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Abstract This paper presents the results of the analysis of
lipid residues extracted from two Aulacomya atra shells and a
single Mytilus edulis shell found in the hunter-fisher-gatherer
site of Lanashuaia II, a shell midden located on the Beagle
Channel (Tierra del Fuego, Argentina). According to existing
ethnographic information, the shells could have been used as
receptacles (like spoons) or knives by the Yamana people that
inhabited the region in the historical period (nineteenth and
twentieth centuries). Yamana society is the final moment of a
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long history of hunter-fisher-gatherer societies present in the
Beagle Channel and the rest of Fuegian Channels and islands.
Higher concentrations of lipid residues were recovered from
both A. atra shells than from the sedimentary control sample
analyzed. This is consistent with existing accounts that these
types of shells were used as containers to cook or melt fat-rich
foods. The composition of lipids extracted from archaeologi-
cal shell was significantly different from the degraded refer-
ence cooking residues prepared from modern 4. atra shells.

Keywords Lipid residues - Shell midden -
Hunter-fisher-gatherer - Ethnoarchaeology - Tierra del Fuego

Introduction

The majority of tools or artifacts identified and recovered from
a large proportion of all hunter-gatherer archaeological sites
are made of either stone/bone/antler/horn. Due to various
reasons, studies of tools fashioned from other types of material
in these kinds of sites are extremely scarce. Archaeological
literature on perishable technologies refers to artifacts made
with different types of plant materials (see Korber-Grohne
1988 or Vellanoweth et al. 2003, for references on plant
remains). Sites with good preservation demonstrate that per-
ishable materials were extensively used (e.g. hunter-gatherer
sites from the Northwest Coast of North America; Croes 1997,
Samuels 1991; Whelchel 2005).

We must consider the limitations related to how archaeol-
ogists approach contexts with poor preservation.
Archaeologists do not always take advantage of techniques
proficient in the recovery of information about poorly pre-
served materials (Zurro 2011). Over the last few years, our
ability to analyze archaeological materials, as well as the
spread of the use of different scientific techniques within our
discipline, has evolved enormously. We now have enough
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data from ethnographic and historical sources to generate and
test hypotheses about the exploitation of many other materials
that could have been used.

While the number of archaeological studies focused on the
use of shells as tools for use in daily activities has increased
recently (for example, Buc et al. 2010; Cristiani et al. 2005;
Cuenca et al. 2011; Douka and Spinapolice 2012; Lammers
2008; Mansur and Clemente 2009; Szabd et al. 2007; Toth and
Woods 1989; Vigie and Courtin 1986, 1987; Zubimendi
2010), in some cases, we may be prejudiced against consid-
ering material other than stone/bone/antler/horn and plants as
suitable raw material for tools (Szabo 2008). Apart from
dietary consumption, most studies of shell exploitation by
hunter-gatherers have focused on the production of ornaments
(Alvarez 2008; D’Errico et al. 2008; Salas 2007; White 2007).
Mollusk shell may be overlooked as a raw material source for
two reasons. First, it is not as resilient material as stone or
bone. Second, in many archaeological contexts, the evidences
of the use of shells as tools are not always easily observable,
particularly in those pieces without traces of manufacture or
intentional modification recovered in deposits formed by
dense mollusk accumulation (shell middens). Nevertheless,
in the case of littoral societies, shells could have been valuable
and accessible raw material from which to fashion different
tools. We aim to expand the record of artifacts employed in the
processes of production and consumption within the sites we
are studying, that is, to adjust this record to reflect the pre-
sumed reality. We are presenting results from the first study of
what we suspect to be artifacts made from Aulacomya atra
(Molina 1782) shell from the site Lanashuaia II (Beagle
Channel, Tierra del Fuego, Argentina) employing lipids
analysis.

Our ethnoarchaeological research in Tierra del Fuego is
intended to achieve a more complete knowledge of societies
by the critical use of comparative data from historically doc-
umented populations to develop applicable models and
methods that can explain material culture variation related to
social organization (Estévez and Vila 1996). Indeed, one of
the goals is to broaden our view about how we approach the
study of materials by improving different methodological
aspects and open new avenues for research in hunter-
gatherer archaeology (Briz et al. 2009, 2011; Estévez and
Vila 1996).

Our ethnoarchaeological proposal (Briz 2010; Estévez and
Vila 1996) relies on the dialectical contrast between the an-
thropological knowledge and the archaeological inquiry. This
mutual confrontation between methods, sources, and out-
comes between both fields of knowledge opens the possibility
to readjust and reassess the ethnographical information while
improving archaeological methods and techniques.

Most of the known archaeological sites in the region are
shell middens, largely composed of layers of marine mollusks
that were consumed as food (Orquera and Piana 1999). The
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layers may be combined with sediment mixed with shells in
different proportions and different states of preservation along
with lenses of humus containing small pebbles, charcoal frag-
ments, and archaeological remains (Orquera 1996; Orquera
and Piana 2000). It is important to note that a main feature of
methodological development in Tierra del Fuego archaeology
has been the recognition of stratigraphic units representing
discrete depositional events (Balbo et al. 2010; Orquera and
Piana 1992). Malacological studies have played an essential
role in the archaeology of the region, not only for the possi-
bility of obtaining information about subsistence strategies
(Verdun 2010, 2011), but also because the identification of
different species (and their state of preservation; Verdun et al.
2010) is used as a criteria for the stratigraphic isolation of
different archaeological levels (Orquera and Piana 2000). In
addition, the high calcium carbonate content of shell middens
creates micro-environmental conditions that allow for the
excellent preservation of organic remains (Alvarez et al.
2011). Consequently, these contexts offer a profitable scenario
to explore the reliability of lipid analysis to unveil the context
of use of shell tools.

