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ABSTRACT ARTICLE HISTORY
Since 1992 the prehistoric Nivafjord in northeast Zealand, Denmark, has yielded an appre- 2R5e(;<-:)|\r/ileg()23.
ciable number of inhumation burials and cremations dating to the Mesolithic, especially the  accepted '

sites of Niva 10 and Nivagard. Unfortunately, the micro-region is characterised by poor or-
ganic preservation, restricting the successful application of biomolecular techniques to hu-
man remains, including large-scale radiocarbon dating programmes as well as both stable
isotope and ancient DNA analyses. Here, we apply an alternative technique, an acid etch
peptide-based method, to determine the sex of eight individuals from Niva 10 as well as the
Nivagard child. Moreover, we revisit the utility of stable carbon (§'*C), nitrogen (6§'°N) and
sulfur (6*S) isotope analysis of human tissues to reconstruct the life histories and diets of
10 individuals from Niva 10 as well as the Nivagard child. To contextualise further, we sam-
pled 14 Capreolus capreolus and three Sus scrofa from the Nivagard site for stable isotope
analysis. We demonstrate that sex can successfully be determined from contexts susceptible
to poor organic preservation, and show that the Nivagard child spent a proportion of its life
outside a sea spray-influenced environment, and consumed significant quantities of marine
protein as demonstrated by its §'*C and 6*S values. By applying novel analytical methods,
a wealth of information can both be gleaned from older collections as well as from sites with
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poorer conditions for organic preservation.

Introduction

The prehistoric Nivafjord is located ¢.30 km north
of present-day Copenhagen (Figure 1). Here
¢.24 archaeological sites dating to the Stone Age
have been recorded in a now-infilled inlet (see Lass
Jensen 2001, 2003, 2009, 2016). Of these, two
are central to this study, Nivd 10 and Nivagérd.
These date from the Middle Mesolithic Konge-
mose (c.6400-5400 cal BC) to the Late Meso-
lithic Ertebolle (¢.5400-4000 cal BC) cultures,
and were likely used for short-term occupations
sporadically over this period (see Absolute Dat-
ing). Less than 10 km north of the world-famous
Vedbzk complex of sites with their multiple Mes-
olithic burials (see Brinch Petersen 2015), the
Nivafjord sites have also yielded an appreciable

number of inhumation burials and cremations
(Lass Jensen 2016).

At Niva 10, a total of 15 individuals have been
discovered, represented by nine inhumation bur-
ials and three cremations. Added to this are ‘a few
loose human bones from two or three individu-
als’ (Lass Jensen 2016, 98). All are characterised
by poor organic preservation or were cremated,
and previous attempts utilising biomolecular
techniques, such as radiocarbon dating, stable
isotope and ancient DNA (hereafter aDNA) anal-
yses, have largely been unsuccessful (though see
Rasmussen et al. 2009; Table 1). In comparison,
the single Nivigard burial has much better organ-
ic preservation. Since the two sites are separated
by ¢.100 m and broadly date to the same period,
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Figure 1. The locations of the Nivafjord sites (Niva 10 and Nivagard) on Zealand, Denmark (made with Natural Earth,
provider of free vector and raster map data at naturalearthdata.com).

a combined analytical approach was undertaken
to reconstruct Mesolithic life and death around
prehistoric Nivéfjord.

We undertook a biomolecular study, includ-
ing stable isotope and proteomic analyses of the
human remains from Niva 10 as well as human
and faunal remains from Nivigard. The purpose
of these analyses was multi-fold. Firstly, we aimed
to determine the sex of as many of the individuals
as possible, and in particular the non-adult in-
dividuals for which morphology-based sex deter-
mination is seldom reliable. Secondly, we aimed
to obtain both dentine and bone collagen stable
isotope data from as many of the human burials
as possible in order to investigate the individuals’
life histories as well as diet and other aspects of
their lives. Finally, we aimed to contextualise the
above data through the bone collagen stable iso-
tope analysis of faunal remains in order to investi-
gate the local environment, mobility, and other
factors.

