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Excavation and palaeodietary analysis of Bronze Age human
remains from Boyanovo, Yambol province
Karen Privat, Adela Sobotkova, Stefan Bakardzhiev, and Victoria Russeva

Abstract The three mounds located at the mortuary site of Boyanovo on a limestone outcrop above the Thracian
Plain were surveyed by the Tundzha Regional Archaeology Project (TRAP) in 2009. It is located at the convergence of
the southeastern Balkans and the Eurasian steppe and border-steppe regions. Across these geographical regions and
beyond, the Bronze Age was a period of flux, with a tendency toward increased mobility for portions of communities
or entire groups. The increasing economic dependence of humans upon their domestic animals in the Bronze Age and
subsequent Iron Age is reflected in the archaeological evidence for a shift toward domesticated animal remains over
wild or agricultural resources. The location, chronology, and burial context of the human remains recovered from the
mortuary site of Boyanovo link these individuals with contemporary pastoral trends. In this study, stable isotope analysis
of collagen extracted from the bones of 14 individuals is applied to investigate dietary patterns within the Boyanovo
population. Data from this study are compared to other archaeological communities with palaeodietary habits including
diets high in freshwater fish, terrestrial domesticates (plants and animals), and millet. This analysis elucidates a critical
aspect of daily life, subsistence, complementing the mortuary information available from the archaeology of the site.
The results indicate that humans interred at Boyanovo relied upon terrestrial fauna for their dietary protein. Carbon
stable isotope values of the population reflect a mixed C3-C4 diet, either from regular, direct consumption of C4 plants
(especially millet) or the frequent consumption of animals grazed or foddered on a high-C4 diet.
Keywords Boyanovo; Bronze Age; burial mounds; isotope analysis; paleodiet; mortuary archaeology

17.1

Introduction

The results of isotope analysis of human skeletal material
from the Boyanovo burial mounds 8007 and 6009 are
provided in this chapter. These mounds were registered
during the Tundzha Regional Archaeological Project
(TRAP) surface survey in 2009 and excavated by the
Yambol History Museum in the autumn of 2010. The
excavation affected mounds 7004, 8007, and 6009, which
were located on a limestone outcrop that was being
converted into a quarry (see Fig. 17.1). The impending
industrial development necessitated a salvage excavation,
which was completed during September 2010 under the
direction of Stefan Bakardzhiev and Ilija Iliev of the
Yambol History Museum. Mound 8007 contained 20
burials of 23 individuals dated to the Early Bronze Age
(3300–2000 BC) and the Late Bronze Age (1600–1100
BC, see digital dataset).1 Mound 6009 contained four
graves with five inhumations. After excavation, skeletal

remains were described by Victoria Russeva for age,
sex, and pathologies. Russeva took samples from all
adult individuals for bone collagen analysis. Karen
Privat processed the samples and succeeded in extracting
collagen from samples of 14 individuals during 2012 and
2013.
The recovery of human remains at Boyanovo provided
the opportunity to conduct a detailed investigation of
human diet, revealing information about the subsistence
trends of the individuals analysed. The current study
builds on earlier palaeodietary research (e.g., Privat
2004; Honch et al. 2006; Gerling 2015; Lightfoot et al.
2015) that has examined Eneolithic–Iron Age groups
from Hungary and the Balkans in the west, through to
the Black Sea, Ural regions, and Siberia in the east.
It expands the dataset for Bronze Age Bulgaria. The
cultural and environmental context of Boyanovo allows
the newly obtained information to be meaningfully
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compared with the existing data. The nature of major
protein is investigated (i.e., faunal), as are dietary
resources and the degree to which they were consumed
by the Boyanovo population. The Boyanovo palaeodietary
data are examined to determine whether millet played
an important role in the subsistence economy at Bronze
Age Boyanovo, whether by direct consumption or via the
consumption of the products of animals fed on millet (cf.
Liu et al. 2012; Svyatko et al. 2013).

17.2 Archaeological background
17.2.1 Setting
The Boyanovo funerary complex, comprising mounds
8007, 7004, and 6009, is located 2.7 km west of the
Tundzha River and 2 km north of Boyanovo village, in
the Yambol province of southeastern Bulgaria (Fig. 17.1).
This area is at the southern edge of the Thracian Plain,
within an area of forest-steppe bordered by steppe to the
northeast, forests, and montane forests to the west, and
Pontic coastal environments to the south and east.
There were 17 mounds identified in the Boyanovo
municipality during 2009, 12 of which TRAP documented.
Several of them had been excavated in 2007 and 2009 by

