nature ecology & evolution

Article https://doi.org/10.1038/s41559-024-02382-z

Isotopic evidence of highreliance on plant
food among Later Stone Age hunter-
gatherers at Taforalt, Morocco

In the format provided by the
authors and unedited



https://doi.org/10.1038/s41559-024-02382-z

© 0O N o o B~ W DN -

=
(N =)

This PDF file contains:

Supplementary Information 1:
Supplementary Information 2:
Supplementary Information 3:
Supplementary Information 4:
Supplementary Information 5:
Supplementary Information 6:

Supplementary Information 7:

Archeological context

Details on isotope proxies used in this study
Material and Methods

Results

Additional discussion

Supplementary figures and tables

3D models of the human teeth and sampling strategy



12
13

14

15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36

37
38
39
40

1. Supplementary Information 1: Archeological context

1.1 The site of Taforalt “Grotte des Pigeons”

The cave site of Taforalt (also known as La Grotte des Pigeons) is located in eastern Morocco (34°
48’ 38” N, 2° 24’ 30” W) approximately 500m northeast of the village Tafoughalt from which it
derives its name. The site is approximately 40km inland from the Mediterranean Sea and at an
altitude of 750m above sea level. The cave is a large dolomitic limestone cavity formed in the Beni

Snassen Mountains and opens to Northeastern with 30m in width and 15m in length *.

The site was first discovered by Dr. Pinchon in 1908, since then the cave was the subject of several
excavations. The first excavations were initiated by Ruhlmann from 1944 to 1947 where he made
two surveys: in the central and the right lateral part of the cave and he reached the bottom of the
fill inside the cavity. His works have provided insight into the nature of the archeological deposits
which span the Aterian (Middle Stone Age) and the Iberomaurusian (Later Stone Age) (Roche,
1976). From 1950 to 1955 Roche carried out a systematic excavation of the the ashy layers which
he described them as an Iberomaurusian occupation. During his campaign, he uncovered an
extensive series of burials in the grey ashy deposits. This includes the two burial areas (designated
Necropolis I and Il). Moreover, he recovered multiple human graves which were analyzed by
Ferembach in 1962. Further excavations were carried out from 1969 to 1979 to acquire detailed
information about the archaeological and geological aspects 2. From 2003 to 2017, new work was
conducted on the Iberomaurusian sequence of Taforalt. These new investigations of the

Iberomaurusian sequence described two main units'=:

The Yellow Series (YS): The underlying deposit, known as the Yellow series, is associated with
the early Iberomaurusian phase, dated around 22,292-21,825 cal BP. This series extends from
approximately 22,292 cal BP to around 15,000 cal BP, marking a clear sedimentation change in
the Iberomaurusian deposits around 15,190-14,830 cal BP.

The Grey Series (GS): The upper unit refers to the grey ashy deposits of the Iberomaurusian
occupation with a 4m-thickness and it is dated between 15,000 and 12,600 cal B.P. The
sedimentary change between the YS and GS coincides with a change in subsistence strategy by

the Iberomaurusianst. The recent excavations revealed a series of primary burials in sector 10 in
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the grey ashy deposits and evidence show that this area was reused several times because earlier

burials were disturbed by subsequent ones.

1.2 The human burials at Taforalt

The recent excavations (2003-2017) revealed a series of additional burials including twelve
partially articulated skeletons (seven adults and five infants). This disarticulation indicates the
intensive use of the area. In addition to that, an almost complete infant skeleton and a broken
cranium alongside a mandible were discovered in the same area. The cemetery mainly includes
primary burials which indicate that death happened not too far from the site. Furthermore, there
are some secondary depositions of skeletal elements with post-mortem modifications (removal of
soft tissues). There are two suggested hypotheses for these secondary burials, either the individuals
died elsewhere —which could suggest a seasonal occupation of the site— and some selected parts
were carried to the site for burial or these burials simply reflect a change in funerary practices over

time*®,

However, most of the discovered skeletons were buried in a seated or semi-reclined position. The
majority of the individuals were facing towards the entrance of the cave. The bodies were probably
surrounded by a pocket of empty space during their decomposition and were covered by organic
materials because of the partial loss of anatomical articulation of skeleton elements. It should be
mentioned that many burials were associated with funerary objects like horn cores and stones
stained with ochre ©.

Seven human bone samples from Sector 10 (GS) have been directly dated by radiocarbon
accelerator mass spectrometry (AMS) using ultrafiltration giving dates that span the period of
15,077 cal BP and 13,892 cal BP*. Details regarding the human burials and their archaeological

context are published in a monograph?.
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1.3 The Iberomaurusian culture

In Northwest Africa, the end of the Late Pleistocene is associated with the Iberomaurusian culture
characterized by bladelets and microlithic backed tools, which marks a technological break with
the antecedent Aterian (Middle Stone Age)’®. The Iberomaurusian culture first appeared around
25,000 cal BP in North Africa® and may have persisted into the Holocene after 11,600 cal BP°.
The Iberomaurusian culture has covered a vast geographical area stretching from modern day
Morocco in the west (10°W) to Cyrenaica in the east (22°E). However, its southern extension is
still not well understood but it reaches up to about 33°N along the Atlantic coast. The term of the
"Iberomaurusian” was coined by Pallary in 1909. He used this term to refer toan assemblage
primarly composed of microlithic tools, which he discovered under the shelter of La Mouillah
(Oran region, west Algeria). The second part "maurusian™ refers to the Moors which is a Roman
name for North African population. Pallary used the term "Ibéromaurusien” to draw attention to
the similarities between the lithic industries found in Spain and Morocco. However, the cultural
link with southern Europe was later rejected by archaeologists who noted stronger African
affinities. Instead they adopted alternative names such as "Oranian” or "Mouillian". Recently some
researchers proposed "Late Upper Palaeolithic of Northwest African facies" in order to avoid
terminological confusion®. However, the scientific community prefers to keep the term of
Iberomaurusian as proposed by Camps, 19742, This term has always persisted in the literature and

that is why we adopt it here.

1.4 Faunal remains of Taforalt
Several faunal taxa are recovered from the Later Stone Age deposits at Taforalt. The most common

taxa are Barbary sheep (Ammotragus lervia), equids, large bovines, gazelles and members of the
Alcelaphinae subfamily (hartebeest). Barbary sheep was the dominant species of game exploited
by the Iberomaurusians at this site'!. This can be easily explained by the location of the cave which
corresponds to its preferred habitat (stony plateaus, steep valley slopes). The rest of the species are
typical of open grassland or steppe. Butchery marks on the remains of Barbary sheep indicate it
was primarily consumed by this population!* (Supplementary Figure 1). The presence of Barbary
sheep horn cores accompanying human burials in sector 10 suggests their use as funerary objects.
The occurrence of these horn cores in both Taforalt's sector 10 and Afalou bou Rhummel*?*2 raises

the intriguing possibility of common and synchronous idiosyncratic practices during the Late



99 Iberomaurusian across varied geographical regions. The study of the faunal assemblage from
100 Taforalt indicates that the Iberomaurusians hunted all age-groups of herbivores but that prime

101  adults were preferentially chosen®!.

Rhinoceros

Hartebeest

102
103 Supplementary Figure 1: The percentage of number of identifiable faunal species from sector 10 at
104 Taforalt'*
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Supplementary Table 1 : List of the identifiable faunal species from sector 10 Taforalt'%!4. NISP stands for number
of identified specimens.

Faunal remains sector 10

Taxa NISP NISP%
Barbary sheep (Ammotragus lervia) 433 60.39
Equid (Equidae) 91 12.69
Gazelle (Gazella sp.) 78 10.88
Large bovines 48 6.69
Hartebeest (Alcelaphus buselaphus) 18 2.51
Fox (Vulpes vulpes) 4 0.56
Canid (Canidae) 3 0.42
Jackal (Canis aureus) 1 0.14
Bear (Ursidae) 1 0.14
Rhinoceros (Rhinocerotidae) 1 0.14
Wild pig (Sus scrofa) 1 0.14
Felid (Felidae) 1 0.14

Total 681 95
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2 Supplementary Information 2: Details on isotope proxies used in the
study

2.1 Carbon and nitrogen isotope ratios of bulk collagen and single amino acids

2.1.1 Carbon and nitrogen isotopes of bulk collagen

Nitrogen isotope ratios (0*°Ncoliagen) reflect the trophic position of an individual in a food web!>-,
as there is typically 3-5%o increase in 6™°Ncollagen Values between diet and consumer!®. Carbon
isotope ratios (6'3C), on the other hand, provide information on the source of primary production
at the base of the food web %1°. Carbon and nitrogen isotope analyses from bone proteins therefore
provide valuable information on the past diet'’20-22,

However, collagen is susceptible to diagenetic alterations, which can potentially influence its
isotopic composition?. To mitigate the impact of such alterations and ensure the integrity of our
results, we employ the calculation of C:N ratios (2.9-3.6) as a quality control measure for the
collagen, following the approach outlined by Ambrose in 199024, This robust quality control step
is essential in assessing the reliability of our collagen samples in the face of potential diagenetic

influences on isotopic data.

Reconstructing the paleodiet using the bulk collagen has three major limits:

1) The utilisation of bulk collagen d**Ccoliagen t0 reconstruct a marine and terrestrial diet is
often limited in regions with mixed C3 and C4 environments. This is because of the overlap
in 0Ceollagen Values of C4 plants and high marine proteins consumers, both having
relatively more positive values. Freshwater fish and terrestrial fauna can also exhibit
similar 5**Ccoliagen Values. Previous studies showed the limitation of estimating the marine
food contribution in the diet of humans living in regions with mixed C3/C4 terrestrial
environments?>2%,

2) Bulk collagen 0™Ncoliagen isotope ratios are affected by several environmental and
physiological factors in addition to the trophic level effect. For instance, elevated
" Ncollagen Values of herbivore tissues are documented in arid regions, and consequently
lead to a misinterpretation of the trophic levels of humans 2?8, In addition, there is a strong

baseline effect impacting the 0*°Ncoliagen and 6*3Coollagen Values of animals with similar diets,
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but coming from different regions. This is due to environmental factors, such as the aridity,
influencing the isotope composition of plants. It is often assumed that there is a 3.4%o
increase per trophic level® but already Deniro and Epstein, 1981%° observed a wide
variation in 8*®*Ncoliagen trophic discrimination factors depending on the samples analysed (-
0.5 to +9.2)%.

