selection of pottery for organic
residues analysis

The material used in this study derives from
three different Comb Ware sites in south-west
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Finland: Kokemiki Kraviojankangas, Pomark-
ku Myllytérmi/Patakoski and Turku Jakarla
(Fig. 1). During the Neolithic they were situated
on the coast of the Baltic Sea. The Kraviojan-
kangas site was located on an island (Alhonen
& Huurre 1991: 151) and is considered to be
a seasonal settlement site for seal hunters, due
to the high number of seal bones in the zooar-
chaeological material (Heikkurinen-Montell
1986: 35). The Myllytormé/Patakoski site was
located on the coast on the north shore of a nar-
rowing sound (Alhonen & Huurre 1991: 157);
unfortunately the interpretation of the character
of the site cannot be discussed as the site has
not been published. The Jakéarld site was also
located in the vicinity of the ancient shoreline
(Edgren 1966: 68; Asplund 2006), and is a long-
term settlement site reflecting different periods
of occupation (Europaeus 1926: 59-62; Edgren
1966: 65-76; cf. Laukkanen 1997: 56; Asplund
2006).

The ceramic material from the studied sites
is fragmentary, and thus the vessel type can-
not be defined with absolute certainty, but all
of the studied vessels are likely to have the
typical shape of the Comb Ware vessel: the
round-bottomed base and the largest rim
diameter typically at the rim or just beneath it
(see e.g. Edgren 1982: 20-2). Furthermore,
two of the sherds from Kraviojankangas and
one from Jakérld have been AMS-dated. There
are also four radiocarbon dates from charcoal
found at the sites, one from Jakérld and three
others from Kraviojankangas. All of the AMS
dates for the charcoal from the settlements are
in line with the current dates from the food crust
(Fig. 2).

A total of 64 Comb Ware sherds from south-
west Finland were chosen for this study from the
collections of the University of Turku (TYA) and
Satakunta Museum (SatM). The number of stud-
ied sherds from the Kraviojankangas site was
32, 14 from Myllytérma/Patakoski, and 18 from
the Jékarla site (Fig. 3). To prevent sampling the
same vessel more than once, sherds were chosen
from the rim of the pot or sherds that could be
connected to the rim with absolute certainty. The
rim sherds or the sherds near the rim were also
selected for the study as these are known to yield
the highest concentration of lipids (Charters et
al. 1993).
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Fig. 2. AMS dates from the crust on

the vessels and from charcoal collect-
ed during the excavations. The char-
coal samples are shown in grey, and
the crust samples in black. The AMS-
dated food crusts from Kraviojankan-
gas and Jikdrld are from sherds which
were not chosen for GC-C-IRMS or
GC/MS analyses. Calibration with the
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Lipid analysis

Sub-samples of surface-cleaned sherds were ex-
tracted using a well-established protocol (Ever-
shed et al. 2002; Copley et al. 2003; Cramp et
al. 2014a). Briefly, a sub-sample of 2 g of an
archaeological potsherd was cleaned with a
modelling drill. The sample was crushed and
internal standard (n-tetratriacontane) was added
prior to solvent extraction, using CHCl;/MeOH
(2:1 v/v). The aliquots of the total lipid extracts
(TLEs) were filtered and treated with 40 pl N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA, 1
h, 70°C) prior to screening by high temperature-
gas chromatography (HTGC). Identification
of individual fatty acids was carried out with
non-polar gas chromatography-mass spectrom-
etry (GC/MS). In order to prepare the fatty acid
methyl esters (FAMEs) from selected sherds, to
an aliquot of the sample was added methanolic
NaOH (5% v/v), the sample was acidified to pH
3 (1 M HCI). The aliquot was extracted with
CHCIL;. BF;-MeOH was added and samples ex-
tracted with CHCl; and blown to dryness under
N.. In order to analyse the DHYAs from selected

Ly OxCal v3.10 program (Bronk Ramsey
1995; 2001) uses the IntCall3 cali-
bration data (Reimer et al. 2013).