Daniela Agre (2008, 235–8; 2010, 279) with some samples
analysed by Gerling (2015). Three were excavated by the
Yambol History Museum in 2010.
The three mounds of the Boyanovo complex were
amongst 52 registered during the TRAP survey of the
Elhovo study area (cf. Chapter 11). Mound 8007 sat
directly atop a limestone outcrop (ca. 235 masl) that
dominated the surveyed ridge. It was the largest of the
three mounds, 45 m in diameter and 4.8 m in height (see
Fig. 17.2). Its size and visibility were accentuated by its
position (the presence of a geodetic marker on top of the
mound attested to its prominence). Mound 7004 lay 300
m southeast of 8007. Somewhat smaller, it was 40 m in
diameter and 3 m high. Mound 6009 lay another 100
m southeast of 7004. It was the smallest of the three,
measuring 23 m in diameter and 1.6 m high. Prior to
excavation, all three were overgrown with low scrub and
marred by robber’s trenches.

17.2.2

Excavation summary

The 2010 salvage excavations of Boyanovo mounds were
undertaken over a period of three months, conducted by
Stefan Bakardzhiev and Ilija Iliev of the Yambol History

Figure 17.1 Satellite image of the Boyanovo quarry showing the three excavated mounds and another necropolis to the north.
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Figure 17.2 Cross-section of mound 8007 looking east. This mound is the source of 14 of the samples used for the present isotope study.

Museum, with Yavor Rusev and Georgi Iliev participating.
A Bulgarian report on the salvage work has previously
been published (Bakardzhiev et al. 2011). A summary of
that report, integrating the skeletal analysis provided by
Russeva, is provided here to contextualise further analysis.
Excavations confirmed that mound 8007 was constructed
and first used for burials in the Early Bronze Age, and was
used again during the Late Bronze Age. Later burials from
the post-Roman or Mediaeval era were also found. In
total, the remains of 20 burials containing 23 individuals
were uncovered within the mantle of the mound. Twelve
burials were dated to the Early Bronze Age, five to the
Late Bronze Age, four to either Early Bronze Age or
Late Bronze Age, and two to the post-Roman period. The
inventory of burials and their characteristics are reported
in the digital dataset.1 The distribution of burials inside
mound 8007 is shown in an associated plan.
The earliest burial in 8007 was at the very base of the
mound, where a rectangular chamber had been carved into
the bedrock of the outcrop (Fig. 17.3). The walls at the
head and foot of the grave were then lined with arranged
field stones. Discolouration and debris suggested that the
deceased may have been buried in wooden coffins. Three
inhumations were found in the original burial chamber
(#19, 21, and 22).2 An adult female of 25–30 years (#21)
in a crouched position on her right side was buried first
on the floor of the rock-cut grave with the disarticulated
skeleton of a child four to five years old (#22) at her feet.
Some 30 cm above, separated by fill, another crouched
skeleton of 30–40 years (#19; sex indeterminate) lay in the
same crouched position. None of the adults had any burial
goods, but their skulls were covered in ochre. The fill of
the chamber contained a scattering of disarticulated human
bones (pelvic bones, teeth, and a humerus, belonging to
another individual) and a spindle whorl. The excavators
interpreted these as a possible human sacrifice to the dead
and collected as #20.
Over the course of the Early Bronze Age, 12 additional
individuals were added to the mound and covered by
more soil, and so the mound grew. Two graves of similar
construction to the original burials (#13 and 17 in stone
lined pits with wooden coffins) were found under the
east–west profile. Grave #17 had also been dug into the
bedrock and contained an adult male, aged 25–30 years;
the body had been dismembered after death and buried
in a supine position, accompanied by a scatter of finger

