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1. Supplementary Tables

All Supplementary tables are contained in the associated excel workbook Smith_et_al_SI.

2. Supplementary Figure
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Supplementary Figure 1: Micromorphological analyses of a potential carnivore coprolite
fragment from cave Ilsenhohle at Ranis. Comparison with other micromorphological studies®
supported this interpretation based on the characteristic presented in this figure. A. Coprolite
fragments from layer 7. B: Scan of the coprolite fragment with closed (left) and open (right) lid
showing a homogenous pale brown to yellow matrix and numerous voids. C to F: The edge of the
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coprolite shows formation of a weathering rim in plane polarized light (PPL, C&E) and cross
polarized light (XPL, D&F). Note also the inclusion of fine quartz grains G: VVoids appear regularly
and mainly present vughs. Typical gas vesicles or digested bone inclusions were not observed in this
specimen. Microphoto in PPL. H to J: Groundmass in PPL (E), XPL (F) and oblique incident light
(OIL, G) The groundmass is a speckled and isotropic.

3. Bulk carbon and nitrogen analysis

3.1 Stratigraphical context of the samples analysed for C and N isotopes at Ranis

From the 2016-2022 excavation, three H. sapiens were excavated from Layer 8 (16/116-159253;
16/116-159327; 16/116-159199), and one from Layer 9 (16/116-159416). Nine Homo sapiens bones
from the 1932-1938 excavation were identified in boxes containing material from Layers IX/X
(R10873), X (R10396; R10400; R10355; R10318; R10874), and X/XI (R10875; R10876; R10879), but
all are associated with LRJ Layers 9 and 8 based on their direct **C dates*. mtDNA analysis indicates
that five of the 13 H. sapiens bones may belong to the same or maternally related individuals (16/116-
159327; R10396; R10355; R10874; R10879), although further nuclear DNA analysis is required to
confirm this. Collagen was extracted from ten of the human bones for direct radiocarbon dating and
stable isotope analysis, including four of the linked bones (16/116-159327, R10396, R10874, R10879),
indicating that the human isotopic values presented could represent a minimum of seven individuals.
Mylopotamitaki and colleagues* extracted collagen from 24 animal bones from Layers 12-7 from the
2016-2022 excavation for radiocarbon dating and Pederzani and colleagues® extracted collagen from
14 horse teeth from the 1932-1938 excavation and two horse bones from the 2016-2022 excavation, all
of which were also directly radiocarbon dated. From the equid data published in Pederzani et al®, we
include here isotopic data from the specimens with ages overlapping with Layer 7 or older (n = 9).
Carbon and nitrogen isotope ratios for these animals are listed in Extended Data Table 5 along with
their associated layers. Additionally, we extracted collagen from various species found in Layer IX of
the old excavation to provide a more detailed comparative dataset.

3.2 Diet of herbivorous species at Ranis

For Layers 9-7, we observe a separation in the feeding niches of equids compared to cervids, with equids
showing higher 8*°N and lower 5*C (Supplementary Figure 2, Supplementary Figure 3). Based on
correlations with other environmental isotope systems, Pederzani et al. (see companion paper)
suggested that this most likely reflects a specialized grazer feeding ecology of equids in a cold steppe
environment. Reindeer, red deer and unidentified cervids show substantially higher §**C and lower §*°N
than equids, while woolly rhinoceros are intermediate between cervids and equids in both carbon and
nitrogen stable isotope values (Supplementary Figure 2, Supplementary Figure 3). Higher 8*3C are
expected for ruminant cervids, including reindeer, compared to non-ruminant equids and rhinoceros
due to higher production of isotopically light methane in animals with ruminant digestive physiology®.
High 5'*C values up to approximately -18 %o in reindeer are consistent with lichen consumption, which
is common in reindeer, particularly in open environments and cold climatic episodes’*° that favor high
lichen availability. While not as well-adapted to diets including larger amounts of lichen, other cervid
species such as red deer have been documented to feed on lichen, especially during winter or in
particularly cold years***, explaining their isotopic niche overlap with reindeer in our data. Lichen
consumption by cervids and an absence of any '*C below -22.5 %o support the prevalence of an open
steppe/tundra environment with little woody cover during the LRJ at Ranis*, matching well with a cold
climatic episode reconstructed for this time.
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3.3 Diets of omnivorous species at Ranis

Bear bones were identified in Layers 9-7 and the low 8"°N values of these samples are typical of cave
bears'®. In Layer 8, the red fox has a §*°N value suggesting a carnivorous diet. However, the main prey
of the red fox, mostly microfauna and birds, were not analyzed for this study, although some species
have been identified throughout the lower horizons at Ranis (see Supplementary Table 2).