Fig. 3. Examples of rim sherds from
Kraviojankangas (TYA 116:980), Pa-
takoski (SatM 18620:10) and Turku
Jékérld (TYA 313:28). Photos: M.
Pdcikkonen

samples, the previously powdered pottery were
extracted with direct methanolic acid extraction
(Correa-Ascencio & Evershed 2014). Briefly, 5
ml of MeOH/H,SO4 (4% v/v) was added to sol-
vent extracted powdered sherd samples, samples
were heated (70°C, 1 h). Two milliliters of H,O
(double-distilled, DCM extracted) were added to
the extract. The supernatant was transferred to a
clean culture tube and was extracted with hexane
(3 x 2 ml) and blown down under a stream of ni-
trogen. An aliquot of the extract was treated with
20 pl of BSTFA as described above in readiness
for HTGC and GC-MS analyses.

High temperature gas chromatography
(HTGC)

HTGC analyses were performed using Agilent
Technologies 7890A GC. Diluted samples were
introduced by on-column injection. The col-
umn was DB-1hT (15 m x 0.32 mm i.d., coated
with dimethylpolysiloxane, film thickness, 0.10
um, Agilent Technologies). The temperature
was held isothermally for 2 min at 50°C and
increased to 350°C at 10°C/min, followed by
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isothermal hold at 350°C for 10 min. The flame
ionization detector (FID) was set to temperature
350°C. Helium was used as a carrier gas and
maintained at constant flow of 4.6 ml/min. The
peaks were identified by the retention times and
quantification was achieved using the internal
standard method.

Gas chromatography-mass
spectrometry (GC/MS)

GC/MS analyses of TLEs were performed us-
ing a Finnigan Trace MS quadrupole mass spec-
trometer coupled to a Trace GC. Diluted sam-
ples were introduced using a PTV injector in the
splitless mode onto a HP-1 (50 m x 0.32 mm
i.d. fused-silica capillary column coated with
dimethylpolysiloxane, film thickness, 0.17 pum,
Agilent Technologies). The GC oven tempera-
ture was programmed from 50°C, following an
isothermal hold for 2 min, to 300°C at 10°C/
min, followed by an isothermal hold at 300°C
for 10 min. Helium was used as carrier gas and
maintained at constant flow 5 ml/min. The MS
was operated in electron ionization (EI) mode
(70 eV) with GC/MS interface temperature of

250°C and a source temperature of 200°C. The
emission current was 50 pA, and the MS was
set to acquire in the range m/z 50-650 Daltons
at two scans per second. Peaks were identified
on the basis of their mass spectra using Thermo
Xcalibur 3.0.63 software.

The structural identification of APAAs was
carried out with polar GC/MS (VF-23ms, 60
m x 0.32 mm i.d. fused-silica capillary column
coated with cyanopropyl film thickness, 0.15
um, Agilent Technologies). The initial oven tem-
perature was 50°C held isothermally for 1 min,
followed by a programme from 50°C to 250°C
at 10°C/min, then an isothermal hold at 250°C
for 10 min. The MS was operated in EI mode
(70 eV) with GC/MS transfer line temperature
of 250°C and ion source temperature of 200°C.
Specific ions for APAAs were detected using
selected ion monitoring (GC/MS-SIM, scanning
for ions m/z 105, 262, 290, 318, and 346). The
structural identification of DHYAs was carried
out with non-polar GC/MS (HP-1, 50 m x 0,32
mm i.d. fused-silica capillary column, coated
with dimethylpolysiloxane, film thickness,
0.17 um, Agilent technologies and RTX-1, 50
m x 0.32 mm i.d. fused-silica capillary column
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Fig. 4. Partial GC-chromatograms of vessels from a) Kraviojankangas; b) Myllytérmd/Patakoski; and
¢) Jikdrld show similar fatty acid distributions. IS denotes an internal standard (n-tetratriacontane).
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coated with dimethylepolysiloxane, film thick-
ness, 0.17 pm, Restek). The MS was operated
in EI mode (70 eV) with GC/MS transfer line
temperature of 300°C and ion source tempera-
ture of 300°C The initial GC oven tempera-
ture was held at 50°C for 1 min followed by a
temperature programming from 50°C to 300°C
at 10°C/min, followed by an isothermal hold
at 300°C for 10 min. Specific ions for DHYAs
were detected using SIM mode (scanning for
ions m/z 159, 187, 215, 243, 259, 287, 315, 443,
471, 499).