bones from another, more robust individual. Grave #13
was dug into the existing mound mantle, and contained an
adult male, aged 20–25 years, lying in a supine position
with bent knees and fallen to the right. Burial goods
included a clay jug and a silver pendant dated to the end
of the Early Bronze Age. Excavators remarked on the
individual’s perfect teeth and on the ochre covering his
head. Most other deceased from the Early Bronze Age
were buried with a similar rite of crouched inhumation
in a pit covered with red ochre (#18, 12, 9, and 7; see
Fig. 17.3 for example). Some were even without a pit (#2
and 8). Only one burial (#7) had a ceramic jug associated
with it, in others the chronological attribution relies on
the burial rite rather than on cultural materials.
Five more burials (#4, 5, 6, 10, and 15) were found
lying in dark grey-brown soil without any signs of pits
with stone linings. All were crouched and two of them (#5
and 15) were accompanied by Late Bronze Age ceramics.
The other three burials were of disarticulated skeletons
with no grave goods or distinguishing features.
Finally, two supine extended burials (#3 and 14) were
later inserted into a finished mound. Given their extended
position they could date to the post-Roman period (postAD 300). However, given the lack of any burial goods,
the specific period is difficult to determine.
Turning to the two smaller mounds, 7004 contained
no burials or assemblages. Mound 6009 was found to
contain four burials with a total of five individuals. Like
mound 8007, mound 6009 contained a small stone mound
of 3.5×3×0.5 m which sat directly on the ground. This
stone mound was covered by a 1 m thick mantle of yellow
compacted soil, whose surface was further encircled and
lined with unworked stones. Burial #1 was found within
the yellow mantle of 6009 at 0.85 m depth; three earlier
burials were found in the original stone mound, touching
on the sterile ground. Burial #1 was dated to Classical
Antiquity based on associated artefacts. Burials #2–4
were dated to the Bronze Age because of two associated
handmade ceramic vessels. While mound 6009 had been
severely damaged by looters, the burials remained mostly
untouched.
All graves in mound 6009 were deliberate inhumations.
The oldest and deepest burial in the centre of stone mound
(#4) contained a crouched male skeleton of 25–30 years,
positioned in a pit cut 0.3 m into the yellow sterile
ground. This man had a small ceramic bowl near his
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Figure 17.3 The earliest rock-cut chamber in mound 8007 with
a typical Early Bronze Age burial: a crouched individual lies on
her side inside a wooden coffin or other organic mat placed on
the bottom of stone-lined pit; marks of red ochre are traceable
on her skull and other remains. There are remains of an infant
skeleton at her feet. While the sign says Grave 20, Individual 2,
these burials were later re-labelled as burial #21 (female) and
#22 (child).

left hand. Burials #3 and 2 followed in slightly higher
levels of the original stone mound. In burial #3, a
female skeleton of 25–30 years was found together with
fragments of a handmade vessel. Long bone remains of
burial #2 were found directly above #3 and suggested a
crouched individual resting between the rocks without
signs of a pit. Many of the cranial and limb bones are
documented as dispersed or lost. Remains of skull, ribs,
and vertebrae were found embedded at different levels
among the surrounding stones. Subsequent osteological
analysis confirmed these dispersed components of
burial #2 to be the remains of two individuals, a male
and female of 60–70 years. The three burials inside the
stone pit were interpreted as contemporaneous, having
been deposited in sequential stepped pits and covered
by the stone mound. Crouched positions and handmade
vessels place the burials within the Bronze Age. Burial
#1 was found in the yellow mantle above the original
stone mound, which confirms its later date. It held an
adult male (60–65 years) in supine position. Small brass
plates with holes for rivets and a glass bead were found
near his bones, but no remains of any burial chamber or
coffin could be identified.

17.2.3 Archaeological and palaeobotanical
evidence for human diet
No faunal remains were recovered during the excavations
at Boyanovo, so there is no direct zooarchaeological
evidence of potential food species at the site itself.
Nevertheless, general dietary indicators can be sought
from the regional Bronze Age archaeological record,
specifically from other sites affiliated with the Pit Grave
cultural complex. Further environmental and dietary