Archaeological context and ethnographical sources

Tierra del Fuego is located on the southernmost end of South
America; it constitutes the highest latitude in the Southern
Hemisphere populated by hunter-gatherer groups during the
Early Holocene (Fig. 1). The Beagle Channel separates Tierra
del Fuego island from the southern group of islands of the
Fuegian archipelago and connects the Atlantic and Pacific
oceans. The climate of this region is cold and highly oceanic
(Koppen 1936), and the modern vegetation corresponds to the
Subantarctic Deciduous Beech Forest and the Evergreen
Beech Forest including different species of Nothofagus such
as N. pumilio (P. et E.) Krasser, N. betuloides (Mirb.) Oerst.,
and N. antarctica (G. Forster) Oerst.

Hunter-fisher-gatherer societies specialized in the exploita-
tion of marine resources were first established on the coasts of
the Fuegian archipelago around 7,000 BP (Orquera et al.
2011; Fig. 2). These groups moved along this archipelago
using some kind of nautical craft and made a profitable use
of most food available in the area, with marine resources, such
as mollusks, fishes, and sea mammals being especially impor-
tant (Estévez et al. 2001; Orquera and Piana 1999; Zangrando
2009). Mussels (Mytilus edulis), limpets (Nacella deaurata
and Nacella magellanica), whelks (Trophon geversianus,
Xymenopsis muriciformis, etc.) and chitons (Polyplacophora)
(Orquera and Piana 2000; Verdtin 2011) were the main species
recovered from these archaeological sites and are still abun-
dant in the area today. Guanacos (Lama guanicoe) and sea
birds were also consumed (Mameli and Estévez 2004;
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Fig. 1 Map of Tierra del Fuego with the location of Lanashuaia II site

Orquera and Piana 1999; Tivoli 2010); plant foods were eaten
as snacks, rather than dietary staples (Zurro 2011).

Most tools recovered from the archaeological sites of the
Beagle Channel were made from either stone or bone. In
contrast, evidence of shell instruments are extremely rare; a
few shell artifacts with a polished edge were found in Tunel 1
(n=7) (Orquera and Piana 1999) and Tunel VII sites (n=3)
(Clemente 1997; Piana and Estévez 1996). However, surface
post-depositional alterations on these pieces prevented the
identification of use-wear traces (Clemente 1997).

Most archaeological evidence of shell artifacts is related to
ornamental use such as beads (Orquera and Piana 1999). On
the other hand, it is important to note that patterns of natural
and intentional modification are sometimes hard to distinguish
in a shell midden layer.

These sea nomad societies still inhabited the Magellan-
Fuegian archipelago during the historic period, but their
long-standing society collapsed due to the arrival of the

Fig. 2 Landscape from the Beagle Channel region from the Northern
coast, near Lanashuaia site

Europeans. Their lifeways and social organization are known
from ethnographic accounts, photographs, engravings, and
even objects in museum collections. Written sources about
these natives existed since the sixteenth century, although the
most relevant corpus of information was documented in 1883
(Hyades and Deniker 1891) and later in the 1920s by the
ethnologist M. Gusinde (1986). Although there could be some
discussion in relation to the identification of various ethnic
groups of the region (Gusinde 1986), the society that inhabited
most of the area around the Beagle Channel in the nineteenth
and early twentieth century were known historically as either
Yamana or Yaghan (Gusinde 1986).

According to the historical documents, shells provided a
valuable source of raw material for production-consumption
activities carried out by Yamana people. Accounts of the use
of shell tools most frequently relate to their utility either as
containers or as knives. For accomplishing the first purpose,
the Yamanas took advantage of those species with the largest
dimensions in the families Mytilidae, Veneridae, and
Jolutidae. There is documented use of marine shell as con-
tainers for the following:

* Cooking: according to Lovisato (1884) and Gusinde
(1986), sometimes Mytilidae shells, such as 4. atra, were
used as containers for cooking small fish with pinniped or
whale fat. The shell was placed on the fire, and the fish-fat
mixture was covered with stones. Berries, such as straw-
berries, were mixed with fats or oils and cooked in shells
over the fire.

»  Melting fat: Mytilidae or Volutidae shells were placed on a
hot stone or in the hot ashes. They would also have been
used for collecting fat that dripped from the meat during
roasting. This fat could be consumed directly or stored
inside animal intestines (Bridges 1933; Gusinde 1986).
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* Pigment processing: pigments with which the Yamana
people painted their bodies were mixed with fat in large
mussel shells, probably 4. atra (Bridges 1897; Gusinde
1986; Koppers 1997; Lovisato 1884).

* Food and water containers: Jolutidae shells were used to
drink water (Bridges 1897; Bridges 1933; Gusinde 1986).
Shells were also used to collect cambium “sap” from
Nothofagus trees (Gusinde 1986).

There is also rich ethnographic information about com-
plex knives, scrapers, and chisels made from shell being
used for different activities, such as woodworking
(Gusinde 1986; Hyades and Deniker 1891). These tools
consisted of a large mussel shell (with a length of approx-
imately between 100 and 120 mm), and a pebble serving as
a handle. A piece of leather was used to join these two
sections, with the addition of wood shavings or moss to
adjust the handle of the knife/scraper (Fig. 3). This tool
was used for different purposes as it was able to carry out
precise and delicate tasks.

