Isotopic analyses suggest mammoth and plant in the diet of the oldest anatomically modern humans

from far southeast Europe
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Supplementary Data 1

Geographical and geological settings of Buran-Kaya IIT

The Buran-Kaya III site is located in the South of Crimea, 30 km at the ENE of Simferopol on the
North slope of the Crimean Mountains (Supplementary Fig. 1). Discovered in 1990 by A. Yanevich
and excavated until 2001', it was investigated again through new fieldworks between 2009 and
2011, focusing on 9 archaeological layers attributed to the Middle and Upper Palaeolithic
(Supplementary Fig. 2b), from bottom to top: Streletskaya or eastern Szeletian (layer C), Micoquian
(layer B), Aurignacian (layers 6-5, 64, 6-3), Gravettian sensu lato (layers 62, 61, 5-2), and
Final Palaeolithic (layer 4). The Middle Palaeolithic layer (Micoquian) is strikingly situated
between an Early Upper Palaolithic layer (Streletskaya or eastern Szeletian) and three layers
attributed to the Aurignacian.

This rock shelter is situated at the foot of an escarpment of Cretaceous limestone. The heterogeneity
of this geological formation permits, under periglacial conditions, differential erosion of the

limestone strata, and the formation of a gelifraction balm.
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Supplementary Figure 1. Water system 50km around the prehistoric site of Buran Kaya III. (map
was designed by S. Puaud using open access NASA resources at

http://eoimages.gsfc.nasa.gov/images/imagerecords/73000/73580/world.topo.bathy.200401.3x2160

0x21600.C1.jpg).

Stratigraphy and sedimentological interpretation

The rock shelter of Buran-Kaya III (Supplementary Fig. 2a) contains a stratified infilling composed
of ten layers (two sedimentary units divides by a silt clay level) (Supplementary Fig. 2b). The main
sedimentary facies is diamicton. The coarse fraction is provided by frost shattering of the limestone
walls. The matrix is mainly silty or silty sand with grain size and sorting typically of an eolian
sediment. Beneath the silt clay level, sediments of the lower unit (layers C to 6-2) are coarser and
less well-sorted than the sediments of the upper unit (layers 6-1 to 5-2) (Supplementary Fig. 2c).
The climato-sedimentary interpretation of this sequence indicates, for the lower unit, contrasting

climatic conditions with cold and wet winters, followed by less severe but still moist periods with
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runoff into the shelter. In the upper unit (from silt clay level to 5-2), seasonal contrasts are less
pronounced and eolian deposits are dominant; the climatic conditions become significantly drier
than below. Layer 4 is more organic and coarser than below, which are characteristics of contrasting

conditions (frost shattering, pedobiological activities).
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Supplementary Figure 2. Buran-Kaya III (Crimea). a. Plan of the rock shelter with the location of
the different excavation areas. b. Synthetic stratigraphic column with results of sedimentological
analysis (grain-size and Ca carbonate rate). c. Microscopic pictures with details of the texture and

elements of the layers 6-2 and 6-1).
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Faunal remains



According to zooarchaeological analyses’, the mammal remain assemblages from the Gravettian
sensu lato layers (6-2, 6-1 and 5-2) show a predominance of saiga antelope (Saiga tatarica), red and
polar foxes (Vulpes vulpes and Alopex lagopus), and hare (Lepus sp.).

During both 2001 and 2009-2011 fieldworks, the most abundant layer, 6-1, yielded a total of
117,351 faunal remains, of which less than 2% were anatomically and taxonomically identified:
total Number of Identified Specimens NISP=2,213; total Minimum Number of individuals by
combined parameters’ (Poplin, 1983) cMNI=40. The faunal assemblage shows a predominance of
saiga antelopes (43% of NISP, cMNI=15), mostly represented by adult individuals, red and polar
foxes (29.5% of NISP, cMNI=7) and hares (13% of NISP, cMNI=5). The other determined
mammals are equids (Equus sp., 10% of NISP, cMNI=3), bovines (Bison sp. or Bos primigenius,
4% of NISP, cMNI=2), carnivores (Canis lupus, Ursus sp., Felis silvestris and Mustelids, 1% of
NISP, cMNI=5), cervids (Cervus elaphus and Rangifer tarandus, 0.4% of NISP, cMNI=2) and
woolly rhinoceros (Coelodonta antiquitatis, one specimen, 0.1% of NISP, cMNI=1).