3) Another problem is related to the characterization of 9™ Ncoliagen in the primary producers,
like plants, which can display an important temporal and geographical variation, possibly
because of the assimilation of nitrogen from different sources . For example, plants that
fix nitrogen from the soil (NH4*, NO3") can exhibit distinct nitrogen isotopic signatures
compared to those that fix nitrogen from the atmosphere (N2)*°. These differences in
isotopic ratios are influenced not only by nitrogen sources but also by various location-
specific environmental characteristics, such as precipitation, altitude, temperature, and

salinity®:%,

2.1.2 Carbon and nitrogen on single amino acids

Compound Specific Isotope Analysis of Amino Acids (CSIA-AA) has recently been used to
overcome the methodological problems of bulk isotope analyses®. The use of this powerful new
technique allows estimating more precisely the trophic position of organisms and eliminating the
influence of environmental factors. The analyses of 6*3C isotope value of Single Amino Acid
(SAA) (Phe: Phenylalaline, Val: Valine) can clearly differentiate terrestrial from freshwater food
resources while N isotope on SAA (Phe: Phenylalaline, Glu: Glutamic acid) elucidate the trophic

position with more precision than possible with the bulk isotope analyses®*®.

2.1.2.1 Trophic position estimation using 6'°N of amino acids

One could estimate the Trophic Position (TP) of humans without need to characterize the 6*°N
values of the associated fauna by analysing nitrogen isotope ratios of single amino acids,
particularly the Phenylalanine (Phe) and the Glutamic acid (Glu). These amino acids serve as
excellent tracers of the trophic level. The 6*°*Ngyy is significantly enriched for each trophic position
(+8.00%0) because of the substantial isotopic fractionation occurring during the transamination.

The 6°Nphe shows only a slight change with each trophic position (+0.4%o) and mainly reflects the
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local base line, which in turn influences the 6**Ngiu with the same amplitude. By combining the
analysis of these two amino acids, it becomes possible to determine the trophic position of an

organism while effectively eliminating interference from the baseline effect 34,

The analysis of *°N on these two amino acids provides an internal trophic position (TP)
indicator which can be calculated by employing the following equation3:
TP(C3) = [(4®Noiu-phe + 8.4)/7.6] + 1

2.1.2.2 Carbon isotope ratios on amino acids and exploited environment

Previous studies®3® demonstrated the potential of carbon isotope analyses on the Phe and the
valine (Val) to distinguish between 4 main dietary groups (Marine fish consumers; freshwater fish
consumers, terrestrial Cz protein consumers, terrestrial Cs protein consumers). Generally,
terrestrial Cs protein consumers have similar 5*3Cpne and 6*3Cval values in collagen. The terrestrial
C4 protein consumers would also exhibit similar 6*3Cene and 6*3Cva values but relatively higher.
The 5*3Cva values of freshwater fish consumers overlap with the terrestrial C3 protein consumers
but have a lower §*3Cpre. The 0**Cva of marine protein consumers overlap with the terrestrial Cs

protein consumers but have lower 5*3Cphe values 3>,

2.2 Zinc isotope ratios: a dietary proxy retrieved from dental enamel
Dental enamel is more resistant to time degradation than bone, therefore, dietary investigations of

the new metal isotope trophic proxies in the mineral hydroxyapatite Caio(PO4)s(OH). have gained
increased attention in recent years®"~%2. The Zn isotopic composition of vertebrate tissues appears
to be strongly related to diet*®434®and can be analysed in dental enamel(oid), a tissue very resistant
to diagenesis3/ 394347,

The variability of the ®5Zn/®zn ratio (expressed as ¢°°Zn value) in vertebrate consumer is caused
by two main factors. The Zn isotope composition from the source of intake and the Zn isotope
fractionation within the organism. In the food web, the Zn isotope composition of primary
producers, like plants, comes from the underlying bedrock further fractionated within the plants

tissues. However, bedrock 6°°Zn values of this latter can exhibit some variations depending on
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their composition®8, For instance, marine carbonates (+0.3 to +1.4%o) can display higher and
much more varied values than most clastic and volcanic rocks (+0.3+0.14%o [20]) and other

sedimentary rocks*®1,

Previous work on bioapatite ¢°Zn values have shown a %Zn enrichment in herbivore’s
enamel bioapatite relative to that of carnivores. This is because zinc isotope compositions become
relatively depleted in heavy isotopes with successive trophic levels*. Therefore, herbivores have
systematically higher ¢%Zn values than carnivores (0%Znnerbivore > 6°6ZNcarmivore), Which is consistent
with previous findings demonstrating a decrease of approximately 0.30 to 0.60%o in ¢°°Zn values
with each step in archaeological and modern food webs846:52:53,

The trophic fractionation of ¢%Zn is a result of Zn isotope fractionation within an
organism®>’. The body muscles are usually depleted in heavy Zn isotopes compared to the diet
and bioapatite tissues® . Thus carnivores, which consume exclusively meat, are expected to
exhibit lower bioapatite zinc isotope ratios compared to those of their prey. Because bones are
enriched in heavy Zn isotopes compared to muscles, bone consumers like hyena usually exhibit a
different isotopic composition than sympatric carnivores feeding exclusively on meat *°. Zinc
isotope fractionation also occurs in plants resulting in a different isotopic composition among
roots, stems and leaves®®*°, This isotopic variation within a plant may affect the entire trophic web.
Some Zn studies showed that faunal species feeding on leaves (“browsers”) have different 6°°Zn
values than those feeding on grass (“grazers”)*%. Leaves are usually %*Zn-enriched compared to
the other parts of the plants. Consequently, browsers exhibit lower Zn isotopic ratios than
grazers*®°. However, this browser-grazer 6°°Zn variability may not be ubiquitous, as it has not
been observed in South East Asian tropical food webs®®43,

One study documented the impact of breastfeeding on 9%Znenamel Values with teeth formed
during breastfeeding having higher values than post-weaning formed enamel®.

In summary, meat consumption is associated with low 5%¢Zn values — especially when combined
with elevated §*°N values in bone collagen. In contrast to N, Zn becomes relatively depleted in
heavy isotopes with successive trophic levels. However, both N and Zn show higher isotope ratios

in tissues of breastfed children relative to their nurturer8:°,
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2.3 Strontium isotope ratios: a mobility proxy retrieved from dental enamel
Strontium, a trace element, consists of four naturally occurring isotopes, including three stable

ones: 4Sr, 8Sr, and #Sr. The fourth isotope, &'Sr, is radiogenic and is produced through the
radioactive decay of rubidium, specifically 8’Rb, which has a half-life of approximately 4.7 x 10%°
years. The natural abundances of these isotopes are as follows: 8Sr (0.56%), 8Sr (9.879%), 8Sr
(82.53%), and 8’Sr (7.04%). The amount of radiogenic 8’Sr in geological formation depends on
factors like rock age and the 8’Rb/®’Sr ratio, causing variations in the 8Rb/®’Sr ratio in bedrock

based on rock age and lithology®*2,

The isotopic composition of strontium is expressed as the ratio of 'S/ 8Sr, Generally, the &Sr/
83r ratio of the continental crust varies between 0.700-0.750%. Rocks with expected high original
8"Rb/®’Sr ratio will exhibit a higher 8Sr/%Sr ratio, usually above 0.710. This often includes
lithologies such as granite and gneiss. Lithologies with low 8 Rb/8’Sr usually have low &Sr/ &Sy
ratio (0.706) often even lower in basalts (0.704)51. On the other hand, unaltered marine limestones
and dolomites exhibit an intermediate Sr signature (0.707-0.709) recording the isotopic
composition of the seawater at the time of carbonate mineral precipitation. Although the isotopic
variations seem small, they are large compared to the instrumental error of modern mass
spectrometers (= 0.00001)%2.

Strontium is chemically and structurally similar to calcium. Consequentially, Sr substitutes for Ca
in carbonate minerals such as calcite, aragonite and dolomite, as well as in bioapatite®. Strontium
is released from rocks by weathering and incorporated into the soil, ground water and stream,
which will be taken up by primarily producers and then passed on through the food web. The
fractionation of 8'Sr/%Sr is small due to its large isotopic mass and invisible due to the
normalization performed during Sr isotope analyses®. Therefore, the Sr signature within an
organism reflects that of local geology. For humans and other animals, strontium is incorporated
into their skeleton via diet. Thus, bioapatite 8 Sr/®°Sr ratios serve as a tracer for the location of an

individual’s dietary resources.

2.4  Sulphur isotope ratios: a mobility proxy retrieved from bone and tooth collagen

Sulphur (S) isotope analysis is a complementary method to C and N isotope analyses, a tool for

gaining insights into mobility and the consumption of marine foods 54°,

10
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On earth, there are three main reservoirs for S: Oceanic dissolved sulphates, evaporitic sulphates
and pyrite®®. Sulphur analysis is primarily based on the variations in 6%*S values observed across
different ecosystems, such as marine, freshwater, and terrestrial environments. These variations
serve as a fundamental principle for studying sulphur isotopes. In marine ecosystems, the 5**S
values are close to +20%o, the value of the oceanic sulphates®®. Individuals living close to coastal
regions display 5°%S values close to +20%o due to the “sea spray effect”. Terrestrial plants,
representing the base of a trophic chain receive their S through soil minerals or from aerosols. The

aerosols are the main sources of sulphur for plants living close to coastal regions®’.

Meanwhile, terrestrial ¢S values vary from ca. -20%o to +20%o and depending on the S of the
local bedrock®®®8. Sulphur is released from rocks by weathering and incorporated into the soil,
which will be taken up by primarily producers and then passed on through the food web. For
instance, low ¢%S values are found in sedimentary sulphides and igneous minerals, while the

values largely increase in geological sulphates®’.

The plants are depleted by 1.5%o to their sources of sulphates®®. A small number of publications
shows that the isotopic fractionation between diet and consumers tissues, is likely small to
negligible®. Therefore, the ¢3S values reflect the local ecosystem of the individual®. Combined
5%4S with 6'3C and ¢°N values enables the detection of seafood consumption®®-72,

11
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3 Supplementary Information 3: Material and Methods

3.1 Faunal samples
Archaeological samples included in this study originated from the Taforalt archaeological site in

Morocco, and the necessary permits for exporting and sampling human and faunal specimens
were obtained from the Institut National des Sciences de I'Archéologie et du Patrimoine (INSAP)
in Rabat, Morocco, under permit N°02/2019-2020-232. The analyses were conducted at the Max
Planck Institute for Evolutionary Anthropology in Leipzig.

3.1.1 Faunal species identification

Only a small number of carnivore remains were available at the site (NISP= 9, Supplementary
Table 1) and we sampled all teeth available for the isotopic analysis (n=2). However, these
carnivores might not have a pure carnivorous diet, since many canid species can feed on a variable
amount of plants’®,

One carnivore (SEVA 35834, Supplementary Table 2) was identified by ZooMS as a Canidae
(although the identification and combination of peptide markers for this sample exclude the
possibility of a red fox (Vulpes vulpes, Supplementary Table 2). This means that this specimen
more likely belongs to the Caninae subfamily. Another carnivore (SEVA 35828) was identified
using traditional zooarchaeology as a red fox (Vulpes vulpes)*.