No evidence of manufacture or use modification was ob-
served on the whole A. atra shells (Fig. 4) recovered from the
Lanashuaia II archaeological site: the margins looked fresh
and conserve all the distinctive features of the species, such as
the growth lines. Consequently, we propose that they may
have been used as containers (and not as knife-scrapers).
Following an ethnoarchaeological perspective, lipid residue
analysis was the most suitable method for testing this

Fig. 3 Drawing of a shell knife/scraper (Gusinde 1986). Actual size of
tool is ca. 12.75 cmx3.75 cm
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Fig. 4 Aulacomya atra shell from layer C20, Lanashuaia II (fieldwork
season 2009)

hypothesis. Four types of samples were analyzed: (1) the
archaeological A. atra shells that may have been utilized, (2)
the sediment that surrounded a specimen to assess the possible
effects of contamination from the burial environment, (3) a
group of M. edulis from the midden layer where the 4. atra
shell was recovered to compare the compositions of lipid
residues extracted from different species, and (4) modern
specimens of 4. atra shells to determine the composition of
natural lipid residues.

Analyses of the midden sediment and modern 4. atra
were needed to determine whether or not the shell was
actually used. If the lipid residues extracted from the
archacological 4. atra and M. edulis shells resembled that
of the adjacent midden sediment, this would suggest that
the lipids arose from the depositional context. If the lipids
extracted from the archaeological 4. atra resembled those
extracted from the degraded cooking residues of modern
specimens, this would suggest that archacological mollusk
was cooked, and the shell was simply discarded after the
flesh was eaten.

Material and methods

Lanashuaia is an archaeological locality on the isthmus that
separates the inner and outer Cambaceres bays (see Fig. 1) on
the northern coast of the Beagle Channel (Piana et al. 2000). A
series of ring-shaped shell middens, evenly spaced in a linear
distribution, lay along the shoreline next to the inner bay
(Figs. 5 and 6). The on-going excavation of one of these
structures, Lanashuaia II, began in 2009 (Briz et al. 2009).
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Fig. 5 Cambaceres Interior Bay

The 55-m? area excavated to date (fieldwork seasons:
2009, 2010, and 2011) has revealed rich deposits that could
be stratigraphically separated into different units according to
shellfish size and species, level of shell preservation and thin
lenses of pebbles and humus (Fig. 7).

Mussels dominate most of the layers, but limpets also occur
in high frequencies; chitons and whelks are present in lower
proportions. The shell midden layers were superimposed
forming a ring structure around a central depression composed
of humus deposits. Faunal remains also include sea lions
(Arctocephalus australis and Otaria flavescens), guanacos
(Lama guanicoe), whales (Balaenoptera bonaerensis), sea
birds (Phalacrocorax, among others), and fishes. The lithic
assemblage comprised flakes, cores, and retouched artifacts
made on local raw materials. Bone tools such as harpoons,
chisels, and awls were also recovered.

During the 2009 field season, two whole A. atra shells
were found in a shell midden layer consisting mainly of large
limpets (Nacella sp.), mussels (M. edulis) and abundant char-
coal remains in a fine matrix of lime sediment. The 4. atra
shells each measured approximately 120 mm in length and
45 mm in width, and were the only examples of this species

Fig. 6 Lanashuaia site with detail of the shell midden alignment in the
beach of Bahia Cambaceres Interior

recovered from this stratigraphic unit (Fig. 8). An uncalibrated
radiocarbon date on charcoal obtained from this layer yielded
a date of 1385+25 years BP (CNA-590).

The species 4. atra is a bivalve that it is mostly found in
benthonic rocky areas, reaching a depth of 25 m; it can also be
found in soft sediments or in seaweed banks (particularly
those formed by Macrocystis pyrifera [(L.) C. Agardh]). At
present, this species is found along the Argentinean Atlantic
coast, from Tierra del Fuego and Patagonia to Buenos Aires
province (Forcelli 2000; Gordillo 1995). It is common to find
shells along beaches as well. Its relatively large size is note
worthy because the average length of other species in the area
is much smaller, about 85 mm for M. edulis (Forcelli 2000).
A. atra shell is also harder than most other mussel species.
These characteristics make it particularly useful as a tool or
raw material for a tool.

As indicated above, two A. atra and M. edulis shells (that
formed part of the archaeological deposit) were collected for
analysis together with a sedimentary control sample directly
associated with one of the 4. atra shells (Table 1). If any of
these archaeological A. atra shells were used as receptacles,
such as spoons for melting fat, the residue extracted from the
shell should differ in composition from a shell simply
discarded after the cooked flesh was consumed. Modern
A. atra specimens were collected from the same area and
preserved by drying; reference cooking residues of shellfish
were then prepared from them. Mollusks were first rehydrated
in 50 mL of ultrapure water then steamed in a sealed beaker in
a 350 °C oven for 1 h. After a cooling period of 30 min, the
edible flesh was removed from the shell. In order to simulate
the effects of oxidative decomposition over time, the shell was
stored in an oven at 75 °C for a period of 60 days. The
compositions of lipid residues extracted from archaeological
shells were compared to the reference residues prepared from
modern 4. atra specimens.

