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The Late Mesolithic Ertebølle and Narva cultures (6th – 5th/4th millennium BC) in the southwest and eastern
Baltic, respectively, shared similar vessel types, namely pointed-based pots and oval bowls. As a consequence,
this phenomenon raised questions about inter-cultural connections across the Baltic and possible influence for
the production of pottery from the Narva to the Ertebølle hunter-gatherers. Whereas the two pottery traditions
were shown to be different with regards to raw materials and manufacture, in this study we further attempt a
comparison on the basis of function using a lipid residue analysis approach. The aim is to examine whether
typological analogies were based on common functional requirements. This paper presents new evidence for the
use of Ertebølle ceramics in the southwest Baltic from the analysis of pottery samples from a number of coastal
sites in southern Sweden (Scania) and eastern Denmark (Lolland). Gas chromatography-mass spectrometry
(GC–MS) and gas chromatography-combustion-isotope ratio mass spectrometry (GC-c-IRMS) analysis were
performed on the absorbed lipid residues to determine their structural characteristics and the stable carbon
isotopic composition of selected fatty acids. Results are discussed and compared with analogous published data
of Narva ceramics from Estonia. Data from other coastal sites in Denmark and northern Germany are also
included for wider comparison. Based on our findings, we conclude that despite little variability in the isotope
values of residues, Ertebølle and Narva pots did not serve the same functional demands, and different motives led
to their production. Whilst the Narva ceramics appear to have had a specialized role in processing aquatic
products, the Ertebølle were more multi-purpose vessels, used also for terrestrial animal and plant resources.

1. Introduction
1.1. Ertebølle versus Narva pottery
1.1.1. Chronology and typology
In the southwest Baltic area, pottery production was initiated by
hunter-gatherers in the Late Mesolithic time, some hundred years before the introduction of farming. The earliest pottery in this region is
named Ertebølle, after the homonymous Danish site on the Limfjord in
northern Jutland. In southern Scandinavia, Denmark merits so far the
earliest evidence of pottery use (ca. 4800/4600 cal BC), whilst southern
Sweden (Scania, Blekinge) demonstrates a few later dates close to the
very end of the Late Ertebølle chronozone (Andersen, 2011; Jennbert,
2011). Thus, a synchronism of the phenomenon at both areas cannot be
deduced. Finds of the same pottery tradition were also identified in
northern Germany (Schleswig-Holstein, Mecklenburg-Vorpommern,
⁎

Brandenburg Havelland), where the earliest dates are currently
matching those from Denmark (ca. 4700 cal BC). (Hartz and Lübke,
2006; Andersen, 2011; Kotula et al., 2015).
At the time when ceramics appeared in the Ertebølle world of the
south Baltic, other cultural groups neighbouring or within larger geographical distances in the wider Baltic area had also started using pottery
either roughly synchronously, or some centuries before, i.e. the
Swifterbant and Linear Band Pottery culture groups in the immediate
southwest and south, respectively, the Dubičiai and Narva southeast and
east of the Baltic, and the Early Comb-Ware culture complexes
(Sӓrӓisniemi 1, Sperrings 1 and 2) northeast and north of it (Hallgren,
2004; Raemaekers, 2011; Piezonka, 2012; Kriiska et al., 2017). These
groups, with the exception of that of the Danubian farming Linear Band
Pottery and the semi-farming Swifterbant cultures, were also hunterfisher-gatherers and continued being so in the ensuing centuries until the
establishment of agricultural economies in their areas. The vessel shapes
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they adopted ranged from pointed-based with variations in the way
bodies and bases were formed, i.e. straight or profiled bodies with protruded, bulb-like or simple conical bases, to rounded or cut-oval (e.g.
Jennbert, 1984; Hallgren, 2004; Andersen, 2011; Matiskainen, 2011).
In the ceramic phase of the Late Mesolithic Ertebølle culture (ca.
4800–3900 cal BC), pointed-based vessels were predominantly used,
primarily for cooking (Andersen and Malmros, 1985; Craig et al., 2007,
2011; Andersen, 2011; Glykou, 2011; Saul et al., 2013), along with oval
shallow bowls. The latter are referred to as ‘blubber lamps’ in the western
Baltic, as it was suggested that they were used as light sources burning
animal fat as fuel (Hulthén, 1977; Van Diest, 1981; Heron et al., 2013).
What has attracted archaeologists' attention is that the two vessel types
were similarly found to co-exist in the Narva pottery culture in the east
Baltic, in areas of present-day Estonia, southwest Russia, Belarus, Latvia
and Lithuania (Hallgren, 2004; Andersen, 2011; Czerniak and Pyzel,
2011; Dumpe et al., 2011; Kriiska et al., 2017). The two pottery traditions were contemporaneous for a long time until ca. 4000/3900 cal BC,
although Narva emerged some centuries earlier than Ertebølle (Hallgren,
2004; Andersen, 2011; Kriiska et al., 2017; Oras et al., 2017). In Estonia,
the earliest pottery use dates to ca. 5200/5000 cal BC (Narva Joaorg,
Riigiküla IV, VI), based on 14C-datings of organic material from site occupation layers associated with first pottery finds (Hallgren, 2004;
Piezonka, 2012; Kriiska et al., 2017 and refs therein; Oras et al., 2017).
Similar to the Ertebølle, Narva pottery tradition was not uniform, but
regional and local stylistic variations existed both in morphology and
decoration (Zagorskis, 1973; Stilborg and Bergenstråhle, 2000; Glykou,
2011, 2016; Piezonka, 2012; Kriiska et al., 2017).
The typological analogies have been attributed to possible intercultural relations, perhaps as a result of inter-group contacts within an
exchange or other social communication network across the Baltic
(Timofeev, 1998; Zvelebil, 2006; Andersen, 2011; Brinch Petersen,
2011; Dumpe et al., 2011; for a summary of the current ideas about the
origins of the Ertebølle pottery tradition see Povlsen, 2013). On technological grounds, Ertebølle and Narva were assessed as two different
pottery traditions that only shared common morphological characteristics (Dumpe et al., 2011). Differences concern all stages of the vessels'
production from tempering to vessel forming, surface finishing and
decoration (Hallgren, 2004; Dumpe et al., 2011; Kriiska et al., 2017).
Herein, we further attempt a comparison of the two ceramics entities on
the basis of function to investigate whether common functional demands were responsible for the adoption of same typologies. Within the
same study frame, we aim to extend knowledge on the use of Ertebølle
pots by presenting new lipid residue data of material from Scania,
southern Sweden, and the island of Lolland, eastern Denmark. These are
compared to analogous published data of Narva ceramics from Estonia.
For wider comparison, published data from several Danish sites further
west and the site of Neustadt in northern Germany are also included.
The focus is on coastal sites (Fig. 1).