The Barbary sheep samples were initially identified using traditional zooarchaeological methods.
Of the samples, three were subsequently confirmed as Caprinae through ZooMS analysis, which
aligns with the initial zooarchaeological identification.

ZooMS analysis corroborated the zooarchaeological identification of equids, hartebeest,
Rhinoceros, and gazelle. Moreover, it provided a more specific identification for a bovid, which
was determined to be a hartebeest. However, one Barbary sheep sample and hare proved
unidentifiable through ZooMS analysis. Consequently, we retained the initial zooarchaeological
identification for these specimens in our study (Supplementary Table 2). Among the herbivore
taxa, most of them are expected to be grazers but Barbary sheep and gazelles can be mixed-

feeders’". Gazelles, hartebeest and Barbary sheep are also drought tolerant’®78,

12
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Supplementary Table 2: The morphological and ZooMS taxonomic identification of the faunal remains included in this study. SEVA numbers are
the identification numbers given to each sample processed and analysed at the Max Planck Institute for Evolutionary Anthropology.

ID Sector | SEVA Zo.oarcha}eolc_)glcal Tissue type ZooMS Final identification Latin name
identification

TAF 10- .

11408 34565 Equus M Equus Equidae
TAF 05- | sector 34566 Barbary sheep M Barbary sheep Ammotragus lervia

3475 10
sz;slg i selcéor 35819 Barbary sheep M3 Unidentifiable Barbary sheep Ammotragus lervia
TA;;SM- sec;tor 35820 Equus M1/2 Equidae Equus Equidae
Tﬁzllg i seféor 35821 Barbary sheep dm3 Caprinae (Ovis) Barbary sheep Ammotragus lervia
TAF.13- | sector . .

11617 10 35822 Equus | Equidae Equus Equidae
TAF 05- | sector . -

2907 10 35823 Hare bone Unidentifiable Hare Lepus

TAF- . .

1807 35824 Bovid M3 Alcelaphinae Hartebeest Alcelaphus buselaphus
T'g"1:8?34 35825 Equus M3 Equidae Equus Equidae
TAF 13 - | sector . .

12127 10 35826 Equus dp Equidae Equus Equidae
TAI‘:FZ;? 8- seitor 35827 Alcelaphus M2 Alcelaphinae Hartebeest Alcelaphus buselaphus
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T?EQ%S- sei:(t)or 35828 Fox M1 Unidentifiable Fox Vulpes vulpes
T,;gdgs- Seféor 35829 Gazelle M3 Bovidae (not. Bovina-e or.Caprinae) / Gazelle Gazellasp.
Cervinae / Giraffidae

Tﬁg;; ) sei:(t)or 35830 Barbary sheep I Caprinae (Ovis) Barbary sheep Ammotragus lervia
Tf‘ll;slf i sei:éor 35831 Barbary sheep M2 Caprinae (Ovis) Barbary sheep Ammotragus lervia
Tﬁl;ég Seféor 35832 Gazelle P2/P3 Gazelle Gazella sp.
T?;S%S- Seféor 35833 Gazelle P Antilopinae Gazelle Gazella sp.
Tﬁl;zlé) i seféor 35834 Canid M Canidae (not red fox) Canid Canidae
T?g4(;4- se%tor 35835 Gazelle P2 Gazelle Gazella sp.
TA:\SI;;) 4 se%tor 35836 Rhinoceros PorM Rhinocerotidae Rhinoceros Rhinocerotidae
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3.2 Human material and tooth pathologies
The human samples consisted of 23 teeth and seven bones. Most of the samples belong to 7

individuals buried in sector 10°. The other samples were isolated and are therefore described as
“unassigned” (Supplementary Table 3). The human teeth were scanned using a micro-CT scanner
in the Department of Human Evolution at MPI-EVA (Leipzig, Germany). The teeth were scanned
and revealed an important amount of hypoplasia (78% of our samples; n=23) and caries (13% of
our samples; n=23). All 3D scans are not available online but are shared by the authors after
request. The location of the caries and hypoplasia are documented in the Supplementary
Information 7 and are summarized in Supplementary Table 4. Areas sampled for Sr and Zn isotope
measurement are also shown in Supplementary Information 7 (Teeth scans).

The sampling strategy is described in detail in section 3.3.1.1, titled "Strategy of Tooth Sampling”.
The approximate areas that were sampled in the vertical plane are represented by arrows on the
tooth scans (Supplementary Information 7). However, it is crucial to note that these arrows provide
a general indication of the sampled regions and do not accurately represent the depth or width of

the sampled areas.

In this study, our analysis of dental remains has revealed a presence of dentine and enamel stress
in the teeth, as indicated in Supplementary Information 4. This finding suggests that periods of
tooth formation were marked by disruptions, which can be associated with various stressors
experienced during different stages of life’®®%. In other studies, linear enamel hypoplasia, is
typically observed in teeth formed early in life, such as incisors and canines, which coincides with
the weaning process®®®’. Weaning, occurring between 2-5 years of age in hunter-gatherer societies,

is often regarded as a period of significant stress for infants’®8L.,

However, our investigation has unveiled a more nuanced picture. Notably, hypoplasia is not
present solely in teeth formed during the weaning period. We find its presence in teeth that form
after weaning, including the M2 and M3 molars. This raises the possibility that factors beyond
weaning, such as persistent nutritional stress or traumatic events, may also contribute to the
formation of these stress markers. Other influential elements could include genetic predisposition,
environmental influences, or psychological stress®?. Compared to the Natufian population, the
Iberomaurusians from Taforalt exhibit a much higher frequency of caries*3. The presence of

enamel hypoplasia has been attested in Natufian sites like Nahal Oren in the Levant, mainly

1



between the age of 3-7yrs®. However, we could not establish the frequency of this stress between

Natufians and our samples due to our limited sample size.

Supplementary Table 3: The human samples from the sector 10 of Taforalt. analyzed in this study with their sex and
age of death estimation (from Humphrey et al., 2020)°. SEVA are the identification numbers used at the Max Planck
Institute for Evolutionary Anthropology. The ID are the identification numbers given to the finds during the
excavations. ND stands for Not Determined. Mo stands for months.

Individual | SEVA ID Element Sex Age at
death

1 35961 | TAF_06_3966 M2 male 20yrs
1 35962 | TAF_06_4164 M2 male 20yrs
1 35967 | TAF_06_3966 12 male 20yrs
1 35970 | TAF_06_3967 M male 20yrs
1 35979 | TAF_06_4167 P4 male 20yrs
1 35985 | TAF 06 H576 bone male 20yrs
1 35963.A | TAF_06_4164 C male 20yrs
1 35963.B | TAF_06_4164 M2 male 20yrs
2 35981 | TAF 05 3281 | bone ND ND
5 35977 | TAF_08 6875 M2 female 16-18yrs
5 35978 | TAF_08 6875 C female 16-18yrs
5 35971.A | TAF_08_6880 11 female 16-18yrs
5 35971.B | TAF_08 6880 M1 female | 16-18yrs
6 35964 | TAF_06_4753 dm2 male 6-12mo
6 35965 | TAF_06_4753 dil male 6-12mo
6 35982 | TAF_08 5883 bone male 6-12mo
6 35983 | TAF_08 5753 bone male 6-12mo
9 35966 | TAF 09 8111 dil female 5-6mo
9 35966 | TAF_09 8111 bone female 5-6mo
13 35975 | TAF_13 1000 M3 male 18-20yrs
13 35975 | TAF_13 1000 bone male 18-20yrs
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TAF_10_1010

14 35980 5 P4 male 18-20yrs
unassigned | 35959 | TAF_05 2882 bone ND ND
unassigned | 35959 | TAF_05 2882 I ND ND
unassigned | 35960 | TAF_05 3380 12 ND ND
unassigned | 35968 | TAF 04 1031 M3 ND ND
unassigned | 35969 | TAF_05 3685 12 ND ND
unassigned | 35972 | TAF_06 4224 P3 ND ND
unassigned | 35973 | TAF_05 3144 12 ND ND
unassigned | 35974 | TAF_06 3907 M3 ND ND
unassigned | 35976 | TAF 05 3613 M ND ND
unassigned | 34561 TAF_150 1102 11 ND ND
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Supplementary Table 4: Caries and hypoplasia presence in the human teeth from Taforalt included in this study. Hypoplasia are detected on the CT scans (3D
models and 2D virtual sections in Supplementary 7). We utilized the positioning of hypoplasia within the teeth in relation to the tooth's developmental timeline®

to make an approximate estimation of its occurrence period

Individua age of presence | presence of
I sex death | SEVA | tooth | of caries | hypoplasia location period of hypoplasia/ stress
35963. complete
B LLM2 yes yes tooth 3-16yrs
complete
35961 | ULMZ2 no yes t0oth 3.5-16yrs
35963. complete
1 male | 20yrs A LLC no yes tooth 4-14yrs
35962 | LLM2 yes yes root 7-15yrs
35970 UxM no yes crown ?
complete
35967 LRI2 no yes t0oth 3-10yrs
35971 complete small hypoplasia around
' LLI1 no yes h
A toot 3yrs and again at around 5yrs
5 femal 16-
e 18yrs | 35971 crown
B LRM1 no yes enamel between 2.5 and 5yrs
35978 ULC no no crown light EH around 3.5yrs
35965 | URdil no yes root dentine 4.5-11mo
6 male | 6-12mo
35964 | URdmM2 no no
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femal

9 o 5-6mo | 35966 | ULM2 no no
13 male | 2% | 35075 | LRM3 | no es crown
20mo y enamel around 13-14yrs
18- complete

14 male 20yrs 35980 | LRP4 no yes t0oth 4-10yrs
unassigne

d 35959 LxI no yes root 3-11yrs
unassigne 35960 complete strong EH 3-5yrs + slight stress

d 2 no yes tooth between 5 and 10yrs
unassigne complete

d 35968 ULM3 no yes tooth 14-16yrs
unassigne

d 35969 LRI2 no yes root 7-10yrs
unassigne

d 35972 LLP3 no yes root 6-10yrs
unassigne

d 35973 LRI2 no no
unassigne crown and

d 35974 ULM3 yes yes root 12 yrs-
unassigne crown and

d 35976 LRM no yes root ?
unassigne

q 34561 Ul
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3.3  Methods of isotope analyses

The isotopic analyses were conducted in the Max Planck Institute for Evolutionary Anthropology,
Leipzig, Germany.

