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Abstract – The Middle Neolithic cemetery at Rosheim 

“Rosenmeer” (RR) (Bas-Rhin, France) contains the largest 

Grossgartach skeletal assemblage (first half of the 5th mil-

lennium BC) in Alsace. Rosheim is a key site to help 

understand the westward movement of neolithisation from 
the Danubian region towards Western Europe. This study 

presents original stable isotope analyses of carbon, nitrogen 
and sulfur from 61 humans from RR and 37 fauna from 
neighbouring contemporaneous sites. Previously published 

stable isotope data (19 humans and 7 fauna) from Rosheim 
are incorporated in the discussion. In addition to stable 

isotope data, biological information (i.e., age and sex) and 
archaeological information (i.e., temporal phases and quan-

tity of grave goods) are also included. Consequently, this 
study presents a comprehensive analysis of diets and social 
organisation at RR, involving data from over half of the 
total exhumed individuals from RR. No statistically signif-
icant intra-population dietary pattern can be observed at 

the site, suggesting that the RR inhabitants had a rather 

homogenous diet for both sexes and across age groups, so-

cial stratigraphy and temporal phases. A closer inspection 

of juvenile isotopic compositions suggests that weaning 
was completed at around two years old. Faunal isotope 

data suggest different husbandry practices for herbivores 
and omnivores, respectively. Through a comparison of 
stable isotope compositions of human and faunal remains 
from the Rhine Basin with those from the contemporary 
Paris Basin (Cerny culture), this study demonstrates that 

while there are many similarities in terms of burial rites 
between RR and Cerny, the RR inhabitants had a more 

agrarian lifestyle.

Keywords – Middle Neolithic, Grossgartach, Alsace, 

upper Rhine Valley, palaeodiet reconstruction

Résumé – La nécropole de Rosheim “Rosenmeer” (RR) 

(Bas-Rhin, France) rassemble le plus grand assemblage 

anthropologique d’Alsace du Néolithique moyen, daté de 
la culture Grossgartach (première moitié du Ve millénaire). 

Il constitue un site clé du Néolithique d’ascendance danu-

bienne, diffusé d’abord vers le Bassin parisien, puis le reste 

de l’Europe occidentale. Cette étude présente une analyse 
des isotopes stables du carbone, de l’azote et du soufre 
de 61 individus humains RR ainsi que de 37 individus fau-

niques provenant de sites contemporains environnants. 
Complétés par des données publiées (19 humains et 7 ani-
maux), le taux d’individus analysés atteint plus de 65 %. 
Les données isotopiques sont croisées avec les données 
biologiques des individus (âge et sexe), les phases d’occupa-

tion et le niveau relatif de “richesse” des sépultures (approche 

quantitative du mobilier). Aucune variation chronologique 
de l’alimentation n’est observée à RR. L’alimentation ne 
diffère pas entre les adolescents et les adultes, ni entre les 
hommes et les femmes. Parmi les plus jeunes enfants, on 
remarque les effets de l’allaitement. Le sevrage devait se 
terminer vers l’âge de deux ans. Aucun schéma alimentaire 
n’est corrélé à la quantité relative d’objets déposés dans 
les tombes. Les données isotopiques animales suggèrent 
des pratiques d’élevage spécifiques et différentes entre les 
herbivores et les omnivores. En comparant les ratios isoto-

piques des données humaines et animales du Bassin rhénan 

avec les données contemporaines du Bassin parisien (culture 

de Cerny), nous montrons, qu’en dépit d’un même contexte 
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économique, la population inhumée à RR avait une alimen-

tation davantage tournée vers des ressources agricoles.

Mots clés – Mittelneolithikum, Grossgartach, Alsace, 

carbone, azote, soufre, alimentation

Introduction

The “Rosenmeer” burial site in Rosheim (RR) contains 

the largest number of burials dated to the Middle Neolithic 
period (Mittelneolithikum; 5th millennium BC) in Alsace 

(Bas-Rhin, Grand Est Region, France). Most burials can be 

dated to the Grossgartach phase, with a few dating to the 
Rössen phase. In the region, around 20 sites have yielded 

burials from the Grossgartach phase, but most of these are 
isolated burials or smaller cemeteries with less than ten 

graves (Denaire, 2009; Denaire and Lefranc, 2014). There are 
some larger funerary sites with several dozen burials, such 
as Guémar “Rotenberger Weg” (Denaire and Mauvilly, 

2012). However, the state of preservation is poor and the 
size of the site is still small compared to RR. While the 
cemeteries of Lingolsheim “Sablières Fischer et Schott” and 
Erstein “Krebsrott” are larger, their discovery and excava-

tions date back to more than a century ago, strongly limiting 

the quantity (and quality) of the related archival documen-

tary material (Forrer, 1912; Forrer, 1938; Schaeffer, 1932).
The RR site was discovered in 1996 and excavated up 

until the early 2000s. Excavation at the site followed meth-

odological standards that were beginning to be widespread 

in France within the framework of archaeology of death and 
“anthropologie de terrain” (Duday et al., 1990). More than 
120 Neolithic burials have been unearthed in RR, including 
109 attributed to the Grossgartach phase. The burials are 
generally well preserved, with abundant and diverse grave 

goods (i.e., ceramics, stone tools, grinding objects, ornaments 
made of stone, marine shells, animal teeth, etc.). By the 
quantity and the quality of its funerary and skeletal assem-

blage, as well as its detailed field documentation, the RR 
cemetery provides valuable information on human lifeways 
in the Upper Rhine region during the Middle Neolithic.

Despite its archaeological significance, to date, RR 
has only given rise to a handful of publications on the data 
generated during the first years of excavation (Jeunesse 
and Mauvilly, 1996; Bakaj et al., 1998). Studies of grave 
furnishings, the “macro-tools” (macro-outils) and the human 

remains exist mostly in grey literature (Robert, 2001; 
Gelliot, 2002; Horviller 2002; Robert 2002; Chenal, 2007). 
An exception is Denaire’s published PhD thesis (2009), 
devoted to the ceramic productions from the region during 
the Middle Neolithic. More recently, a study aimed at estab-

lishing the regional chronological sequence of the Early 
and Middle Neolithic cultures in Lower Alsace presented 

radiocarbon dates for some of the RR individuals and 
touched upon the topic of human palaeodiets (Denaire 
et al., 2017). All these studies have presented valuable data 
on the site and the region, but there is limited discussion on 

the lifeways of the population.

