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Figure S1. Percentages of the pollen categories in the samples of Table S2 (redrawn from
Geraads et al.”).
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Figure S2. Mean maximum (A) and minimum (B) temperatures in °C, annual total rainfall
amount in mm (C), and percent of normal rainfall (D) for the year 2022 (modified from Annual
Climate Bulletin?). Black circle indicates the MK (Melka Kunture) localization.
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Figure. S3. Box and whisker plots of 6'°C values of Bovidae (Alcelaphini, Antilopini,
Bovini, Hippotragini, Reduncini, and Bovidae sensu lato) from the MK archaeological sites
(2.02 - 0.6 Ma). The vertical line in the boxes marks the median values, the box ends are



the lower and upper quartiles, and the lines define the range of data. A vertical line is
equivalent to a dot/value.

Supplementary A. Stable carbon and oxygen isotopes in tooth enamel

The analysis of stable carbon and oxygen isotopic abundances in tooth enamel provides
direct evidence of the dietary patterns, ecology, and habitat since the isotopic signal is
related to the plants consumed and the water ingested during the formation of the analyzed
tissue. Tooth enamel is the most suitable fossilized material for preserving stable isotopic
signatures since it is almost entirely inorganic, less susceptible to alteration due to
diagenesis, and its isotopic composition can be preserved over millions of years®*. The
stable isotopic results are typically reported in the common §-notation: X = [(Rsampie/ Rstandard)
- 1] * 1000, where X is referred to as §'°C and 60 values, and R represents *C/"?C or
80/'®0, respectively.

The stable carbon isotope ratio in herbivore tooth enamel reflects an average diet related
to the plants eaten by the animals during the period of enamel mineralization. Terrestrial
plants are generally divided into Cs and C. plants according to their different photosynthesis
pathways, leading to different carbon isotopic fractionation during CO: fixation processes”®.
The C; photosynthetic pathway (Calvin-Benson cycle) occurs in trees, bushes, grasses in
humid areas, and high-elevation herbaceous monocots®’. In contrast, most tropical
grasses, sedges, and some shrubs in dry/warm environments (e.g., Amaranthaceae) use
the C4 photosynthetic pathway (Hatch-Slack cycle). In modern-day Africa, the §'°C value
of C4 plants ranges from - 19 %o to - 9 %0, showing a modal value of - 13 %., whereas Cs;
plants have a modal 6"C value of - 27 %o, ranging from - 35 %o to - 22 %0.®°. Isotopic
fractionation from diet to tooth takes place during enamel mineralization. During the last
decades, a single diet-enamel enrichment value (+ 14 %.) has been used. However,
Tejada-Lara et al."" found a significant correlation between body mass and isotope
enrichment in herbivore mammals. According to Cerling and Harris' and Uno et al.’?,
browsers have 6"*Cenamer Values lower than - 8 %o, grazers have values above - 2 %o, and
values in between are typical for mixed-feeders. Instead, carnivore 6'*Cenamel Values reflect
the isotopic signatures of their prey'. The abundance of C, plants suggests a relatively
open grassy environment, whereas C; plants point to more woody vegetation under more
humid climatic conditions'®".

The stable oxygen isotope composition in tooth enamel reflects the isotopic composition
of the body water, which is determined by habitat, climate, diet, drinking behavior, and
physiology'®'®. In Africa, mammals are generally divided into two groups: evaporation
sensitive (ES) and evaporation insensitive (El). ES taxa (e.g., giraffids, oryx, dik-dik, gazelle,
and buffalo) are those that ingest evaporated waters, showing a significant increase in 6'0
values between tooth enamel and meteoric water as a response to increasing aridity. In
contrast, El taxa (e.g., hippopotamus, bush pig, elephant, rhinoceros, warthog, zebra,
impala, and baboon) ingest relatively unevaporated waters and show a strong correlation
between enamel and meteoric water 6'®0 values'”.

Due to evaporation, the 6'®0 values in plant leaves are higher than those in meteoric water.
This means that herbivores that get most of their water from consumed leaves have higher
oxygen isotopic values than those drinking abundant meteoric water'>'®, allowing us to
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distinguish browsers from grazers. Thus, §'°0 values will enable us to determine the so-
called “obligate drinkers,” who obtain water from the rivers or lakes (6'®0 of meteoric water),
from the other “non-obligate drinkers” that get most of their water from leaves, showing
higher 6'®0 values. The oxygen isotopic composition can also be affected by habitat
differences: for semiaquatic mammals such as hippos, the 6'®0 values are lower than those
of terrestrial herbivores'®??. Furthermore, many other aspects can play a relevant role in the
variation in oxygen isotope composition, such as precipitation, continentality, seasonality,
latitude, and altitude’®.