indicators can be found in the palaeobotanical record of
the Thracian Plain and surrounding regions.
With the development and spread of the Pit Grave
cultures in the Early Bronze Age, archaeological and
palynological evidence from southwestern Bulgaria
indicate a reduction in the number and size of settlements
in the region (Marinova et al. 2012). This trend is seen
more broadly across the Balkans and throughout central
Eurasia; the recovery of few settlement sites, together
with evidence for increasing aridity and the development
of wheeled transport, is thought to correlate with an
increase in population mobility and a corresponding
focus on ovicaprid and bovine pastoralism through the
Bronze Age (e.g., Shilov 1989, 124; Bunyatyan 2003).
Palaeobotanical work in the Thracian Plain indicates that
pastoral rather than agricultural activities were drivers
of the gradual deforestation of the region from the Early
to the Late Bronze Age (Chapter 17 in this volume;
Marinova et al. 2012; Connor et al. 2013). However,
there appears to be consensus among archaeologists that
agricultural activities also formed a significant – if highly
geographically and culturally variable – component of the
food production economy among Pit Grave and affiliated
communities in the Bronze Age. Studies of grain imprints
on pottery recovered from north and west Pontic Bronze
Age contexts indicate that a range of cereals and pulses,
including varieties of wheat, barley, hemp, and millet,
were cultivated throughout this period, with millet cited as
increasingly and particularly important (e.g., Pashkevich
2003; Bunyatyan 2003).
The zooarchaeological assemblages of Pit Grave
culture sites throughout their distribution are dominated
by terrestrial domesticates, namely ovicaprids, cattle, and
horses, further reinforcing the view that these animals
played a central role in the subsistence economy of
Bronze Age steppe and border-steppe societies (Shilov
1989,124; Matyushin 2000; Bunyatyan 2003; Gerling
2015, 233–4). While an economic reliance upon cattle,
ovicaprids, and horse appears as a general trend across
Eurasian steppe and border-steppe regions in the Bronze
Age, the degree to which daily human diet relied upon
these and other food sources on both a regional and local
scale is poorly understood (see Privat 2004; Gerling
2015). In addition, the relative paucity of settlement sites
during this period presents a challenge in understanding
the everyday aspects of Bronze Age life, as much of the
archaeological information comes from ritual rather than
domestic contexts (Rassamakin 1999, 131).
Viewed as a whole, the archaeological and palynological
evidence available to date indicates that the individuals
from Boyanovo analysed in this study would be considered
most likely to have been agro-pastoralists practising a
mixed economy incorporating both animal husbandry and
a small to intermediate scale agricultural component (as
described by Gershkovich 2003; Bogaard 2004; Connor
et al. 2013).
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17.3 Palaeodietary analysis
17.3.1 Purpose and advantages
With an incomplete palaeobotanical record and poor local
settlement data across Bronze Age Bulgaria, it is difficult
to assess aspects of daily life such as average diet with
anything but broad generalisations. Stable isotope analysis
of human and faunal bone collagen is a useful tool for
identifying subsistence patterns supporting the society
that produced the Boyanovo burials, as well as comparing
dietary trends there with contemporaneous populations
across Eurasia. Stable carbon and nitrogen isotope analysis
of bone collagen is a well-established technique that has
been used to examine dietary trends between individuals
and within and between populations across a range of
contexts and time periods. Carbon and nitrogen stable
isotopes of extracted bone collagen have been shown
to reflect overall dietary carbon and nitrogen isotopic
composition over the last years of a person’s life (Libby
et al. 1964; Stenhouse and Baxter 1979; Ambrose 1993).
This trend allows the contribution of isotopically distinct
dietary components to be assessed relative to one another
(e.g., Tauber 1981; Katzenberg et al. 1995; Katzenberg
and Weber 1999). Stable isotope ratios are measured
relative to internationally recognised standards, which
vary according to the element and material analysed. In
this study, atmospheric nitrogen (AIR) and Vienna Pee
Dee Belemnite (VPDB) standards are used for nitrogen
and carbon stable isotope values, respectively. These ratios
are reported in units permil (‰), or parts per thousand,
as a delta (δ) value as follows: δX (‰) = (Rsample/Rstandard
– 1) × 1000 where X is the heavier of the two isotopes
measured and R is the ratio of the heavier to the lighter
isotope (Hoefs 1997).

17.3.1.1 Nitrogen stable isotopes: trophic level
indicator
When an animal ingests and metabolises any type of food,
some of the food’s constituent molecules are retained in
the body of the animal, and are used to build and repair
body tissues. Nitrogen and carbon containing molecules
make their way through the food chain from plants to
herbivores to carnivores to secondary carnivores as they
are incorporated into the body of each consumer. Analysis
of δ15N values in animals at different levels of the food
chain has led to the identification of a ‘trophic level
effect’. The δ15N value of an animal’s body proteins has
been observed to be enriched in 15N by approximately
3–5‰ relative to its dietary protein (Minagawa and Wada
1984; Schoeninger and DeNiro 1984; Schoeller et al.
1986; Ambrose 2000; Hedges and Reynard 2007). Thus,
the δ15N value of a herbivore’s bone collagen is about
3–5‰ higher than the δ15N of the plants it consumes,
and the δ15N of omnivore/carnivore bone collagen is
elevated by ~3–5‰ relative to the δ15N of the animals
and/or animal products consumed. The diet-consumer δ15N

trophic level shift has been instrumental in investigating
the relative contributions of potential dietary resources
such as terrestrial herbivores, terrestrial omnivores,
and freshwater fish in the diets of Bronze Age Eurasian
populations (Privat 2004; Honch et al. 2006; Gerling
2015). The nitrogen stable isotope values of the Boyanovo
Bronze Age humans were examined to investigate their
place in the local food chain, in particular the extent
to which they relied upon their terrestrial domesticates
(cattle, ovicaprids, and horse) for their daily diet.