This study aims to fill in the knowledge gap on the site 
and provide a close examination of social dynamics at RR 
through the lens of subsistence practices. In terms of sub-

sistence economy, the consensus is that Grossgartach and 

the succeeding Rössen culture were strongly agrarian by 

nature. During the Middle Neolithic period, Grossgartach 

farmers expanded on the range of crops cultivated by their 
LBK predecessors (Linearbandkeramik, Early Neolithic), 

and grew both hulled and naked varieties of wheat, as well 
as barley, pea and poppy (Bakels, 2009). From the LBK 
period onwards, meat consumption in the Upper Rhine val-

ley largely relied on domesticated species, complemented by 

a small amount of game (<10%) (Arbogast, 1994; Sidéra, 
2000; Arbogast and Jeunesse, 2013; Perrin et al., 2018). 
A recent synthesis on the Grossgartach period, based on all 

the zooarchaeological data available in the region, shows 
a rather uniform pattern, with cattle (55-65%) as the most 
abundant species, followed by pig (24-34%) and sheep/
goat (8-18%) (Fabre et al., 2023).

The zooarchaeological data from domestic sites is con-

sistent with the cultural and ideological atmosphere that 

emerges from RR grave goods. In fact, most of the grave 
goods relate to agriculture activities (e.g., axes, grinding 
wheels, sickles). Ceramic dishes, present in most burials with 

only a few exceptions, are very similar to those discovered 
in the residential area. Therefore, it seems logical to consider 
grave goods as a fair representation of daily activities at 
the site and that RR was likely a “farming population”.

This positive correlation between daily activities and 

grave goods, however, is not universally true. Among 

other Middle Neolithic cultures of Danubian origin, Cerny, 
from the Paris Basin and contemporary with Rosheim, 
exhibits completely opposite trends in the types of grave 
goods found. Both Grossgartach and Cerny share the same 
cultural origin, similar agricultural and pastoral economic 

contexts (Tresset, 1997; Hachem, 2011) and some signifi-

cant funerary practices (i.e., supine position of the dead: 
Jeunesse, 1997; Chambon et al., 2007), but the Cerny grave 
goods more often relate to hunting activities, with little to 
no domestic ceramics or agricultural tools (Tresset, 1997; 
Sidéra, 2000). This stark contrast suggests a duality in the 
Cerny funerary organisation, expressed through a play of 
associations/oppositions, and argues for a deliberate social 
opposition between the two cultural contexts (Chambon and 
Thomas, 2014). Hence, under this framework, reconstructing 
past dietary practices using biochemical methods is the most 

direct way to examine diet at the individual level and to 
clarify the link between actual dietary behaviours, indirect 
zooarchaeological evidence and funerary displays.

This study will focus on reconstructing the palaeodi-
etary patterns of the RR population using stable carbon, 
nitrogen and sulfur isotope analyses. In addition to human 
remains, faunal samples from nearby contemporary contexts 
are included to help establish the local isotopic baselines. 

By comparing this stable isotope data with other archaeo-

logical and biological evidence, such as the age and sex of 
individuals, and the number of grave goods per burial, this 
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study attempts to provide a comprehensive assessment of 
the dietary practices as well as of the social organisation of 
the RR population. The main objective is to present a case 
study of local and inter-regional interest and to establish 
baseline isotopic data for the area to allow for larger intra- 
and inter-regional comparisons. In addition, the Rosheim 

results will be compared to those of Cerny (Cheung et al., 
2021) in order to highlight the social contexts of the two 
affiliated yet ideologically opposed cultures, between agri-
cultural and hunting lifestyles.

Site background

The Middle Neolithic site at Rosheim is located in Al-

sace, eastern France, about 20 km southeast of Strasbourg 
(figure 1). Local archaeological records show continuous 
occupation at the site from early through to the late Neo-

lithic period (c. 5100-4500 cal. BC), where residential and 
funerary areas from different cultural phases are organised 
in separate locations within the site (table 1). The earliest 
occupation at Rosheim can be dated to the early Neolithic 

Linearbandkeramik culture (LBK). By the beginning of 
the 5th millennium BC, Mittelneolithikum (MTK) cultures 

succeeded the LBK: Hinkelstein, Grossgartach (Großgartach), 
and Roessen (Rössen), with the transitional Planig-Friedberg 

phase between Grossgartach and Rössen (Denaire, 2009; 
Denaire et al., 2017). One particularly important finding at 
the site was the MTK cemetery at RR.

Direct radiocarbon dating of the human remains from RR 
reveals that the site was in use between 4750-4500 cal. BC 
(2σ), with most burials falling within the Grossgartach phase 
(4765-4705 cal. BC, 2σ) (Denaire et al., 2017). Burials 
practices at RR were largely homogenous. The cemetery 

consists of single pit inhumations, with most individuals 
oriented NW/SE in a supine position. Grave goods are 
abundant and consist mostly of ceramics, ornaments and 
agricultural tools. However, there is some occasional 
weaponry, such as arrowheads, which is consistent with 

what is known for the region for this time (Bakaj et al., 1998; 
Lefranc et al., 2018).

Materials and methods

Human and faunal sampling

A total of 61 human and 37 faunal osteological samples 
were analysed in this study. All of the human samples 
come from RR. Ribs were preferentially sampled, except 
for two individuals (RR4 and RR19), where samples were 
taken from the femora instead. The faunal samples come 
from two Grossgartach contexts in Rosheim: “Laser” (n = 2) 
and “Mittelweg” (n = 8), and a nearby contemporaneous 
site, Oberschaeffolsheim (n = 28) (figure 1). Previously 
published stable carbon and nitrogen isotope data from 
19 humans (RR) and seven fauna (Rosheim “Rittergass” 
and Rosheim “Lotissement Sainte Odile”) are also included 
in the analysis (Denaire et al., 2017). In total, stable isotope 
measurements were taken on over 66% of the individuals 
discovered at RR (80/120). Individuals not analysed were 
too poorly preserved to be sampled.