The Sites

Niva 10 and Nivédgérd are just two of ¢.24 Stone
Age sites located around what was formerly a mul-
ti-branched inlet on the northeast coast of Zea-
land, Denmark (Lass Jensen 2003), ¢.30 km north
of present-day central Copenhagen. The inlet
was formed by rising sea levels during the Atlan-
tic chronozone (e.g. Christensen 1995), and
would have been an economically productive en-
vironment for coastal hunter-gatherer-fishers (e.g.
Paludan-Miiller 1978). Due to the heightened
sea level during the Stone Age, settlements were
placed on higher ground within the landscape, a
landscape that is and has since been threatened by
modern agricultural practices (Lass Jensen 2003).
Consequently, excavations were initiated in the
1990s, continuing into the 2000s, to investigate
the character of the Stone Age settlements along
the palacoinlet before evidence of prehistoric acti-
vity was lost (Lass Jensen 2016).

Niva 10 appears to have been located on a small
island on the southernmost margin of the mouth
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Figure 2. Several of the individuals sampled in this study. A: The Nivagard child (Photo: by Povl Merlge). B: The Nivagard
child at exhibition (Photo: Museum Nordsjeelland). C: Inhumation burial (Grave No. A161) at Niva 10, including the remains
of an adolescent/young adult female (Individual M) (Photo: Museum Nordsjaelland). D: Inhumation burial (Grave No.
A122) at Niva 10, including the remains of a young middle/old middle adult (Individual L) (Photo: Museum Nordsjzelland).
E: Inhumation burial (Grave No. A124) at Niva 10, including the remains of a young/young middle adult male (Individual
K) (Photo: Museum Nordsjeelland). F: Double inhumation burial (Grave No. A129) at Niva 10, including the remains of a
young/young middle adult male (Individual H) and a child (Individual O) (Photo: Arnold Mikkelsen). G: Double inhumation
burial (Grave No. A151) at Niva 10, including the remains of a young/young middle adult male (Individual F) and a young
middle/old middle adult female (Individual G) (Photo: Arnold Mikkelsen). H: Inhumation burial (Grave No. A162) at Niva 10,
including the remains of an old middle/mature adult (Individual N) (Photo: Museum Nordsjeelland).

of the inlet (Lass Jensen 2016). The site was in
use from 6000 until ¢.4800 cal BC (see Abso-
lute Dating), corresponding to the earliest (Blak
phase) Kongemose to the early (Trylleskov phase)
Ertebolle (Serensen 2017; Vang Petersen 1984).
Niva 10 was a settlement, evidenced by four dwell-
ings, two dated to the Kongemose and two to the
Ertebelle (Lass Jensen 2003, 2009, 2016). Ex-
cavations have yielded one of the more convinc-
ing examples of an Ertebelle dwelling throughout
southern Scandinavia, a sunken feature with clear-
ly defined activity areas (Lass Jensen 2001). With-

in the settlement area, 12 burials containing 15
individuals were discovered, including three cre-
mations (Lass Jensen 2016). Since the burials were
associated with the dwellings, and were located
within the settlement, they probably do not re-
present a formal burial ground, very similar to the
pattern at Vedbzk-Begebakken (see e.g. Meikle-
john et al. 1998). Their placement also likely in-
dicates that they are not contemporaneous, but
instead reflects the duration of occupation re-
presented by the dwellings. Moreover, there is
some evidence for the deliberate disturbance of
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one of the inhumation burials in prehistory, while
the placement of human remains within one dwell-
ing potentially served a ritual purpose (Lass Jensen
2009). Three of the inhumation burials contained
more than one individual (e.g. Figure 2). A sum-
mary of the inhumation burials and cremations is

provided in Table 1 (see Supplementary Material).

The second site, Nivagard, is ¢.100 m to the west
of Nivd 10 (Lass Jensen 2001; Rasmussen et al.
2009), and is one of the very few Mesolithic sites
from eastern Denmark with deposits of marine
shells. Despite this, it is not regarded as a kitchen
midden sensu stricto (Lass Jensen and Moller
Hansen 1998). The site is considerably larger than
Niva 10 (Rasmussen et al. 2009). The preservation
of organic remains on sites with depositions of
shells is typically excellent, likely because the shells
act as a buffer against acidic soils (e.g. Gron et al.
2015). During the course of excavations, an inhu-
mation burial containing a single well-preserved
skeleton of a 5 to 8 year-old child was discovered
(Alexandersen et al. 1998; Lass Jensen and Magller
Hansen 1998).