Krause-Kyora et al., 2013). These, however, have been interpreted as indications of hunter-gatherer populations maintaining contacts with
farming societies, most probably of the neighbouring post-Linear Band
cultures in the South (Stichbandkeramik, Rössen). On that basis, the Ertebølle pottery has been seen as one of the elements in the material culture
that signify a Neolithisation phase in its distribution area inspired by the
agricultural South, without incorporating the morphological features of
the indigenous pottery there (Hulthén, 1977; Jennbert, 1984; Klassen,
1997). Instead, it has been suggested as rather being connected with the
hunter-gatherer Narva ceramics to the East, at least, regarding morphology
(Gronenborn, 2003). No such parallels in terms of agrarian evidence are
found within early Narva contexts.
Previous organic residue studies on Ertebølle ceramics from Denmark
and northern Germany have shown that pots were used primarily to
process aquatic animal products, both at the coast and hinterland, along
with terrestrial animal foods but to a lesser extent (Craig et al., 2007,
2011; Heron et al., 2013). This conforms well to the mixed faunal assemblages at the sites and the predominance of aquatic animal remains
(Brinch Petersen and Jønsson, 2015). Isotopic analysis data of human
remains suggest similarly a highly aquatic diet for both the coastal and
inland Late Mesolithic people from Denmark (Tauber, 1981; Fischer et al.,
2007; Brinch Petersen and Jønsson, 2015). In southern Sweden, however,
a more diversified diet was revealed based on both aquatic and terrestrial
animal resources in varying proportions according to site locations (Lidén
et al., 2004), corroborating an earlier suggestion for a possibly higher
complexity and variability for the Ertebølle diet as a whole (Richards et al.,
2003). In Estonia, human diet from Narva sites indicates high intake of
aquatic substances (Tõrv, 2016; Oras et al., 2017), in correspondence with
pottery use data from early ceramics (Oras et al., 2017). Aquatic lipid
residues were also shown to almost completely dominating later dated
Narva-type vessels from Lithuania (Heron et al., 2015).
2. Materials and methods
2.1. Ertebølle pottery samples analysed
A total of 72 potsherds of the Ertebølle tradition were selected for
molecular (GC–MS) and single-compound stable carbon isotope (GC-cIRMS) analysis of the absorbed lipid residues. Fifty-two derive from four
settlements at the west and east coast of Scania, southern Sweden (i.e.
Löddesborg, Soldattorpet, Vik, Kesemölla), and twenty from a site of an
unclear function on the south coast of the island of Lolland, Denmark (i.e.
Syltholm) (Fig. 2). All Scanian sites were found above the present sea
level and excavated during the 20th century (Kjellmark, 1903; Hulthén,
1977; Jennbert, 1984, 2011). Direct datings from the sherds are lacking
and, provided that a number of these sherds were found in the same
layers with the Neolithic Funnel Beakers (Jennbert, 1984, 2011), sampling was based on techno-stylistic and decoration elements attributable
to the Ertebølle pottery tradition. The Danish site, originally located directly at the coast, was discovered on a formerly submerged area and
excavated in 2013–15. The earliest finds here date to 4600 cal BC, providing a terminus post quem for our material (Sørensen, 2016). Sample
selection was based on the same criteria as with the Scanian material (Dr.
A. Glykou, unpublished report). Powder from the inner side of the sherds
(ca. 1–2 g) was collected using a low-speed pottery driller. Previously,
the first ca. 1 mm of the exposed ceramic surface was removed to reduce
interference of likely present extraneous lipids from fingerprints or soil.

1.1.2. Subsistence and pottery use
In the areas under discussion, subsistence remained unchanged at the
time when ceramics appeared (Larsson, 1990; Kriiska et al., 2017). People
continued hunting, fishing and gathering, as they were well accustomed to
do from the very beginning of their installation in these areas. The faunal
and botanical evidence of that time are dominated by remains of wild
animal and plant species, like roe deer (Capreolus capreolus), red deer
(Cervus elaphus), wild boar (Sus scrofa), beaver (Castor fiber), pine-marten
(Martes martes), waterfowl, together with fish and marine mammal species, as well as wild fruits, roots, seeds, and nuts (Kjellmark, 1903; KubiakMartens, 1999; Rowley-Conwy, 1999; Piezonka, 2011; Kriiska et al.,
2017). Some evidence of the presence of domesticated plant and animal
products has sporadically occurred in late Ertebølle contexts, like imprints
of cereals on a few potsherds from Löddesborg and Vik in Scania, or bones
of domesticated cattle, ovicaprine and pigs in northern Germany, but is
not enough to prove that a change in food procurement strategies took
place at that time (Jennbert, 1984, 2011; Koch, 1998; Hartz et al., 2007;