Supplementary B. Laboratory activities

Faunal specimens. We selected well-preserved teeth and fragments (n = 308) of
Hippopotamidae, Bovidae, Equidae, Suidae, Giraffidae, and Hyaenidae (Fig. S4) from the
faunal assemblage of MK complex of sites to measure the *C/"C and '®*0/°O isotopic
ratios. Fossil teeth, which were taxonomically identified and previously discussed by one
of us"?, were unearthed from several archaeological layers of the following localities (from
the oldest to the youngest): Karre |, Garba IV, Gombore |, Simbiro lll, Garba XIl, Garba XIII,
Gombore I, Garba lll, Garba I, and Gombore Il (Fig. 1C).

Sampling. The enamel samples were collected in November 2018, April, July and
November 2019, June and July 2022 at the National Museum of Ethiopia (Addis Ababa), in
agreement with the Ethiopian Heritage Authority (EHA). The lab code corresponds to the
abbreviation of the main site name (MLK = Melka Kunture), followed by a progressive
number (i.e., MLK 1, MLK 2, MLK 3, etc.). The uppermost surface of the tooth was first
cleaned with a diamond drill bit (> 2.0 mm) to remove potential contaminants attached to
the enamel surface. When possible, enamel samples were collected along the length of the
tooth (bulk sampling) to obtain an average diet and ecological setting during the period of
tooth formation?*. However, due to the fragmented status of some tooth remains, the
internal fractures of enamel, and the concretions on the tooth surface, it was not always
possible to encompass the full crown height of the archaeological teeth. As a result, some
samples do not represent the full mineralization time of the tooth but rather a short period.
Approximately 12 - 15 mg of enamel powder was obtained using a drilling device equipped
with a diamond-tipped bit (< 2.0 mm). After each sample, the tools were cleaned with an
ethanol solution to prevent contamination.

Pretreatment. This lab activity was conducted at the Biogeology Research Group of the
University of TUbingen (Institut fir Geowissenschaften, Holderlinstrasse 12, Germany). The
powdered enamel was soaked in 2 - 3 % NaOCI for 24 hours at 20 °C to oxidize organic
residues and rinsed three times with Millipore water (Milli-Q H.O) to remove all NaOCI. The
remaining samples were treated with 0.1 M acetic acid-calcium acetate buffer (pH = 4.66)
for 24 hours at 20 °C to remove exogenous carbonate. Subsequently, the samples were
rinsed three times with Milli-Q H.O and placed in an oven to dry at 40 °C for 72 hours. This
pretreatment method is greatly used for cleaning bioapatite samples and effectively
removes organic matter and exogenous carbonates. Only 2.5 - 3 mg of structural carbonate
were subjected to Isotopic Ratio Mass Spectrometry (IRMS)'9%°28,

Isotopic analyses. The pretreated samples were reacted with 99% phosphoric acid
(HsPO,) for 4 hours at 70°C, using continuous-flow isotope ratio mass spectrometry (IRMS)