Lipid analysis methods

Lipid extracts were analyzed using gas chromatography (GC),
high temperature GC (HT-GC) (Evershed et al. 1990), and
high temperature gas chromatography with mass spectrometry
(HT-GC/MS) (Malainey et al. 2010). The residues were iden-
tified on the basis of fatty acid decomposition patterns of
reference cooking residues (Malainey 2007; Malainey et al.
1999a, b, ¢), lipid distribution patterns, and through the pres-
ence of biomarkers (Dudd and Evershed 1998; Evershed
1993; Evershed et al. 1997, 2001; Malainey et al. 2010).
Lipids were extracted using a variation of the method
developed by Folch et al. (1957). The shell and sediment
samples were each placed in a 2:1 mixture, by volume, of
chloroform and methanol (2x25 mL) and subjected to
ultrasonication (2x 10 min). Solids were removed by filtering
the solvent mixture into a separatory funnel, and the lipid/
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Fig. 7 Surface map of
Lanashuaia II (2009, 2010, and
2011)

solvent filtrate was washed with 13.3 mL of ultrapure water.
Once separation into two phases was complete, the lower
chloroform-lipid phase was transferred to a round-bottomed
flask and the chloroform removed by rotary evaporation. Any
remaining water was removed by evaporation with 2-propanol
(1.5 mL); 1.5 mL of chloroform-methanol (2:1, v/v) was used
to transfer the dry total lipid extract to a screw-top glass vial
with a Teflon®-lined cap. The sample was flushed with nitro-
gen and stored in a —20°C freezer.

Preparation of FAMES

A 400-uL aliquot of the total lipid extract solution was placed
in a screw-top test tube and dried in a heating block under
nitrogen. Fatty acid methyl esters (FAMES) were prepared by
treating the dry lipid with 5 mL of 0.5 N anhydrous hydro-
chloric acid in methanol (68 °C; 60 min). Fatty acids that
occur in the sample as di- or triglycerides are detached from

Fig. 8 C20 layer during 2009 fieldwork season
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the glycerol molecule and converted to methyl esters. After
cooling to room temperature, 3.4 mL of ultrapure water was
added. FAMES were recovered with petroleum ether (2.5 mL)
and transferred to a vial. The solvent was removed by heat
under a gentle stream of nitrogen; the FAMES were dissolved
in either 75 pL (archaeological samples) or 200 puL (modern
samples) of iso-octane then transferred to a GC vial with a
conical glass insert.

Preparation of TMS derivatives

A 200-uL aliquot of the total lipid extract solution was placed in
a screw-top vial and dried under nitrogen. Trimethylsilyl (TMS)
derivatives were prepared by treating the lipid with 70 uL of
N, O-bis (trimethylsilyl) trifluoroacetamide (BSTFA) containing
1 % trimethylchlorosilane, by volume (70°C; 30 min.). The
solvent was removed by heat under a gentle stream of nitrogen;
the TMS derivatives were dissolved in 100 pL of hexane then
transferred to a GC vial with a conical glass insert.

Solvents and chemicals were checked for purity by running
a sample blank. Traces of contamination were subtracted from
sample chromatograms. The relative percentage composition
was calculated by dividing the integrated peak area of each
fatty acid by the total area of fatty acids present in the sample.
In order to identify residues on the basis of fatty acid compo-
sition, relative percentage compositions were determined first
with respect to all fatty acids present in the sample (including
very long chain fatty acids) (Table 1), and secondly, with
respect to the ten fatty acids originally utilized in the devel-
opment of the previously established identification criteria
(C12:0, C14:0, C15:0, C16:0, Cl16:1, C17:0, C18:0,
C18:1w9, C18:1wl1, and C18:2) (Malainey 2007; Malainey
et al. 1999b). High temperature gas chromatography and high
temperature gas chromatography with mass spectrometry was
used to further clarify the identifications.
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Table 1 Sample descriptions and lipid composition of archaeological shell and midden sediment residues

Fatty acid 9SP 7 9SP 8 9SP 9 9SP 10

A. atra M. edulis A. atra Midden sediment

Area Rel% Area Rel% Area Rel% Area Rel%
C12:0 1,046 0.03 2,739 0.20 4,509 0.16 0 0.00
C14:0 19,655 0.50 14,571 1.07 48,842 1.70 10,014 1.80
Cl4:1 2,106 0.05 2,533 0.19 0 0.00 0 0.00
Cl15:0 22,175 0.57 8,933 0.66 37,113 1.29 7,989 1.44
C16:0 892,069 22.83 337,136 24.73 935,242 32.48 64,700 11.65
Cl6:1 76,298 1.95 18,195 1.33 46,716 1.62 20,599 3.71
C17:0 19,254 0.49 0 0.00 0 0.00 0 0.00
Cl17:1 0 0.00 4,655 0.34 8,049 0.28 0 0.00
C18:0 304,998 7.81 333,868 24.49 603,363 20.95 0 0.00
Cl18:1s 1,587,558 40.64 443,075 32.50 907,712 31.52 359,837 64.79
Cl18:2 734,811 18.81 171,774 12.60 283,693 9.85 92,219 16.61
C18:3s 107,978 2.76 25,758 1.89 0 0.00 0 0.00
C20:0 49,209 1.26 0 0.00 0 0.00 0 0.00
C20:1 15,880 0.41 0 0.00 0 0.00 0 0.00
C24:0 63,912 1.64 0 0.00 0 0.00 0 0.00
C24:1 9,834 0.25 0 0.00 4,370 0.15 0 0.00
Total 3,906,783 100.00 1,363,237 100.00 2,879,609 100.00 555,358 100.00
Biomarkers (3-Sitosterol, stigmasterol, Azelaic acid Cholesterol, stigmasterol Cholesterol,

cholesterol, dehydroabietic [3-sitosterol,
acid, azelaic acid stigmasterol

Peak ratios of C48, C50, C52, 1:1.8:4.4:3.3, most similar to 2:1.6:2.6:1, most similar to ~ 1:3.5:9.4:9, strongly 1:1.6:3.4:3.5,

and C54 triacylglycerols
(TAGS)