3.3.1 Human Teeth Sampling Approach

3.3.1.1 Estimation of the period of teeth formation

To estimate the age of the individual at the time when the teeth was formed, we referred to
AlQahtani, 2010%*. This reference provided valuable information for determining the timing of
tooth development. More specific details are found in the accompanying Excel document
(Supplementary table 16). It is important to note that the formation of a tooth occurs over an
extended period, for instance, 12 mineralizes between 1 and 10yrs. To account for this variability,
we categorized the sampled tooth parts into groups with distinct period of formation groups

(Supplementary table 16, Excel document):

Placental Formation: This category includes tooth parts formed before birth, such as the

upper part of the crown of dm2 and dil.

- Pre-Weaning Formation: Tooth parts formed during the first four years of life fall into this
category.

- Post-Weaning Formation: Any tooth parts formed after four years are considered post-

weaning.

Following this categorization, we exclusively considered values from tooth parts formed post-
weaning as representative of the adult diet since hunter gatherers are weaned on average around 4

years®?,
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3.3.2 Faunal Teeth Sampling Approach

3.3.2.1 Estimation of the period of teeth formation

Determining the age of mineralization in fauna can be challenging due to limited data availability.
However, we based our estimations on existing information for specific species (Supplementary

table 17, Excel document):

Caprids (e.g., Barbary sheep): M2 mineralizes between 8 and 18 months, while M3 mineralizes
between 19-36 months. Caprids are typically weaned around 4 months, which means that these
two teeth (M2 and M3) are not influenced by nursing®. However, it's worth noting that the enamel
of incisors can be impacted by nursing.

Equids: Equids are typically weaned between 9-15 months®. The P2, P3, P4, and M3 mineralize
after weaning, while M2 partially mineralizes before weaning. The deciduous premolars (dp) of
Equids are unlikely to be affected by nursing, as they begin calcifying before birth and are fully
calcified shortly after birth.

Bovids: Bovids are generally weaned between 6-8 months. The M1 mineralizes before weaning,

whereas the M2 and M3 mineralize after weaning. The premolars also mineralize after weaning®’.

Carnivores: Carnivores are usually weaned at an earlier age. For example, foxes are weaned
around 41 days, but in the case of the enamel on M1, it might be affected by nursing signals®®.
However, the root of M1 is formed post-weaning. We could not determine the exact species of the

other canid but the pattern of weaning is likely to be similar.

3.3.2.2 Fauna teeth sampling
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422 Supplementary Figure 2: An example of sampling strategy for Zn isotope analyses on a herbivore tooth
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4 Supplementary Information 4. Results

4.1  Zinc isotopic results

4.1.1 Data quality
The zinc analyses incorporated two reference materials, SRM 1400 and SRM 1486, which were

prepared and subsequently analyzed alongside the samples. The obtained values fell within the

established range of previous findings documented in the literature (Supplementary Table 5).

Zinc was extracted from the tooth enamel of human and faunal remains which is generally more
resistant to diagenetic alteration*’®°. Zinc isotope ratios correlation between concentrations in
tooth enamel is used to test the good preservation of dietary biogenic 6°6Zn values®. There is a
slight correlation between the Zn isotope ratios and the concentrations (1/conc) in our samples (p-
value < 0.001) (Supplementary Figure 3), however, this correlation is likely of dietary origin: the
human enamel has systematically higher Zn concentration than that of the fauna and, since most
of our samples consist of herbivores which usually have lower Zn concentrations, a correlation
between ¢°%Zn and concentrations appears (Supplementary Figure 3). There is no correlation
between the Zn concentration and ¢6°°Zn values if we consider human and fauna elements
separately (Supplementary Figure 3), which argues for the good preservation of the biogenic zinc

isotope ratios.

Supplementary Table 5: Zinc isotope ratios of reference materials from this study and literature data.

This study Literature data
0%Zn SD n 6%2Zn SD References
SRM 1400 0.93 0.03 5 0.96 0.02 39 38,43,45,48 52
SRM 1486 1.23 0.04 2 1.2 0.04 5253
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Supplementary Figure 3: Relationship between the Zn isotope ratios and Zn concentrations in enamel of fossil
teeth from Taforalt, Morocco.

4.1.2 Description of the Zn isotope ratios of Taforalt fauna and animal teeth

The 6%Znenamel Values of the fauna from Taforalt ranges from 0.42 to 1.45%o which is comparable
with the range observed in the modern food web of Koobi Fora (Kenya) and Gabasa (Spain)3®4¢.

When considering only the teeth formed post-weaning in herbivores, they exhibit the highest
0% Znenamel values in the food web at Taforalt (1.12:£0.07%o, nsamples=20). The carnivores (a fox and
a canid), on average, show lower values (0.52 + 0.14%o, n=2) (Figure 3). While the 6*®Znenamel
value of the M1 enamel sampled from the fox may be influenced by the nursing signal (0.61%o),
the canid's molar exhibits a lower 5%Zn value (0.42%o) and is less likely to be affected by nursing?®.
While our preliminary data suggests differences in 9%Znenamel Values between dietary groups
(herbivores and canids) (Extended Data Figure. 1) , it is important to note that our sample size is

limited for the carnivores and that they might not have been purely carnivorous and occasionally
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included plants into their diet”. However, 6°Znenamel values for the carnivores at Taforalt are still
lower than values observed in other food webs, even lower than wolf*® which is usually considered
a pure carnivore’®. The trophic level spacing 4°°Znnerivores-canias Would be 0.60%o and can be 0.70%o
if we exclude the M1 of the fox. Although based only on two carnivores, the trophic spacing at
Taforalt fits with ranges observed in other food webs®4652, The humans from Taforalt have
elevated 6°°Znenamer Values (0.78 £ 0.07%o, nsamples= 28) that are close to that of the herbivores from

the same site. The offset between the adult humans and the herbivores is 0.34%eo.

4.1.2.1 Zinc variability among herbivores

In Taforalt, we observe a pattern of 6°®Znename between grazer and mixed feeder herbivores
(Kruskal-Wallis chi-squared = 19.737, df = 1, p-value < 0.05) (Extended Data Figure.1). Grazers
have the highest 3°Znenamel values (1.28%o + 0.15, n=21). The mixed feeders (i.e. Barbary sheep
and gazelle) have lower 6°°Zn values (Extended Data Figure.1). This pattern is similar to the one
observed in the modern food web of Koobi Fora in the African Savannah®®, and could be due to
their consumption of leaves and fruits. The roots, shoots and all low growing plants are usually

more enriched in heavy Zn isotopes, while tree leaves have lower §%Znenamer vValues®®°L,

4.1.2.2 Zinc isotopic variation among human individuals

The zinc isotope values do not vary significantly among the individuals analysed if we consider
the average value of each individual (Kruskal-Wallis chi-squared = 5, df = 5, p-value = 0.4159).
No discernible sex-related distinction was observed in the Taforalt population. The zinc isotope
values, as illustrated in (Supplementary Figure 4), revealed no significant relationship with the sex
of adult individuals (Kruskal-Wallis chi-squared = 0.49522, df = 1, p-value = 0.4816,
Supplementary Table 6). This observation holds true for infants as well. It is important to note that
the analysis of adult values exclusively includes teeth formed post-weaning, while those formed

pre-weaning are categorized as part of the infant diet.
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Supplementary Figure 4: Boxplot of zinc isotope values obtained from teeth enamel from male and female
samples in Taforalt (ningiviaua=17, 45 samples in total). Each point represents a single sampling from a tooth. Boxes
correspond to the median (centre line) and the first and third quartiles, while whiskers indicate the minimum and

maximum values.

Supplementary Table 6: Chi-squared and p-value of Kruskal Wallis tests comparing Znename isotope ratios with the

sex of the human samples from Taforalt.

Age grou 2 value >
ge group X P value<0.05
Biological sex | ( 495922 0.2652 No
(Adult)
Biological sex | ( 42346 0.5152 No
(Infant)

For some of the individuals, several teeth were sampled. In general, the variability between teeth

1s quite small, within 0.1%o of standard deviation. There are not enough teeth to conduct statistical
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analyses. Individual 1 has mostly teeth formed after the introduction of solid food in the diet of a
child. Three M2 have been analysed, along with P4, C and 12, and the M2 exhibit the lowest and
highest ratios (Extended Data Figure.3). We do not see any weaning pattern for this individual.
Individual 5 show higher ratios in their 11 and M1 compared to M2 and C, but the values are very
similar. Individual 6 had only deciduous teeth, and the dm2 shows the highest ratios, which is
consistent with the hypothesis than exclusive breastfeeding triggers higher 6°°Zn values than a

placental diet (recorded by dil).

4.2 Strontium isotopic results

4.2.1 Data quality
For strontium isotope ratios, our analysis involved the preparation and examination of the

standard SRM 1986 alongside the samples. The 8/Sr/®Srenamel Values obtained from this standard
fall consistently within the established range of published values (Supplementary Table 7). The
87Sr/8®Srenamer and Sr concentration of our samples show no correlation, which suggests the

preservation of biogenic strontium isotope ratios (Supplementary Figure 5).

Supplementary Table 7: Strontium isotope ratios of reference materials from this study and literature data
38,39,43,45,46,48,92

This study Literature data
87Sr/86Sr SD n 87Sr/86Sr SE References
Long term
value at
MPI-EVA,
SRM 1486 0.7093 2E-05 7 0.7093 3E-05 n=137
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Supplementary Figure 5: Relationship between the Sr isotope ratio and Sr concentration in enamel of human
and fauna teeth from Taforalt, Morocco.

4.2.2 Strontium isotope data

The 87Sr/%8Srenamel Of fauna and humans display a narrow range, from 0.7089 to 0.7093, and 0.7090
to 0.7094 respectively, compatible with what is expected for a coastal region (<100km) dominated
by a calcareous bedrock from Late Jurassic®%>%, Among all the enamel samples analyzed in this
study, no correlation between the Zn isotope and Sr isotope ratio has been detected (Figure 2, Main
paper). This suggests that the Sr isotope composition in local geology is relatively homogenous
and has no influence on the Zn isotope ratios at Taforalt. All humans show &Sr/2Sr compatible

with that of the fauna, which is compatible with the hypothesis that they were all local individuals.



528

529
530

531
532
533
534
535
536

537
538

539

540
541

542
543
544
545
546
547
548
549
550

4.3  Carbon and nitrogen results

4.3.1 Data quality
Carbon and nitrogen stable isotopes were measured from bulk collagen. The weight percentage of

carbon (wt% C) and nitrogen (wt% N) in our samples range from 47.8 to 14.4% and 17.1 to 5.6%
respectively, and the C/N ratios fall within the acceptable range for ancient collagen extracts (3.0-
3.3)2%% (Supplementary table 16, Supplementary table 17 , Excel document). We thus exclude the
possibility of diagenetic alteration affecting our collagen isotope values®. The §*3C and §*°N of
the reference material that was analysed along with our samples fall within the range of accepted

values (Supplementary Table 8).