Mammoth remains are only represented by a few processed artefacts made of ivory (bead and
engraved plate). Other osseous artefacts are composed of 40 bone pointed tool fragments, with
debris from in situ production, 1 perforated fox canine and 35 perforated mollusc shells.
Taphonomical studies show a limited modification of bone surfaces by carnivores, whose tooth
marks are only observed on 1% of the NISP. Almost all skeletal elements of saiga antelope, fox and
hare are represented but axial and girdle parts are relatively scarce. The bone material is very
fragmented.

A high proportion of burned bones were found (25% of the total number of remains), resulting from
intense combustion activities produced by humans. Cut marks and fracture features due to human
activities were observed on 7% of the identified specimens, belonging to six taxa: saiga antelope,
hare, bovine, horse, fox and wolf. Human modifications of the saiga bone surfaces (on cranial and
postcranial remains) mainly reflect disarticulation and defleshing activities, breakage and marrow

extraction. Consumption of hares is also evidenced by taphonomic modifications. Foxes also



exhibit marks of disarticulation and defleshing, and also traces of fur removal on metapodials and
tarsals.

Indices of seasonality tend to indicate a summer mortality of the saiga antelopes, which represent
the main game of the hunter-gatherers in Buran-Kaya III. The subsistence activities in the studied
area of the site, i.e. the rear part of the rock-shelter, seem relatively modest and do not exhibit the
complete butchery chaine opératoire. Only skinning, filleting and marrow extraction activities were
identified. The first stages of butchery probably took place elsewhere, in another location or even
another site. Furthermore, there is a high usage of bone as fuel within the site, which could be
explained by a very cold environmental context with rare plant resources and/or by activities of
preparation of meat and fat broth.

These zooarchaeological results from the Gravettian s./. layers suggest short-term and recurrent
settlements. The site of Buran-Kaya III would have been used as a typical temporary hunting camp,

with more intense and/or long activities in layer 6-1 than 6-2.

Supplementary Data 3

The anatomically modern humans of Buran-Kaya III

More than two hundred human remains were discovered in three well-documented Upper
Palaeolithic layers (6-2, 6-1, 5-2), attributed to the Gravettian sensu lato technocomplex. Layer 6-1
has yielded the richest assemblage in terms of number of remains, minimum number of individuals
and anatomical parts. These human remains are highly fragmented and consist mostly of cranial
parts and teeth (90% of the remains), whereas the postcranial skeleton is barely represented (hand
phalanx fragments). Based on the age determination from the dental remains, at least 5 individuals
belonging to three developmental age groups (juvenile, subadult and adult) can be identified in this
layer. The health of these individuals was good®, with no caries. Enamel dental hypoplasia was
observed only in the youngest individuals at the beginning of their childhood (~3 years). Based on

the combination of morphological features on the occipital and on the dental remains, the human



remains from Buran-Kaya III are distinguished from Neanderthal and are attributed to Anatomically
modern humans’.

Among the fragmented human remains (n=172) from layer 6-1, 8 % exhibits human modifications
such as cut marks. Their morphology and their position in respect to muscular insertions suggest
that scalping and disarticulation processes occurred. Three possible anthropogenic actions on
human bodies can be hypothesized to explain the occurrence of these cut marks on several human
remains: mortuary practice, dietary and non-dietary cannibalism. Comparative taphonomical
analyses (e.g. spatial repartition of the remains, skeletal representation and surface bone
modifications) between the human remains and the saiga antelope, which is the main game
according to the archaeozoological analyses, show that these two taxa were not processed in a
similar way. Furthermore human skulls were intentional selected. Consequently, the hypothesis of a
dietary cannibalism® is not supported by these data. Specific mortuary practices (such as post-
mortem disarticulation processes of corpses for secondary disposal) or ritual cannibalism are

. .5
proposed as alternative scenarios’”.
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Supplementary Figure 3. Cluster analysis of the animal specimens of Buran-Kaya III based on

their 8'°C.on values.
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Quantification of aquatic resource consumptions by humans using distances between TP(C3)
and TP (Aqua) lines and 8"°Ng, and 8"°Npy, value of humans