Human age and sex identification

For humans, sex and age-at-death were determined 
using established methods. Age-at-death was determined 

using teeth and osseous maturation (Moorrees et al., 1963; 
Scheuer and Black, 2000) or degenerative processes 
(Schmitt, 2005). Sex identification was conducted using 
the morphology and morphometry of the mature ossa coxae 

(Brůžek, 2002; Brůžek et al., 2017). All detailed sexing and 
aging results are provided in Supplementary information.

“Richness” grave classification

Grave goods are common at RR, with 93% of the burials 
(99/109) containing at least one object. Some grave goods 
were made of several elements. This is particularly the 
case for ornaments (e.g., necklace, headdress, breastplate, 
bracelet), made up of beads and pendants in stone, shell 
or animal bone/tooth. The number of elements for one 
ornament varies from two or three to more than 100. 

Main period Cultural phases Locality Nature of Structure References

Early Neolithic
LBK Rittergass

Residential

Lefranc et al., 2015

Late LBK Lotissement Sainte Odile Arbogast, 2000; Lefranc et al., 2015

Middle Neolithic 

Mittelneolithikum (MTK)

Grossgartach Laser Lefranc et al., 1999

Grossgartach - Rössen

Mittelweg Jeunesse and Arbogast, 1996

Sandgrube Jeunesse and Arbogast, 1996

Rosenmeer Necropolis

Jeunesse and Mauvilly, 1996; Bakaj et al., 
1998; Boës et al., 2000; 2004a; 2004b; 
Denaire et Boës, 2009

Late Neolithic Michelsberg Leimen Residential Lefranc et al., 2007

Table 1. Neolithic sites within Rosheim and cultural phases. Site locations are shown in figure 1. For further information on each 
site please refer to their respective site reports / Sites néolithiques de Rosheim et phases culturelles. La localisation de chaque site 

est présentée dans la figure 1. Pour toutes informations complémentaires, voir les rapports et monographies sur chaque site
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Figure 1. Rosheim within its local context: a) The location of the Rosheim sites within the broader Alsace region;  

b) Géoportail geological map of the region (https://www.geoportail.gouv.fr/) and the location of Rosheim and of 

Oberschaeffolsheim with reference to the modern city of Strasbourg; c) the different Neolithic sites (see table 1 for more 

information) within Rosheim. The legend shows the major geological bedrocks in the region / Localisation de Rosheim dans 

son contexte local. a) Localisation des sites de Rosheim en Alsace. b) Carte géologique de la région, obtenue sur Géoportail 
(https://www.geoportail.gouv.fr/) et localisation de Rosheim et Oberschaeffolsheim. c) Localisation des sites néolithiques de 
Rosheim (voir table 1 pour plus d’information). La légende montre les principaux substrats rocheux de la région

Period/ Epoch Age (mya)

Brioverian

Carboniferous

Lower Triassic

Middle Triassic

670 - 540

355 - 305

252.17 - 247.2

247.2 - 237

Upper Triassic

Lower Jurassic

Oligocene

Pliocene

Pleistocene - Holocene

237 - 201.3

201.3 - 174.1

33.9 - 23.03

5.33 - 2.58

2.58 - 0
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Based on the quantity of grave goods, graves were catego-

rised under five groups of “richness”: none – no grave 

goods; poor – between one and four objects (average num-

ber of elements per object less than 10); intermediate –  

between five and eight objects (or less but average number 
of elements per object more than 10); rich – between 9 and 
12 objects; very rich – more than 13 objects.

Using only the quantity of grave goods for wealth class 
categorisation is not ideal, as it does not consider other less 

quantifiable parameters, such as duration of acquisition 
or methods of manufacturing the object, rarity or exotic 
nature of the raw material, symbolism of the object or its 
use (Salanova, 1998; Augereau and Chambon, 2003). Not-
withstanding, it is a consensual approach based on current 

available evidence. The classification of the graves is pro-

vided in Supplementary information.

Analytical methods and instrumentation  

for stable isotope analysis

Stable isotope analysis of bone collagen is one of the 
most widely applied analytical methods used to reconstruct 

palaeodietary practices in archaeology. In such cases, the 

most commonly used isotope systems are those of carbon 
(13C/12C; δ13C) and nitrogen (15N/14N; δ15N) and more re-

cently, sulfur (34S/32S; δ34S) (Makarewicz and Sealy, 2015; 
Szpak et al., 2017b). Values for δ13C are typically used to 

identify the consumption of food groups with distinctive 
carbon sources, such as C3- vs. C4- based systems or terres-

trial/marine systems. Nitrogen isotope values are typically 

used to evaluate the individual’s trophic level, whereas 
δ34S values relate to both the local geology and diet, and 
therefore are used to answer both questions on diet and 
on mobility.

All bone samples were prepared at the preparation labo-

ratory at UMR 7269 LAMPEA, Aix-en-Provence (France), 
and the extracted collagen sent to Iso-Analytical Limited 
(UK) for analysis. Bone collagen was extracted following 
a modified ABA procedure (Brock et al., 2010; Szpak et al., 
2017a). A detailed description of the procedure can be found 
in Cheung et al. (2021).

At Iso-Analytical, samples were analysed with a Europa 

ScientificTM elemental analyser, coupled to a mass spec-

trometer. Duplicate measures were taken for one in every 
five samples. Measurement precision was further monitored 
using an in-house lab standard extracted alongside the 
archaeological bone samples (CC_REF – cattle bone col-

lagen, δ13C = –20.95 ± 0.07‰, δ15N = + 4.19 ± 0.07‰, and 
δ34S = +1.87 ± 0.32‰). Reported carbon and nitrogen iso-

tope values are reported in “per mil (‰)” and were cali-
brated to VPDB and AIR, respectively, using IA–R068. 
IA–R038, IA–R069, and a mixture of IA–R046 and 
IAEA–C7 as control check standards. IA–R068, IA–R038 
and IA–R069 were calibrated and traceable to the interna-

tional standards IAEA–CH–6 and IAEA–N–1. IA–R046 

was calibrated against and traceable to the international 

standards IAEA–N–1 and IAEA–C7.
For sulfur isotope analysis, all measurements are re-

ported in “per mil (‰)”. Results were calibrated to VCDT 
using IA–R061. IAEA–SO–5, IA–R068 and IA–R069 were 
used as control check standards. IA–R061 was calibrated 
against and traceable to the international standards NBS–
127 and IAEA–S–1. IA–R068 and IA–R069 was cali-
brated against and traceable to the international standards 

NBS–127 and IAEA–SO–5.
Based on the formulae sheet provided in Szpak et al. 