2.2. Methods
Lipids were extracted and methylated in one step using acidified
methanol (MeOH, H2SO4), following the same protocol as described in
Papakosta et al. (2015). Briefly, the samples were heated in MeOH
(1 ml) acidified with concentrated H2SO4 (200 μl) at 70 °C for 4 h. After
cooling, n-hexane was added (3 × 1 ml) and separated off after centrifugation (3000 rpm, 3 × 5 min). The combined n-hexane phases were
143
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Fig. 1. A map showing the Ertebølle (southwest) and Narva (northeast) coastal sites discussed in the paper.

evaporated under the stream of N2 gas and further treated with bis
(trimethylsilyl)trifluoroacetamide (BSTFA, 90 μl) containing chlorotrimethylsilane (TMCS, 10 μl). A final heating at 70 °C for 25 min was
followed by evaporation and dilution in n-hexane for GC–MS analysis.
GC–MS analysis was initially performed to separate and identify the
extracted lipid compounds. The extracted lipids were separated on a SGE
BPX5 fused-silica capillary column (15 m × 220 μm × 0.25 μm) fitted in a
HP 6890 Gas Chromatograph unit. Identification of the separated compounds was facilitated by a HP 5973 Mass Selective quadrupole detector
coupled to the Gas Chromatograph unit. Samples were injected in pulsed
splitless mode (pulse pressure 17.6 Psi, 325 °C) through a Merlin
Microseal™ High Pressure Septum. The column oven was set to start with
an initial isothermal at 50 °C for 2 min. Then, temperature increased with a
rate of 10 °C min−1 until 360 °C, where it finally remained for 15 min.
Helium was selected as the carrier gas with a controlled constant flow of
2 ml min−1. Ionisation and fragmentation of the compounds were conducted with the aid of an ion source (electron impact, 70 eV) maintained
at 230 °C. The mass filter was set to scan between m/z 50 and 700, with a
rate of 2.29 scans s−1. Quantification of lipids was accomplished by using
the calibration line of the C17:0 fatty acid methyl ester (FAME) produced
after repeated measurements of different concentrations. The C17:0 FAME
was treated with the same protocol as lipids from the pottery samples.
Samples containing elemental sulfur (S8) were cleaned with high purity
activated copper turnings before GC-c-IRMS analysis.
GC-c-IRMS analysis was conducted on the C16:0 and C18:0 FAMEs of
selected samples to aid identification of the original biological sources
(Meier-Augenstein, 1999; Evershed, 2008). Where necessary, samples
were treated with AgNO3-impregnated silica gel (~500 μl) by Sigma-Aldrich, packed in Pasteur pipette columns (250 mm) to isolate the FAMEs.
FAMEs were eluted using an n-hexane/dichloromethane solution (1/1, v/
v; 3 × 1.0 ml) after a previous wash with n-hexane (3 × 1.0 ml). The two
fractions were collected separately. For the analysis, samples were dissolved to approximately 0.10 μg/μl of each target compound using toluene
as solvent, due to its considerably lower volatility compared to the more
standard solvent n-hexane. Lower volatility is preferable when working
with small sample amounts (Papakosta et al., 2015). Samples were analysed in at least duplicate on a Trace GC equipped with a DB5 capillary
column (60 m × 0.32 mm × 0.25 μm) coupled with a Thermo Delta V
mass spectrometer. Sample volumes of 1 μl or 2 μl were injected through a

programmable temperature vaporisation (PTV) injector operated in solvent splitless mode. The injection pressure was 70 kPa and the initial
temperature was set at 40 °C. The splitless time was set to 1 min; solvent
vent temperature was 100 °C and vent flow 100 ml min−1. Evaporation
pressure was set at 140 kPa, evaporation temperature was 40 °C, evaporation rate 10 °C s−1 and evaporation time 0.16 min. Transfer pressure
was 210 kPa, transfer temperature 300 °C and transfer rate 12 °C s−1. The
cleaning temperature was 320 °C, cleaning rate 14.5 °C s−1, cleaning time
20 min and cleaning flow 100 ml min−1. The GC oven was temperature
programmed with an initial isothermal of 2 min at 120 °C, followed by an
increase of 20 °C min−1 to 200 °C, followed by another temperature ramp
of 5 °C min−1 to 315 °C and a final temperature hold of 7 min. In the
Scanian samples, some contaminants (especially fluoranthenes) remained
after treatment with AgNO3, as they eluted in the same fraction with the
FAMEs. Sometimes they also interfered with the target C16:0 and/or C18:0
FAMEs. To achieve better resolution and get measurements on the FAMEs,
the temperature program (T ramp) was adjusted by applying isothermal
phases at their corresponding retention times (RT). The target FAMEs were
converted to CO2 through an IsoLink II reactor system. Pulses of reference
CO2 gas were injected through a ConFlo IV unit. The CO2-pulses were
calibrated against a certified fatty acid methyl ester standard of known
δ13C and this was done individually for both C16:0 and C18:0 FAMEs. Instrument precision and accuracy on fatty acid methyl ester isotope standard analyses were ± 0.30‰. The obtained δ13C values are expressed
against the Vienna PeeDee Belemnite (V-PDB) standard. Measurements
were corrected for methylation using the known isotope values of standard
C16:0 and C18:0 fatty acids treated with the same protocol.
3. Results and discussion
3.1. GC–MS analysis of the Ertebølle ceramics
A total of 72 Ertebølle pottery samples were analysed by GC–MS. The
results showed that lipid preservation varied considerably between the
Swedish and Danish samples, with it being comparatively much better in
the latter, even though only nine out of twenty yielded measurable
amounts (> 5 μg g−1) (Table 1). Different modes of pottery use, resourceprocessing methods, burial conditions and post-excavation handling and
storage histories between the two ceramics groups would be some of the
144