Identification

Mass (g)

Cat. no./provenience

reference terrestrial
mammals

High fat content

5.464
Cuad 112 C20

the reference shellfish
residue

Moderate-high
fat content

5.377
I111b C20

resembles reference
terrestrial mammal

Moderate-high
fat content

11.410
1111b C20

most similar
to reference t
errestrial mammal

Very high fat content;
lipid recovery
comparatively low

5.384
I111b C20

Gas chromatography analysis parameters

The GC analysis was performed on a Varian 3800 gas chro-
matograph fitted with a flame ionization detector connected to
a personal computer. Samples were separated using a DB-23
fused silica capillary column (30 mx0.25 mm L.D.; J&W
Scientific; Folsom, CA). An autosampler injected either a
1 uL (archaeological) or 3 puL (modern) sample using a
split/splitless injection system. Hydrogen was used as the
carrier gas with a column flow of 1.0 mL/min. Column
temperature was held at 80 °C for 1 min then increased to
140 °C at a rate of 20 °C per minute. It was then programmed
from 140 to 230 °C at 4 °C per minute. The upper temperature
was held for 17 min. Chromatogram peaks were integrated
using Varian MS Workstation® software and identified
through comparisons with external qualitative standards
(NuCheck Prep; Elysian, MN).

High temperature gas chromatography and gas
chromatography with mass spectrometry

Both HT-GC and HT-GC/MS analyses were performed on a
Varian 3800 gas chromatograph fitted with both a flame
ionization detector and Varian 4000 mass spectrometer con-
nected to a personal computer. For HT-GC analysis, the sam-
ple was injected onto a DB-1HT fused silica capillary column
(15 mx0.32 mm L.D.; Agilent J&W; Santa Clara, CA) con-
nected to the flame ionization detector, using hydrogen as the
carrier gas. The column temperature was held at 50 °C for
1 min then increased to 350 °C at a rate of 15 °C per minute
and held for 26 min. For HT-GC/MS analysis, samples were
injected onto a DB-5HT fused silica capillary column (30 m x
0.25 mm LD.; Agilent J&W; Santa Clara, CA) connected to
the ion trap mass spectrometer in an external ionization con-
figuration using helium as the carrier gas. After a 1-min hold

@ Springer



Archaeol Anthropol Sci

at 50 °C, the column temperature was increased to 180 °C ata
rate of 40 °C per minute, then ramped up to 230 °C at a rate of
5 °C per minute, and finally increased to 350 °C at a rate of
15 °C per minute and held for 27.75 min. The Varian 4000
mass spectrometer was operated in electron-impact ionization
mode scanning from m/z 50-700. Chromatogram peaks and
MS spectra were processed using Varian MS Workstation®
software and identified through comparisons with external
qualitative standards (Sigma Aldrich; St. Louis, MO and
NuCheck Prep; Elysian, MN), reference samples, and the
National Institute of Standards and Technology (NIST)
database.

Results

The compositions of lipid residues extracted from archaeolog-
ical shell and midden sediment are presented in Table 1; the
compositions of the degraded 4. atra cooking residues ex-
tracted from the shell are presented in Table 2. The term Area
represents the area under the chromatographic peak of a given
fatty acid, as calculated by the Varian MS Workstation®
software minus the solvent blank. The term Rel% represents

the relative percentage of the fatty acid with respect to the total
fatty acids in the sample. High temperature GC and GC/MS
were used to verify the identification of the separated compo-
nents and detect lipid biomarkers.

It must be understood that the identifications given do not
necessarily mean that those particular foods were actually
prepared because different foods of similar fatty acid compo-
sition and lipid content would produce similar residues. It is
possible only to say that the material of origin for the residue
was similar in composition to the food(s) indicated. High
temperature gas chromatography and high temperature gas
chromatography with mass spectrometry is used to further
clarify the identifications.

Archaeological residues

Lipid residues were recovered from all archaeological
shell and midden samples, but there were differences in
their composition with respect to fatty acids, sterols, and
triacylglycerols and relative amounts of fatty acids ex-
tracted. The amount of fatty acids recovered is of par-
ticular importance owing to differences in sample

Table 2 Relative percentage

composition of cooking residues Fatty acid Cooking residue from Cooking residue from Saturated and
prepared from modern Aulacomya atra shell Aulacomya atra shell after ~ monounsaturated fatty
Aulacomya atra shell and satu- after 1 month oven 2 months oven acids in fresh oyster
rated and monounsaturated fatty storage storage (from Ackman 1992)
acids in fresh oyster
C12:0 0.00 0.00 0.00
Cl14:.0 4.01 4.40 7.16
Cl4:1 0.00 0.00 0.00
C15:0 0.85 0.93 0.00
C16:0 37.18 38.73 45.81
Cl16:1 11.72 11.89 6.95
C17:0 1.09 1.07 0.00
C17:1 0.52 0.00 0.00
C18:0 8.03 791 10.63
C18:1s 13.12 12.53 14.11
C18:2 3.71 3.15 3.48
C18:3s 1.00 0.91 0.00
C20:0 0.00 0.00 0.00
C20:1 5.60 5.84 6.95
C22:0 0.00 0.00 0.00
C22:1 8.95 8.64 491
C24:0 0.00 0.00 0.00
C24:1 3.27 3.05 0.00
Total 100.00 100.00 100.00
Lipid biomarkers Cholesterol Cholesterol Not available
Peak ratios of C48, C50, 5.5:5.6:6.3:1 Not detected Not available
C52, and C54
triacylglycerols
(TAGS)
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surface area; the archaeological shell was intact, where-
as the midden sediment consisted of loose particles.
While all fatty acids were likely extracted from the
sediment, this may not be true for the shell samples.