17.3.1.2 Carbon stable isotopes: C3 vs. C4 and
marine consumption
Consumer δ13C values can provide a broad picture of the
plant types that form the foundation of the local food
web. Plants that utilise the C3 photosynthetic pathway
(such as trees, shrubs, and most herbaceous plants)
have an isotopically distinct δ13C range relative to their
counterparts that use the C4 photosynthetic pathway
(such as tropical and arid-adapted savanna grasses),
with C3 plants exhibiting a mean of ~–27‰ to –28.5‰
(Kohn 2010) and C4 plants yielding less depleted δ13C
values averaging ~–14‰ (DeNiro 1987; O’Leary 1988).
These isotopic differences are passed up the food chain,
with an observed diet-consumer trophic shift for collagen
δ13C of approximately +5‰ for herbivores and ~+1‰
for omnivores and carnivores (van der Merwe 1982;
Bocherens and Drucker 2003).
Marine fish and mammals tend to show significant
enrichment in δ13C and δ15N values relative to terrestrial
animals (Chisholm et al. 1983; Richards and Hedges 1999).
Humans with a predominantly marine diet also have stable
carbon and nitrogen isotope values much higher than those
with a terrestrial diet (Schoeninger et al. 1983). The ~8‰
difference between mean marine and terrestrial animal δ13C
can be traced back to the comparable difference in the δ13C
of atmospheric CO2 (~–7 to –8‰) and the δ13C of dissolved
CO2 in the ocean (~0 to +1.5‰), which are taken up by
plants and blue-green algae at the base of the food chain
(Pate 1994; Hoefs 1997). The overlap in stable carbon
isotope values between individuals consuming marine and
C4 foods is potentially confusing, but the corresponding
examination of δ15N values can be used to discriminate
between enriched δ13C values due to C4 as opposed to
marine consumption. While consumers of purely marine
or C4 resources may both exhibit δ13C values as enriched
as ~–12‰ to –10‰, C4 terrestrial consumers will exhibit
δ15N values of up to ~10‰, while frequent consumers of
marine resources will generally exhibit much more elevated
δ15N values, potentially as high as ~22‰ (Schoeninger and
DeNiro 1984; Richards and Hedges 1999).
The isotopic distinction between C3 and C4 plants
has been used to investigate the deliberate exploitation
(including cultivation) of economically important C 4
plant species such as corn and millet in prehistory (e.g.,
Katzenberg et al. 1995; Liu et al. 2012). The essentially
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C3 nature of the environment around Boyanovo provides
an opportunity to investigate the exploitation of C4
plants (e.g., millet, Panicum miliaceum) by the local
Bronze Age population. Regular consumption of millet
(gathered or cultivated) or of animals grazed on or fed
millet should cause human δ13C values to be significantly
enriched (i.e., less negative) relative to reference fauna
that exhibit typical C3 carbon stable isotope values. Using
the model proposed by van der Merwe (1982), C4 dietary
contributions would be detectable isotopically once at
least 20% of the individual’s dietary protein came from
a C4 source (plants or animals), resulting in a consumer
collagen δ13C value of ~–18‰. An evenly mixed C3–C4
diet would produce consumer δ13C values of around
–14‰, while a fully C4 diet would theoretically result
in a δ13C value of approximately –10‰ (van der Merwe
1982; Katzenberg et al. 1995).

17.3.2

Materials and methods

Samples of cortical bone were taken from 14 individuals
recovered from mounds 8007 and 6009 of the Boyanovo
mortuary complex. All sampled individuals were adults
(ca. 16 years or older) according to osteological indices
(cf. Bass 1995). Juveniles were not sampled for this study,
as their bones retain an elevated nitrogen isotope signal
as a result of nursing for years after weaning, potentially
producing confusing results (Balasse et al. 1997; Schurr
1997). The surface of each sample was cleaned by manual
abrasion using a sterile scalpel blade. Collagen extraction
was performed using a modified Longin (1971) method
(Bronk Ramsey et al. 2004). Samples were demineralised
in 1M HCl at –4°C; the acid was drained and replenished
every few days until bubbles no longer formed, indicating
that demineralisation was complete. The supernatant was
then poured off and the residue washed five times with
Milli-Q water to remove any excess acid and watersoluble impurities. Acidic water (pH=3, Milli-Q water
+ HCl) was added to each demineralised sample in a
glass tube; samples were then gelatinised by heating at
approximately 75°C for 48 hours in a hot block. The
gelatinised collagen in solution was isolated using an
Ezee filter (Elkay Laboratory Products Ltd, Basingstoke,
UK). The filtrate (~8 ml) was transferred to clean plastic
test tubes, frozen at –80°C, and then freeze dried.
Samples were analysed in duplicate by OEA Labs (UK)
using an elemental analyser coupled to an isotope-ratio
mass spectrometer. Carbon:nitrogen (C:N) values of
3.1 to 3.2 were obtained for all samples, indicating
good collagen preservation (DeNiro 1985). Analytical
error was reported as 0.3‰ (1 SD) for both carbon and
nitrogen; however, since sample duplicates varied up to
0.5‰, the latter value is used as a more conservative
error estimate. By convention, carbon values (δ13C)
are reported relative to the Vienna Pee Dee Belemnite
standard (VPDB); nitrogen values (δ15N) are reported
relative to atmospheric nitrogen (AIR).