Journal of Archaeological Science: Reports 24 (2019) 142–151

V. Papakosta et al.

factors responsible for their difference in preservation. In sharp contrast to
the material from Lolland, the vast majority of the Scanian samples were
dominated by a series of aromatic compounds (e.g., benzene, naphthalene,
fluoranthene, anthracene, and derivatives) that challenged the identification and quantification of lipids (Appendix A. Supplementary data).These
compounds are basically by-products of wood combustion and can potentially be incorporated into the ceramic body of unglazed vessels during
firing or the thermal processing of their contents over an open fire
(Oudemans and Boon, 1991; Simoneit et al., 2000; Skibo, 2013). Their
intense and consistent presence, however, on the interior of most of the
sherds is unusual and contradicts previous identifications on exclusively
outer surfaces of vessels (Oudemans and Boon, 1991). For the samples
from Soldattorpet, at least, infiltration from the burial environment seems
likely, given that they were found in carbon-rich layers possibly formed by
decomposed charcoal from Stone Age hearths (Kjellmark, 1903). However, if we accept that interaction of absorbed lipid residues with attaching
soils is not significant based on the limited research upon this issue (Heron
et al., 1991; Oudemans and Boon, 1996), contamination could alternatively derive from the use of the vessels, or the storage facilities.
For most of the Scanian samples, the presence of original source-related lipids cannot be assured mainly because of the absence of sourcespecific biomarkers (Evershed, 2008). However, the lipid profiles of the
residues resembled broadly those of degraded animal fats (Fig. 2A; Appendix A. Supplementary data). Fatty acid distributions comprised

mainly series of medium- to long-chain saturated fatty acids, along with
minor contributions of the monounsaturated C16 and C18 fatty acids
whose exact origins cannot be assessed as they are found in both plants
and animals (Morgan et al., 1983; Brown and Heron, 2003). Bacterially
produced iso and anteiso odd-numbered saturated C15 and C17 fatty acids
were present in almost every sample. This can be explained by the fact
that decomposition of the organic matter preserved in pottery is largely
accomplished by bacteria during deposition (Regert, 2011; Ackman and
Hooper, 1970). However, as these microbes have also a vital role in the
digestion of ruminants, contribution of ruminant animal fats in any of
these pots cannot be excluded, even though higher abundances of the
branched-chain isomers would act as stronger indications (Dudd et al.,
1998). In addition, one sample preserved a set of compounds most likely
indicative of aquatic animal lipids, i.e. the isoprenoid phytanic acid and
the C16–22 ω-(o-alkylphenyl)alkanoic acids (APAAs), in trace abundances
(Ackman and Hooper, 1970; Hansel et al., 2004; Craig et al., 2007;
Evershed et al., 2008; Cramp and Evershed, 2014; Oras et al., 2017;
Table 1; Appendix A. Supplementary data). It is worth noting, though,
that phytanic acid is not directly diagnostic of aquatic resources in itself,
as it also occurs in terrestrial animal fats (e.g. Cramp and Evershed,
2014). It is its combination with the identified range of APAAs that is
rather suggestive of an aquatic origin. The presence of APAAs, which are
formed exclusively by heating of their unsaturated fatty acid precursors
at high temperatures (Hansel et al., 2004; Evershed et al., 2008; Cramp

Fig. 2. Partial GC–MS chromatograms with the major fatty acid components (ion m/z 74) detected in two pottery samples from Scania, S. Sweden (LB16 (A) and
SHM11 (B)). The fatty acid distributions are most likely indicative of a degraded animal fat (A) and a plant oil (B) component. Fatty acids are denoted by Cx:y
(x = number of carbon atoms, y = degree of unsaturation). br = branched, DA = α, ω-diacids, C = contamination.
145
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lipid profiles of the samples, these δ13C values could plausibly point to
either brackish-water or mixed marine/freshwater resources. A plant
and/or terrestrial animal input would potentially also mask the enriched
isotopic signature of hypothetical marine components in cases of mixing,
resulting in more depleted isotopic profiles (Craig et al., 2011). A small
sample proportion had more enriched δ13C values (> −26‰) representing fats from marine/porcine animals. The similar isotopic composition of the two types of commodities, as of some terrestrial animal
(non-ruminant/wild ruminant) and freshwater species, makes the distinction on the basis of GC-c-IRMS analysis problematic (Craig et al.,
2007; Lucquin et al., 2016). For the wild ruminant and freshwater species, the use of the Δ13C (δ13C18:0–δ13C16:0) proxy, which emphasises
differences in metabolic physiologies, can be particularly useful by providing more ready separation, although geographic and dietary differences will affect δ13C values. Mixing and some overlap at the end of each
range can also be challenging. An outlier in the dataset is represented by
an isotopically much enriched sample (ca. −16‰) from the Vik site
(SHM26), which could indicate shellfish or marine mammal products
(Craig et al., 2011). Samples combining heavier δ13C16:0 (ca. > −27‰)
and more depleted δ13C18:0 (< −28‰) values might represent mixed
residues (i.e. brackish-water/marine/porcine with wild ruminant/freshwater). From all the above, it is not possible to conclude on a proportional representation of aquatic over terrestrial animal resources, although use of both is likely (Fig. 3). It is also likely that aquatic products
were a substantial part of the resources processed in the ceramics, although not much molecular evidence is available to support it.
It is worth mentioning that Late Mesolithic humans from the
Øresund studied for diet demonstrated mainly intermediate marine
isotopic values (Brinch Petersen and Jønsson, 2015: 119–124), indicating possibly brackish seawater conditions for the areas analysed.
Therefore, it is highly probable that our intermediate isotopic data represent aquatic resources with the local marine values of that time.
Aquatic species with potentially more negative δ13C values, like salmonids (Salmonidae sp.), eel (Anguilla anguilla), herring (Clupea harengus) and pike (Esox Lucius), were identified in Löddesborg, along with
freshwater fish, such as perch (Perca fluviatilis) and cyprinids (Cyprinidae sp.), possibly from nearby rivers and lakes in the interior
(Jennbert, 1984; Kjellmark, 1903; Stilborg and Bergenstråhle, 2000). In
Soldattorpet, the fish remains could not be identified to species level,
but bones of grey seal (Halichoerus grypus), whose stable carbon isotope
values in the neighbouring site of Skateholm were found to have been
much more depleted than in areas closer to the North Sea (Craig et al.,
2006), were able to be distinguished (Kjellmark, 1903). On the other
side, the more enriched values could indicate migrating species from
the Atlantic, to the degree that they derive from aquatic organisms. Cod
(Gadus morrhua) and mackerel (Scomber scombrus) would be candidate
sources, as scales from these species have been found at the sites
(Kjellmark, 1903; Jennbert, 1984). The former especially dominates the
fishbone material from Löddesborg (Jennbert, 1984), but is not