(2017b), measurement precision (u(Rw)) was determined 

to be ± 0.06‰, ± 0.06‰ and ± 0.24‰, for δ13C, δ15N and 

δ34S, respectively, using the repeated measurements of 
calibration standards, check standards, in-house lab stand-

ard and sample replicates. Accuracy or systematic error 

(u(bias)) was determined to be ± 0.14 for δ13C, ± 0.13 for 
δ15N and ± 0.33 for δ34S on the basis of the difference be-

tween the observed and known δ values of the check stand-

ards and the long–term standard deviations of these check 
standards. The total analytical uncertainty (Uc) was esti-

mated at ± 0.15 for δ13C, ± 0.14 for δ15N and ± 0.41 for δ34S. 
The formulae sheet with details of all the measured stand-

ards is provided in Supplementary information.
Collagen quality was assessed according to the following 

conventional criteria: %collagen between 0.5% and 22% 
by weight, %C between 15.3% and 47%, %N between 
5.5% and 17.3%, %S between 13% and 35%, atomic C/N 
ratio between 2.9 and 3.6, atomic C/S ratio between 300 and 
900, and atomic N/S ratio between 100 and 300 (DeNiro, 
1985; Ambrose, 1990; van Klinken, 1999; Harbeck and 
Grupe, 2009; Nehlich and Richards, 2009; Bocherens et al., 
2011). Only samples with elemental compositions within 
these ranges were analysed.

Statistical methods

All statistical tests were performed using R version 
3.6.0 (R Core Team, 2019) with RStudio (RStudio Team, 
2018). Data were visualised using the package “ggplot2” 
(Wickham, 2016) and ”ggpubr” (Kassambara, 2020). Nor-

mality of distribution was tested with a Shapiro-Wilk’s 
test. Variance equality was tested through either the Bartlett’s 
test (for normally distributed data) or the F-test (for data not 
normally distributed). For groups with normally distrib-

uted data and sufficient sample size (n>15), the parametric 
test, unpaired independent Student’s t test was used to de-

termine differences between group means for δ13C, δ15N 

and δ34S values. For groups with not normally distributed 
data and/or a small sample size (n<15), the non-parametric 
Wilcoxon test was used. Relationships between variables 
were evaluated using a Spearman correlation test. A 0.05 
probability (p<0.05) is considered significant. R scripts 
used were modified from a previously published report 
(Cheung et al., 2021).
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Results

Bone preservation was generally good. Fifty-one out 
of the 61 human samples and all 37 faunal samples yielded 
well-preserved collagen for stable isotope analysis. The 
results of all accepted C, N and S measurements, together 
with the previously published δ13C and δ15N values (Denaire 

et al., 2017), are provided in Supplementary information 
and summarised in table 3. Details of elemental concentra-

tions and ratios, excluded samples and replicates are also 
provided in Supplementary information. No interlaboratory 
pattern was observed (figure S1), attested by Wilcoxon tests 

on humans for both δ13C (p = 0.083) and δ15N (p = 0.5) 
values, therefore all measurements are discussed together. 
Figure 2a plots the δ13C and δ15N values of all humans 
against those of the fauna, figure 2b plots the δ34S values of 
all humans against those of the fauna. The ranges of δ13C, 

δ15N and δ34S values of all RR humans are –21.1 to 
–18.0‰, +8.4 to +12.7‰ and +4.1 to + 6.8‰, respectively. 
The means of δ13C, δ15N and δ34S values of all RR humans 
are –20.3 ± 0.5‰ (n = 70), +9.7 ± 0.8‰ (n = 70) and +5.4 
±0.7‰ (n = 46), respectively. The δ13C and δ15N values of 
all humans are consistent with a predominantly C3–based 

terrestrial diet.

Figure 2. Overall δ13C, δ15N and δ34S bone collagen values from the RR humans compared with fauna from Rosheim and Ober-

schaeffolsheim. Original and published data (Denaire et al., 2017). For the age categories, adult corresponds to individuals aged 

>20 years; adolescent corresponds to individuals aged 13-19 years; late childhood corresponds to individuals aged 6-12 years; 

early childhood corresponds to individuals aged 1-6 years; infant corresponds to individuals aged <1 year / Box-plot pour les 

valeurs de δ13C, δ15N et δ34S du collagène osseux des humains de RR comparées à la faune de Rosheim et de Oberschaeffolsheim. 
Données originales et publiées (Denaire et al., 2017). Pour les catégories d’âge, adult correspond aux individus de plus de 20 ans, 
adolescent correspond aux individus âgés entre 13 et 19 ans, late childhood correspond aux individus âgés entre 6 et 12 ans, early 
childhood correspond aux individus âgés entre 1 et 6 ans ; infant correspond aux individus de moins de 1 an
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δ13C (‰) δ15N (‰) δ34S (‰)

Herbivores
Domesticated (n = 18) –21.3 ± 1.0 +7.5 ± 1.3 +5.1 ± 1.9 (n = 15)

Wild (n = 10) –22.7 ± 1.0 +6.1 ± 1.2 +6.3 ± 1.4 (n = 10)

Omnivores
Domesticated (n = 11) –20.7 ± 0.6 +8.2 ± 1.3 +5.5 ± 2.2 (n = 7)

Wild (n = 5) –20.3 ± 0.4 +7.2 ± 1.0 +8.2 ± 1.3 (n = 4)

Table 2. Mean and standard deviation values for stable carbon, nitrogen and sulfur isotopes of all fauna, presented according 

to general feeding strategies. Original and published data (Denaire et al., 2017) / Moyennes et écarts types des valeurs isoto-

piques du carbone, de l’azote et du soufre de toute la faune en fonction des stratégies d’alimentation générales. Données originales 
et publiées (Denaire et al., 2017)

Fauna

The ranges of δ13C, δ15N and δ34S values of all fauna are 
–24.0 to –19.7‰, +4.4 to +10.5‰ and +2.8 to +10.0‰, 
respectively. The mean δ13C, δ15N and δ34S values of all 
fauna are –21.4 ± 1.1‰ (n = 44), +7.3 ± 1.4‰ (n = 44) and 
+5.8 ± 2.0‰ (n = 36), respectively. There are no observed 
differences in the isotopic faunal measurements from the 
different contexts (figure S1), thus all faunal data have 
been pooled together to establish the isotopic baselines for 
the site. As the isotopic compositions of many species 
overlap significantly, fauna are grouped according to their 
general feeding strategies (e.g., herbivore/omnivore; domes-

ticated/wild). Amongst our samples, wild herbivores include 
beaver, auroch and deer; wild omnivores include badger, 

bear and boar; domesticated herbivores include cattle and 

sheep/goat; domesticated omnivores refer to pigs. Table 2 
provides summary statistics for all faunal data.