An example of the model calculating the percentage of freshwater resources in the diet of the
human individuals of Buran-Kaya III is given in Supplementary Figure 3 below. For the human
from layer 6-2, different values of §'°Ng, can be inferred from the measured 8'*Npy value for diet
based only on terrestrial primary producers (TP(C3)=2), or on terrestrial primary consumers
(TP(C3)=3), or on aquatic primary consumers (TP(Aqua)=3), or on aquatic secondary consumers
(TP(Aqua)=4). Then these end-members &' °Ngy, values can be compared with the measured 8'°Ngy,
of the individual from layer 6-2 following a linear model. Note that the calculated percentages of
different end-members contributing to the diet would not be affected by a change in the slope of the

mixing lines since the four TP lines are always parallel.
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Supplementary Figure 4. Example of the mixing line (in blue) for the individual of layer 6-2 and

indication of the §'°Ng;, corresponding to different end-members (blue arrows).



Example of calculation of §'°Ng,, values for different terrestrial and aquatic end-members for
human individual BK3-11-01:

Based on the equation TP(C3) = [(§"* N, -8 Nppe + 8.4)/7.6] +1,

Calculated 8"°Ngy, = (7.6* TP(C3)) + measured 8" °Nppe — 16, which leads to a value of 15.8 for
TP(C3)=2 and of 23.4 for TP(C3)=3

Based on the equation TP(Aqua) = [(8"°Ngu -0 Npye - 3.4)/7.6] +1,

Calculated 8"’ Ngy, = (7.6* TP(C3)) + measured 8"°Nphe — 4.2, which leads to a value of 35.2 for
TP(Aqua)= 3 and of 42.8 for TP(Aqua)= 4

Then, the calculation to estimate the relative contribution of the different end-members is as the
following example considering a diet based on terrestrial plant and meat:

Based on the equation Measured 8" Ngw = (Plant Proportion x Calculated 8" Ng for TP(C3) =2 ) +
(Meat Proportion x Calculated 8'°Ngy, for TP(C3) =3), with Plant Proportion = 1- Meat Proportion,
Plant Proportion = (Measured 8'°Ngi, — 23.4) / (Calculated 8'*Ngy, for TP(C3) =2 - Calculated

8" Ngu for TP(C3) =3)

Supplementary Data 5

Isotopic comparison of the saiga antelope of Buran-Kaya III and modern saiga populations
When compared to modern saiga population®, the saiga antelopes of Buran-Kaya III exhibit the
same relatively high 8'°N,y; values expected for a species living in dry conditions (Supplementary
Fig. 4). Their 8"°C.oy values are more comparable to those of the modern specimens from western
Mongolia, meaning higher values than those of the modern groups from central Kazhakstan and
southwestern Russia (Volga region). Since the saiga antelopes of Kazhakstan consume Cy- like

plants’, we tentatively interpret the increase in 8'°C.qy values as reflecting an increased aridity.
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Supplementary Figure 5. Comparison of the 8"°Co and 8'°Neoy values of the saiga antelopes from
Buran-Kaya III and those of modern specimens from central Kazhakstan, southwestern (SW)
Russia and western (W) Mongolia. Data for modern specimens, obtained on hair samples, were
converted into collagen values'® and corrected for the change in §'°C values of atmospheric CO,
during the post-industrial time period (reference value: -6.4%o'' using an established equation'?)

(animal drawing by D. Drucker).
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Saiga antelope of Buran-Kaya III and trophic position calculation based on TP(C;) and
TP(Cy)

As for the other herbivores of Buran-Kaya III, the trophic position (TP) of the saiga antelopes was
13,14,

calculated based on the equation established in terrestrial C; ecosystems

TP(C3) = [(A"Nguu-phe + 8.4)/7.6] +1

10



1314 a5 follows:

Another equation was determined for C4 ecosystems
TP(C4) = [(A®Nguphe - 0.4)/7.6] +1

The relatively high 8"°Con values of the saiga at Buran-Kaya III could imply the consumption of
Cs-C, intermediate or Cy- like plants. However, when we applied the TP(C,) equation to the saiga,
the results ranged from 0.7 to 0.8 (Supplementary Table 1), meaning TP values not high enough for
reaching the plant trophic level. Obviously, the TP(C;) should be applied to all herbivores,
including the saiga antelope. The reasons the TP(C4) equation is inadequate for the saiga antelopes

of Buran-Kaya III could either be due to (1) the lack of “true” C,4 plant in their diet, or (2) to the fact

that this equation is based on ecosystems with cultivated C4 plants.