Gas-chromatography-combustion-
isotope ratio mass spectrometry (GC-C-
IRMS)

The isotope compositions of the Cieoand Ciso
fatty acids were determined using gas chroma-
tography-combustion-isotope ratio mass spec-
trometry (GC-C-IRMS). Stable carbon isotope
values of fatty acid methyl esters were deter-
mined using an Agilent Technologies 7890A
GC coupled to an IsoPrime 100 (70 eV, three
faraday cup collectors m/z 44, 45, and 46) via an
IsoPrime GC5 combustion interface with a CuO
and silver wool reactor maintained at 850°C.
Diluted samples were introduced using a PTV
injector in the splitless mode onto a HP-1 (50
m x 0.32 mm i.d. fused-silica capillary column
coated with dimethylpolysiloxane, film thick-
ness, 0.17 um, Agilent Technologies). The GC
oven temperature was programmed from 40°C,
following an isothermal hold for 1 min, to 300°C
at 10°C/min, followed by an isothermal hold at
300°C for 10 min. Each sample was run as a du-
plicate.

Statistical treatment of the data
Spearman’s correlation coefficient (r;) was used
to establish possible differences between the li-
pid concentrations and vessel rim diameter and
rim type.

RESULTS

Absorbed lipid residue analyses

Out of the 64 sherds analysed well-preserved
lipids (concentration > 5 pg/g) were detected
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Fig. 5. Box plot showing the lipid concentrations
in potsherds from the sites invesigated.

by FID-GC in 56 vessels. These residues were
shown by GC/MS to be composed primarily of
Cisoand Csoacids (Fig. 4), making them appro-
priate candidates for compound-specific stable
carbon isotope analysis by GC-C-IRMS. Of the
studied samples, 28 were analysed using GC-
C-IRMS; 13 from Kraviojankangas, 10 from
Myllytérmé/Patakoski, and five from Jakéarla
(Table 2).

The Jakérlda Ware vessels contained lower
concentrations of organic residues than were
found in the other Comb Ware vessels studied
(Fig. 5). The lipid concentration in Kravio-
jankangas varied between 5-1093 pg/g: 11—
518 and 0-170 pg/g in Myllytérmé/Patako-
ski and Jékarld, respectively (Tables 2 & 3).
Even though the lipid concentrations were high-
er at Kraviojankangas, only five vessels from
the site contained lipids in concentrations >
500 pg/g, and the median of the concentration
does not differ significantly between the sites
(43, 77, and 22 pg/g in Kraviojankangas, Myl-
lytorméa/Patakoski and Jékérld, respectively;
Fig. 5).

GC/MS and SIM, and GC-C-IRMS analyses
showed none of the studied vessels contained all
molecular or carbon isotope proxies available
for the detection of processing aquatic com-
modities. Thus, a combination was used, which
together still provide unequivocal evidence of a
processing of aquatic organisms in the vessels.
In terms of actual use of vessels the possibility
of cooking and/or processing/storage of aquatic
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Aquatic?
Aquatic?
Aquatic?
Aquatic?
Ruminant (Eurasian elk)

Pris. Phy
Cis APAAs. TMTD. Pris. Phy
none
Cis APAAS
Cis APAAS?

0.42
0.28
0.74
0.31
2.05

0.5
0.5
1.1
0.9
-2.2

-26.5
-26.4
-26.0
-25.5
-30.1

-27.0
-26.9
271
-26.4
-27.9

275
67.4
155.6
170.2
97.6

17
20
13
27
23

1

JAK4

JAKT
JAK11
JAK15
JAK18

Turku Jakarla
TYA 194:11
TYA 313:38
TYA 194:58
TYA 208:35

TYA 313:28
Table 2. Description of all of the sherds analysed with summaries of GC, GC/MS and GC-C-IRMS findings. The rim types in the studied vessels are di-

vided into four groups: straight (1), slightly inwards bent (2), profiled (3), and narrowing toward the rim (4) (see also Fig. 8). The following abbrevia-
tions are used to describe the biomarker composition of the vessels: APAAs — w-(o-alkylphenyl)alkanoic acids; TMTD — 4,8, 12-trimethyltridecanoic

acid; Phy — phytanic acid; Pris — pristanic acid, DHYA — dihydroxy acids, ? —uncertain identification of the biomarker due to low concentration; none
a high ABC value (> -1) are considered possibly aquatic if the 6"3C5.0and 0% Cs.0 support the identification, even if the aquatic biomarker composition

of aquatic biomarkers but which are still likely to contain fats from aquatic sources based on carbon isotope composition. For example, samples with
was incomplete. Likewise, extracts with a possible ruminant contribution are marked with ‘Ruminant? . See also Table 4.