Supplementary Table 8: Carbon and nitrogen isotope ratios of reference materials from this study and the accepted
values (https://nucleus.iaea.org/sites/ReferenceMaterials/Pages/Stable-Isotopes.aspx)

This study Expected values
. O13C (%o, 0N (%o, 013C (%0, 0N (%o,
Material veDB) P AIR) °°  vPDB)  AIR)
IAEA N1 ammonium —10.449 + 0.43 £
CH6 (n=12) sulfate 104703 043 004 0.03 0.07
IAEA N2 ammonium -32.151+ 2041+
CH7 (n=12) sulfate 3213 0042035 005 0.05 0.12

4.3.2 Carbon and nitrogen isotope data

The ™ Ncollagen values of the herbivores display a wide range of variation (5.5 to 11.7%o) and the
*3Ceollagen Values ranges from -20.91 to -18.06%. (Figure 2, Main paper). Various factors could
influence this variation. Notably, nursing can raise herbivores 6*°Ncoliagen levels, which is the case
for a deciduous tooth of a Barbary sheep (6*°Ncollagen = 11.7%o0) and a deciduous tooth of an equid
(0®Ncollagen = 8.7%o). After excluding potentially nursing-affected teeth, the values still span
between (5.5 to 11.6%0). One possible cause is the metabolic adaptation of certain species to
drought conditions, exemplified by the elevated 5*°Ncoiiagen Values in the hartebeest species, known
for their ability to survive extended periods without water’’. Additionally, variations in 6*°N
baseline values may play a role, as seen in Barbary sheep, which possess a flexible diet and may

consume plants with differing 6*°N values; For the 5*°Ncoliagen, the trophic level spacing between

8
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carnivores and herbivores, considering only post-weaning tissues, is only of 2.8%o which is in

lower than the common 3-5%o trophic level increase?%-%',

The ®Cecoliagen and 0*°Neollagen fOr adult humans (tissues formed post-weaning) are between -19.3
to -18.4%0 and 8.8 to 12.1%o respectively. The 5*Ccollagen and 6*°Necotagen Of the infant humans
(tissues formed pre-weaning) are between -18.8 to -18.6%o0 and 12.3 to 13.5%o respectively.
Contrary to Zn, there is an overlap between some herbivores, humans and carnivores (Figure 2
main paper). If we included only adult 5**Ncoiiagen Values, the overall trophic offset between adult
humans and herbivores is +2.5%o and it is slightly larger with the Barbary sheep, the most dominant
species in the site (+4.1%o). There were not enough carnivores (n=2) to accurately estimate the
trophic level effect TLE but based on our data it is around +2.8%o for 6" Nherbivore-canid. Although
the canids could have been omnivorous, our CSIA analysis on nitrogen show that one of the
specimens has a carnivore trophic level (TP=2.9) (See section 4.4). The analyses were performed
on the root of the M1 of these individuals, less likely to be influenced by the nursing effect than
the crown (see section 3.3.2.2). The 6% Ncoiiagen Values show no significant relationship to the sex
of the human individuals (Supplementary Table 9).

Supplementary Table 9: Chi-squared and p-value of Kruskal Wallis tests comparing N isotope ratios with the sex
of the human samples from Taforalt

No age chi- p-
considered squared | pvalue | value<0.05
Biological sex
(Adult) 0.3247 0.5688 No
Biological sex
(Infant) 0.22059 0.6386 No

4.3.3 Comparison with published results from Taforalt (Lee-Thorp et al., 2019)%

In our study, we observed a trophic level spacing (A®Ncottagen TL Sherbivore-human) Of 2.5, which differs
from the A™®Ncoliagen TLS value of +4.2%o reported by Lee-Thorp et al. for Taforalt®®®. This
variation in A®Ncoliagen TLS values suggests potential differences in the species sampled for the
isotopic analyses. Notably, Barbary sheep was the most frequently sampled species in Lee-Thorp's

study. Lee-Thorp et al.%® reported an average 6'°Ncollagen value of +6.42 + 1.72%o for all the
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herbivores, while our study observed an average 6**Ncoliagen Value of 8.3 + 3.16%o. Our study and
Lee-Thorp et al. both found substantial variability in ¢*°N values for Barbary sheep. This
variability in 6*°N values within the Barbary sheep population may be attributed to the flexible
dietary habits of this species, and it underscores the challenges of characterizing a stable baseline
when considering this species (Supplementary Table 10). No carnivore (or canid) was analysed in
their study to estimate the trophic level effect. Furthermore, it is essential to note that our study
employed both teeth and bone collagen for isotopic analysis, whereas Lee-Thorp et al.% focused
solely on bone collagen.

Apart from Barbary sheep, we observed similar 5™ Ncoiiagen Values for other species (Supplementary
Table 10). Comparing our results to Lee-Thorp et al.%, the §**Ncoliagen Values for Equids and
Gazelle sp. in both datasets show alignment, indicating some consistency in the dietary patterns of
these species in the Taforalt region. Furthermore, both studies observed no evidence of marine
resource consumption by the population, a finding that corroborates the conclusion that the
Taforalt population had a limited marine dietary component.

In their study, Lee-Thorp et al.%® also analyzed the bone collagen of some of the same human
individuals as in our study (Supplementary Table 10). The ¢*Ncoliagen Values obtained for bone
collagen in their analysis closely align with our results. However, it is worth noting that there was
one exception, where individual 13 exhibited a relatively higher ™°Ncollagen value (12.1%o)
compared to the values observed by Lee-Thorp et al.? (10.4%o). One potential explanation for this
variation could be that we sampled different bones with varying turnover rates. Bones with
different turnover rates, such as rib bones and long bones, can record different aspects of an
individual's diet over time®®. However, the specific bone type analyzed for isotopic differences

was not specified in the previous publication.

Supplementary Table 10: Comparison between the average 6*°Ncoiiagen Values obtained from Lee-Thorp et al.% and
the values obtained in our study from the same species and human individuals

Study Barbary Equids | Gazella | Ind.5 Ind.6 | Ind.9 Ind.13 | Ind.14
sheep

Lee-Thorp 6.4%0 8.1%o0 7.4%0 9.7%o0 12%o0 12.1%o 10.4%o 10.9%0
(bone)

This study 8.3%o 8.3%o 7.8%o0 10.3%0 | 12.8 12.6%0 | 11.8%o -
(all tissues %0

This study - - - - 125 | 12.3%0 | 12.1%o -
(bone) %o

10
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4.4  Carbon and nitrogen on single amino acids results

Data quality

We successfully obtained the amount of collagen required for conducting Compound-Specific

Isotope Analysis (CSIA) for 54% of the samples.

Carbon and nitrogen isotope measurements on single amino acids were commercially performed

by the University of Davis. The measurements are calibrated against certified standard reference

materials from USGS and IAEA. Internal reference materials with known isotope values are used

to measure accuracy and reproducibility. Reference materials were analyzed along with the

samples and gave results consistent with expected values (Supplementary Table 11). For Carbon

and Nitrogen, the His, Met are below LOQ for all samples. Hyp, lle, Tyr are below LOQ for select

samples.

In addition, we performed two additional controls:

1)

2)

We sent the reference material SRM 1477c (bovine liver) along with our samples to the
University of Davis for the analyses. The SRM 1477c was previously analysed and
published in Jaouen et al (2019)%° (Supplementary Table 11). The carbon, the amino acids
Ala, Gly, Leu, Lys, Val, Pro Phe and Val are within the values published in Jaouen et al.
20191 except for the Asx, Glx and Thr. Since the publication of Jaouen et al., 2019,
significant advancements have been made in measuring carbon isotope values of threonine
(Thr). Unfortunately, there is currently a lack of available carbon isotopic data on Thr for
SMR1577C beyond the aforementioned study. We should also mention that we did not
include the Thr results in our PCA. For nitrogen (Supplementary Table 11) Ala, Asx, GIx,
Leu, Pro, Ser, Thr and Val are within the published values except for Lys, Phe. For some
of the amino acids, our current findings differ from those reported in Jaouen et al. 2019,
but we cannot definitively determine whether our values or the values published in 2019
are accurate.

Following the recommendations of O'Connell and Collins (2017)'°, we verified the
existence of a correlation between isotope ratios measured in hydroxyproline and proline

(Supplementary Figure 6; Supplementary Figure 7).

11
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According to a previous study, the correlation between the 5*°N values of the proline (Pro) and
hydroxyproline (Hyp) is essential to assess the data quality (O’Connell and Collins, 2018)*. Since
the nitrogen in Hyp is synthesized from Pro*, their 6*°N values are expected to be relatively equal
and the plot of 6™Huyp vs. 6°Nero should give a slope close to 1. We verified this on our samples
and it shows that there is a strong correlation between the 5*°N values of these amino acids (y=
0.9729x+ 0.1639; R? = 0.9898) (Supplementary Figure 6).

For 6C, the Chyp was plotted against 6°*Cero but the slope was (y = 0.8652x - 3.276
R2? = 0.5741), which is inconsistent with the slope of one expected. Hydroxyproline data are
systematically enriched compared to proline data. For this reason, we plotted in grey color
(Supplementary Figure 7) the samples that showed an offset superior to 1%o between §**Chyp and

0*3Cpro. It corresponds to nine samples out of 29 samples.