and Evershed, 2014), implies further that the resources were most likely
cooked, and possibly also connect with the original use of the vessel. The
monounsaturated C20 and/or C22 fatty acids detected in a few samples (9
out of 52) could also indicate an aquatic animal component for the
corresponding vessels (Craig, 2004).
Broad series of long-chain α, ω-diacids (DAs) (C12–18) were detected in
two samples from Löddesborg, whilst a few others contained the more
usually encountered short- to medium-chain homologues (C7–12). DAs form
from unsaturated fatty acids through oxidation and cleavage at the position
of the double bond/s (Regert et al., 1998; Evershed et al., 2008). This would
suggest a plant or an aquatic animal origin for at least the shorter-chain DAs,
as these resources are known to be rich in unsaturated fats/oils. It is characteristic of a sample from Soldattorpet (SHM11) that, apart from a series of
short- to medium-chain DAs, it also contained unusually high concentrations of C12:0 and C14:0 fatty acids, indicating most likely a predominant
plant oil component (Copley et al., 2001; Fig. 2B). The longer-chain DAs
(C12–18) could arise from suberin, a biopolymer found in the periderm of
plants, possibly derived from the soil (Matzke and Riederer, 1991; Regert
et al., 1998). As suberin is also found in birch bark tar, which could have
been used as an adhesive to rejoin broken parts on the pots or as waterproofing agent (Pollard and Heron, 2008), no lupeol or betulin were detected to support this as a possible source. Some of these long-chain DAs
have also been found in nuts, like hazelnuts (Dembitsky et al., 2002). Hazelnuts would be a potential source given their high consumption by the
Mesolithic people in northwest Europe (e.g. Holst, 2010). No secure evidence of any kind of thermal processing before consumption has been
traced so far, though (Regnell et al., 1995; Kubiak-Martens, 1999). Plant
sterols (β-sitosterol, campesterol) were found in a sample belonging to an
oval bowl/lamp (SHM08). Here, a cholesterol (animal sterol) derivative
(cholest-7-ene) was also present indicating that both animal fats (terrestrial
and/or aquatic) and plant oils would have possibly been used as fuel,
provided though that they come from the original content. Particularly with
regard to cholesterol, modern human contamination from handling cannot
be excluded, given that it is also found in fingerprints. Three other samples
contained cholesterol, as well.
At Syltholm, sets of biomarkers most possibly indicative of aquatic
animal lipids were identified in four of the nine samples with measurable lipids (> 5 μg g−1) (Table 1; Appendix A. Supplementary data).
Cholesterol and derivatives (e.g. cholestene, cholestanol, cholestenone)
identified in all these samples could further underpin an animal origin.
The co-occurrence of plant sterols (β-sitosterol, campesterol) in one of
them indicates mixing with lipids of plant origins.
3.2. GC-c-IRMS analysis of the Ertebølle ceramics
Nearly half of the Scanian samples gave intermediate δ13C values
(median δ13C16:0 = −27.03‰, median δ13C18:0 = −27.71‰) falling
between isotopic ranges of reference marine and freshwater fats (e.g.
Craig et al., 2011; Table 2). By matching the archaeological context and

Table 1
Summary of the lipid residue analysis data of the Ertebølle ceramics from Scania (southern Sweden) and Lolland (eastern Denmark).
No. vessels

TLE (μg g−1) range/
median

No. vessels with significant lipid amounts
(> 5 μg g−1)

No. vessels with possible aquatic
biomarkersa

GC-c-IRMS measured
samples

Sweden (Scania)
Löddesborg
Coastal
Soldattorpet
Coastal
Kesemölla
Coastal
Vik
Coastal
Total

24
21
6
1
52

19–359/110b
9–724/214b
56–872/288b
18

NA
NA
NA
1
NA

1
–
–
–
1

8
8
2
1
19

Denmark (Lolland)
Syltholm
Coastal/Island

20

6–190/26

9

4

9

Analysed sites

Site location

TLE – Total lipid extracts. NA = indicates our weakness to provide exact numbers of vessels, due to the interfering contamination in our calculations of the lipid
extracts.
a
Phytanic acid and the C18–20 ω-(o-alkylphenyl)alkanoic acids (preferably also the C22).
b
Indicates that contamination is included in the calculated amounts of the total lipid extracts.
146

147

X1659
X2315
X3311
X4531

X4602

X5018
X8482

X9877

X1659
X2315
X3311
X4531

X4602

X5018
X8482

X9877

11461:30
11461:20090G10c
11882:142
16019:I:F19:2
16019:1.C15:3
19413:7

11461:599 (1175000)
11461:7

11461:50
11461:639
11461:622

X1318

SHM11
SHM27
SHM28+
SHM23
SHM24
SHM26

SHM09
SHM10

SHM01
SHM02
SHM08+

31661:04
80565:08
31661:10
31661:13
31661:16
31661:17
31661:23
31661:27

Sample inv. no.