Comment is needed on the Nivagard child and its
identification, especially related to the two initial
descriptions of the find (Alexandersen et al. 1998;
Lass Jensen and Moller Hansen 1998). The second
of these provides an overview of the cultural con-
text and associated archaeology, the first a limit-
ed description of the find, focusing most clearly
on the teeth and sex of the child. Lass Jensen and
Moller Hansen (1998) briefly mention a 5-year-
old male child with a stature of ¢.95 ¢cm, and imply
that both dental and postcranial data support this
conclusion, though with the caveat that the gender
is difficult to determine. Alexandersen et al. (1998)
focus more tightly on the skeletal material, though
primary focus is on the teeth. Identification of the
child as male is described as possible. Determin-
ation of the age as 5 years old is clearly framed in
understanding that ‘teeth are generally more sensi-
tive age indicators than bones’ (Alexandersen et
al. 1998, 27; ‘tender generelt er mere folsome al-
dersindikatorer end knogler’). However, it is also
made clear that osteological markers involving
fusion of the skull, the vertebrae and the ischial
and pubic bones of the pelvis give an age range

of 6 to 7, while unpublished analysis undertaken
since identified an ossified navicular bone of the
left hand, with full ossification seldom occurring
before the age of 8. The mix therefore suggests
an age range of 5 to 8 years, with closer accuracy
being problematic. It also needs to be noted
that the sex suggested by Lass Jensen and Meller
Hansen (1998) assumes theaccuracy of theagedeter-
mination of 5. If the older assessment is correct, it
becomes quite possible that the child is small for
its age. There is no simple solution for this conun-
drum.

Additional comment is required on identifying the
child’s remains as male, and the broader issue of the
accuracy of determining the sex of sub-adult indi-
viduals from the analysis of skeletal remains alone.
The answer seems to be that though differences
can be detected if large sample sizes are studied,
the accuracy of assessment for individual skeletons
remains low, with the probability of a successful
assessment generally <70 %, consistently less than
half the probability of accurate assessment in adult
material (Byers 2008). In addition, there are differ-
ences in accuracy dependent on the population
under study. Applied to the issue of assessing sex
in Mesolithic Danish children, the low number of
well-preserved remains makes any comparisons of
minimal value. Current opinion suggests that the
only markers of value are those involving pelvic
details, the auricular surface of the ilium and depth
of the sciatic notch (Byers 2008). In the case of
the Nivéigard child the initial assessment as male
was based on more general features, not accepted
under present standards. Though not considered
in the initial 1998 publications, the final identi-
fication of the sex of the child (see below) affirms
the degree that osteological identification of sub-
adult age is problematic.

Finally, we wish to clarify use of the term child in
identifying the Nivagard sub-adult. We do so since
the terms juvenile and adolescent have also been
used by some for individuals in the age range of
the sub-adult, 5 to 8 years of age. In this study
we follow a slightly modified version of the stand-
ards of Buikstra and Ubelaker (1994), with chil-
dren identified as aged 1 to 12 years, older than
infants (0-1 year) and younger than adolescents
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Figure 3. OxCal model output of “C dates from both Niva 10 and Nivagard, as shown in Table 2. The chronological order
of individual samples is sorted by estimated calendar date (full OxCal CQL code is provided in the Supplementary Materi-
al). Legend: red — use of a mixed calibration curve, including a AR value of -234+61 “C years (Fischer and Olsen 2021;
see text); green — use of the IntCal20.14c¢ calibration curve (Reimer et al. 2020); blue — use of the Marine20.14c curve
(Heaton et al. 2020), including a AR value of -234+61 '“C years (Fischer and Olsen 2021); EM — Early Mesolithic; MM —
Middle Mesolithic; LM — Late Mesolithic; EN — Early Neolithic; MN — Middle Neolithic.

(12 to 18 years); the term juvenile is not used by
Buikstra and Ubelaker (1994). These ranges and
descriptive terms are also similar to that given by
Lewis (2011) and were also used by Gron et al.
(2022) in identifying children’s remains at the Late
Mesolithic mass burial site of Streby Egede, Zea-
land, Denmark.

Absolute Dating

To refine the sites’ chronologies, a total of 11 legacy
radiocarbon C dates (Enghoff 2011; Lass Jensen
2009, 2016; Rasmussen 1998) were modelled in

OxCal (Figure 3). The six dates from Niva 10 were
obtained from five human remains and a piece of
charred wood (Corylus sp.), which was recovered
from between the femurs of Individual N in Grave
No. A162, while the five from Nivagird were ob-
tained from the inhumation burial as well as the
remains of three red deer (Cervus elaphus) and
one Atlantic cod (Gadus morhua) from settlement
layers (see Table 2 in the Supplementary Material
for further information).