12



643

644  Supplementary Table 11: Carbon and nitrogen isotope ratios of single amino acids measured in the reference material SRM 1577¢ in our study compared to
645  published values in Jaouen et al., 2019
646
Ala Asx Glx Gly Leu Lys
Jaouen Jaouen Jaouen Jaouen Jaouen Jaouen
This etal. This etal. This etal. This etal. This etal. This etal.
study 2019 study 2019 study 2019 study 2019 study 2019 study 2019
Mean 6%3C
value -20.18 -19.82 -16.06 -12.81 -14.63 -16.56 -10.04 -8.10 -28.89 -29.66 -16.64 -15.89
SD 1.14 0.47 0.91 0.25 0.51 0.41 0.98 1.15 0.01 0.71 0.17 1.2
n 2 3 2 3 2 3 2 3 2 3 2 1
Phe Pro Ser Thr Tyr Val
Jaouen Jaouen Jaouen Jaouen Jaouen Jaouen
This etal. This etal. This etal. This etal. This etal. This etal.
study 2019 study 2019 study 2019 study 2019 study 2019 study 2019
Mean 6*3C
value -25.15 -25.1 -18.35 -18.68 -7.78 -9.74 -7.23 -30.9 -24.57 -25.2
SD 0.23 0.50 0.59 0.19 0.77 0.06 0.25 1.2 0.18 0.3
n 2 3 2 3 2 2 1 2 2 3
656
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Ala AsX Glx Leu Lys Phe
Jaouen
This Jaouen et This Jaouen et This Jaouen et This Jaouen et This et al. This  Jaouen et al.
study al. 2019 study al. 2019 study al. 2019 study al. 2019 study 2019 study 2019
Mean
o1N 12.18 10.37 10.01 10.27 10.69 10.30 7.24 4,95 7.02 2.75 10.10 8.25
SD 0.38 0.61 0.88 1.15 0.68 0.40 0.16 1.86 0.67 1.11 0.38 0.12
n 2 3 2 3 2 3 2 3 2 2 2 3
Pro Ser Thr Tyr Val
Jaouen
This Jaouen et This Jaouen et This Jaouen et This Jaouen et This etal.
Mean study al. 2019 study al. 2019 study al. 2019 study al. 2019 study 2019
O15N 14.91 13.70 10.85 9.37 -6.74 -5.77 4,76 10.48 10.77
sSD 0.02 0.57 0.78 1.2 0.88 0.81 0.73 0.63
n 2 3 2 1 2 3 2 2 3
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Supplementary Figure 6: Comparison of collagen proline and hydroxyproline §*N values of the fauna and
humans from Taforalt (nsampies= 29). The error bars represent the standard deviation of measurements and the points

represent the mean value of the measurements (centre)
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Supplementary Figure 7: Comparison of collagen proline and hydroxyproline 6°C vaives from our study (Nsamples=
29). The blue line shows the expected slope x=y for the §**Cpyp against 6*3Cpro. The black dots are the samples which
showed an offset inferior to 1%o between 5*Cyp and 63Cer; the grey dot showed an offset superior to 1%o between

6%Chyp and 53Crro. The error bars represent the standard deviation of measurements.

4.4.2 Description of carbon isotope ratios of amino acids in Taforalt samples

In order to assess the diet of the human from Taforalt using the individual amino acids isotopic
values we used the principal component analysis (PCA) method used by Ma et al., 20211% to
separate between different dietary groups (Extended Data Figure .2). We present the first two
components with the calculated eigenvalues for each of the features used in the (Supplementary
Table 23). The 6*3Cecoltagen, 0*Cpro, -*Casp, 0*3Clys, 0*3Cala, 7*Cval, 0*3Caix, 61*Caly have the highest
positive effect on the first principal component (PC1), while A*Cgiy-phe, A3 Cval-phe, and 5*°Ncoliagen
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have most significant negative effect on the second principal component (PC2) (Supplementary
Table 23).

When plotting the human and fauna from Taforalt with different dietary groups: Cs animals, Cs
humans, C4 humans, and the marine and freshwater consumers from published studies Extended
Data Figure.2, Supplementary Figure 8, Supplementary Figure 9, Supplementary Figure 10) we
see that our individual plot well with the Cz consumers. This confirms their terrestrial C3 diet and
the absence/ rare consumption of marine and freshwater resources. Some of the herbivores could
integrate some C4 plants components into their diets, as they slightly differ from the range

observed among C3 plant consumers in other studies (Extended Data Figure.2).

When looking at the bivariate plots of 5*Ciys vs. A¥*Cvar-phe as well as A¥Cay-pre as suggested by
Ma et al., 202119, the lysine carbon isotope values are consistent with a diet mostly relying on C3
resources, and the ARCvarere and A'3Cgiy-phe confirm the reliance on terrestrial resources
(Supplementary Figure 8, Supplementary Figure 9). A PCA including CSIA Nitrogen isotope data

is also available on Supplementary Figure 16.
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Supplementary Figure 8: Bivariate plots of the 6*3Cyys vs. 4*3Cvai.pne OF the samples from Taforalt and
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Supplementary Figure 9: Bivariate plots of the 6!3Cyys vs. 43Cguy-pne Of the samples from Taforalt and
published data35,72,100,109f106

Finally, we use the traditional representation of 5*3Cpne towards 0**Cva®>%, which clearly
indicate a terrestrial diet based on C3 plants and animals feeding on C3 plants (Supplementary
Figure 10).
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Supplementary Figure 10: Bivariate plot of the Taforalt 6**Cene and 6**Cva results by dietary classification with
known types of dietary consumers from published data35:72:100.103-106

4.4.3 Description of nitrogen isotope ratios of amino acids in Taforalt samples

4.4.3.1 Environmental variation of nitrogen isotope ratios

The 6 Nene usually reflect the local baseline. In the overall samples, there is no correlation between
the 6°Npui and 0*Npne (r=0.17, R?= 0.04231, p-value: 0.1463) since this latter is not strongly
affected by the trophic enrichment. The herbivores in Taforalt exhibit a wide range of 5*°Npne (9.1-
16.7%0) implying nitrogen isotope ratio variations related to the plants that they consume, which
in turn were impacted by environmental factors. A sample from Barbary sheep and an equid have
the highest 6*°Npne values while the hare exhibits the lowest value (Supplementary Figure 11).

There are also variations within species. The two Barbary sheep have distinctive 5*°Npne values of
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16.7%o and 11.6%o0. However, they have similar TP (2.1). This indicates that the individuals had
access to plants with different N isotopic signatures, which explains the difference in the bulk
collagen. The humans §°Npne values fall within the range of herbivores (10.4-13.7%o, mean=
12.23%o, Supplementary Figure 11). The low 6*°Npne of the carnivores (n= 2; mean: 10.8+0.9%o)
compared to the other species indicates that they prey on games with lower 6*°Npne values. The
latter also have a low bulk collagen nitrogen value, explaining why the canids overlapped with
humans in the 0 Ncoliagen. There is a moderate to strong correlation between the TP and 6*°Npne for
the human samples (r=-0.693558, p-value<0.05). The humans with a lower trophic position seem

to have a relatively higher 6*°Npre.

MANANA
12
Group Species
B Canid
Gazella sp.
" A Herbivore
o A Ind1 Lepus sp.
o A
2 8 . fft
Ind.13 Alcelaphus buselaphus
3 . P P
Ind.6 Equidae
Ind.9
Ammotragus lervia
A unassigned
4 Rinocerotidae
m Canidae
,ﬁ Vulpes vulpes
10 15 20

5""Npne (%0) AIR

Supplementary Figure 11: The 6'*Npne values from the collagen of the different faunal species analysed from
Taforalt in comparison with the human individuals

4.4.3.2 Trophic levels of the different fauna specimens

The 6N of amino acids generally shows the trophic position (TP) of an individual regardless the
baseline variation effect. Thanks to our carbon isotope ratios, we know that there is no aquatic
food consumption at Taforalt, and we can then use the Cs equation®” for the evaluation of the
trophic positions of the fauna and humans. These equations show a range of 1.7 to 2.3 for adult
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herbivores (average =2.1), which is close to the theoretical value of 2. This type of variation around

the value of 2 has been previously observed00-108:109,

For the Barbary sheep, both the tooth formed pre-weaning and post weaning have the same TP
(TP=2.1) expected for herbivores, even the deciduous tooth. The TP of the deciduous teeth of the
equid has also a TP of 2.1. As deciduous teeth are formed in utero, it is no surprise that the nursing

effect cannot be observed.

Drought-tolerant herbivores show an average TP of 2.1 and the other herbivores of 2.0. This
suggests that the metabolic adaptation to drought does not — or not strongly— influence the TP
estimation from amino acids. We eliminate the possibility of suckling as an explanation for the
high 6% Ncoliagen Values for the Barbary sheep and the Equid since their TP is 2.1 despite their high
" Ncollagen. SOMe herbivores have a TP above 2.1 it includes a hartebeest (TP= 2.3), hare (TP=2.3)
and the rhinoceros (TP=2.3). It is possible that these individuals consumed plants with distinctive
B factor'®. It is unlikely that the TP of 2.3 represents a suckling effect especially for the hare with

a 515Ncollagen of 6%o.

The TP of the canid and the fox are respectively 2.9 and 2.7 (mean of 2.8) which is a little below
the theoretical value of pure carnivores (TP=3) and could be explained by the opportunistic feeding
habits of foxes. The second carnivore was only identified using traditional zooarchaeology as a
canid. As the golden jackal (Canis aureus) is the most common Canidae in North Africa, we
assume that our specimen might correspond to this species. The diet of the golden jackal consists
primarily of small games (e.g., rodents, birds, hares...etc) and occasionally includes fruits’>119,

4.4.3.3 Trophic levels among humans

The TP of human adults in the post-weaning period range from 2.6 to 2.2 (TP= 2.4+0.2, Nsamples=
9), while the infants in the pre-weaning period have higher TP values 2.9-2.5 (TP= 2.7+0.2,
Nsamples=D).

The Ind.1 bone and an unassigned 12 showed a surprisingly low TP (2.2), also observed among
herbivores due to the imprecision around the evaluation of the TP, indicating an almost exclusive

vegetalian diet with a maximum of 20% of his dietary protein coming from meat. Knowing that
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meat strongly dominates the intake of proteins in an omnivorous diet, the meat consumption is

likely to be less than 20% in mass.

4.5  Sulphur isotope results

45.1 Data quality
We successfully obtained the required amount of collagen for sulphur isotope analyses for only

three samples: a Barbary sheep, an equid and a human.

Reference materials were analyzed along with the samples and gave results consistent with the
expected values (Supplementary Table 12). Sulphur isotope ratios were commercially analyzed by
the society Isoanalytical are presented in the Supplementary Figure 12.