Denmark (Lolland)
Syltholm
X1318

Vik

Kesemölla

Soldattorpet

LB04
LB08
LB10
LB13
LB16
LB17
LB23
LB27

Sample lab no.

Sweden (Scania)
Löddesborg

Country/site

190

82
18

20

6
21
26
73

160

214
595
440
241?
872
18

123
573

44
56
277

96
56
27
104
19
93
203
171

Phyt. APAA
(C18–20)
–
–
–
Phyt. APAA
(C18–20)
Phyt. APAA
(C18–22)
Phyt. APAA (C18)
Phyt. APAA
(C18–20)
Phyt

–
–
–
–
–
–

–
–

–
–
–
–
–
–
–
Phyt. APAA
(C16–22)
–
–
–

(0.01)
(0.14)
(0.16)
(0.31)
(0.31)
(0.07)

Chol.

−19.9 (0.030)

−23.7 (0.01)
−25.9 (0.13)

–
Chol.

(0.17)
(0.04)
(0.09)
(0.06)
−19.1 (0.09)

−28.5
−24.6
−18.4
−19.2

−22.3 (0.08)

−28.8
−26.2
−25.7
−25.3
−24.6
−15.4

−28.4 (0.08)
−27.7 (0.08)

−28.9 (0.01)
−25.8 (0.20)
−28.1 (0.18)

−28.4 (0.037)
−27.4 (0.098)
−25.2 (0.067)
−26.5 (0.001)
−28.0 (0.17)
−26.7 (0.058)
−27.1 (0.252)
−27.0 (0.071)

Chol.

–
Chol. DA (C8–9)
Chol.
Chol. Campest. β-sitost.

Chol.

–
Chol. DA (C8–9)
–
–
–
–

–
–
Chol. Campest. β-sitost. DA
(C8–10)
–
–

C22:1
C22:1
–
C22:1
–
C22:1
C22:1
–

δ13C16:0 (SD)
(‰)

Other diagnostic lipids

Lipid conc.
(μg g−1)
Aquatic
biomarkers

GC-c-IRMS

GC–MS

(0.29)
(0.05)
(0.01)
(0.11)
(0.11)
(0.06)

−22.0 (0.04)

−23.4 (0.14)
−31.1 (0.03)

−21.0 (0.02)

−29.2 (0.33)
−26.5 (0.005)
−19.5 (0.17)
−19.6 (0.11)

−28.0 (0.002)

−29.4
−25.2
−27.3
−25.5
−26.2
−16.8

−30.4 (0.05)
−28.8 (0.06)

−28.3 (0.08)
−25.3 (0.01)
−26.9 (0.24)

−29.1 (0.06)
−27.9 (0.011)
−25.1 (0.128)
−27.7 (0.07)
−29.1 (0.045)
−27.0 (0.425)
−27.8 (0.341)
−28.0 (0.161)

δ13C18:0 (SD)
(‰)

−2.1

0.3
−5.2

−1.9

−0.7
−1.9
−1.1
−0.4

−5.7

−0.6
1.0
−1.6
−0.2
−1.6
−1.4

−2.0
−1.1

0.6
0.5
1.2

−0.7
−0.5
0.1
−1.2
−1.1
−0.3
−0.7
−1.0

Δ13C (δ13C18:0–δ13C16:0) (‰)

Aquatic (M)?
Aquatic (M)/Ruminant? or Aquatic (M)/
Dairy?
Aquatic (M)?/Ruminant?

Aquatic (M)/Ruminant

Aquatic (M)/Ruminant? or Aquatic (M)/
Dairy?
Ruminant?/or Aquatic (FW)?
Porcine?/Aquatic (M)?
Aquatic (M)?
Aquatic (M)/Plant

Ruminant
Aquatic (M or BW)? or porcine?/
Ruminant?
Plant?
Aquatic (M)? or porcine?
Aquatic (M) or porcine?/Ruminant?
Aquatic (M)? or Porcine?
Aquatic (M)? or Porcine?/Ruminant?
Aquatic (M)?/Ruminant?

Aquatic (FW)?
Aquatic (M)? or porcine?
Aquatic (M)? or porcine?/Plant

Aquatic (FW)?
Aquatic (M or BW)?
Aquatic (M)? or porcine?
Aquatic (M or BW)?/Ruminant?
Ruminant?
Aquatic (M or BW)?
Aquatic (M or BW)?
Aquatic (M or BW)/Ruminant?