OxCal v.4.4.4. was used to implement the model
(Bronk Ramsey 2009). The “C ages of the human
remains were calibrated using OxCal’s Mix_Curves



6 Kurt J. Gron et al.

function (i.e. IntCal20.14c and Marine20.14c
(Heaton et al. 2020; Reimer et al. 2020)), includ-
ing a AR value of -234 + 61 "C years (Fischer and
Olsen 2021), taking into consideration the measur-
ed 6C values (when present) for specifying the
proportion of each curve. The 6"C values were
used to determine the proportion of marine pro-
tein in the diets of the humans by applying the
linear 6"C model described by Arneborg et al.
(1999) and applied by Fischer et al. (2007).
We used a 6"C value of -10.1%o for a 100 %
marine diet and -21.7%o for an entirely terrestrial
diet. Cremations were calibrated using a mixture
of the IntCal20.14c and Marine20.14c curves in
an unknown ratio. In contrast, the “C ages of the
charred wood and red deer were calibrated using
the Northern Hemisphere atmospheric calibration
curve, IntCal20.14c (Reimer et al. 2020), while
the "C age of the Adantic cod bone was cali-
brated using the same function and AR value as
given above for the human remains. All reported
calibrated date ranges have been rounded up or
down to the nearest 10; for details of the OxCal
model definition, see the Supplementary Material.

The modelled data are all reported at 95.4 % con-
fidence. The earliest inhumation burial at Nivd
10 dates from the Blak to Villingebak phases of
the Kongemose (Grave No. A129; Individual H;
AAR-14934; 7265 + 38 BP; 6080-5840 cal BC).
Then, the cremation burial (Grave No. A128;
AAR-14936; 7035 + 35 BP; 5980-5560 cal BC)
as well as deposition of Individual A (Grave No.
A41; AAR-7058; 6900 + 60 BP; 5900-5520 cal
BC) and the loose humerus from within Dwell-
ing 2 (AAR-10147; 6868 + 46 BP; 5720-5460 cal
BC) took place during the Villingebazk to Ved-
bak phases of the Kongemose. A charred piece of
hazel wood recovered from Grave No. A162
dates Individual N to the boundary between the
Vedbak phase of the Kongemose and the Trylleskov
phase of the Ertebelle (AAR-16072; 6518 + 60
BP; 5620-5360 cal BC). After an apparent hiatus
of at least a century, a further cremation took place
during the Trylleskov phase of the Ertebelle (Grave
No. Al44; AAR-12711; 6154 +45 BP; 5210-
4790 cal BC). The calibrated date range for this
sample has been constrained in our model by sea
level rise, which would have made the island inac-

cessible from ¢.4700 cal BC onwards. Corrobor-
ating this is a lack of archaeological evidence, for in-
stance flake axes or ceramics, demonstrating occu-
pation during the Stationsvej or Alekistebro phases
of the Ertebolle, and it seems likely the settle-
ment was abandoned prior to ¢.4700 cal BC.

At Nivigérd, the child (Ka-6610; 6845 + 65 BP)
was buried between 5720-5400 cal BC, over-
lapping with several of the Niva 10 inhum-
ation and cremation burials on the boundary be-
tween the Villingebezk and Vedbazk phases of the
Kongemose. The site, however, appears to have
been sporadically used, probably for short-term
occupations, as demonstrated by three red deer
bones recovered from settlement layers that date
to 5740-5570 cal BC (LuS-7381; 6770 + 50 BP),
5480-5310 cal BC (LuS-7379; 6435 + 50 BP)
and 5200-4550 cal BC (LuS-7378; 5940 + 100
BP), the Villingebzk-Vedbezk boundary of the
Kongemose, the Kongemose-Ertebelle boundary
and the Trylleskov-Stationsvej boundary of the
Ertebolle respectively. Based on the date obtained
from an Atlantic cod bone (LuS-7380; 5400 + 50
BP; 4100-3640 cal BC), Nivagird was visited

around the time of the Neolithic transition.

Sex Identification from Skeletal Remains
— some comments

Before proceeding to peptide sex determination,
comment is needed on why and whether such
approaches can take precedence over direct obser-
vation of skeletal remains. We focus here on de-
termining sex in adults and on southern Scandi-
navian Mesolithic human remains. Determin-
ation of sex in sub-adults from simple observation
is much less accurate. Determining sex in adults is
primarily based on growth patterns in later ado-
lescence and early adulthood, features that are not
clearly developed in sub-adults, especially children,
and especially in the pelvis, the most accurate re-
gion of the skeleton for sex identification.