Supplementary Table 1. Results of stable isotope analyses of individual amino acids (8"°Np,. and
8"Ng,,) of saiga antelopes from Buran-Kaya III. The trophic position (TP) was calculated using the

equation established for C; ecosystems and C4 ecosystems.

Lab N° Species Sample Level Reference 8" Npne 8"°Naiy TP TP

C3 C4
BK3-10-18  Saiga tatarica  tibia L 6-1 2009 6-1c 13.3 12.4 2.0 0.8
BK3-08-04  Saiga tatarica  humerusL  6-1 2001 6-1.2 16.3 15.5 2.0 0.8
BK3-07-02  Saiga tatarica  jawbon L 6-1 2001 6-1.5 14.5 12.9 1.9 0.7
BK3-07-05  Saiga tatarica  phalanx L 6-1 2001 6-1.5 13.9 13.1 2.0 0.8

Supplementary Data 7

Results of the SIAR reconstruction for the animal carnivores based on bulk isotopic ratios
The food categories to be tested through the SIAR model were defined as follow: deer and horse
altogether (Deer&Horse), saiga antelope (Saiga), woolly mammoth (Mammoth) and hare (Hare).
For each category, we considered the average and standard-deviation of the §'*Ceop and 8" Ny
values of the specimens without distinction between level 6-1 and 6-2 (Supplementary Table 2). In
the case of a single individual, as for mammoth and hare, we attributed a standard-deviation value

that was calculated from other datasets measured on archaeological context (Supplementary Tables
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3 and 4). In both cases, we selected the highest values obtained, which were to + 0.4%o and £0.9%o
for mammoth (Maisiéres-Canal dataset) and £0.5%o and +0.8%o for hare (Combe-Sauniére 1

dataset), corresponding to the standard-deviation of the 8"°Ceon and 8"°Neoy value respectively.

Supplementary Table 2. Results of stable isotope analyses of collagen (8"°C,,, 8"”N,,) of the
herbivores of level 6-1 and 6-2 of Buran-Kaya III: The carbon and nitrogen composition of the

collagen is given through elemental composition (C,,, N,,,) and atomic ratio (C:N_,).

Lab N° Species Sample Level Reference Ccon Ncon C:Ncon 613Cco.. 615Nco..
(%) (%) (%0) (%0)
BK3-07-03 Equus sp. premolar/molar R inf 6-1 2001 6-1.5 20.6 7.3 3.3 -20.4 8.1
BK3-08-05 Equus sp. metatarsal R 6-2 2001 6-2.1 322 115 3.3 -19.2 9.0
BK3-07-04 Cervus elaphus metacarpal 6-1 2001 6-1.5 43.0 15.0 3.3 -19.1 7.9
BK3-07-06 Cervus elaphus tibia R 6-1 2001 6-1.5 24.8 8.6 3.4 -19.1 10.3
Av  -195 8.8
SD 0.6 1.1
BK3-10-18 Saiga tatarica tibia L 6-1 2009 6-1c 39.5 141 3.3 -17.0 11.2
BK3-08-04 Saiga tatarica humerus L 6-1 2001 6-1.2 42.0 148 3.3 -16.4 11.8
BK3-07-02 Saiga tatarica jawbon L 6-1 2001 6-1.5 349 120 3.4 -15.6 9.5
BK3-07-05 Saiga tatarica phalanx L 6-1 2001 6-1.5 45.7 15.6 3.4 -16.4 10.2
BK3-11-04 Saiga tatarica radius L 6-1 2010 6-1 457 16.0 3.3 -15.5 10.0
BK3-10-19 Saiga tatarica metacarpal R 6-2 2009 6-2¢ 418 147 3.3 -17.8 10.7
Av -16.4 10.6
SD 0.9 0.8

Supplementary Table 3. Results of stable isotope analyses of collagen (8"C,,;, 8°N_,) of bone
and ivory of mammoth (Mammuthus primigenius) from the Middle Paleolithic site of Lynford
Quarry (Norfolk, United Kingdom) and the Gravettian site of Maisieres-Canal (Belgium). The
carbon and nitrogen composition of the collagen is given through elemental composition (C_;, N..;)

and atomic ratio (C:N_,,).