Faunal stable isotope data is required against which
to compare the Boyanovo human data. Since no faunal
samples were available from Boyanovo, comparative
data from Privat (2004) was used. In the reference
faunal dataset, terrestrial carnivores are represented by
five dog (Canis familiaris) and wolf (Canis lupus) and
five fox (Vulpes vulpes) samples. Potential faunal food
species are represented by 85 cattle (Bos taurus), 86
ovicaprid (Ovis aries, Capra hircus, and unidentified
ovicaprids), 27 cervid (Alces alces, Capreolus capreolus,
and Cervus elaphus), 63 horse (Equus caballus), 20 pig
(Sus scrofa), and 27 freshwater fish (Esox lucius, Perca
fluviatilis, Carassius carassius, and indeterminate species)
samples. All faunal samples were recovered from Eurasian
steppe or forest-steppe environments, and exhibited
isotope values typical of temperate C3 ecosystems. The
environment around Boyanovo, located in southeastern
Bulgaria, would have been comparable to those described
by Privat (2004), ranging between C3 dominated forested
to open ecosystems (see Chapter 13 in this volume). The
faunal dataset provided by Privat (2004) can be considered
a valid regional and chronological comparative baseline
for this study.
In order to further investigate the potential exploitation
of dietary resources including C4 plants such as millet at
Bronze Age Boyanovo, the human stable isotope values
obtained in this study were compared with those of other
populations. For this, groups from Eurasia were chosen,
dated from the Mesolithic to the Iron Age, for which
multiple lines of evidence (both archaeological and
isotopic) support a specific dietary regime. Comparative
data were sought from sites at which aridity and salinity
were unlikely to be so high as to cause significant
isotopic enrichment (Farquhar et al. 1989; Tieszen 1991;
Page 1995; Grcke et al. 1997), and at which associated
faunal data are comparable to our faunal reference set.
The sites of Herxheim and Trebur (Neolithic Germany;
Dürrwächter et al. 2006) were selected as representative
of a diet heavily reliant upon C3 plants and animals, while
the Middle–Late Bronze Age site of Olmo di Nogara in
northeastern Italy was chosen as a site at which regular
C4 (i.e., millet) consumption is indicated (Tafuri et al.
2009). The sites of Chicha (Late Bronze Age southwestern
Siberia; Privat et al. 2005) and Vlasac and Schela
Cladovei (Mesolithic Iron Gates region; Bonsall et al.
1997) are used as representatives of high freshwater fish
consumption, supplemented by terrestrial faunal protein.

17.3.3

Results

The δ13C and δ15N results for the Boyanovo humans
are given in the digital dataset.1 The Boyanovo humans
exhibited δ15N values ranging from 9.4‰ to 12.1‰,
and δ13C values from –20.1‰ to –16.6‰. Among the
individuals sampled, no dietary trends could be identified
that correlated with sex. Both males and females exhibited
values at or near the minimum and maximum limits of
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the isotopic dataset. No systematic differences between
age categories or groups thereof are apparent.
In order to simplify the categories of potential dietary
resources represented by the faunal dataset, some species
are grouped in higher taxonomic categories where
related species exhibit similar stable isotope profiles,
and represent similar modes of resource exploitation
(pigs/boars = non-ruminant terrestrial omnivores; cattle/
ovicaprids = ruminant terrestrial domesticates; horses
= non-ruminant terrestrial domesticates; cervids = nonruminant terrestrial wild fauna).
When compared with the reference faunal dataset from
Privat (2004), the Boyanovo humans exhibit δ15N values
similar to those of dogs, wolves, and foxes – terrestrial
predators/scavengers with a diet high in terrestrial protein
(Fig. 17.4).
Given an expected δ15N trophic level enrichment of
3–5‰ between diet and consumer, the human δ15N values
lie entirely within the range predicted for consumers of
domestic ruminants (cattle and ovicaprids), and overlap
with the ranges predicted for consumers of other terrestrial
herbivores and omnivores (Fig. 17.5). With the possible
exception of the highest human δ15N values, frequent fish
consumption is not indicated for the Boyanovo population.
Most of the humans included in this study were dated
to periods from the Early Bronze Age to the Early Iron
Age. These individuals exhibit a consistent spread of
stable carbon and nitrogen isotope values, indicative of
a heterogeneous dietary regime incorporating differing
amounts of or types of animal protein, as well as variable
amounts of C4 foods (Fig. 17.6). The individual of
indeterminate date recovered from mound 8007 is an
isotopic outlier with the highest δ15N value obtained
(12.1‰), reflective of a diet including animals enriched
in 15N such as pigs/boars, fish, or both. The lowest δ15N