Residue 9SP 7 from archaeological 4. atra

Residue 9SP 7, from fragments of 4. atra shell, has a level of
C18:1 isomers that exceeds 40 %. Foods known to produce
similar residues include high fat nuts and seeds and the ren-
dered animal fat. The animal sterol cholesterol and the plant
sterols stigmasterol and (3-sitosterol were all detected in the
residue, indicating a combined animal and plant origin.
Azelaic acid occurs as well as the diterpenoid, dehydroabietic
acid, which indicates the presence of conifer products
(Shackley 1982; Heron and Pollard 1988). Triacylglycerides
(TAGs) were detected, and their levels increase with the
numbers of carbons atoms from the C48 TAG to the C52
TAG then decrease slightly. As noted above, this pattern is
most similar to that observed in the lipid residues of mammals
and birds. The concentration of fatty acids in residue 9SP 7
was three times higher than that of the control residue 9SP §,
extracted from the M. edulis shell. The level of C18:2 is high
in this residue, 18.81 %.

Gusinde (1986) indicated that shell receptacles were
employed by the Yamana to mix pinniped or whale oil with
either plant or animal foods. The oil was added in order to
moisten and tenderize dried bird flesh, dried mushrooms,
berries, and sardines prior to consumption. Based on the lipid
composition of the extracted residue and faunal assemblage, a
combination of sea lion fat and berries is a possible source.

The origin of the dehydroabietic acid is more intriguing
as conifers do not occur in the region. Bridges (1897),
Gusinde (1986), and Hyades and Deniker (1891) all indicate
that Yamana people sucked the sap of the “notro” tree
(Embothrium coccineum J.R. Forst. and G. Forst. 1775).
According to Bridges (1933), during the summer the
Yamana scraped and consumed a white, sweet substance
that was under the bark of trees. Bridges (1897) stated the
Yamana preferred the sap of the “lenga” tree (Nothofagus
pumilio (P. et E.) Krasser). The sap and tree scrapings were
gathered in another piece of bark or, as Gusinde (1986)
reported, in a shell. Dehydroabietic acid is mainly produced
by conifers in temperate regions; while it occurs in the
smoke of conifers, it was not detected in the smoke of
deciduous trees from tropical zones (Simonelt et al. 1993).
Further research is required to determine if this or a struc-
turally similar compound is biosynthesized by N. pumilo (a
deciduous tree), Embothrium coccineum (J.R. Forst. and G.
Forst. 1775) (an evergreen tree), or another locally available
temperate zone species, such as Winteraceae trees (Drimys
winteri J.R. Forst. and G. Forst. 1776).

Residue 9SP 8 from archaeological M. edulis

Residue 9SP 8, extracted from fragments of M. edulis shell,
had a C18:1 isomer level of 32.50 % which is similar to the
levels observed in residue 9SP 9 discussed below. The level of
C18:0 in residue 9SP 8 is quite high, over 24 %, which
suggests an animal origin, and cholesterol was detected in
the residue. The plant sterol 3-sitosterol was present; azelaic
acid was also detected. TAGs occur in this residue, and the
distribution pattern is consistent with that of a combined plant
and animal residue. The level of the C52 TAG is highest,
suggesting an animal residue; but the level of the C48 TAG is
also elevated. The level of C18:2 is quite high in this residue,
12.60 %.

Residue 9SP 9 from archaeological 4. atra

Residue 9SP 9, extracted from fragments of archaeological
A. atra shell, has a C18:1 isomer level exceeding 31 %. The
decomposed cooking residues of fat-rich plants, such as nuts
and seeds, fatty mammals, and game birds are similar in
composition. In particular, Texas ebony seeds, the fatty meat
of medium-sized mammals (such as beaver) and the flesh of
certain birds (such as grouse) also have similar levels of C18:1
isomers.

There is evidence that the residue is of both animal and
plant origin. The level of C18:0 is quite high, about 21 %; the
animal sterol cholesterol and the plant sterols stigmasterol and
[3-sitosterol are also present. Triacylglycerides (TAGs) were
detected, and their levels increase with the number of carbons
atoms from the C48 TAG to the C52 TAG then decrease
slightly. This pattern of TAGs has been observed in the
decomposed reference cooking residues prepared from mam-
mals and birds, as well as archaeological lipid residues derived
from mammals (Malainey et al. 2010). The level of the poly-
unsaturated fatty acid C18:2 is elevated in this residue,
9.85 %, which is likely due to the relatively young age of
the site and cold environment.