Site Lab N° Material Reference Cco Neon C:Ncon 6130m.. 615Nco.. Source
(%) (%) (%0) (%0)

Lynford Quarry, Norfolk LQ3 bone 51143 41.4 13.6 3.5 -22.1 7.4 15

Lynford Quarry, Norfolk LQ4 bone 50368 452 15.0 3.5 -22.3 6.9 15

Lynford Quarry, Norfolk LQ5 bone 50289 436 153 3.3 -21.9 6.0 15

Lynford Quarry, Norfolk LQ11 bone 51530 442 152 3.4 -21.8 7.6 15

12



Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk
Lynford Quarry, Norfolk

LQ14
LQ22
LQ23
LQ26
LQ12
LQ17
LQ25
LQ27
LQ28
LQ29
LQ33

bone

bone

bone

skull bone
tusk ivory
tusk ivory
tusk ivory
tusk ivory
tusk ivory
tusk ivory
tusk ivory

Maisieres-Canal, Belgium
Maisieres-Canal, Belgium
Maisieres-Canal, Belgium
Maisieres-Canal, Belgium
Maisieres-Canal, Belgium

Supplementary Table 4. Results of stable isotope analyses of collagen (8"°C,,, 8"°N_,) of hare
(Lepus timidus) from the Solutrean level of Combe Sauniere 1 (Dordogne, France) and the
Magdalenian level of Kesslerloch (Schaffhausen, Switzerland). The carbon and nitrogen
composition of the collagen is given through elemental composition (C,,, N_,,) and atomic ratio

(C:Ncoll) .

Site Lab N°
CombeSauniére 1,

France CS4100
CombeSauniére 1,

France CS4200
CombeSauniére 1,

France CS4300
CombeSauniére 1,

France CS4400
Kesslerloch,

Switzerland KSL-19
Kesslerloch,

Switzerland KSL-20
Kesslerloch,

Switzerland KSL-21
Kesslerloch,

Switzerland KSL-22
Kesslerloch,

Switzerland KSL-23
Kesslerloch,

Switzerland KSL-24

OxA-18008 cut rib
OxA-18009 gnawed carpal
OxA-17946 tusk ivory
OxA-17947  tusk ivory
OxA-17962 ivory artefact

Material Reference

H18A 33
femur L (3)
H16B
femur L 38(2)
H21C
femur L 72(5)
femur L 118 9043
tibia L HEII:147
tibia L HLGK:167
tibia L HLGK:167
tibia L HLGK:167
tibia L HE21:330
tibia L HE21:330

51348
51928
51971

unstratified

51615
51706
51952
51303
51303
51979
51775

nd

J 11
J/IK 10
J/IK 10
K10

Level

IVb
v
IVb

v

KSLH
Il
KSLH
GK
KSLH
GK
KSLH
GK
KSLH
llc
KSLH
llc

13

CcoII
(%)

41.7
42.7
42.7

42.3

37.5
39.6
38.8
40.3
38.4

38.1

40.9
44.5
39.0
36.3
40.2
36.4
44.2
42.9
44
44.7
40.8

421
42.9
40.5
40.5
43.1

Nr:oll
(%)

15.4
15.4
15.8

15.6

141
14.5
141
14.2
15.0

14.9

141
15
13.4
11.9
13.6
11.8
15.4
14.7
14.6
15.6
13.2

15.3
15.2
14.8
14.8
15.2

C:Neon

3.2
3.2
3.2

3.2
Av
SD

3.1
3.2
3.2
3.3
3.0

3.0

3.4
3.4
3.4
3.6
3.4
3.6
3.3
3.4
3.5
3.3
3.6
Av
SD
3.2
3.3
3.2
3.2
3.3
Av
SD

) ! 3(.-:coll
(%0)

-20.5
-20.7
-20.0

-19.6
-20.2
0.5

-20.8
-20.2
-20.4
-20.8
-21.4

-20.6

-22.0
-21.9
-22.4
-22.2
-22.4
-22.2
-21.1
-22.0
-22.3
-22.1
-21.7
-22.0
0.3
-21.4
-21.7
-20.7
-20.8
-21.0
-21.1
0.4

615NcoII
(%0)