Supplementary Table 12: Reference standards used for sulphur stable isotopes analyses along with the accepted
values

Standard material n 6 24Sv.cDT (mean) SD accepted values
IA-R061 | (barium sulphate) 3 20.26 0.03 20.33

IAEA-SO-5 | (barium sulphate) 2 0.35 0.19 0.50
IA-R068 (soy protein) 2 5.09 0.13 5.25
IA-R069 (tuna protein) 2 18.89 0.15 18.91

4.5.2 Sulphur isotopic data

Only three samples had enough collagen for the sulphur analyses. A Barbary sheep and an equid
gave values of +14.6 and +12.5%o, respectively. The unassigned human sample has a §°*S of

+12.87%o, which falls within the range of the herbivores (Supplementary Figure 12). The relatively

8
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high 6 **S in the samples from Taforalt possibly indicates the proximity of dietary resources for
both humans and non-human fauna to the coast (“sea spray effect”), since terrestrial animals are
expected to have values lower than +10%.'°. Although the site is 40 km from the coast, the sea
spray effect can extend many kilometers inland in some cases®and could have affected the
vicinity around the Taforalt site %. Another explanation for the high o 34S values in our sample is
dust aerosols originating from the Sahara, which are rich in sulphur containing gypsum with high
5%*S values between +12 to +16%0>>111112, The restricted number of samples analyzed here does

not allow us to draw further conclusion.
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Supplementary Figure 12: Sulphur isotopic results of the fauna and an unassigned human from Taforalt. Barbary
sheep: SEVA 34566, Equid SEVA 34565 Human (unassigned): SEVA 34561

4.6 Correlation between tracers
There is a strong negative correlation between §°°Znenamer and trophic position (TP) (r =-0.73,

R?=0.51, p-value<0.05). However, if we exclude the infants the correlation of TP with 6°6Zn enamel
(r =-0.78, R?=0.59, p-value<0.05) is even stronger than with J**Ncoliagen (r=0.69, R?=0.45, p-
value<0.05). The carnivores overlap with the humans and some herbivores in the N from bulk

collagen while with §%Zn and 6*°N on amino acids, the canids clearly have a higher trophic level
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than the humans. This indicates that Zn isotope ratios are less impacted by baseline effects than

bulk nitrogen isotope ratios (Figure 2 main paper).
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5 Supplementary information 5: Additional discussion

5.1 Weaning at Taforalt:
Although a tooth (m2) formed during the breastfeeding period exhibits relatively high Zn isotope

ratios (0.794+0.04%0) (Extended Data Figure. 3), the zinc isotopic variation between enamel
samples, including samples belonging to the same tooth, is not significant (n= 45, Kruskal-Wallis
chi-squared = 3.6049, df = 2, p-value = 0.1649). A M1 has a quite small value (Supplementary
Figure 13) in contradiction to what has been observed in Lapa do Santo (hunter gatherer from
Brazil) and Rennes (medieval Breton population)®3’ (Error! Reference source not found.) but
matching the conclusions of two other studies performed on a single hominin individual showing
that an M1 can record a post-weaning signal®>”® (Error! Reference source not found.). First
molars have their crown formed between birth and 2.5yrs, and our sampling selected parts formed
between =1 to 2.5 years old (See Supplementary Information 7, Teeth scans). The variations seen
in teeth for the individual 5 (Extended Data Figure. 3) could suggest that the canine and the M1
record the end of the weaning. One unassigned individual has a quite high values in their 12
compared to the rest of the population, which could suggest a longer breastfeeding period
compared to other individuals. Zinc mostly deposits during the maturation phase of the enamel,
and not at the earlier stages of the formation*®'3, This may explain why we do not see a clear
signature of breastfeeding at Taforalt, if weaning already started around 1 year of age for most of

the population.

11
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Supplementary Figure 13: The average Zn isotope ratios per dental specimen from Taforalt (Neampies= 24)
compared to those from the Medieval site of Rennes (Nsamples= 35), France*® and Lapa do Santo (Nsamples= 26), Brazil*,
The teeth are ranked from the earliest forming enamel to the latest forming crown. The standard deviation for the zinc
value in a tooth is represented in dashed line. Each point represents the average zinc values of the same type of tooth.

For 0N, the difference between breastfeeding and post-weaning period is clearer than with §%6Zn
(Supplementary Figure 14), but still lower (1.65%o) than what is usually observed (2-3%o) for
oPN%1% The high TPs of the infants are associated with breastfeeding, which elevates their
trophic level above that of the mother®. However, the TP of the deciduous second molar of Ind.6
indicates the individual was breastfed during the formation time of the root which was incomplete
and then stopped at his death, while that of the rib bone recorded a lower TP probably indicating
the introduction of solid food to his diet before death (12 months) since the rib cage has a faster
turnover than the other bones (Figure 4, Main paper). It means that breastfeeding had already been
strongly decreased or the child was weaned shortly before his death, but lived at least two weeks

12
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after this change. This decrease in trophic level was also detected on the bulk ¢*°Ncoliagen

(Supplementary Figure 14).
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Supplementary Figure 14: The 6**Nconagen Values from dentine and bone bulk collagen of different individuals
analyzed in this study. The teeth are ranked from the earliest forming to the latest forming the standard deviation for
6 Ncollagen is represented in a dashed line. The data from the same individual are connected with a line.

5.2  Trophic level prediction with Zn

The CSIA of amino acids (CSIA-AA) are powerful techniques to reconstruct the trophic position
of individuals using the TP (C3) equation®*. However, since only a few samples yielded enough
preserved collagen, we were able to estimate the TP of only 25 samples. Given the fact that Zn is
preserved in all the analyzed samples and shows a strong correlation with the TP (on amino acids),
we established an equation to predict the TP of samples that did not yield enough collagen using

the 6%6Zn values:
TPzn (equation) = -0.8959*%Znenamel + 3.1455

The average value of the human from Taforalt was 2.5 using the equation above while the TPaa

equation calculated from amino acids give an average of 2.4 for the adult humans. Because the

13



874
875
876
877
878
879
880

881
882

influence of the local geology on Zn isotope ratios and notable baseline differences between

tropical and non-tropical sites %46, this equation is possibly only valid for sites with similar biomes

and geologies. For example, applying the equation to terrestrial mammals from Tam Hay Marklot,

it predicts a TL of 3 for carnivores, a TL of 2.8 for omnivores and a TL of 2.5 for herbivores %,

Applying the same equation to terrestrial fauna from Rennes gives a TL= 2.6 for carnivores and

2.3 for herbivores while it places humans at a TP of 2.8 confirming the intensive animal food

consumption in this site®®.

Supplementary Table 13: Trophic position estimation of human and animals from Taforalt based on the o%Zn

following the established TP equation mentioned above.

SEVA Site Species Zn | TP (CSIA) | TP (Zn)
35819 | Taforalt | Barbary sheep | 1.05 2.2
35821 | Taforalt | Barbary sheep | 1.26 2.1 2.0
35830 | Taforalt | Barbary sheep | 0.82 2.1 2.4
35831 | Taforalt | Barbary sheep | 1.16 2.1
35824 | Taforalt | Hartebeest | 1.22 2.2 2.1
35833 | Taforalt Gazelle 1.10 2.0 2.2
35820 | Taforalt Equid 1.32 2.0 2.0
35822 | Taforalt Equid 1.34 1.7 1.9
35825 | Taforalt Equid 1.38 1.7 1.9
35826 | Taforalt Equid 1.34 2.1 1.9
35829 | Taforalt Gazelle 0.85 1.9 2.4
35835 | Taforalt Gazelle 1.08 2.0 2.2
35823 | Taforalt Hare 2.3

35827 | Taforalt | Hartebeest | 1.26 2.3 2.0
35836 | Taforalt | Rhinoceros | 1.10 2.3 2.2
34565 | Taforalt Equid 1.14 2.1
35828 | Taforalt Red fox 0.61 2.9 2.6
35832 | Taforalt Gazelle 1.24 2.0

14



35834 | Taforalt Canid 0.42 2.7 2.8
34566 | Taforalt | Barbary sheep | 0.82 2.4
35961 | Taforalt | Adult human | 0.83 2.6 2.4
35962 | Taforalt | Adult human | 0.71 2.5
35967 | Taforalt | Adult human | 0.78 2.4
35970 | Taforalt | Adult human | 0.76 2.5
35979 | Taforalt | Adult human | 0.76 2.5
35985 | Taforalt | Adult human 2.2
35963.A | Taforalt | Adult human | 0.75 2.5
35963.B | Taforalt | Adult human | 0.83 2.4
35981 | Taforalt | Adult human | 0.92 2.3
35977 | Taforalt | Adult human | 0.76 2.5
35978 | Taforalt | Adult human | 0.74 2.5
35971.A | Taforalt | Adult human | 0.80 2.4
35971.B | Taforalt | Adult human | 0.79 2.4
35975 | Taforalt | Adult human | 0.85 2.6 2.4
35975 | Taforalt | Adult human
35980 | Taforalt | Adult human
35959 | Taforalt | Adult human
35959 | Taforalt | Adult human 2.7
35960 | Taforalt | Adult human | 0.81 2.2 2.4
35968 | Taforalt | Adult human | 0.75 2.5 2.5
35969 | Taforalt | Adult human | 0.92 2.4 2.3
35972 | Taforalt | Adult human | 0.75 2.5 2.5
35973 | Taforalt | Adult human | 0.69 2.6 2.5
35974 | Taforalt | Adult human | 0.71 2.5
35976 | Taforalt | Adult human | 0.81 2.5 2.4
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34561 | Taforalt | Adult human | 0.68 2.5

5.3 Enamel hypoplasia in the human teeth from Taforalt
For zinc isotope analyses, the teeth enamel of the human from Taforalt were sampled in several

parts in order to detect possible dietary variation during the enamel formation (Supplementary
Figure 13). The majority of the teeth show hypoplasia located on the enamel or on the root of the
tooth.

Enamel hypoplasia occurs as linear or pitted deformation that represent disruptions during the
formation of enamel.

Our results show that there is no correlation between the ¢%Znvalues recorded on the part of
enamel with hypoplasia and the part with no hypoplasia (Kruskal-Wallis chi-squared = 0.140, df
=1, p-value = 0.7087) (Supplementary Figure 15). Enamel hypoplasia is sometimes hypothesized
as a sign of malnutrition. Low intake of vitamin D from diet and the lack of exposure to sunlight
could result in the presence of EH 148, The site is not located in high latitude where the exposure
to sunlight is limited in winter, therefore the most likely explanation for this anomaly among the
population of Taforalt could be related to the fact that the individuals did not consumed a lot of
foods rich in vitamin D such as meat, liver, fish and dairy products. This goes in line with our
isotopic results. Studies on modern populations have found that people of low socio-economic
status have a higher prevalence of enamel hypoplasia than those of higher social status
population!*>16, This is because the latter had less childhood stress than the former group. In
archaeological samples there is an increase incidence in EH during the transition to agriculture,
associated with a nutrient-poor diet and an increased reliance on cereals!'’.

It is important to consider that life expectancy during the Paleolithic period was notably lower than
by today's standards, estimated at an average of just 33 years'8. In Taforalt, this is evident as many
individuals did not exceed 20 years of age®, likely due to several factors including the prevalence
of infectious diseases®. Furthermore, dental issues such as caries, tooth wear, periodontal disease,
and the intentional removal of upper central incisors may have impaired mastication. Notably, a
study has suggested that the elevated occurrence of oral pathologies in the Taforalt population
could be indicative of a generally compromised health status, linked to a high prevalence of disease

and increased mortality rates 4. The absence of a pattern between 5%®Zn and the location of EH
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912  could be related to the differential timing between the maturation of the enamel and the timing of
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915  Supplementary Figure 15: The zinc isotope ratio for each human tooth sampled from areas with hypoplasia and
916  with no hypoplasia. For unassigned teeth, the samples belonging to the same tooth are circled in grey. The x-axis
917  corresponds to the tooth type.