Wilcoxon tests reveal that δ13C and δ15N values of 
herbivores are more elevated among domesticates than 

wild ones (δ13C: diff = 1.3‰; p = 0.0036; δ15N: diff = 1.5‰, 
p = 0.021). Wild animals have more elevated mean δ34S 
values than domesticates (t-test, diff = 1.6‰, p = 0.0045).

Humans – cultural phases

Individuals belonging to the age categories of “infant” 
and “early childhood” (age<5 years) are excluded from the 
analysis, as their isotopic compositions could be influenced 
by the breastfeeding effect (Fuller et al., 2006b; Reynard 
and Tuross, 2015). Most of the humans belonged to the 
Grossgartach phase (n = 62). Only two individuals pertain 
to the Planig-Friedberg phase and four to the Rössen phase 
(figure 3). No statistical tests were performed as sample sizes 
for these two latter stages are too small. Notwithstanding, 
as no particular trends can be observed, individuals from all 
phases are treated as one homogenous group in this study.

Figure 3. Bone collagen values for δ13C, δ15N and δ34S 

of all humans aged >5 years, presented according to 

chronological phase. Gray shaded areas cover a one-

standard-deviation interval for the whole population 

in each respective isotope system. Original and 

published data (Denaire et al., 2017) / Valeurs de δ13C, 
δ15N et δ34S du collagène osseux des humains âgés de 
plus 5 ans, en fonction des phases chrono-culturelles. 
Les zones grisées illustrent l’intervalle d’un écart type 
de l’ensemble de la population pour chaque système 
isotopique. Données originales et publiées (Denaire 
et al., 2017)
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Figure 4. Bone collagen values for δ13C, δ15N and δ34S of all humans for whom sex could be morphologically determined. Original 

and published data (Denaire et al., 2017) / Valeurs de δ13C, δ15N et δ34S du collagène osseux de tous les humains dont la diagnose 
sexuelle (morphologique) a été possible. Données originales et publiées (Denaire et al., 2017)

δ13C (‰) δ15N (‰) δ34S (‰)

Overall (n = 70) –20.8 ± 0.5 +9.7 ± 0.8 +5.4 ± 0.7 (n = 46)

By sex

Female (n = 20) –20.4 ± 0.2 +9.4 ± 0.8 +5.5 ± 0.7 (n = 13)

Male (n = 8) –20.3 ± 0.3 +9.9 ± 0.4 +5.4 ± 0.9 (n = 5)

By age categories

Adult (n = 45) –20.4 ± 0.3 +9.6 ± 0.6 +5.3 ± 0.7 (n = 29)

Adolescent (n = 6) –20.3 ± 0.2 +9.5 ± 0.4 +5.2 ± 0.6 (n = 5)

Late childhood (n = 8) –20.2 ± 0.9 +9.6 ± 0.8 +5.5 ± 0.5 (n = 6)

Early childhood (n = 7) –20.4 ± 0.5 +10.1 ± 1.2 +5.9 ± 0.7 (n = 5)

Infant (n = 4) –19.4 ± 0.7 +11.1 ± 1.1 +4.8 (n = 1)

Table 3. Mean and standard deviation values for stable carbon, nitrogen and sulfur isotopes of all humans, presented by sex and 

age category. Original and published data (Denaire et al., 2017) / Moyennes et écarts-types des compositions isotopiques du carbone, 
de l’azote et du soufre de tous les humains, organisés par catégories de sexe et d’âge. Données originales et publiées (Denaire et al., 2017)

Humans – Sex and age-at-death

Table 3 shows the summarised stable isotope measure-

ments of all 70 RR humans organised by sex and age. Forty- 
five are adults, of which 28 could be sexed morphologically. 
F-tests indicate that variances in all three isotope systems 

are not significantly different between the sexes (δ13C: 
p = 0.59; δ15N: p = 0.13; δ34S: p = 0.54). There are no signif-
icant differences between males (n = 8) and females (n = 20) 
(Wilcoxon-tests: δ13C, p = 0.13; δ15N, p = 0.06; δ34S, 
p = 0.52; figure 4).

A total of 45 adults (>20 years) and 25 juveniles 
(<20 years) were analysed in this study. The juveniles 
include six individuals between 13 and 19 years of age 
(adolescent - ADOL), eight individuals between 6 and 
12 years (late childhood – LC), seven individuals between 
1 and 6 years (early childhood – EC), and four individuals 
under the age of one (infant - INF) (figure 2). All age groups 
have similar mean δ13C, δ15N and δ34S values, except for 

the two youngest age groups (INF and EC). As shown  

in figure 5, the δ13C and δ15N values of juveniles below 
the age of six years decrease with increasing age, likely 
reflecting the weaning effect, as breastfeeding infants 
are expected to have more enriched δ13C and δ15N values 

compared to their mothers. The isotopic enrichment from 
breastfeeding, which has been estimated at about 0.5-1‰ 
in δ13C and 2-5‰ in δ15N, is expected to wane as individu-

als begin to incorporate food other than human breastmilk 
(Fuller et al., 2006a; Herrscher et al., 2017). Sample size of 
S measurements among the INF and EC (n = 6) is too small 
for meaningful interpretation. However, based on figure 5c, 
weaning is unlikely to have influenced juvenile δ34S values.