1.8
3.2
2.7

1.4
23
0.8

0.9
0.7
-0.3
0.5
0.2

0.3

6.0
6.9
7.2
6.7
7.8
7.2
8.6
7.8
9.3
7.6
8.6
7.4
0.9
8.3
7.6
9.7
9.6
9.4
8.9
0.9

Source

17

17

17

17

18

18

18

18

18

18

15
15
15
15
15
15
15
15
15
15
15

16
16
16
16
16



Kesslerloch, KSLH

Switzerland KSL-25 tibia L HE21:330 llc 40.7 14.6 3.3 -20.4 2.3 18
Kesslerloch, KSLH
Switzerland KSL-26 tibia L HEZD:169 1/l 35,5 13.7 3.0 -19.7 1.3 18
Kesslerloch, KSLH
Switzerland KSL-27 tibia L HEZD:169 1/l 372 12.8 3.4 -20.2 0.4 18
Kesslerloch, KSLH
Switzerland KSL-28 tibia L HEZD:169 1/l 35.8 12.8 3.3 -20.4 0.6 18
Kesslerloch, KSLH
Switzerland KSL-29 tibia L HEZD:169 1/l 37.3 14.2 3.1 -20.5 1.1 18
Kesslerloch, KSLH
Switzerland KSL-30 tibia L HEZD:169 1/l 35.2 134 3.1 -20.2 0.5 18
Kesslerloch, KSLH
Switzerland KSL-31 tibia L HE33:600 I1As 37.3 14.6 3.0 -20.1 1.9 18
Kesslerloch, KSLH
Switzerland KSL-32 tibia L HE33:600 I1As 38.0 14.5 3.1 -20.4 1.0 18
Kesslerloch, KSLH
Switzerland KSL-33 tibia L HE33:600 I1As 38.0 14.7 3.0 -20.3 1.6 18
Kesslerloch, KSLH
Switzerland KSL-34 tibia L HE33:600 I1As 304 12.0 2.9 -20.2 0.9 18
Kesslerloch, KSLH
Switzerland KSL-35 tibia L HE33:600 I1As 40.6 14.3 3.3 -20.9 1.5 18
Av -20.4 0.9
SD 0.4 0.7

For each predator specimen (carnivore and human), the possible contribution of each food source
was evaluated using SIAR and considering the combined 8"°Co and 8"°Neoy values. Then, the
relative contributions of the food categories as an animal protein source were tested and the results
expressed in terms of relative probability. Some food categories exhibited significant negative
correlations in their posterior distribution. It means that a higher proportion of one food category
involved a lower proportion of the other. This was the case between Deer&Horse and Hare as
protein source for all the animal predators. In some cases, the 8'"Npye values could help to favour

one of the correlated food category over the other (stars in Supplementary Fig. 5). Following this
reasoning, a large contribution of saiga for the fox specimen 08-03 of level 6-1 and of mammoth for

the fox specimen 08-07 of level 6-2) was indeed demonstrated.
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Supplementary Figure 6. Proportional contribution of Deer&Horse (red deer and horse), Saiga
(saiga antelope), Mammoth (woolly mammoth) and Hare (hare) (from bottom to top along the y
axis) as estimated by SIAR using the combined 8">Ce and 8'* Ny values. Black boxes and
whiskers show the median with 1 and 3™ quartiles and ranges with 1.5 times length of the
interquartile range above the 3" quartile or below the 1% quartile, respectively. The shaded area
indicates the Kernel density plot of the probability density of prey proportions. The brackets link
the resources with a significant negative correlation in their posterior distribution (animal drawings

by D. Drucker).
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Supplementary Figure 7. ' *Npy. and 8'°Ng, values of the human of Buran-Kaya III compared to

a review of 8'*Npp, and 8'°Ngj, values of archaeological humans from groups of with well-

characterized diets'’. HMP stands for High Marine Protein.

Supplementary Data 8

Isotope analyses of individual amino acids

Instrumental analysis was performed according to previous methods, with a few modifications of
the equipment settings®’. The amino acid derivatives were injected into the GC column using the
Gerstel programmable temperature vaporising (PTV) injector (Gerstel, Miilheim an der Ruhr,
Germany) in solvent vent mode. The PTV temperature program was as follows: 50°C (initial
temperature) for 0.2 min, heating from 50°C to 250°C at the rate of 600°C min™'; isothermal hold at
250°C for 10 min, heating from 250°C to 350°C at the rate of 600°C min™'; and isothermal hold at
350°C for 10 min. Combustion and reduction furnaces were set at 950°C and 550°C, respectively.