Azelaic acid was detected; this short chain dicarboxylic
acid is associated with the oxidation of unsaturated fatty acids
(Regert et al. 1998). While often associated with plant mate-
rials, azelaic acid can be produced from mixtures of fatty acids
obtained from fish and marine oil, as well as from animal fats
and greases (Goeble et al. 1953). As such, locally available
fish, birds, and marine mammals must be considered as pos-
sible sources. Although plant sterols were present, the elevat-
ed level of C18:0 and cholesterol together with the TAG
distribution pattern indicate that lipids from animal sources
are dominant in the residue. Albatross (Diomedea exulans,
D. crhysostoma, D. melanophrys) is the most likely source of
the residue. Several albatross bones were recovered from the
same layer and very close to the A. atra shell. Because we
were not able to obtain albatross flesh for analysis or locate a
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publication that presents the fatty acid composition of'its flesh,
this hypothesis cannot be tested at this time.

Residue 9SP 10 from archaeological midden sediment

Residue 9SP 10 was extracted from a disaggregated sediment
sample from C20 layer. The composition of the residue can be
characterized by C18:1 isomer levels approaching 65 %.
Similar residues are associated with the fresh, uncooked res-
idues of nuts and seeds and fresh rendered fat of animals.
Cholesterol, stigmasterol, and {3-sitosterol were confirmed in
the sediment residue, proving the presence of both animal and
plant products in the midden sediment. Azelaic acid was also
detected. TAGs were present, and their distribution is most
similar to that of mammals and birds. It is important to note,
however, that the concentration of lipids extracted from the
sediment was very low compared to that extracted from frag-
ments of A. atra shell. The concentration of fatty acids in the
residue extracted from 5.384 g of loose sediment was 12 %
(1/8th) of that in residue 9SP 7, extracted from 5.464 g of
intact archaeological 4. atra shell. The level of C18:2 was
quite high in the residue extracted from the sediment, 16.61 %.

Degraded reference cooking residues

The composition of lipid residues extracted from the shells of
modern A. atra after 1 and 2 months of oven decomposition
are presented in Table 2. With respect to fatty acid composi-
tion, both of the resulting residues had levels of C18:1 isomers
of about 13 %. Polyunsaturated fatty acids are highly unstable
and rapidly degrade during cooking (thermal degradation) and
oven storage (oxidative degradation). The remaining saturated
and unsaturated fatty acids are more stable, so there is little
difference in the fatty acid composition of the cooking residue
after 1 or 2 months of oven storage. Although the reference
cooking residues were prepared from mussels that were dried
and rehydrated, it is likely that their compositions would not
significantly differ from cooking residues prepared from fresh
specimens. As shown in Table 2, the composition of degraded
A. atra cooking residues compare favorably with the relative
amounts of the more stable fatty acids found in oyster
(recalculated from Ackman 1999). Only the animal sterol
cholesterol was detected in the degraded A. atra cooking
residues. Triacylglycerols occur in the degraded cooking res-
idue after 1 month of oven storage but were not detected in the
residue exposed to 2 months of oven storage. Levels of C48
and C50 TAGs were nearly identical; the level of C52 TAGs
was marginally higher, but the level of C54 TAGs was low.
The C48:C50:C52:C54 ratio of TAGs in the reference residue
18 5.5:5.6:6.3:1.
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Discussion

Production-consumption strategies including raw material
management are salient aspects of hunter-gatherer archaeolo-
gy. Temporal variations in such dimensions of social devel-
opment are key elements to explain tendencies and changes in
the evolution and historical development of hunter-gatherer
societies. Nevertheless, poor preservation of organic remains
is an inherent problem in many archacological contexts and
can make it difficult to achieve a deeper understanding of the
factors that lead to social transformations. Consequently, the
improvement of novel methodologies has a paramount impor-
tance to fulfill this gap. Following this reasoning, the imple-
mentation of lipid residue analysis opens a new avenue of
research to detect biomarkers of past activities and to deal with
the difficulties related to the identification of tools or con-
sumption processes that have low visibility in the archaeolog-
ical record.

Specifically, this study provides an insight into the imple-
mentation of lipids analysis to the archaeological contexts of
the Beagle Channel. The preservation state of the archaeolog-
ical residues is excellent; this is likely due to rapid burial and
the cool environment. In this study, lipid residues extracted
from shells recovered from the Lanashuaia II site were ana-
lyzed to determine if the previous hunter-fisher-gatherer oc-
cupants used the shells as tools or receptacles. In order to
demonstrate this, it is necessary to consider first the possibility
that they were not used as tools. If the shells were simply
discarded after the flesh was consumed, the lipids retained in
the shell should reflect those produced when the mollusk was
cooked. The composition of lipids extracted from the archae-
ological shell should resemble that of the degraded cooking
residues produced from modern 4. atra specimen. The fatty
acid composition of the degraded reference residue retained in
the shell of cooked mollusks is characterized by levels of
C18:1 isomers of about 13 % and conforms to the previously
published criteria for fish, corn, and similar foods when rela-
tive fatty acid composition is calculated with respect to the ten
fatty acids utilized in the development of the established
identification criteria (Malainey 2007; Malainey et al.
1999b). The degraded A. atra cooking residues are generally
similar in composition to the decomposed cooking residue of
freshwater fish (Malainey 2007). As with the decomposed
cooking residues of freshwater fish, the degraded 4. atra
cooking residues have elevated levels of C14:0 and C16:1
(Malainey 2007); levels of C20:1 and C22:1 are also quite
high in the degraded A. atra cooking residues. Based on the
distribution of more resilient fatty acids in fresh oyster report-
ed by Ackman (1992), elevated amounts of all four of these
fatty acids may be expected in well-preserved marine mussel
residues.