Figure 17.4 The human δ13C and δ15N data obtained in this study
of the Boyanovo burial mound, with comparative faunal data
from Eurasian steppe and forest-steppe sites (Privat 2004) for
reference. Faunal data are plotted as the average for each group
±1 standard deviation.

value was obtained from the Classical–Roman human,
though this individual’s value (9.4‰) falls among the less
enriched of the Early Bronze to Early Iron Age δ15N values.
Figure 17.7 shows the relationship of the Boyanovo
human palaeodietary data to those from the comparative
Eurasian sites. Individuals from the reference sites with a
diet based on terrestrial and aquatic C3 resources exhibit
δ13C values between –21‰ and –18‰ (Bonsall et al.
1997; Privat et al. 2005; Dürrwächter et al. 2006). A diet
high in millet is indicated for the Middle-Late Bronze
Age population at Olmo di Nogara (Tafuri et al. 2009;
northeastern Italy), with human δ13C values ranging from
approximately –18‰ and –14‰.
The Boyanovo human δ13C values do not cluster closely
with any one of the other sites, but rather spread between
groups reflecting distinctive subsistence regimes. At the
more depleted (negative) end of the Boyanovo δ13C data,
the individuals fall among the values obtained for the
Neolithic humans at Herxheim and Trebur (Dürrwächter
et al. 2006), where the archaeological evidence, coupled

Figure 17.5 Human δ15N values plotted against predicted δ15N
ranges for potential dietary resources. Ranges are +3–5‰ the
average δ15N value for each faunal group, error bars represent
±1 standard deviation of the original δ15N dataset for each group.

Figure 17.6 δ13C and δ15N values for the Boyanovo humans by
period.
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Figure 17.7 A comparison of the palaeodietary data from Boyanovo
to data from other Eurasian sites (see text for references).

with the palaeodietary data, indicate a C3 diet based on
cultivated crops and terrestrial faunal protein. Only the
most enriched of the Boyanovo δ15N values are suggestive
of some degree of regular freshwater fish exploitation. The
less depleted Boyanovo human δ13C values overlap with
those of individuals from Olmo di Nogara (Tafuri et al.
2009), which are estimated to have consumed a mixed
C3–C4 diet of up to ~50% C4 resources (plants and/or
animals with C4 diet).

17.3.4

Discussion

Except for two samples, the palaeodietary data reported
here represent individuals dated (at least provisionally) to
the Early Bronze Age to the Early Iron Age. Groupings
within the dataset were not evident, either between males
and females or among different age categories. Given the
limited sample size, particularly when examining trends in
relation to age (14 samples divided into seven broad and
often overlapping age categories), it is entirely possible
that patterns may emerge as more palaeodietary data is
produced.

17.3.4.1 Animal protein consumption
The isotopic data indicate that the humans at Boyanovo
relied on animal protein (meat and/or milk) as a dietary
staple. Specifically, the δ15N data reflect a diet based on
terrestrial rather than freshwater animals (e.g., fish). While
previous palaeodietary research has suggested that some
Bronze Age Ukrainian, Trans-Uralian, and southwest
Siberian populations exploited freshwater fish as a major
foodstuff (Privat 2004), the results of this study show
that this was not the case for the individuals studied from
Early Bronze to Early Iron Age Boyanovo. Nevertheless,
the spread of δ15N values suggests a certain variability in
the frequency and type of animal protein consumed across
the time periods represented in this dataset.
One outlier within the Boyanovo population is the only
undated sample included in the analysis, which yielded