Determining sex in reasonably complete adult
skeletal material is often seen as straightforward,
and in many cases is just that. However, this
cannot always be assumed, as patterns seen in
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material from one region do not always apply
equally to other regions, including sexual di-
morphism. As well, some individuals show non-
diagnostic patterns and identifying individuals
falling into such categories is not always obvious.
Errors in sex identification in reasonably complete
skeletons range between five and 15 percent in
samples of significant size, in part reflecting sexual
dimorphism or its absence. Presence of reasonably
complete pelves is critical, as differences in this re-
gion are largely sex dependent, whereas differences
in other regions reflect both sex and size. An ex-
ample is seen in Figures 2A and 2B, of the Nivagard
child, which show no features that are sex as op-
posed to age related. Figures 2D through 2H are of
Niva adults, with Figures 2D and 2E (Grave Nos.
A122 and A124) showing individuals with little to
no visible morphological features. Figures 2F, 2G
and 2H (Grave Nos. A129, A151 and A162) are in
various states of completion and preservation and
all three show pelvic remains, though in poor (Fig-
ure 2H) and medium condition (Figures 2F and
2G). As shown in Figure 2, none are sufficiently
preserved to allow accurate sex determination with
strong confidence. That this is not site specific can
be seen in two cases from the Vedbak-Begebakken
Mesolithic series, with 16 individuals that are ful-
ly adult. Of these, four or a quarter of the total
number of adults, have sex identifications marked
with a question. The type of problems that occur
can be seen in two of the better-known burials, 19
and 22. The simpler is burial 22, one of the best
preserved at Bogebakken, a 40- to 60-year-old fe-
male. Diagnosis from the pelvis is clear, with all
regular features scoreable and providing an over-
all score of -1.94 out of a maximum possible of
-2.0. However, if the pelvis was absent the other
clearest diagnostic would be cranial, with a score
of +0.47/+2.0, almost fully in the expected male
range. A more complex case is the triple burial
19, with two adults, 19A and 19C, and a child,
19B. Widely described in the literature as a male,
a female and their child, the original description
(Albrethsen and Brinch Petersen 1976, 14) states
that
tablished on anthropological criteria with any
certainty’, though both adults are reasonably
complete. However, both adults have incomplete

. sex of the skeletons ... cannot be es-

pelves, with sex primarily based on secondary

features, 19A, largely identified as male, in part
due to a bone point lodged in the thoracic ver-
tebrae, while 19C, identified as female has asso-
ciated grave goods compatible with such a diag-
nosis. However, closer examination shows several
discrepancies. Besides being younger, 19A is at the
lower end of stature for males at the site, and the
cranial composite score is - 1.11/2.0 with all mark-
ers in the female range. The composite score for
19C is - 0.45 with one feature at +3, a robust gla-
bella, usually seen as a male marker. 19C, despite
the associated grave goods, is the more robust, and
19A is apparently female, despite possibly being
murdered. As suggested by Meiklejohn et al. (2000,
228; see also Tilley 1996, 39) it is ‘... conceivable
that the burial consists of two females, if both the
gendered identification and the normative pattern
of robusticity are correct’. Clearly, identification of
sex using simple observation and association with
non-biological features has potential for error.

Peptide Sex Determination

Determination of sex of human remains can be
performed on the basis of morphology, metrics,
and aDNA. However, it is not always possible to
apply these methods, and the latter relies on suf-
ficient organic preservation, is destructive, and
can be time consuming and expensive (Stewart et
al. 2017). Fortunately, an acid etch peptide-based
method for determination of sex on the basis
of sexually-dimorphic  chromosomally-linked
amelogenin peptides in tooth enamel can accur-
ately determine sex in a less-destructive way and
one that works despite poor organic preservation
and on sub-adult remains (Gowland et al. 2021;
Stewart et al. 2017).

In order to determine the sex of the individuals
from Niva 10 we applied the method described
by Stewart et al. (2017). Given the poor preser-
vation, including the presence of cremations, it
was not possible to sample every individual, while
some were not available for analysis as they were
on museum display. In total, eight individuals
from Niva 10 were sampled (Table 1, see Supple-
mentary Material). Furthermore, we sampled the
permanent mandibular central (R) incisor of the
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Nivagard child. Upon inspection under a micro-
scope it was discovered that a consolidant had been
applied to the tooth (unbeknown to the curator),
which was subsequently removed using an ace-
tone-soaked cotton swab.