— absence of the targeted biomarkers in vessels. Furthermore, in the interpretation column ‘Aquatic?’ indicates those samples with an incomplete set

products are both considered the most likely
uses of the vessels.

The cooking and/or processing/storage of
products of aquatic origin in a vessel is con-
firmed if following criteria are fulfilled: (i)
APAAs with chain-length of C;c—C,, DHYAs,
and at least one of the three isoprenoid fatty ac-
ids were detected; and (ii) the ratio of Cis.0/Cis0
is < 0.48. Only one vessel yielded an extract ful-
filling all these criteria, CC23 (Table 2). How-
ever, a number of other vessels were confirmed
as having been used in the cooking and/or pro-
cessing/storage of aquatic products based on the
isotopic composition. For example, the carbon
isotopic composition of JAK11 points to aquatic
origin, nonetheless, no aquatic biomarkers de-
tected. Another example is CC35 where the A*C
value and C,s.0/Cie: ratio point towards ruminant
origin of the fats, but the C,c—C;s APAAs and
3BC60 and 81Cys, values could also suggest an
origin from brackish water organism(s) and thus
the sample is labelled as a mixture of ruminant
and possibly aquatic fats (see Table 2).

Based only on the carbon isotope values,
most of the degraded fats likely originated from
brackish water dwelling organisms, i.e. from the
Baltic Sea (Fig. 6), nevertheless, many of these
vessels could also contain fats of wild ruminants
such as forest reindeer, since the §'°C values of
brackish water species and reindeer/wild forest
reindeer overlap (Padkkonen et al. in prepara-
tion). All of the studied extracts failed to show
APAAs ranging from C;s—C,, chain lengths,
although one sample contained C;c—Cy) APAAS
and possibly APAAs with chain length Cy, (Fig.
7). However, 12 samples contained either 4,8,12-
TMTD, phytanic or pristanic acid and extracts of
nine vessels contained DHYAs, although some
were only present in low concentrations. Thus,
fats that possibly originated from aquatic organ-
isms were found in 12 vessels from the Kravio-
jankangas site, seven samples from Myllytorma/
Patakoski and four samples from the Jékérla site
(Table 2).

Based on the 8"C values, the animal fats
from the Kraviojankangas pottery mostly origi-
nated from brackish water dwelling organisms
(Fig. 6); although two of the vessels (CC8 and
CC25) contained ruminant fats, CC8 likely to
derive from Eurasian elk and CC25 from wild
forest reindeer. Interestingly, vessel CC25 also
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Rim  Lipid Table 3. Description of the sherds which were