5




at the Biogeology Research Group. LyticOS software by Elementar was used to carry out
multi-point standard isotope calibration by generating a trend line (y = mx + c¢) that maps
measured versus expected isotopic results of standards, which was then used to calibrate
sample results. The measurement uncertainty was monitored using three in-house
standards. Two internal enamel samples used as secondary reference material (SRM)
(Elephant and Hippo) were processed with each set of samples following the same
protocol. Two international standards (IAEA-603, NBS-18) and one internal standard (LM =
Laaser Marmor) were added to the data set (every 15 samples), and these standards were
not pretreated prior to analysis. Overall analytical precision is higher than 0.1%. for carbon
and better than 0.2%. for oxygen isotopic values. The carbon isotope compositions are
expressed relative to the Vienna PeeDee Belemnite (VPDB) standard, whereas the oxygen
isotope composition is expressed relative to the Vienna Standard Mean Ocean Water
(VSMOW).
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Figure S4. Examples of teeth sampled for the isotopic analyses: 1 Bovidae molar fragment
(MK 80 KAR IM 143); 2 Hippopotamidae (Hippopotamus cf. amphibius) lower premolar (MK
04 GAR IVF178); 3 Bovidae (Alcelaphini) lower molar (MK 09 GAR IVE 1724); 4 Bovidae
(Alcelaphini) lower molar (MK 74 GAR IVD 6561); 5 Bovidae (Alcelaphini) lower molar (MK
77 GAR IVD 5399); 6 Hippopotamidae (Hippopotamus cf. amphibius) upper premolar (MK
75 GAR IVD 632); 7 Hippopotamidae (Hippopotamus cf. amphibius) upper molar (MK 74
GAR IVD 6365); 8 Suidae (cf. Metridiochoerus sp.) upper canine fragment (MK 74 GAR IVD
6958); 9 Bovidae (Alcelaphini) lower molar (MK 77 GAR IVD 8250); 10 Hippopotamidae
(Hippopotamus cf. amphibius) upper canine fragment (MK 74 GAR IVD 6394); 11
Hippopotamidae (Hippopotamus cf. amphibius) lower canine fragment (MK 74 GAR IVD
1230); 12 Hippopotamidae (Hippopotamus cf. amphibius) lower canine fragment (MK 75
GAR IVD 6750); 13 Bovidae (cf. Bovini) molar (MK 74 GOM IB 3755); 14 Hippopotamidae
(Hippopotamus cf. amphibius) lower molar (MK 74 GOM IB 3285); 15 Hippopotamidae
(Hippopotamus cf. amphibius) premolar (MK 74 GOM IB 90); 16 Suidae (Metridiochoerus)
molar fragment (MK 74 GOM IB 3637); 17 Bovidae (Alcelaphini) upper molar (MK 73 GOM
IB 4804); 18 Hippopotamidae (Hippopotamus cf. amphibius) upper molar (MK 74 GOM IB
5056); 19 Bovidae lower premolar (MK 74 GOM IB 3240); 20 Suidae (Metridiochoerus) molar
fragment (MK 73 GOM IB 1487); 21 Hippopotamidae (Hippopotamus cf. amphibius) upper
molar (MK 72 GOM IB 2810); 22 Bovidae (Alcelaphini) lower molar fragment (MK 70 GOM
IB 1005); 23 Hippopotamidae (Hippopotamus cf. amphibius) upper canine fragment (MK 69
GOM IB 2268); 24 Suidae (Kolpochoerus) upper premolar (MK 81 GOM IB 9400); 25
Bovidae (Alcelaphini) lower molar (MK 73 GOM B 6623); 26 Bovidae upper molar (MK 74
GOM ly 125); 27 Bovidae (Hippotragini, Oryx) lower molar (MK 70 GOM ly 943); 28 Bovidae
(Alcelaphini) lower molar (MK 68 SIM Il MS A 376); 29 Bovidae (Hippotragini) upper molar
(MK 74 SIM Il MS D 104); 30 Bovidae (Alcelaphini) lower molar (MK 71 SIM 1ll MS D 11);
31 Hyaenidae lower canine (MK 18 SIM Il gully 293); 32 Bovidae incisor (MK 07 GAR XIlI
A); 33 Equidae lower molar (MK 07 GAR XIlI B); 34 Equidae lower molar (MK 75 GOM II-1
751); 35 Bovidae (Alcelaphini, Connochaetes) upper molar (MK 76 GOM II-1 1215); 36
Bovidae (Alcelaphini) lower premolar (MK 73 GOM II-1 4560); 37 Hippopotamidae
(Hippopotamus cf. amphibius) lower premolar (MK 74 SIM Ill MS D 35); 38 Hippopotamidae
(Hippopotamus cf. amphibius) lower premolar (MK 18 SIM Il gully 322); 39 Hippopotamidae
(Hippopotamus cf. amphibius) lower molar (MK 74 GOM II-1 4544); 40 Hippopotamidae
(Hippopotamus cf. amphibius) lower premolar (MK 75 GAR IB 1785); scale bar =5 cm.



Supplementary C. Isotopic comparison of Early and Middle Pleistocene fauna

We gathered 753 isotopic values (6"°C and §'°0) of fauna tooth enamel from published data
of eastern African sites at medium and low altitudes (< 1500 m a.s.l.), such as Olduvai
Gorge, Lake Turkana Basin, and Busidima Formation, to evaluate whether the differences
in elevation and vegetation composition were an influencing factor on animal feeding
strategies and their habitats. We discuss 1.064 isotopic values, including data from MK (n
= 308) presented in this study. This isotopic dataset includes six faunal families
(Hippopotamidae, Bovidae, Equidae, Suidae, Giraffidae, and Hyaenidae) dated between
2.1 and 0.6 Ma (Tab. S4).