Stable Isotope Analysis

Niva 10

Not all skeletal remains from Nivéa 10 were available,
accessible, and appropriate for stable isotope ana-
lysis. In total, nine bone and dentine samples were
chosen, deriving from six individuals (see Supple-
mentary Material, Table 3). For three individu-
als, both a tooth and a bone sample were select-
ed in order to determine life-history differences
between early life and the period preceding their
deaths. Although radiocarbon dating had previ-
ously demonstrated that collagen preservation
was poor (i.e. insufficient quantities of collagen
for measurement, see Table 1; Lass Jensen 2009),
the analyses were undertaken since tooth dentine
is denser than bone collagen. Elsewhere, collagen
has been successfully extracted from tooth dentine
when bone collagen extraction has failed. The in-
itial goal was to sample tooth dentine sequential-
ly for the determination of a sequence through a
restricted period in several individuals’ lives (e.g.
Beaumont et al. 2013). However, during de-
mineralisation (see Results) the dentine samples
lost their structural integrity and essentially ‘melt-
ed’ into sludge. The decision was therefore made to
treat this sludge as a sample.

The bone and tooth samples were first cleaned of
obvious surface contamination using a high-speed
tungsten-tipped dental drill. For the teeth, where
practicable, the remaining enamel was removed
from the crown using a diamond-tipped dental
saw. Peptide etching took place prior to stable iso-
tope analysis and the results were confirmed be-
fore demineralisation. Samples were prepared us-
ing a modified Longin (1971) method (Ambrose
and DeNiro 1986; O’Connell and Hedges 1999;
DeNiro 1985) in the Stable Isotope Laboratory
within the Department of Archaeology at Durham
University. Once extracted, dissolved collagen was
freeze-dried and measured by Iso-Analytical Ltd.

(Crewe, Cheshire, UK) for their carbon, nitrogen
and sulfur isotope ratios. The samples were ana-
lysed using a Europa Scientific EA coupled to a
Europa Scientific 20-20 IRMS. Due to the gener-
ally larger quantities of collagen required for sulfur
measurements, only samples with sufficient colla-
gen yields and acceptable atomic C:N ratios were
measured.

Nivagard

To contextualise further, 17 faunal remains from
Nivagard were selected for stable isotope analysis.
These are listed in Table 4 (see Supplementary Ma-
terial) and included 14 roe deer (Capreolus capreolus)
and three wild boar (Sus scrofa) bones. Each speci-
men derived from a different individual. An MNI
(Minimum Number of Individuals) based sampling
strategy was undertaken using a manual overlap
method. A total of 14 roe deer left distal humeri,
and three wild boar right calcanei were selected. The
samples were prepared and analysed in the same
manner as the human samples from Niva 10.

Results: Niva 10
Tooth Etch Sex Determination

The teeth from Niva 10 were very poorly preserved
and, in addition, in some cases only a very thin
sliver (<1 mm) of crown enamel remained with
the majority of the occlusal chewing surface worn
down through attrition. In comparison, the tooth
from the Nivagird child was in excellent condi-
tion. In total, nine individuals from the two sites
were etched to determine their sex. Of these, two
etches produced no signal but clear interpretable
spectra were obtained for seven: three females and
four males were identified (Table 5, see Supple-
mentary Material).

Stable Isotope Analysis

In total, nine bone collagen and dentine samples
from Nivd 10 were subjected to stable carbon and
nitrogen isotope analysis. Sample and collagen
weights, collagen yields, and stable isotope data, in-
cluding atomic C:N ratios are provided in Table 6
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Figure 4. Reconstructed ion chromatograms at 10 ppm mass accuracy for the m/z of 440.2224 and 540.2785 for the pep-
tides SM(ox)IRPPY ([M+2H]*2, AmelY) (top) and SIRPPYPSY ([M+2H]'2, AmelX) (bottom) respectively from the Nivagard
child (Sample No. 8287). Since the AmelX isoform was only present, it is deduced that the individual's sex was female.