Catalogue number / site Lab.  RIm .o cone not analysed by GC, GC/MS and GC-C-IRMS.
code type . - . o
(cm) vg/g) The rim types in the studied vessels are divided
Kokeméki Kraviojankangas into four groups: straight (1), slightly inwards
TYA 151:1357 cc2 1 8 4.5 bent (2), profiled (3), and narrowing toward the
TYA 116:980 cc3 1 26 373 rim (4) (see also Fig. 8).
TYA 116:717, 718 CC4 2 25 6.8
TYA 151:1331 CC7 1 13 20.2
TYA 116:977 ceo 119 321 contained aquatic biomarkers. Five other vessels
TYA 151:1204 CC10 2 20 426 also contained fats that could derive either from
TYA 116:836 cc12 1 23 592 wild forest reindeer and/or from aquatic sources
. 5
TYA 116:444 cc13 1 23 249 (Table 4). The "dlStl‘lbutIO.n Qf BC Vglues from
the Myllytormé/Patakoski site was different to
TYA 116:742 ccis 1 24 94 Kraviojankangas, with the majority of the ves-
TYA 151:1224 ¢Cl9 3 30 3474 sels having 6"°C values that plot between the
TYA 151:1357 cc21 3 30 50 range of Eurasian elk and brackish water species
TYA 151:1331 cc22 3 31 79 (Fig. 6), and can be considered to be the result of
TYA 1511357 ccon 1 23 105 mixing of commodities in vessels (cf. Copley et
’ ’ al. 2003: 1526). Three of the vessels contained
TYA 151:1331 ccer 3 32 215 evidence of fats of aquatic origin, but based on
TYA 151:1186 cce8 1 18 308 8"3C values, contained fats likely to originate
TYA 151:1331 CcC29 3 18 6.5 from mixing of brackifsh water a{ld wild flll(nlll-
nants.
TYA 151:216 cc30 3 23 314 agts Fats ex.tracted rom vesse CC35 likely
derive from wild forest reindeer, but could also
TYA 151:1331 ¢t 1 2% 65 contain a contribution from aquatic sources. One
TYA 116:734 cc32 1 15 552 vessel contained residues with carbon isotope
Pomarkku Myllytérma,/Patakoski values that appear to derive purely from organ-
SatM 18620:28 cCa0 1 22 762 isms dwelhng in bracklsh \.Natf?r, while four othe?r
vessels contained fats originating from predomi-
SatM 18620:21 ceat 1 23 54l nantly ruminant animals (Fig. 6; Table 4). The
SatM 18620:2 cC43 1 30 255 same pattern can be seen from the AC distri-
SatM 18620:27 cca6 2 27 785 bution; eight extracts had A"*C values similar to
Turku JAKarla ruminant qmmals, Whlle fopr o.f these samples
VA 20835 ML 1 1 308 could possibly contain contributions from aquat-
: : ic organisms (Fig. 6). Only one sample from the
TYA 208:57 JAK2 4 11 198 Jakarld site contained fats originating from ru-
TYA 194:73 JAK3 1 21 00 minant animals, with all the other extracts likely
TYA 194:8 JAKS 1 15 274 originating from the Baltic Sea organisms. There
was no evidence for the mixing of ruminant and
TYA 194:37 JAKG 4 20 2.1 . . . e 1
brackish water organisms in the Jakérlda Ware
TYA 208:48 JAK8 1 n/a 248 vessels (Fig. 6). Importantly, no evidence of
TYA 313:36 JAK9 1 25 84 dairy fats was detectable in any of the vessels
TYA 313:72 JAKIO 2 n/a 151 investigated.
TYA 208:187 JAK12 1 10 0.0 . .. .
Correlating lipid concentrations and
TYA 313:49 KIS 447 00 vessel rim diameter and rim type
TYA 313:40 JAK14 1 26 26
TYA 194:28 JAKI6 1 20 0.0 Since the vessel form is likely to be uniform,
TYA 104:46, 47, 48 K17 1 35 764 attention was placed on the rim diameter and

rim type. The rim diameter of the studied
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vessels from Kraviojankangas ranged between
838 cm, and 10-46 cm in Myllytormé/Pata-
koski; in Jakérla Ware the diameter ranged be-
tween 10-35 cm. No correlation was observed
between the rim diameter and lipid concentra-
tion (Fig. 8; r; = 0.110, p = 0.550; r; = 0.015,
p = 0.958; r, = 0.234, p = 0.383; in Kravi-
ojankangas, Myllytérmé/Patakoski and Jékérla,
respectively). The rim types of the studied ves-
sels can be divided into four different catego-
ries; straight, slightly inwards bent, profiled, and

narrowing toward the rim of the vessel. The
fourth rim type appears only in Jékarlda Ware
vessels, and rim type 1 was the most common
at all the studied sites. Rim type 3 is absent in
Jékarlda Ware and rare at the Myllytérmé/Pata-
koski site. Moreover, rim type does not correlate
with the organic residue concentration of the
vessel (Fig. 8; r,=-0.091, p = 0.620; r, = 0.086, p
=0.770; r,=0.013, p = 0.961; in Kraviojankan-
gas, Myllytormé/Patakoski and Jékérla, respec-
tively).
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Site/Interpretation Aquatic  Aquatic? /RAuqn:Iii’:%t? /:f;?:::t? Ruminant ?:3':32;
Kokemaki Kraviojankangas 3 3 2 3 1 1
Pomarkku Myllytérma/Patakoski 1 1 0 4 3 1
Turku Jakarla 0 4 0 0 1 0

Table 4. Interpretation of the vessels based on GC, GC/MS and GC-C-IRMS analyses according to
sites. Uncertain identification is shown with ‘?°. Samples identified with ‘Aquatic?/Ruminant?’ can
originate from either sources, whereas fats of samples identified as ‘Ruminant/Aquatic?’ are more
likely to originate from ruminant sources than aquatic sources. See also Table 2.