Our sample size at RR is too small to use WARN 
(Tsutaya, 2019), an approximate Bayesian computation for 
weaning age estimation. Therefore, to help visualise the 
weaning process at RR, the δ13C and δ15N values of juve-

niles aged under six were fitted with local regression lines 
(LOESS – locally estimated scatterplot smoothing, α set at 

8

10

12

-21.0 -20.5 -20.0 -19.5
δ13C (‰, VPDB)

δ15
N 

(‰
, A

IR
)

F
M

4

5

6

F M
Sex

δ34
S 

(‰
, V

CD
T)

8

10

12

-21.0 -20.5 -20.0 -19.5
δ13C (‰, VPDB)

δ15
N 

(‰
,A

IR
)

F
M

(n = 20)
(n = 8)

F (n = 13) M (n = 5)

a b



BMSAP (2024) 36(2)

9

Cheung, Chenal, Fabre, Horviller, Herrscher & Thomas 

Figure 5. Bone collagen data for carbon, nitrogen and sulfur isotopes for the RR juveniles under the age of 6 (INF and EC). Shaded red areas correspond to the average adult values at the site: a) juvenile δ13C values relative to average adult δ13C values (–20.4 ± 0.3‰; n = 11); b) juvenile δ15N values relative to average adult δ15N values (+9.6 ± 0.6‰; n = 11); c) juvenile δ34S values relative to average adult δ34S values (+5.3 ± 0.7 ‰; n = 6). In a) and b), the smooth lines are created using LOESS, with α set at 
0.80; grey triangles correspond to the estimated beginning of weaning, whereas grey diamonds correspond to the estimated 

end. Original and published data (Denaire et al., 2017) / Valeurs isotopiques du carbone, de l’azote et du soufre du collagène 
osseux des sujets immatures RR de moins de 6 ans (INF et EC), les zones ombrées en rouge correspondent aux valeurs moyennes des 
adultes sur le site : a) valeurs de δ13C des sujets immatures par rapport à la valeur moyenne des adultes (–20,4 ± 0,3 ‰ ; n = 11); 
b) valeurs de δ15N des sujets immatures par rapport à la valeur moyenne des adultes (+9,6 ± 0,6 ‰; n = 11) ; c) Valeurs de δ34S des 

sujets immatures par rapport à la valeur moyenne des adultes (+5,3 ± 0,7 ‰ ; n = 6). En a) et b), les lignes grises sont créées à l’aide 
de LOESS, avec α fixé à 0,80; les triangles gris correspondent au début estimé du sevrage, les losanges gris correspondent à la fin 
estimée du sevrage. Données originales et publiées (Denaire et al., 2017)

δ13C δ15N

Years (median) ‰ (VPDB) Years (median) ‰ (AIR)

Beginning of weaning 0.56 –19.4 1.11 +11.3

End of weaning 1.78 –20.1 2.06 +10.2

Table 4. Estimated ages for the beginning and the end of weaning at RR based on LOESS curves / 

Âges estimés du début et de la fin du processus de sevrage à RR d’après les courbes LOESS

0.80). The beginning and end of the weaning process are 
estimated using the first inflection point of the regression 
lines and the point where the lines approach the upper lim-

its of the adult values, respectively (figure 5a-b). Note that 
RR85 is excluded from the calculations for the regression 
lines, as this individual has an unusually high δ15N value 

leading to extra inflections on the regression lines. As shown 
in table 4, the first inflection points of the regression lines 
denote the beginning of the weaning process, at 0.56 year 
according to the δ13C values and 1.11 years according to 

the δ15N values. The points at which the regression lines 

meet the upper limit of the adult values indicate the end of 
the weaning process: 1.78 years for the δ13C values and 

2.06 years for the δ15N values. This suggests that the 

isotopic signals for weaning were registered in the bones 
of these individuals between 6 to 13 months and 1.8 to 
2.1 years. Note that this is the estimated age for when 
the weaning signals were registered in the bone collagen, 

not the actual estimated age of weaning, which would be 
slightly earlier.
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Humans – grave goods

The total number of objects found in each burial ranges 
from one to 17, but most burials were found with between 
4 to 8 objects (figure 6). No pattern in isotopic measure-

ments is observed between individuals buried with different 
quantities of grave goods. A MANOVA test confirms this 
(F(3,42) = 1.20, Pillai’s Trace = 0.08, p = 0.32; figure S2).

0 
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(n=1)

Poor
(n=21)

Intermediate
(n=27)

Rich
(n=13)

Very Rich
(n=6)

Indeterminate � Non-adult

Indeterminate � Adult

Male � Adult

Female � Adult

C
O

U
N

T

Figure 6. Scoring of RR individuals according to “wealth” 

of grave goods. “None” refers to graves with no grave goods; 

“poor” refers to graves with 1 to 4 objects (average number of 

elements per object less than 10); “intermediate” refers to 

graves with 4 to 8 objects (or less but average number of 

elements per object more than 10); “rich” refers to graves 

with 9 to 12 objects; “very rich” refers to graves with more 

than 13 objects / Classement des individus de RR en fonction de 
la “richesse” du mobilier funéraire. “None” : tombes sans mobilier 
funéraire ; “poor” : sépultures livrant 1 à 4 objets (nombre 
moyen d’éléments par objet inférieur à 10) ; “intermediate” : 
tombes livrant 4 à 8 objets (ou moins mais avec nombre moyen 
d’éléments par objet supérieur à 10) ; “rich” : tombes livrant 9 
à 12 objets ; “very rich” : tombes livrant plus de 13 objets

The most common type of grave goods are ceramic ob-

jects. Almost all graves yielded at least one ceramic item 
(e.g., vase, bottle, goblet). Grave goods related to agricul-

tural activities, in particular grindstones and sickles, were 

also found in more than half of the graves. Conversely, 
weapons, specifically arrowheads, were only found with 
13 individuals (only 12 were analysed in this study, among 
them there were 6 adults and 6 juveniles). Among the indi-
viduals who were buried with arrowheads, all those that 

could be sexed were determined to be male (four among 
the six adults).