(see Supplementary Material). The collagen proved
to be of low quality, indicating a higher likelihood
of diagenesis. Collagen yields were either too low for
measurement or the atomic C:N ratios were unac-
ceptable according to the criteria set out by DeNiro
(1985), i.e. outside of the range of 2.9-3.6. With
one exception (Sample 1160/22), the samples also
had insufficient quantities of nitrogen (% N) to per-
mit nitrogen measurements. For these reasons, no
acceptable stable isotope data was obtained from the
samples from Niva 10. Consequently, these results
will not be discussed further.

Results: The Nivagard Child and Fauna
Tooth Etch Sex Determination

Previous assessments of the Nivagard child’s sex,
discussed above, assigned it as male (in Danish
dreng, boy) (Alexandersen et al. 1998). Although
peptide recovery was problematic for this sample,
on the fifth attempt sufficient peptides were recov-
ered for sex identification of female (Figure 4).

Stable Isotope Analysis

Stable carbon, nitrogen and sulfur isotope ana-
lysis was undertaken on a small fragment of cra-
nium from the Nivigard child in addition to the
faunal samples from the site. Sample information
and stable isotope data are provided in Table 7 (see
Supplementary Material). Analytical error for 6°C
and 8N was less than +0.2%o0 and less than or
equal to +0.2%o respectively. For &S, analytical
error was less than +0.3%o. The explicit goal of
the analysis of the Nivigird child was to obtain a
&%S value, which can yield information concerning
residency when compared with faunal 6*S com-
positions. A single 480.72 mg sample produced
40.13 mg of collagen, and a collagen yield of 8.3 %.
Atomic C:N, C:S, and N:S ratios were all with-
in the acceptable ranges of 2.9-3.6 (atomic C:N
ratio), 600 + 300 (atomic C:S ratio) and 200 + 100
(atomic N:S ratio) proposed by DeNiro (1985) and
Nehlich and Richards (2009), indicating no sign of
diagenesis. Eleven of the roe deer specimens yield-
ed sufficient quantities of collagen for stable carbon
and nitrogen isotope analysis (Table 7, see Supple-
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mentary Material) and of those, four were analysed
for their 6*S ratios. Two of the three wild boar spec-
imens had unacceptable atomic C:N ratios (DeNiro
1985; Table 7) and are not considered further, while
the remaining wild boar sample yielded enough col-
lagen to measure all three isotope ratios. The 11 roe
deer specimens had mean 6"°C and 8" N values of
-22.7 %o (SD = 0.89 %0) and 4.0 %o (SD = 0.92 %o)
respectively, while the four roe deer specimens had a
mean &*S value of 9.0 %o (SD = 2.48 %o).

Discussion

The sex of seven individuals from Nivd 10 and
Nivigard was determined. In all cases with pre-
vious determinations on a morphological basis,
these agreed with the enamel peptide determination
(Table 5). Two individuals that previously did not
have securely assigned sex, Individual L (Grave No.
A122) from Niva 10 and the Nivigard child, were
both identified as female based on enamel peptides.

The 6°C values of the Nivigird herbivores indicat-
ed residency in both open and closed environments
(e.g. Gron and Rowley-Conwy 2017; Figures 5A
and 5B), and were likely hunted from a range of
habitats. The wild boar has the highest §°C val-
ue among the terrestrial fauna, probably repre-
senting an individual living in an open environ-
ment with a partly omnivorous diet (Masseti
2007). For all taxa, the 8" N values are typical for
southern Scandinavian Mesolithic fauna (Gron
and Rowley-Conwy 2017).

In comparison, fewer 6*S values were obtained
(Figure 5B; Table 7). Despite the broad range
(+5.8%o0 to +11.7 %o0), the 6%S values reflect terres-
trial diets (below c¢.+ 12 %0) according to Nehlich
(2015). However, the roe deer 6*S values (+ 5.8 %o
to +11.7%o) likely indicate that they resided in
a number of locations, ranging from areas like-
ly affected by sea spray and marine precipitation
(marine sulfates) to saltmarshes (sulfide-derived)
(Guiry et al. 2021a; Lamb et al. 2023; McArdle et
al. 1998). Similarly, the wild boar probably used
saltmarshes based on its 6*S value of +7.2 %o.
In comparison, the Nivagard child is likely to
have consumed animals that were sulfide-derived

(Guiry et al. 2021a), such as fish that live in sea-
grass meadows (Guiry et al. 2021b).