DISCUSSION
Lipid residues and Comb Ware economy

The results of this study support the view that
the economy of the Comb Ware culture was
based on hunting, fishing and gathering.

The bone material from the sites included in
this study consisted of typical Stone Age settle-
ment site fauna (Table 5), and the 8"C values
of the studied Early Comb Ware sites were con-
sistent with the zooarchaeological material; over
95% of the identifiable bone material consisted
of seal and fish, when 74% of the vessels with
identifiable fatty acid content showed the likely
or possible presence of aquatic fats as the main
component of fat content (Table 4). Further-
more, the 8°C values from the Kraviojankan-
gas site were more enriched than those from the
Myllytormé/Patakoski site. Contrary to the Myl-
lytorma site, the bones of terrestrial mammals,
including the bones of European beaver and
possible elk bones, were found at the Kravio-
jankangas site (Table 3). By visual inspection of
Fig. 6, the mixing of ruminant fats and aquatic
fats seems to have been more common in Myl-
lytormé/Patakoski than in Kraviojankangas.
This finding is inconsistent with the zooarchaeo-
logical analyses, since based on the bone materi-
al, more fats originating from terrestrial sources
should have been detected from Kraviojankan-
gas than from Myllytérmé/Patakoski. However,
it needs to be taken into account that the assemb-
elage of identified zooarchaeological material
from Kraviojankangas was 16 times larger than
that from the Myllytorma site.

The vessels from the Jakérla site have a simi-
lar distribution of 8"*C values to those of the
Kraviojankangas site, and all but one extract dis-
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played 8*C and A*C values consistent with the
fats of brackish water organisms. Furthermore,
based on the 8"*C values, the economy at the
Jékarla site was possibly even more biased to the
Baltic Sea than the economy at Kraviojankan-
gas. While this does not appear to concur with
the zooarchaeological evidence, which points to
a more terrestrial-based economy at Jikarld than
the Early Comb Ware sites studied, it must be
noted that the faunal record is sparse with only
25 identified bone fragments (Table 5).

The different spatial locations of the Early
Comb Ware sites could explain the differences
in the 8"°C and ABC values of the fats in the ves-
sels. Since the Myllytérmé/Patakoski site was
located on the shore rather than on an island, its
inhabitants probably had better access to large
terrestrial game species than the people living on
the island where the Kraviojankangas site was
located, leading to the inhabitants exploiting the
Baltic Sea as their major food source. It also has
to be taken into consideration that the differenc-
es between these two sites could be explained by
the seasonal sedentarism being practiced by the
Comb Ware people.

The lack of aquatic biomarkers, especially
APAAs ranging from C;5—C,, at all of the stud-
ied sites is interesting. These biomarkers are
present at the Maarinkunnas and Stenkulla sites
(Cramp et al. 2014b: Table 1), but especially
APAAs with the chain length C, are not found
at any of the studied sites, with one possible
exception from Myllytormé/Patakoski, even
though the 8*C values indicate the Baltic Sea
was the origin of the fats. It is not clear why this
difference exists, but perhaps (i) the soils at the
sites have preserved the lipids differently, (ii) the
ceramic matrix in the vessels is different, (iii) the
vessels experienced difference heating regimes,



as APAAs only form at very high temperatures
(c 270°C), i.e. in excess of boiling temperatures,
or (iv) there could have been other differences in
the ways of food procurement and preparation
(i.e. drying, smoking, fermenting, or eating fish
raw could have been more common than cook-
ing).