The GC was equipped with an Ultra-2 capillary column (50 m x 0.32 mm-i.d. 0.52-pm film
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thickness; Agilent Technology). The GC oven temperature was programmed as follows: isothermal
hold at 40°C for 3 min; temperature ramp to 110°C at the rate of 15°C min™'; ramp to 150°C at the
rate of 3°C min™'; ramp to 220°C at the rate of 6°C min™'; and subsequent holding isothermally at
220°C for 13 min. Carrier gas (He) flow rate through the GC column was 1.4 ml min™'. CO,
generated in the combustion furnace was eliminated by a liquid nitrogen trap. Standard mixtures of
nine amino acids with known 8'°N values were injected into the GC/C/IRMS every five runs to
confirm the reproducibility of the isotope measurements. The mean accuracy and precision of the
reference mixtures were 0.0%0 and 0.4-0.7%. (mean of lo), respectively. Nitrogen isotopic
composition of the following 10 amino acids were determined: alanine (Ala), glycine (Gly), valine
(Val), leucine (Leu), isoleucine (Ile), proline (Pro), serine (Ser), glutamic acid (Glu), phenylalanine
(Phe) and hydroxyproline (Hyp). All reported 5'°N values for glutamic acid include a contribution
from the a-amino group of glutamine, as glutamine is converted to glutamic acid during acid

hydrolysis.

Supplementary Table 5. Results of the 8'"°N values of the analysed amino acids.

Lab code Species §"°N_AA TP
Ala Gy Val Leu lle Pro ATSr‘]’: Ser Glu Phe Hyp

BK3-07-1 Homo 118 119 227 168 163 246 17.7 212 17.4 197 26
sapiens

BK3-12-1 Homo 123 150 208 168 191 254 16.1 209 17.6 16.8 25
sapiens

BK3-07-3 Equussp. 40 66 137 104 121 166 83 55 118 131 154 1.9

BK3-07-4 Cervus 97 47 100 42 03 136 6.2 106 133 78 1.8
elaphus

BK3-07-6 Cervus 126 76 141 120 7.9 174 97 97 116 122 16.1 2.0
elaphus

BK3-10-18 Saiga 126 83 160 108 9.1 159 11.9 12.4 133 123 2.0
tatarica

BK3-08-04 Saiga 140 98 99 120 127 166 106 155 16.3 129 2.0
tatarica

BK3-07-02 Saiga 116 63 84 102 63 146 86 59 129 145 145 1.9
tatarica

BK3-07-05 Saiga 121 80 11.8 146 147 160 126 131 139 127 2.0
tatarica

BK3-08-01  Lepussp. 88 35 85 48 47 133 50 99 125 66 1.8
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Mammuthus

BK3-11-02 S e 102 103 147 96 101 191 124 155 175 137

BK3-07-08  Canislupus 158 10.8 26.0 19.9 205 244 17.9 247 174 21.0

BK3-08-02  O-VUPeS 5o 95 223 141 171 192 129 15.8 123 16.4
vulpes
Vulpes

BK3-08-03  sp./Alopex 17.3 10.4 257 162 196 217 158 17.7 135 196
lagopus
Vulpes

BK3-07-07  sp./Alopex 14.8 6.7 181 154 17.2 215 126 18.9 142 17.0
lagopus
Homo

BK3-11-01 capions 188 128 219 155 151 254 164 19.7 166 18.0
Saiga

BK3-10-19 138 95 174 144 165 177 119 140 161 147
cf. Alopex

BK3-08-07 lgopee 198 107 285 177 189 216 153 203 157 19.9
cf. Alopex

BK3-08-09 gopee 132 52 169 100 99 128 59 51 157 117 112

1.8

3.1

2.6

2.6

2.7

2.5

1.8

2.7

2.6

The isotopic measurement of collagen amino acids has been performed by GC/C/IRMS after
optimization of instrumental settings (temperature of the reaction furnaces, carrier gas flow rate,
and sample amount)’'. Isotopic difference between proline and hydroxyproline, it might relate to
possible different factors such as site taphonomy or animal phylogeny. Nevertheless, these two

amino acids are not involved in the TP calculation.
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