018 5.4 Identified individuals’ summaries based on all isotope measurements

919 Individual 1: a male individual with a plant-based diet

920  Most of our human samples come from individual 1, which is a young male as revealed by the
921 aDNA  Estimated age at death is 20 years.

922  The range of enamel analyzed for zinc and strontium for this individual is formed between 1 year
923  (12) and 8 years (M2). The zinc isotopic ratio does not show any significant changes during this
924  period (0.78+0.05%0) (Extended Data Figure. 3). On the other hand, collagen ¢*°Ncoliagen Values
925  were obtained from both tooth dentine (5.5-14 years) and bone record different time periods with
926 the latter recording the last years of life due to constant bone remodeling. His bone collagen also
927  shows the lowest 5°Ncoliagen Value of all analyzed samples. The lowest human TP of 2.2 in Taforalt
928  obtained from the bone collagen of this individual, indicates a predominantly plant-based diet (~20

929 years). To our knowledge, this is the lowest TP value ever recorded in a pre-agriculturist
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population. The teeth collagen of this male, formed earlier in life, recorded higher values than his
bone collagen suggesting a switch to a plant-based diet shortly before his death. Interestingly, 50%
of the remaining teeth of this individual were affected by caries®. We should mention that most of
this individual’s teeth show evidence of hypoplasia on both the crown and the root (See
PowerPoint). The observation of the hypoplasia on the teeth included in this study indicates that
he suffered from stress from around 3 years (recorded on the 12) until 16 years of age (recorded on
his M2). A possible explanation for this transition to a plant-based diet could be related to a health
condition that led to nutritional stress.

Individual 5: a female adolescent individual with an intermediate trophic position

Individual 5 is an adolescent female who died between 16 and 18 years of age®. The range zinc
isotope values from this individual are obtained from teeth formed between birth (M1) and around
8 years (M2) . Zinc isotope ratios also show no significant variation (0.77%0+0.04) similarly to
5 Neollagen values (10.34%0+0.51). We did not obtain the TP from CSIA for this individual because
we could not recover enough collagen for the analyses. The TL based on §°Zn equation value
suggests 60% of plant consumption. We observed the presence of enamel hypoplasia on the teeth
of this female indicating that she experienced stresses between 2.5 and 5 years. Caries were present
in 57% of the remaining teeth of this individual, in addition to alveolar absorption®. The study of
the teeth of this individual also shows that this female had the lowest attrition rates among the

individuals recovered during the recent excavations®.

Individual 13: a male individual buried with horn cores and who might have increased his
meat consumption over the course of his life

Individual 13 is a male whose age of death is estimated between 18 and 20 years °. His M3, which
started its formation at the approximated age around of 15 and completed at around 20 years &
recorded the highest TP (2.6) in the identifiable individuals. This reflects an omnivorous diet with
both meat and plant in his diet. His 0*°Ncoliagen is slightly above the values of the other individuals.
However, his %Zn from the third molar is relatively high (0.85%o). It is therefore possible that the
individual increased his meat consumption after the age of 14.5 years old.

Interestingly, the burial of this individual was associated with seven horn cores of Barbary sheep

as funerary artifacts in addition to a freshwater snail shell (Melanopsis sp.). In addition, 85% of
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his remaining teeth were affected by caries and periodontal diseases®. The presence of enamel
hypoplasia on his teeth indicates that he suffered from stress at around 13 years of age which

coincides with the beginning of the formation of the root of his M3.

Individual 14: a male individual with a plant-based diet

Individual 14 is also a male with an age-at death of 18-20 years®. No collagen was preserved in
the tooth samples. The tooth enamel of the P4 sampled for the Zn and Sr formed between 3 and
6.5 years, which unlikely reflect breastfeeding. The §%Zn value of this individual is relatively high
(0.92%o,) indicating an important consumption of plant foods. Moreover, a grindstone and a pestle
were found in his burial. Caries are present in 42% of the remaining teeth of this individual in
addition to alveolar resorption in three teeth. The tooth analyzed for this individual is impressively
full of hypoplasia (Supplementary information 7). This period of stress could extend from around

4 to 10 years of age.

Individual 6: a male infant with an early introduction of solid food in diet

Individual 6 is an infant male that died within the first year of his life (6-12 months)®. This infant
had significant TP change during his short life. The deciduous m2 is formed between 18 weeks in
utero and 3 years. For this individual the root of this tooth was not totally formed (only 1/3 of the
root formed) therefore only reflecting the first year of his life since he died at around 6-12 months.
The tooth has a TP of 2.8 clearly reflecting breastfeeding. Similarly, a high value is recorded on
his long bone collagen (2.9). It is expected for breastfed infants to be one trophic level above the
mother'?*. However, his rib bone collagen TP (2.5) reflects a significant decrease in the trophic
level prior to death. Since rib bones have a faster bone remodeling it is possible that they recorded
the very last period of his infant life. We suggest that for this individual weaning started before the
age of 1 year with an early introduction of adult’s foodstuff into his diet. An early weaning is
usually unexpected among hunter-gatherer societies as they have prolonged breastfeeding periods
due to the lack of suitable food for weaning!??. We propose that plant food could have been used
to wean infants at this site. This sudden change in trophic position was not detected using the
" Ncollagen OF the two bones that were analysed for this individual.

The beginning of the formation of his di1 shows a relatively lower ¢°Zn value (0.76%o) than the
end of the formation of his dm2 (1.03%o). The range of enamel analyzed for zinc and strontium for
this individual reflect a formation period between 18 weeks in utero (dil) and 10 months (dm2).

19



991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010

We suggest that the deciduous incisor, formed in utero, recorded the placental diet coming from
the mother, while the dm2 corresponds to an exclusive breastfeeding. A similar pattern was
observed in the medieval site from France (Rennes, Jacobins convent) where m2 showed higher
o%Zn values®.

The CT scan on the deciduous first incisive of this infant showed the presence of hypoplasia along
the root (Supplementary information 7, PowerPoint file). This indicates that the stress happened
between 4 and 11 months of his life. The fact that he died around the age of 12 months suggests

that he may not have survived the cause of this stress.

Individual 9: an infant female with an early solid food introduction

Individual 9 is an infant female as determined by aDNA *>!2° and has an estimated age at death of
5-6 months. The TP from her bone is 2.7 suggesting at least partial breastfeeding but not as high
as for Individual 6. The introduction of solid food could therefore have been quite early for this
individual too, so that it could be recorded in her bones. No hypoplasia was however detected on
the tooth of this individual.
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6 Supplementary information 6: Additional tables and figures

6.1 Supplementary figures

Group
Carnivore
Herbivore
@® Human
Individuals
Alcelaphus buselaphus
Ammotragus lervia

Canidae

PC2

Equidae
Gazella sp.
Ind.13

Ind.6
Rhinocerotidae

Unassigned human

°
S @0 e >0 H e X[

Vulpes vulpes

-2 0 2
PC1

Supplementary Figure 16: PCA plot of 6°C, §*°N, §**Nciu, 5*°Nere and 5%Zn values of the human and faunal
remains of Taforalt
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Supplementary Figure 17: Boxplot of 5%6Zn values from Taforalt compared to published data and showing the
highest 5%Zn values recorded for a human population394548123.124 Boxes correspond to the median (centre line) and
the first and third quartiles, while whiskers indicate the minimum and maximum values. Each point corresponds to a

tooth samples (n= 173).

6.2 Tables of the additional excel file

Supplementary Table 14: Faunal species examined in Taforalt, along with details on their diet

and water consumption

Supplementary Table 15: The human individuals from Taforalt included in our study along
with their age and gender estimation (ND= Non determined)

Supplementary Table 16: Isotopic data of the human remains from Taforalt and the parts
sampled for each isotopic analysis.

Supplementary Table 17: Isotopic data of the faunal remains from Taforalt and the parts
sampled for each isotopic analysis.

Supplementary Table 18: The zooarchaeological and the ZooMs identification of the faunal
species from Taforalt.

Supplementary Table 19: The mean value of the isotopic results for each human individual
from Taforalt analysed in this study.

Supplementary Table 20: The caries and hypoplasia presence in the analyzed teeth of the
humans from Taforalt.
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Supplementary Table 21: Nitrogen isotope data on amino acids in Taforalt humans and fauna -
average and standard deviation

Supplementary Table 22: Carbon isotope data on amino acids in Taforalt humans and fauna -
average and standard deviation

Supplementary Table 23: Covariance matrix with the calculated eigenvalues for each of the
features used.

Supplementary Table 24: Summary of the number of samples taken per tissue for each isotope
analysis

7 Supplementary information 7: Extracts of 3D Scans of the human

teeth (pdf)
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SEVA: 35965
Ind: 6 URdil

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: Many stress on the root



SEVA: 35964

Ind: 6

URdm?2

Black: Strontium isotope

Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia



SEVA: 35960 L2

Ind: Unassigned

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia




35963. B Black: Strontium isotope

Blue: Zinc isotope

Ind. 1 Purple: Collagen

Red: Hypoplasia
Green: Caries

_LLM2




35961
Ind. 1

ULM2

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Note: Tooth full of
stress




35966
Ind. 9

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen




35963.A

Ind. 1

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: tooth full of stress

LLC




Black: Strontium isotope

35962 LLM2
Ind. 1

Purple: Collagen

Red: Hypoplasia
Green: Caries

Note: Many small
hypoplasia on the
root




35959

Ind. unassigned
LxI#

Black: Strontium isotope

Blue: Zinc isotope

Purple: Collagen

Note: stress lines on the cement



35968

unassigned

ULM3

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: Very worn tooth



35969 LRI2

unassigned

Black: Strontium isotope

Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia




35970
Ind. 1

UxM#

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: Tooth full of stress



LRI2
35967

Ind. 1

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: Tooth full of stress




35971.A
Ind. 5

LLI1

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: Tooth full of stress



35971.B
Ind. 5

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia




Black: Strontium isotope
35976

Ind. unassigned
Purple: Collagen

LRM# Red: Hypoplasia

Green: Caries

Note: Tooth intensely worn



35972

Ind. unassigned

LLP3

Black: Strontium isotope

Purple: Collagen

Red: Hypoplasia

Note: Many stress on the tooth




35973

Ind. unassigned

LRI2

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: tooth intensely worn




35979

Ind. 1 LRP4

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen (Carbon, Nitrogen, CSIA,
Sulphur)

Red: Hypoplasia

Note: Many hypoplasia on the root




35977

Ind. 5
ULM?2

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen




35978 ULC
Ind. 5

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen




SEVA: 35980 LRP4
Ind. 14

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Note: Intense stress in the tooth.




35974

Ind. unassigned

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia

Green: Caries




35975
Ind. 13

LRM3

Black: Strontium isotope
Blue: Zinc isotope

Purple: Collagen

Red: Hypoplasia
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