Dating of the sites

Two vessels from Kraviojankangas were AMS-
dated (CC20; Ua-46148 and CC3; Ua-46149)
as well as one vessel from Jékérld (JAK15; Ua-
46150). The crusts from Kraviojankangas dated
in between the dated charcoal samples (Hel-
1380, Hel-1381, Hel-1382; Jungner & Sonninen
1983) from the dwelling site. Charcoal from
Jakarla (Hel-2420; Jungner & Sonninen 1996)
dated slightly younger than the crust from the
vessel (Fig. 2). However, the reservoir effect
can affect radiocarbon dates of carbonaceous
residues with inputs from the Baltic Sea (e.g.
Lougheed et al. 2013). The fats in the studied
vessels mainly originated from the Baltic Sea,
and thus the older radiocarbon dates of the food
crusts compared to the charcoal samples could
be due to the reservoir effect. In the early 1980s
thermoluminescence (TL) dates of eight sherds
from Kraviojankangas ranged from 66704390
to 4270+860 BP (Janér 1983: 6). Some of the

Fig. 7. Partial total ion cur-
rent (TIC) obtained from the o]

dates were thus younger than the ones presented
in Fig. 2, which could also, in principle, indicate
the existence of a reservoir effect in the AMS
dates obtained from food crusts. Nevertheless, it
should be noted that the accuracy of TL-dates
was £10% (Janér 1983: 7), so the results should
only be seen as approximate. Furthermore, it
should be noted that all of the charcoal sam-
ples are from different contexts than the studied
sherds, so caution is needed when interpreting
the AMS dates of the sites studied.

Environmental conditions and

a comparison of the lipids from the
Early Comb Ware and Typical/Late Comb
Ware vessels

In the AC plot, the residues that plot more to
the right-hand side are interpreted as containing
a greater marine component (Copley et al. 2004:
Fig. 4). Interestingly, compared to the previous
study (Cramp et al. 2014b), the vessels from
Myllytérmé/Patakoski and the Jakérla sites did
not show as strong an influence from the Baltic
Sea as the vessels from the Typical/Late Comb
Ware periods (Fig. 6). During the Comb Ware
period, the salinity of the Baltic Sea was slightly
higher than it is currently, i.e. 13%o in the cen-
tral parts of the basin and 8%o in the north (Lep-
paranta & Myrberg 2009: 11). However, there

m/z 105
FAME fraction of CC33 (SatM 40 '
18620:10), showing the base “ I N N

peak m/z 105 of the APAAs and o] c, M 262
the distribution of the APAAs i

ranging from chain lengths Cis, 201 NN
Cis, and Coy (M+-262, M+-290, 5., bt

and M+- 318, respectively); the é ] o 290
chain length Co; (M+- 346) is ¢ w b
possibly present in this fraction, g el ) ;J\

but is absent in all of the stud- 100

ied samples. The presence of the ol Cyo M- 318
APAAs are evidence of the pro- 4o

cessing of aquatic commodities

in the vessel. a0 C,, M 346
60
40-
20
33

69



Species KK PM T
Seal (Phocidae) 1063 65 14
Burbot (Lota lota) 2

Northern pike (Esox lucius) 8

Perch (Perca fluviatilis) 4
Perch/Pikeperch (Sander lucioperca) 4

Carp family (Cyprinidae) 2 1
Salmon family (Salmonidae) 1

Fish 3 5 4
Eurasian elk (Alces alces) 1

EIk? 11

Artic hare (Lepus timidus) 6 1
European beaver (Castor fiber) 25 3
Beaver? 1 1
Red squirrel (Sciurus vulgaris) 1

Brown bear (Ursus arctos) 1

Otter? (Lutra lutra®?) 1

Pine marten? (Martes martes?) 2

Red fox? (Vulpes vulpes?) 1

Bird 3 1

Table 5. Bone material (NISP, Number of
identified specimens) from the sites included in
this study are: Kokemdki Kraviojankangas (KK)
(the National Museum of Finland, KM 20584,
Fortelius 1980a), Pomarkku Myllytormd (PM)
(KM 9560, Fortelius 1980b), Turku Jékdrld (TJ)
(TYA 194, 208, 313, 336, 416, 427, 457, 559,
615, Vormisto 1985, Blduer 2015). The ana-
lysed bone material from Kokemdki Kraviojan-
kangas (KM 20584) and Pomarkku Myllytormd
(KM 9560) are from different excavation years
than the pottery subject of this study. Turku
Jékdrld is a multi-period site with pottery also
from other periods than Jdikdrld. No analyses
have been carried out for the bone material from
Patakoski.