Given the slow collagen turnover rates in cranial
bones (Fahy et al. 2017), the isotope values of the
Nivagird girl should encompass the entirety of her
life. Her 6"°C value of -13.8%o0 (Figure 5A) in-
dicates consumption of marine-derived protein,
reflecting the absence of C, plants in Mesolithic
Northern Europe (see Fischer et al. 2007). More-
over, the 6"°C value is similar to one obtained pre-
viously (-13.5%o, Rasmussen 1998). Indeed, the
consumption of large quantities of marine protein
was commonplace during the Late Mesolithic of
southern Scandinavia. When compared with con-
temporary individuals from the region (Fischer et
al. 2007), the Nivagird girl seems to have enjoyed a
similar diet.

Although the &*S value of 6.9 %o of the Nivigird
child (Figure 5B) is somewhat at odds with the high
marine protein diet demonstrated by the 6"°C and
8PN values, it likely indicates the consumption of
sulfide-derived resources (Guiry et al. 2021a; Gui-
ry et al. 2021b). Further stable sulfur isotope ana-
lysis of human and faunal remains from throughout

the region is required to identify the drivers behind
higher §"C and 8" N values and lower &*S values.

Conclusions

A primary goal of archaeological research is to in-
vestigate past life-ways. The development of new
methods allows even poorly preserved archaco-
logical remains the potential to yield new lines of
evidence, enriching our understanding of ancient
economic and social systems. Niva 10 falls into this
category. Despite the lack of sufficiently well pre-
served bone collagen, our proteomic investigations
of the human remains have confirmed the sex of
several of the individuals and assigned to the same
to a further individual, which had not previously
been assigned a sex.

At nearby Nivagird, better-preserved bone col-
lagen of both the inhumation burial of the child
and the faunal remains has yielded crucial stable
isotopic data. The presence of fauna, probably
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Figure 5. Bone collagen isotope data from Nivagard. §'°C and 6'°N data obtained from Atlantic cod and European flounder
bone collagen are also included for comparison (see Fischer et al. 2007; Table 7, Supplementary Material). A: Plot of §'°C

and 6N values. B: Plot of §'°C and §%S values.

originating from several places and a range of envi-
ronments, speaks to the richness of the local resource
base, while the 6*S values illustrate that they were
exploited from both sea spray-affected areas and
saltmarshes. The disconnect between a high marine
protein diet, demonstrated by the §°C and §°N
values, but absence of a marine %S value, often
cited as being derived from consumed protein, war-
rants further investigation. In determining the sex
of the Nivagard child we hope to have returned even
a small part of her identity to them and demonstrat-
ed the utility and value of revisiting older collections
with novel analytical methods.
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Table captions:

Table 1. The Niva 10 and Nivagard inhumation burials and cremations. Note that the loose human bones are not listed,
though see Table 2. Those assigned an ‘Etch Lab # were subjected to an acid etch peptide-based method for determina-
tion of biological sex, while those assigned a ‘Collagen Lab # were subjected to stable isotope analysis. Note that when
‘Age at Death’ data were provided, the ‘Age Classes’ were standardised following Buikstra and Ubelaker (1994) and Lewis
(2011) with alterations (Malin Holst personal communication).

Table 2. Radiocarbon dates from Niva 10 and Nivagard, sorted by estimated calendar date. The calibrated dates of sam-
ples were obtained by the OxCal v.4.4.4. model provided in the Supplementary Material, as described in the text. The
estimated % marine diet indicated was based on a linear §'°C model (see Arneborg et al. 1999; Fischer et al. 2007), while
their Bayesian updated values used in calculating the calibrated age range are in parentheses.

Table 3. Sample information for the Niva 10 inhumation burials.
Table 4. Sample information for the Nivagard fauna.

Table 5. Niva 10 and Nivagard tooth etch-based peptide sex determination results. Note that the osteological sex deter-
minations are given for comparison. UND denotes undetermined due to a lack of peptide recovery.

Table 6. Niva 10 stable isotope data. Key: struck through — sample yielding an atomic C:N ratio outside the acceptable
range of 2.9-3.6 (DeNiro 1985).

Table 7. Stable isotope data from the Nivagard child and fauna, including previously published data obtained from Atlantic
cod (Gadus morhua) and European flounder (Platichthys flesus) bone collagen (Fischer et al. 2007). Note that sulfur was
not run in duplicate due to the amount of collagen required for analysis. Key: struck through — sample yielding an atomic
C:N ratio outside the acceptable range of 2.9-3.6 (DeNiro 1985).