In terms of fatty acid composition, the degraded reference
cooking residue extracted from modern 4. atra shell is very
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different from those extracted from the archaeological shell
and midden sediment. The level of C18:1 isomers of the two
reference cooking residues is much lower than that observed
in the archaeological residues. The archaeological shell resi-
dues did not include elevated levels of C14:0 or C16:1; the
fatty acids C20:1 and C22:1 were not detected. While only
cholesterol was detected in the reference cooking residues,
both plant and animal sterols were detected in the archaeolog-
ical 4. atra shell and in the midden sediment; no sterols were
detected in the archaeological M. edulis shell. With respect to
the distribution of TAGs, the reference A. atra cooking residue
differs in that it does not resemble that of terrestrial mammals,
plant, or a plant and animal combination. The lipid composi-
tion of the reference 4. atra cooking residue does not resemble
either the residues extracted from archaeological shell or the
midden sediment.

Another possibility is that the lipids in the shells arose from
the depositional context. This hypothesis was tested by ana-
lyzing the lipids that occur in the adjacent sediment. Lipids
were extracted from midden sediment in direct contact with
the 4. atra shell from which residue 9SP 9 was extracted; the
sediment was also in close proximity to the M. edulis shell
from which residue 9SP 8 was extracted. The compositions of
the residues extracted from the archacological shells differed
from the midden sediment in many aspects. Both archaeolog-
ical shell residues were characterized by C18:1 isomer levels
of'about 32 % and similar with respect to the distribution of all
fatty acids. By contrast, the residue extracted from midden
sediment residue had C18:1 isomer levels of almost 65 % with
a completely different distribution of fatty acids. No sterols
were detected in the residue extracted from the M. edulis
residue; both animal and plant sterols were detected in the
A. atra residue and the midden sediment. The distribution of
TAGs in each of the archaeological shells and the midden
sediment was unique. Another consideration is that the lipid
recovered from the midden sediment was a small fraction of
that recovered from the intact archaeological shells. This is of
particular importance owing to differences in sample surface
area; the archaeological shell was not crushed prior to extrac-
tion, whereas the midden sediment was broken into small
particles. The recovery of fatty acids from the sediment may
have been more complete than from the shell. If the shell lipids
were absorbed from the depositional environment, one would
expect more fatty acids to have been recovered from the
sediment than from the archaeological shell on a per gram
basis. The opposite is true. For these reasons, we conclude that
it is unlikely that lipids in the archaeological shell represent
contamination from burial environment. This finding is con-
sistent with the work of Condamin et al. (1976) and Heron
et al. (1991) who found no transfer of lipids between archae-
ological material and the surrounding soil.

Ethnographic accounts show the Yamana valued the rela-
tively large 4. atra shells and employed it as a food container

or tool. Based on the amount and composition of lipid recov-
ered, the archaeological 4. atra shell from which residue 9SP
7 was extracted may have been used as a receptacle in which
to melt fat, like a spoon. Ethnographic accounts even describe
how berries were sometimes added to the melted fat (Gusinde
1986). On a per gram basis, three times more fatty acids were
extracted from this 4. atra shell than from the M. edulis shell;
eight times more fatty acids were extracted from this 4. atra
shell than the midden sediment. The presence of plant and
animal sterols in both archaeological 4. atra residues and
dehydroabietic acid in one suggests that both mussel shells
may have been used for plant processing. Azelaic acid, the
decomposition product of unsaturated fatty acids, was detect-
ed in one archaeological 4. atra shell and the archaeological
M. edulis shell. Given the coastal setting and the abundance of
marine resources, unsaturated fatty acids from locally avail-
able fish or marine mammals must be considered as the
probable source. There are no local plants that produce seeds
that are worth consuming (e.g., cereals or spices) in the region.
Berries, which are known to have been consumed, were eaten
whole.

Conclusions

We believe that the evidence supports our interpretation of the
whole A. atra shells recovered from Lanashuaia II as tools
used by the former inhabitants of the site. In terms of quantity,
substantially more fatty acids were recovered from the archae-
ological shells than from the associated midden sediment,
which discounts the possibility of contamination from the
burial environment. The residue extracted from one of the
A. atra shells yielded three times more than the residue ex-
tracted from a M. edulis shell. In terms of composition, both
archaeological A. atra residues differed from the residue ex-
tracted from the M. edulis shell in that sterols from both plant
and animal sources were detected in the former. The distribu-
tion of TAG peaks in the archaeological A. atra residues
resembled that observed in the cooking residues of terrestrial
mammals, whereas the distribution in the M. edulis shell
residue was most similar to that of the degraded mollusk
cooking residue we prepared. Differences between the com-
position of the ancient and reference A. atra residues seem to
relate to the use of the archaeological shell as a tool, likely a
container in which animal fat was melted and possibly as a
spoon in which sap was collected. This is consistent with
existing ethnographic information indicating the Yamana se-
lected the relatively large and hard A. atra shells for use as
receptacles.

The ethnoarchaeological approach adopted in this re-
search has allowed us to empirically test the use of mollusks
as food containers, a practice acknowledged in ethnographic
sources, but had not be already proven in the archaeological
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record. Ethnoarchaeology not only provided the general
dataset to build the hypothesis but also lead the selection,
adjustment, and improvement of the accurate method for
undertaking this study. Thus, the temporal depth of this
practice was assessed: the data presented here have showed
that the use of 4. atra as tools for gathering grease, at least
can be dated back to circa. 1,000 BP. Consequently, this
study offers novel information about temporal trends in
hunter-fisher-gathering strategies.
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