should not have been any increase in salinity
between the Early Comb Ware and the Typical/
Late Comb Ware periods, rather the salinity of
the basin decreased towards the Typical/Late
Comb Ware period (Gustafsson & Westman
2002: Fig. 4). Usually the inflow from the North
Sea is continuous with moderate salinities, but
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aperiodically strong and highly saline pulses,
called Major Baltic Inflows, do occur (Lep-
péaranta & Myrberg 2009: 158). Thus, one expla-
nation for the more marine A"*C values from the
Typical/Late Comb Ware vessels could be the
processing of fish or seal caught from the Baltic
Sea after saline water exchange coming from the
North Sea. Another possible explanation could
be the salinity gradient of the Baltic Sea. Even
in the modern day, the Finnish Archipelago Sea
has a broad-scale surface water salinity gradi-
ent that ranges between 4—6%o (see e.g. Sjors et
al. 2004: 60; Leppéranta & Myrberg 2009: 265;
Suominen et al. 2010: 224). These salinities do
not notably differ from the salinities of the Finn-
ish shores in the Gulf of Finland (Andrejev et
al. 2004: 7). Unfortunately, the modern salinities
are not comparable to the Stone Age salinities
due to post-glacial rebound and changes in the
archipelago environment and riverine inflows.

The distributions of the 8"*C values of the
Jékarla Ware and the Typical/Late Comb Ware
both show the importance of the Baltic Sea to
the studied cultures. The Typical Comb Ware
sites and Jakarlda Ware dwelling sites were prob-
ably chosen by the settlers based on similar cri-
teria. This is supported by that fact that at some
sites ceramics from both cultures are present
(Alhonen & Huurre 1991: 174). Thus, it is not
surprising that the food resources were similarly
exploited in both cultures, but of course it still
has to be taken into account that such similarities
can also originate from cultural factors rather
than the environment.

CONCLUSION

The Comb Ware dwelling sites located on the
coast of the Baltic Sea are traditionally consid-
ered as having been orientated towards a marine
subsistence. However, even though the faunal
assemblages are dominated by seal and fish
bones, the organic residue evidence shows that
ruminant animals were also important to Early
Comb Ware and Jékérla Ware people.

The studied sherds from the Early Comb
Ware sites, Kraviojankangas, and Myllytérma/
Patakoski, show a mix of aquatic and ruminant
product processing. Contrary to the zooarchaeo-
logical material, the mixing of fats points to the
processing of both terrestrial and aquatic organ-
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isms, which seems to have been more common
at Myllytormé/Patakoski than at Kraviojan-
kangas. Moreover, comparing the findings ob-
tained with the zooarchaeological data, supports
the interpretation of the Kraviojankangas site as
a seal hunter settlement. Furthermore, the Jakéar-
14 Ware contained residues of fats that mostly
originated from Baltic Sea organisms, even
though the zooarchaeological assemblages also
contained terrestrial animals. This underscores
the importance of using both zooarchaeological
material and organic residues analysis of pottery,
i.e. lipid biomarkers and 6"*C values, in order to
gain a better understanding of the animal exploi-
tation at prehistoric sites in Finland.

The previous, smaller scale study by Cramp
et al. (2014b) on Finnish Typical/Late Comb
Ware vessels did not show any evidence of mix-
ing ruminant and aquatic fats, as was found to
be commonplace in this new investigation. The
vessels subject of the earlier study, were younger
than those examined here, so it may be possible
that this difference could simply be due to differ-
ent ecological and environmental patterns at the
different the sites. However, it cannot be ruled

out that the Typical/Late Comb Ware culture was
more oriented toward using the Baltic Sea as a
resource for food and other commodities than
the Early Comb Ware cultures.

Based on this study, it seems that vessels of
all sizes were used for processing a wide range
of commodities, since no correlation between
the organic residue concentration and vessel rim
diameter or rim type was found. Further inves-
tigation is required to elucidate why the aquatic
biomarkers from the Typical/Late Comb Ware
site were so much better preserved than those
from other periods. Further investigations are
also needed to determine whether there is any
connection between the use of the vessel and
the clay type or tempering. Further analyses of
absorbed organic residues from vessels from
inland Finland will also help identify more co-
herent trends regarding the food habits of Comb
Ware people.

Finally, while absorbed organic residue
analysis has been widely used to study animal
husbandry and dairying, we have demonstrated
here the usefulness of the approach for studying
northern hunter-gatherer-fisher societies.
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