Considering only the adults and adolescents (age>13), 
figure 7 compares the δ13C and δ15N values of individuals 
buried with arrowheads to that of those buried without 
arrowheads. A MANOVA test detected no significant dif-
ferences among the two groups in the δ13C and δ15N values 

(F(1,64) = 0.022, Pillai’s Trace<0.01, p = 0.978). Similarly, 

no differences can be observed between the mean δ34S val-
ues for those buried with or without arrowheads (Wilcoxon 

test: p = 0.39).
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With arrowheads (n=10)
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Figure 7. Comparing bone collagen values for δ13C and δ15N 

of all RR adults and adolescents (age>13 years) buried with or without arrowheads. Unfilled symbols correspond to individuals buried without arrowheads; filled symbols 
correspond to individuals buried with arrowheads. The 

shaded ellipse represents the bivariate distribution of all 

adults buried with arrowheads. The standard ellipse is set to 

contain about 40% of the data, assuming a multivariable 

normal distribution. Original and published data (Denaire 

et al., 2017) / Comparaison des valeurs de δ13C et δ15N du 

collagène osseux de tous les adultes et adolescents RR (>13 ans) 
enterrés avec et sans armatures de flèche. Les symboles vides 
correspondent aux individus sans armature de flèches ; les 
symboles pleins correspondent aux individus avec armatures 
de flèche. L’ellipse représente la distribution bivariée de tous les 
adultes inhumés avec des armatures de flèche. L’ellipse 
standard contient environ 40 % des données, en supposant 
une distribution normale multivariée. Données originales et 
publiées (Denaire et al., 2017)

Discussion

Fauna

Though the isotopic variations in the faunal data can-

not be examined at the species level, the data presented 
here reveal that domesticated animals have different iso-

topic values to those of wild animals. The more negative 
δ13C values observed in the wild animals suggest that these 

animals likely come from a canopied environment (van 
der Merwe and Medina, 1991; Bonafini et al., 2013). The 
relatively elevated δ15N values in domesticates could be 

evidence of certain agricultural practices, such as feeding 
manured crops to domesticates (Bogaard et al., 2007; 
Makarewicz, 2014).
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In terms of δ34S values, Rosheim is located at the junction 
of several geological formations (figure 1b). The complex 
geology of the region thus offers an interesting opportunity 
to examine animal management practices at the site using 
stable sulfur isotope analysis. As expected, the δ34S values 
of the humans are more similar to those of the domesti-
cates (figure 2b), while the more elevated δ34S values in 
wild animals may indicate that hunting grounds were situ-

ated on a different geological formation to that of the resi-
dential area. In addition, domesticated herbivores have a 

much larger range of δ34S values (interquartile range: +3.8 
– +6.3‰) than domesticated omnivores (interquartile 
range: +4.4 – +5.7‰), suggesting the latter (only pig here) 
were probably kept close to the residential area, whereas 

domesticated herbivores were allowed to roam a larger 

area (figure 2b).

Humans

All human δ13C and δ15N values are consistent with a 

diet based primarily on terrestrial C3 sources, as expected 
for the region. The mean δ15N human value is 2.2‰ and 
1.5‰ higher than those of domesticated herbivores and 
domesticated omnivores, respectively. This offset is signif-
icantly less than that of the trophic discrimination effect, 
which is generally considered to be between +3.0 to 
+6.0‰ per trophic level (DeNiro and Epstein, 1981; 
Hedges and Reynard, 2007; O’Connell et al., 2012). 
Therefore, our results suggest a moderate intake of animal 
protein among the RR humans, further confirming a largely 
agrarian lifestyle centred around crop cultivation and 
consumption.

Adolescents appear to have had a similar diet to adults. 

However, younger children (<6 years old) had slightly 
more enriched δ13C and δ15N values. This is expected as 
the enriched δ13C and δ15N values likely reflect some 
breastfeeding effect. Table 4 provides estimated weaning 
ages based on the turning points of the LOESS curves in 
both δ13C and δ15N values in figure 5. Considering that ju-

veniles, especially trabecular bone in infants under the age 
of one, have much faster turnover rates than adults (Bryant 
and Loutit, 1964; Valentin, 2002), the actual weaning age 
would have started several months earlier. Due to the small 

sample size and other complicated factors involved (Rey-

nard and Tuross, 2015), it is not possible to provide a 
meaningfully accurate estimation for the age of weaning 
with the current available data. However, it seems likely 
that weaning completed at around the age of two at RR.

No isotopic differences can be observed between males 
and females at RR. Similar findings have been reported for 
another MTK (Grossgartach, Planig-Friedberg, and Rössen) 

site – Jechtingen, Germany (Mörseburg et al., 2015) –, 
while a statistically significant but weak sex-related die-

tary pattern (<0.5‰ in δ13C values) was identified at a 
Grossgartach and Hinkelstein site – Trebur in Germany 
(Dürrwächter et al., 2006). It should be noted that at RR, 
among those that can be sexed morphologically (30/80), 

males are significantly underrepresented (8/30). It is there-

fore possible that certain males were buried elsewhere, and 
that a holistic comparison between males and females at 
RR cannot be conducted until burial patterns at the site are 

better understood.

Looking beyond the MTK cultures, contradictory 

patterns were also observed in the Middle Neolithic Paris 

Basin: Monéteau “Macherin” and Gurgy “Les Noisats” 
revealed sex-related dietary patterns (Rey et al., 2019), 
whereas Balloy “Les Réaudins”, Orville “Les Fiefs”, and 
Vignely “La Porte aux Bergers” showed the opposite, no 
statistically significant differences between both sexes 
(Cheung et al., 2021). Thus, it is possible that sex-related 
dietary practices during this period were neither cultural 

nor regionally specific, but rather, site-specific.
Limited patterns can be observed among individuals 

buried with various amounts of grave goods. In RR, dietary 
practices, at least in terms of protein consumption, appear 
to be unrelated to “wealth” and were relatively homogenous 

across the group. This lack of intra-site dietary differences 
is also present in other contemporary sites in the region 

(Dürrwächter et al., 2006).