3.4 Diets of human and carnivorous species at Ranis

Compared to red fox (Vulpes vulpes), arctic foxes (Vulpes lagopus) show higher **C and §*°N values,
which suggests a higher intake of meat, possibly from larger prey. Hyenas, wolves, and humans show
similar 8*3C and §"°N values, with the highest >N values associated with humans, as typically observed
in Pleistocene European sites'® 8, Therefore, humans, hyenas, and wolves seem to hunt similar prey,
including reindeer, rhinoceroses, and (to perhaps a lesser extent) horses.
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Supplementary Figure 2: Carbon and nitrogen isotope values of bulk collagen from Layers 12 -
7 from the 2016-2022 excavation and Layers XI - VII1 from the 1932-1938 excavation at Ranis.
Where more than one layer is indicated from the 1932-1938 collection (X1/X, X1?/X, X/IX), bones were
stored in boxes containing material from more than one layer due to the excavation methods used at the
time.
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Supplementary Figure 3: Nitrogen isotope values of directly dated herbivore remains over time.
Nitrogen isotope values of directly dated herbivore remains are remarkably high, and distinct from other
species, indicating a specialized grazer feeding ecology. Carbon isotope separation with higher values
in Cervus sp. and Rangifer show a stable grouping according to digestive physiology (ruminants vs
non-ruminants). High 8"3C values of cervids suggest a contribution of lichen to the diet. Directly **C-
dated data points (error bars show calibrated age range at 95% probability) from Mylopotamitaki et al.
2023 and Pederzani et al., 2023. Error ranges extending beyond the limit of the calibration curve are
shown to extend to the limit of the plot without upper age limit. Total number of isotope samples (n =
33).

The nitrogen isotope ratios of human bulk collagen at Ranis are quite homogeneous, except for one
bone sample with a higher §°N puk value of 13%o (Figure S2, S3; 8N average = 10.9 £ 0.73%o, n = 10,
or 8N average = 10.7 = 0.17%o, n = 9, if individual R10874 is excluded). The elevated nitrogen isotope
ratios observed in this individual may be attributed to their consumption of breast milk. Breast milk
consumption is known to be associated with a **C enrichment ranging from 0 to 2%o. When considering
the lower carbon isotope ratio in this individual compared to others in the H. sapiens population, several
factors could contribute to this variance. It is plausible that the nursing parent relied less on reindeer
meat as a dietary source, or the child may have experienced an extended period of catabolic stress™*%.
Another possibility is that the child's diet consisted of **C-depleted and **N-enriched foods relative to
those consumed by adults, such as horses, aquatic food or fermented meat (Figure 6)2.

Compared to other hominins from Mousterian, Aurignacian, and Chatelperonnian periods, the Ranis H.
sapiens have similar §'°N values to Neanderthals, while their 5'*C values are similar to those of UP H.
sapiens (Supplementary Figure 4A). We however need to look at local associated fauna to properly
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interpret the diet of the humans, as environmental factors can strongly impact the isotope values of a
food web?. UP H. sapiens generally exhibit much higher §*°N values than local carnivores, while
Neanderthals have more comparable values'®, which is interpreted as the signature of freshwater fish
consumption by UP H. sapiens. This is not the case at Ranis, where the observed pattern is more similar
to what is usually seen among European Neanderthals (Figure S4 and Supplementary Table 23'7). The
trophic level enrichment is particularly close to that of contemporaneous Neanderthals from Goyet,
Belgium?*?* (Supplementary Figure 4), but the local carnivores at Goyet showed lower 5*°N compared
to those of Ranis (Supplementary Figure 4E). The trophic level enrichment is also similar to that
observed for one individual of Buran Kaya (Supplementary Figure 4D) and Kostenki. Still, the trophic
level enrichment is high, which could indicate the consumption of enriched >N foods such as horses,
rhinos and potentially mammoths. We are also potentially missing foods eaten by these individuals at
other seasonally occupied locations. H. sapiens usually exhibit higher **C values than associated fauna,
which could be the signature of the contribution of reindeer meat or aquatic foods to their diet. However,
at Ranis, H. sapiens exhibit similar §*3C values to the average herbivore values, suggesting the
consumption of all mammal species. At Goyet, the main species contributing to the Neanderthals' diet
were thought to be mammoths, rhinos, and reindeer. A more occasional mammoth consumption at Ranis
could explain why carnivores and H. sapiens show closer '°N values compared to Goyet.

Based on the stable isotope analysis of H. sapiens bones at Ranis, it is likely that H. sapiens from Ranis
consumed terrestrial meat from various mammal species, including rhinos, horses and reindeer, as part
of their regular diet. The similarity in 3**C values between the humans and herbivores suggests that the
humans consumed a variety of mammal species rather than just one or two. Additionally, the trophic
level enrichment of H. sapiens at Ranis but also at other locations (Supplementary Figure 4D) is similar
to that of Neanderthals from other sites, suggesting that both groups were consuming similar prey. This
interpretation is in contradiction with the hypothesis that European Palaeolithic H. sapiens were
including substantial amounts of freshwater resources in their diet, but is in line with the latest CSIA-
AA data supporting the hypothesis of UP H. sapiens diets relying on terrestrial resources®.
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Supplementary Figure 4: Carbon and nitrogen isotope ratios of Neanderthals and Homo sapiens
from European sites >31 ka cal BP. A. Raw carbon and nitrogen isotope ratios B. Offset between
human individuals and associated herbivores for carbon and nitrogen isotope ratios C. Raw N isotope
ratios over time in Aurignacian, Mousterian and Chatelperonnian sites in Europe D. Offset between
human individuals and associated herbivores for nitrogen isotope ratios over time for the same time
period. E. Offset between human individuals and associated carnivores for nitrogen isotope ratios over
time in Upper Palaeolithic, Mousterian and Chételperonnian sites in Europe. Number of samples (n =
66) and see Supplementary Table 23 and 24 for raw data and references. In 4C-4E, the error bars show
the calibrated age range at 95% probability based on published data.
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