Classification

Table 2
GC–MS and GC-c-IRMS results of the analysed Ertebølle pottery samples from Scania (southern Sweden) and Lolland (eastern Denmark). SD– standard deviation; APAA– ω-(o-alkylphenyl)alkanoic acid, phyt – phytanic
acid, chol– cholesterol (and/or derivatives), β-sitost– β-sitosterol, campest– campesterol, DA– diacids, Cx:y – x signifies the number of carbon atoms in the molecular chain, y signifies the unsaturation degree; FW–
freshwater, BW– brackish-water, M– marine. Cross (+) indicates samples from oval bowls/lamps. The rest of the samples belong to pointed-based vessels.
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viewpoint and in comparison with previously published data of
Estonian Narva pottery samples from coastal sites (Oras et al., 2017).
Published data from Danish coastal sites on Funen and Jutland and the
German site of Neustadt were also included (Craig et al., 2011; for a
presentation of the published δ13C data see Appendix B. Supplementary
data). The aim was to evaluate and discuss variations in use within and
between the two pottery traditions.
Comparing the Danish and Scanian Ertebølle ceramics, distribution
of the δ13C values varied significantly (n = 45; Kruskal-Wallis test,
δ13C16:0: H = 13.43, p = 0.000; δ13C18:0: H = 5.16, p = 0.023), due to
the much larger representation of enriched/marine δ13C values in the
former (Fig. 4). It is interesting that the Danish samples yielded more
enriched marine values compared to the presumably marine intermediate ones from Scania. This could be explained by the location of
the Danish sites at areas with possibly greater influence from the saline
Atlantic waters (Emeis et al., 2003; Brinch Petersen and Jønsson, 2015).
On the other side, the intermediate values in the Scanian west coast
may reflect a lower salinity due to the possibly more limited access of
saltwater from the narrow strait that connects Øresund with the Kattegat Sea. Freshwater inflows from rivers in close proximity to the sites
might also have had an impact on the local sea salt level (Brinch
Petersen and Jønsson, 2015). The more enriched residues on the east
Scanian coast (Table 2) - similar to those from the marine (island) Estonian sites - show possibly a relatively more saline marine environment, if we accept them as aquatic. This would be in line with the
enriched/marine isotopic offsets of a Late Mesolithic/Early Neolithic
human individual from the neighbouring island of Öland (Eriksson
et al., 2008), and might further be an indication that local sea resources
were processed in the pots at the Scanian peninsula, overall.
Between the Scanian and German ceramics there is little isotopic
variability (n = 29; Kruskal-Wallis test, δ13C16:0: H = 0.16, p = 0.690;
δ13C18:0: H = 0.05, p = 0.825), perhaps due to similarities in the local
environments and sea salinity conditions (Emeis et al., 2003). In both
vessel groups, ceramics with possible aquatic residues demonstrate mainly
intermediate and freshwater isotopic values, whilst some others contained
fats from likely wild ruminant resources (Fig. 5). It should be noted that
the enriched residues observed in Neustadt derive mainly from oval bowls,
which were not included in the statistical analysis. If their classification as
lamps is correct and given a possibly less saline local marine environment
similar to that in Scania, it might mean that migratory aquatic species
from the Atlantic, also identified at the site, such as the highly mobile and
fat-rich harp seals (Pagophilus groelandicus) and ringed seals (Pusa hispida),
were mainly targeted to render oil for fuel (Heron et al., 2013; Glykou,
2014). Lastly, the δ13C values between the Danish and German ceramics
were much more variable (n = 40; Kruskal-Wallis test, δ13C16:0: H = 8.63,
p = 0.003; δ13C18:0: H = 3.30, p = 0.069), which again seems likely to
result from local environmental differences (Fig. 4).
If the proposed marine residues in these three Ertebølle pottery
groups had their own δ13C isotopic signature with respect to the local
salinity level, even within the Scanian Ertebølle, this could further hint
at sedentary local populations exploiting and processing on-site the
locally available aquatic resources. Regular visits at the sites by mobile
hunter-gatherers that subsisted on the local resources during their stay
cannot be discounted. However, this would not explain why distinct
regional groups of differently ornamented pots were observed from
northern Germany to Denmark and the west and east of Scania (Stilborg
and Bergenstråhle, 2000). Different hunter-gatherer groups circulating
in the area would bring or produce on-site their own signature ceramics
whilst moving from site to site, leading to pottery assemblages with
mixed ornamentation variants, which is not archaeologically visible.
However, this assumption for sedentary groups is workable only in the
case that the alleged variations in salinity at the areas compared were
synchronous or stable for the time period to which our material dates,
since salinity in the Baltic is also a time-dependent variable.
Moving on to the comparison between the Ertebølle and Narva
ceramics, our statistical analysis suggests that the distribution of the

Fig. 3. Plot of the Δ13C (δ13C18:0-δ13C16:0) values against the δ13C16:0 values of
the analysed Ertebølle (EBK) ceramics from Scania (southern Sweden) and
Lolland (eastern Denmark). The plot allows lipids from different types of animal
commodities or mixtures to be recognised (Copley et al., 2003; Cramp and
Evershed, 2014). Cross (+) points to oval bowls/lamps and asterisk (*) to
samples with aquatic biomarkers.

depicted analogously on our dataset from the site. It is very likely that
other techniques not requiring ceramics should have also existed to
process this and other species.
Regarding the two oval bowls/lamps in our collection (SHM08 and
SHM28), the single compound data are most likely thought to indicate
mixtures. However, whether these contained fats from different aquatic
species or from aquatic and terrestrial animals, like porcine, is unclear. A
plant lipid component can only be securely attributed to one of them on
the basis of our molecular data (see Section 3.1), which may also reflect
on the depleted δ13C16:0 value of the corresponding sample (SHM08).
At Syltholm, most of the analysed samples with measurable lipids
contained most likely marine components inferring from the enriched
δ13C values (> −26‰) and the possible aquatic biomarkers in almost
half of them (Tables 1 and 2). However, terrestrial (wild ruminant/
porcine) animal fats are also likely to have variously contributed, either
as sole components or mixed with aquatic fats (Fig. 3). This would
agree also with the remains of red deer (Cervus elaphus), roe deer (Capreolus capreolus) and swine (Sus sp.) encountered at the site (Sørensen,
2016). It is very interesting that two of the samples had large Δ13C
differences (> −3.3‰) ranging in the isotopic area established for
dairy fats (Copley et al., 2003; Table 2, Fig. 3). It should be noted,
though, that both samples contained aquatic biomarkers and their
δ13C16:0 values were enriched, assimilating those of marine resources.
Especially in one of them (X1318), the δ13C16:0 value was much more
enriched than the heaviest measured on milk fats from northern Europe
(2.7‰ mean difference) (Evershed et al., 2008). It has been previously
stated that a significant contribution of aquatic lipids within a mixture
with wild ruminant carcass fats could potentially create false positives
for dairy (Evershed et al., 2008). Lacking published evidence for the
validity of this, as well as δ13C measurements of fatty acids from local
wild ruminants, it is uncertain whether these Δ13C values represent
such an example, or indeed dairy products mixed with aquatic resources. It should be noted that fats from red deer in northern Europe
were found to have a wider range of Δ13C values than was previously
indicated, in some cases plotting within the range of dairy fats (Craig
et al., 2012). If the assignation using the Δ13C proxy is correct for these
two samples, it would represent the first direct evidence of the processing of dairy products in a Late Mesolithic Ertebølle context. This,
however, requires further exploration.
3.3. Comparing pottery use in the Ertebølle and Narva coastal sites
By focusing on the pointed-based pots, the obtained δ13C data of the
two Ertebølle vessel groups were also looked from a statistical
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Fig. 4. Summary statistics for the single-compound stable carbon isotope data of the Ertebølle and Narva pointed-based vessels. The boxplots show the distributions
of the δ13C 16:0 and δ13C18:0 values for each group of sites (DC = Danish coastal, SC = Scanian coastal, GC = German coastal, EC = Estonian coastal). Data of the
Narva material were obtained from Oras et al. (2017), the German Ertebølle from Craig et al. (2011), and the Danish partially from Craig et al. (2011).