Rosheim within the larger Middle Neolithic context 

of Danubian origin: Rhine versus Paris Basin

During the Middle Neolithic, Grossgartach in the Rhine 

Basin and Cerny in the Paris Basin, who had maintained 

clear cultural contacts and links, displayed opposing sym-

bolic trends in their funerary practices (Chambon and 
Thomas, 2014). The explicit references to hunting activi-
ties and the wild in Cerny graves stand in stark contrast to 

the overwhelmingly domestic and agricultural grave goods 

in Grossgartach graves. The preferences of each group 
towards agricultural or hunting symbols in their tombs are 

also reflected in their isotopic compositions. Figure 8 com-

pares the δ13C and δ15N values of humans from the two 
river basins (Rhine and Paris), with faunal data as regional 
baselines (all human and faunal data from the Paris Basin 
is published; please refer to Cheung et al., 2021 for detailed 
information). Here, in order to ensure comparability between 
the two regional baselines, only isotopic data from domes-

ticated herbivores (e.g. cattle, sheep/goat) are included. As 
shown in figure 8, RR and Cerny individuals have almost 
no overlapping δ13C and δ15N values. In both groups, the 

offsets in δ13C values between human and fauna are similar 
(Paris Basin: 1.4‰; Rhine Basin: 1.0‰). This difference 
can be explained by the different δ13C baselines at the two 

river basins. The differences in δ15N values between human 

and fauna, however, are more pronounced (Paris Basin: 
4.8‰; Rhine Basin: 2.2‰). Recent studies have suggested 
that the Cerny diet was high in animal protein (Cheung 

et al., 2021) and likely involved higher trophic resources, 
such as freshwater fish (Cheung et al., 2022). In contrast, 
the lower offset in the δ15N values between RR human and 

fauna suggests that, compared to Cerny, the RR individu-

als likely consumed more plant foods and lower trophic 
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animal protein, such as domesticated animals. Moreover, 

zooarchaeological evidence suggests that both groups re-

lied heavily on cattle breeding. There is growing evidence 

of dairy consumption during the LBK periods in the region 
(Balasse et al., 2021). One study analysing lipid residues 
from pottery sherds from several Neolithic sites in Alsace, 
including Rosheim, revealed an increased prevalence of 
sherds containing dairy fats from the LBK through to 
the Rössen phase (Casanova et al., 2020). Thus, a largely 

agropastoral diet that combines crops with dairy product 

could also explain the lower offset in the δ15N values be-

tween human and fauna at the site. Zooarchaeological evi-
dence from Oberschaeffolsheim suggests that dairy products 
were likely exploited based on the slaughter age profiles of 
cattle (Perrin et al., 2018). In addition, a “faisselle”, a type of 
cheese strainer in the region, was also found (Perrin et al., 
2018). This archaeological evidence further confirms the 
consumption of dairy products at the site.

Another interesting observation concerns those buried 

with arrowheads. In both Cerny and Grossgartach, arrow-

heads appear to be a sex-specific grave good. Among those 
that can be sexed, all individuals buried with arrowheads 
were identified as male. In Cerny burials, individuals with 
arrowheads tend to also show skeletal markers indicative 

of the practice of archery (Thomas, 2014). In Rosheim, as 

shown in figure 7, there is no statistically significant differ-
ence between the two groups of males (with or without 
arrowheads). In contrast, among Cerny groups, males buried 

with arrowheads have statistically significant higher δ15N 

values (t-test, diff = 0.4 ‰, p = 0.025) than those without 
(Syrikova et al., 2021). Dental wear patterns further sug-

gest that in the Cerny culture, the presence of arrowheads 
among grave goods could be indicative of a “hunter” life-

style (Syrikova et al., 2021). Currently, there is insufficient 
evidence to suggest that RR individuals buried with arrow-

heads had a particularly different diet than those buried 
without arrowheads. This perhaps suggests that, unlike 

Cerny, RR individuals buried with arrowheads were better 

integrated with the rest of the group. Osteologically, indi-
viduals buried with arrowheads did not exhibit specific 
pathological pattern compared to the group buried without 

arrowheads, in contrast to Cerny (Thomas, 2014). How-

ever, two RR individuals (RR047 and RR057) buried with 
arrowheads were affected by severe enthesopathic lesions 
(stage C in: Villotte, 2006) at the insertion of the biceps 
brachii muscle (radial tuberosity). Lesions of such severity 
on young individuals (20-29 and 15-19 years, respectively) 
are often caused by the overuse of the upper limbs. Thus, 
there may be a connection between the lesions observed on 

these two individuals and their grave goods (arrowheads).

Figure 8. Comparison of stable carbon and nitrogen isotope values for humans and fauna (only domesticated herbivores) in the 

Rhine and Paris Basins, respectively. All data from Cerny humans and fauna from the Paris Basin are published (see details in 

Cheung et al., 2021). The RR humans are dated to around 4750-4500 cal. BC, the Cerny humans are dated to around 4700 and 

4300 BC / Comparaison des valeurs isotopiques du carbone et de l’azote des humains et de la faune dans les bassins rhénan et 
parisien. Toutes les données sur les humains Cerny et la faune du bassin parisien ont été publiées précédemment (détails dans 
Cheung et al., 2021)
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Conclusion

This study provides some interesting insights into the 

lifeways of RR inhabitants that contrast with those of 
populations living in the Seine Valley (Paris Basin) during 
the same time period. The stable isotope values for the 
fauna suggest a highly regulated animal husbandry system, 
where domesticated herbivores (i.e., cattle, sheep/goat) were 
allowed to graze further away from the residential area but 
domesticated omnivores (i.e., pigs) were kept close to 

home. RR humans appear as having had a largely agrarian 

lifestyle. Further intra-population comparisons suggest 
that the RR group had a largely homogenous diet, with 

little differences observed between individuals of different 
sexes or belonging to different wealth classes. Notwith-

standing, a homogenous isotopic pattern does not neces-

sarily mean a lack of diversity in dietary patterns. Local 
isotopic variability may be too small to enable discussions 

on links between dietary practices and social differentia-

tion. Based on the δ15N values of juveniles, it is estimated 
that weaning at RR was completed around the age of two. 
Finally, a comparison of the isotopic compositions of the 
RR individuals with those of Cerny suggests that while the 
two cultures shared some similar burial practices, such as 

arrowheads as sex-specific grave goods, lifeways between 
the two groups remained quite different.

The findings of this study pose some interesting ques-

tions regarding the westward spread of Danubian cultures 
into Western Europe. While certain funerary practices, 
such as burial positions and grave goods (i.e., arrowheads) 

were shared, lifeways still varied greatly between groups. 
Rosheim’s location at the junction of two major spheres of 
Neolithic influence makes it the perfect site to help under-
stand the dynamics of neolithisation. Thus, data from this 
study provides a strong basis from which future research 
can build and expand upon.
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