a δ15N value nearly 1‰ higher than any of the other
Boyanovo individuals. With a δ15N value of 12.1‰, it
is likely that this individual consumed foods elevated in
δ15N, such as pig/boar or freshwater fish, more frequently
than the other individuals analysed from Boyanovo.
The mean δ15N value for the reference cattle and
ovicaprid samples is 6.9‰±1.2‰ (1 SD). Given a dietconsumer enrichment of 3–5‰, the expected δ15N range
for humans consuming these ruminant domesticates is
approximately 9.9‰ to 11.9‰ ±1.2‰. The Boyanovo
humans yielded δ15N values of 9.4–12.1‰, which fall
entirely within the range of potential cattle/ovicaprid
consumers. While the correspondence between the
Boyanovo human data and the predicted range for cattle/
ovicaprid consumers points to frequent consumption of
these animals, other terrestrial fauna cannot be excluded
as potentially important dietary resources. The predicted
δ15N range for pig/boar consumers and that of cervid
consumers show considerable overlap with the human
δ15N range. Most of the Boyanovo human δ15N values
do also fall within our conservatively estimated range
for horse consumers, but the large difference in average
stable nitrogen isotope values for humans and horses
(5.5‰) does suggest that horse meat and/or secondary
products were not regularly consumed by most of the
Boyanovo population.
The lowest Boyanovo δ15N values could be explained
by some consumption of horse or cervid products, but
these values would also result from eating more plants and
less animal protein than the average population. The only
individual included in this study assigned to the Classical
Antiquity exhibited the lowest δ15N value, indicating little,
if any, consumption of aquatic or porcine foods and a more
frequent consumption of low-15N foods such as plants (or
possibly horse/cervid products).

17.3.4.2

Evidence for millet consumption

The carbon stable isotope values of humans from
Boyanovo are striking in that many clearly diverge from
the range expected for consumers of C3 resources. The
most depleted Boyanovo δ13C values correspond to those
of typical C3 consumers, such as the Neolithic populations
from Herxheim and Trebur reported by Dürrwächter et al.
(2006). However, most samples from Boyanovo exhibit
collagen δ13C values that differ significantly from these
‘C3 consumer’ values. A theoretical threshold δ13C value
of –18‰ for consumer collagen has been suggested,
above which C4 consumption can be positively detected
(van der Merwe 1982; Pearson et al. 2007; Lightfoot et
al. 2013). As with the Middle–Late Bronze Age humans
from Olmo di Nogara (Tafuri et al. 2009), most of the
individuals from Boyanovo (nine of 14) exhibited δ13C
values at or above –18‰. Values more negative than the
–18‰ threshold do not necessarily represent an entirely
C3 based dietary regime, but may be the result of C4
consumption at a frequency below detection. Roughly
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estimated, individuals consuming less than approximately
20% C4 (or marine) foods may not yield δ13C values
distinct from those consuming exclusively C3 resources
(van der Merwe 1982; Hedges 2004). Frequent marine
food consumption could potentially be invoked to explain
enriched δ13C values, but the individuals from Boyanovo
with the highest δ13C values lack correspondingly elevated
δ15N values characteristic of marine consumers. The
incidental consumption of marine fish as well as the
consumption of low trophic-level marine foods such as
molluscs or seaweed cannot be ruled out according to
the stable isotope data. However, given the inland nature
of the site and the occurrence of C4 species in the area
during the Bronze Age and subsequent periods, the data
point toward a mixed C3–C4 diet at Boyanovo, with C4
plants (i.e., millet) entering the food chain through direct
consumption, via products obtained from fauna raised on
a diet with a significant C4 component, or both.

17.4

Conclusion

This palaeodietary investigation indicates a human diet
high in terrestrial animal protein and low in aquatic
resources (e.g., fish). Furthermore, the data suggest a
diet with variable C4 input, ranging from dominantly
C3 foods to a mixed C3–C4 regime. C4 input may result
from direct consumption of C4 plants (i.e., millet) or by
eating C4 consuming animals (and/or their secondary
products). Considering the archaeological evidence for
an economy focused on ovicaprid (and to a lesser extent)
bovine pastoralism, the isotopic data seem to reflect a
diet high in ovicaprid and/or bovine products (meat and/
or dairy), although a dietary contribution from other

terrestrial omnivores and herbivores cannot be excluded.
These results correspond to palaeodietary data obtained
from other Bronze Age to Iron Age sites in the Balkans
(Gerling 2015, West Pontic Bulgaria; Lightfoot et al.
2015, coastal and inland Croatia), which identify variable
levels of millet consumption and a consistent reliance
upon terrestrial fauna as a major protein source through
the Bronze Age. As the palaeodietary datasets continue
to expand, researchers will be able to address issues such
as differential access to dietary resources (by status, sex,
and/or age) or extent of millet exploitation in the Balkans
and western Eurasia more comprehensively.
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Notes
1
2

Contextual, descriptive and palaeodietary information
for all human remains recovered from the Boyanovo
excavations – DOI:https://doi.org/10.6078/M7BC3WM7
The numbers in excavators’ diaries for these burials were
originally listed 19, 19/2, and 19/3 (mound #1) to 19, 21,
22 in some diary entries; the available photos show 20.2
for the earliest adult and child burial. These numbers were
standardised during follow-up processing to 19, 21, and 22.