observed, though, in the δ13C18:0 values (H = 2.67, p = 0.102, medianDC = −24.30‰, medianEC = −25.60).
Summing up, despite the statistically captured variations in the δ13C
values of residues in the three regions of the Ertebølle ceramics, there
was not essentially real difference in pottery use, as all three vessel
groups were used to process aquatic and terrestrial animal products. It
is more likely that this was more of a difference in the aquatic species
processed in each, rather than in the types of resources exploited in
association with them. The assumed variations in the salinity across
these regions may have attracted different aquatic species, and this is
what our statistical analysis probably highlighted. Although statistics is
a useful methodological tool to look at general population variations
and pottery use patterns, the trophic level of species is not relevant in
species separation using this approach. The same also applies to the
compared Ertebølle and Narva ceramics. Although, the distributions of
their δ13C values were found in general not to differ significantly, the
two pottery traditions correspond actually to a different use policy in
each region, meaning that ceramics of the latter were exclusively
aquatic processing vessels, based also upon Oras et al. (2017), whilst
the former is likely not to have excluded terrestrial animals.

Fig. 5. Single-compound stable carbon isotope data of Ertebølle (EBK) and Narva
pottery samples from coastal sites in Sweden, Denmark, Germany and Estonia.
Scatterplot of the δ13C values measured on the C16:0 and C18:0 fatty acid methyl
esters of the lipid extracts. Data points of the German and Danish EBK ceramics
from Funen/Jutland were obtained from Craig et al. (2011) and of the Estonian
Narva from Oras et al. (2017). Cross (+) points to oval bowls/lamps. The data are
compared to ranges for reference fats from modern authentic aquatic and terrestrial animal products (66.7% confidence ellipses; Lucquin et al., 2016). The
range for reference milk fats was obtained from Copley et al. (2003).

4. Conclusions
In line with the above, it seems that Ertebølle and Narva ceramics
did not really share similar drivers for their appearance, at least the
pointed-based pots, and possibly served diverse functional demands,
despite the typological similarities. Whilst the latter probably supported, as a specialized tool, special economic needs connected to an
intensified exploitation of aquatic resources, in correspondence also
with an aquatic-oriented diet (Tõrv, 2016; Oras et al., 2017), Ertebølle
pots were more like all-round cooking utensils, not connected to a
specific resource, but perhaps with the dietary specificities of the local
populations. For Scania, at least, and based on our assumptions for the
origins of the poorly preserved lipids of the local ceramics, this would
seem congruent with the findings of a previous isotopic study on human
diet, where data from Late Mesolithic southern Sweden were discussed
as pointing to diverse diets among the local populations based on where
they lived, from aquatic-based to mixed even at the coast (Lidén et al.,
2004). However, the social contexts within which ceramics were used
remain uncertain. Now, the reason why Ertebølle and Narva pottery
cultures shared same pottery typologies remains unclear (see for discussion Andersen, 2011). Although the possibility of inter-cultural interaction and influence from the Narva to the Ertebølle people cannot
be disregarded, our results might indicate that whilst same technologies

δ13C values of the latter was not significantly different to that of either
the Swedish (n = 33; Kruskal-Wallis test, δ13C16:0: H = 0.30,
p = 0.710; δ13C18:0: H = 0.55, p = 0.46) or the German ceramics
(n = 28; Kruskal-Wallis test, δ13C16:0: H = 0.14, p = 0.589; δ13C18:0:
H = 1.25, p = 0.264; Fig. 4). By plotting the δ13C16:0 against the
δ13C18:0 values, it is also possible to see that all three vessel groups
cluster closely together towards the more depleted isotopic areas of
reference fats, in a fashion also likely to indicate the west-east decrease
in the salinity of the Baltic Sea (Fig. 5). However, the 13C depleted
residues in the Narva ceramics represent fats from freshwater animal
resources (Oras et al., 2017), whilst some of these in Ertebølle vessels
plot within the area of reference wild ruminant fats in accordance also
with the biomolecular analysis data (Fig. 5). Finally, the Danish Ertebølle and Narva pots varied significantly in the distribution of the
δ13C16:0 values (n = 44; Kruskal-Wallis test, H = 17.61, p = 0.000,
medianDC = −23.44‰, medianEC = −27.20‰), with the former demonstrating a stronger marine influence, compared to that of the more
brackish/freshwater in the latter. No significant difference was
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can be shared by and incorporated into different cultural settings, they
may engage different functions according to the current needs of the
recipient culture. It is not impossible also that the influence, if it really
occurred, concerned only the oval bowls/lamps, perhaps as a common
technological option for illumination, and not both vessel types as a
package. However, further investigation is needed regarding the use of
this certain type, following possibly a systematic vessel shape based
analysis on an intra- and inter-cultural level.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jasrep.2019.01.003.
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