Hippopotamidae. Hippos (n = 239) from Lake Turkana Basin, Olduvai Gorge, Busidima
Formation, and MK belong to several hippo species. The median 6'*C value is - 0.4 %o with
a range from - 8.7 %o to + 2.8 %o. The 6'®0 values show a median of + 25.2 %o with a range
from + 18.2 %o to + 38 %o (Figs. S5A - S6A, Tabs. S5 — S6).

Bovidae. Bovids (n = 479) from Lake Turkana Basin, Olduvai Gorge, Busidima Formation,
and MK belong to several bovid tribes and species. The median §'°C value is + 0.5 %o with
a range from - 13.4 %o to + 5.2 %o. The 6'®0 values show a median of + 30 %o with a range
from + 18.2 %o to + 37 %o (Figs. S5B - S6B, Tabs. S5 - S6).

Equidae. Equids (n = 135) from Lake Turkana Basin, Olduvai Gorge, Busidima Formation,
and MK belong to several equid species. The median 6°C value is + 0.4 %o with a range
from - 7.6 %o to + 6.4 %o. The 6'®0 values show a median of + 29.4 %o, with a range from +
23.1 %o to + 35 %o (Figs. S5C - S6C, Tabs. S5 - S6).

Suidae. Suids (n = 164) from Lake Turkana Basin, Olduvai Gorge, Busidima Formation, and
MK belong to several suid species. The median §C value is - 0.5 %o with a range from -
6.7 %o to + 3.3 %o. The 6'°0 values show a median of + 29.5 %o with a range from + 20.1
%o to + 37 %o (Figs. S5D - S6D, Tabs. S5 - S6).

Hyaenidae. Hyaenas (n = 14) from Olduvai Gorge and MK include Crocuta sp. and other
hyaenas not identified. The average 6°C value is - 1.3 %o with a range from - 4.2 %o to +
2.5 %o. The 6'®0 values show an average of + 26.3 %o with a range from + 22.7 %o to + 31.3
%o (Figs. S5E - S6E, Tabs. S5 - S6).

Giraffidae. Giraffids (n = 28) from Lake Turkana Basin, Olduvai Gorge, Busidima Formation,
and MK belong to several giraffid species. The average 6°C value is - 6.6 %o with a range
from - 14.7 %o to + 2.7 %o. The 6'0 values show an average of + 31 %o with a range from
+ 24.5 %o to + 39.5 %o (Figs. S5F- S6F, Tabs. S5 - S6).




A Hippopotamidae D Suidae

Olduvai Gorge ‘ ‘ Olduvai Gorge| ® ee }7 4{

} Melka Kunture 4{
Lake Turkana Basin . 4‘]]—{

Busidima Formation ”:| Busidima Formation }7 {

0 2

Melka Kunture . X

Lake Turkana Basin

T
1

-8 - -4 2 0 2 - -4

5 -2
613Cvppg (in %o) 6'3Cvpog (in %o)

Bovidae

B E Hyaenidae

Olduvai Gorge | R X }7 4{

Olduvai Gorge
Melka Kunture . o o }7 4{
Lake Turkana Basin| ® r— 4{

Melka Kunture

Busidima Formation .

0 5 -4 -3 -2 il [ 1 2 3

10 5
813Cype (in %o)

-5
613Cvpos (in %o)

Equidae Giraffidae

C F

}7 4{ Olduvai Gorge }7 —{
Melka Kunture e }7 4{ Melka Kunture [|:|
Lake Turkana Basin i % — Lake Turkana Basin }—m

Busidima Formation — Busidima Formation m

Olduvai Gorge .

-5 0 5 -15 -10 -5 0
6'3Cvpos (in %) 613Cvpos (in %o)

Figure. S5. Box and whisker plots of 6'°C values of hippos (A), bovids (B), equids (C), suids
(D), hyenas (E), and giraffids (F) from Lake Turkana Basin, MK, Olduvai Gorge, and Busidima
Formation. The vertical line in the boxes marks the median values; the box ends are the
lower and upper quartiles; the lines define the range of data; a single dot is equivalent to a
value.
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Figure. S6. Box and whisker plots of 6'®0 values of hippos (A), bovids (B), equids (C), suids
(D), hyenas (E), and giraffids (F) from Lake Turkana Basin, MK, Olduvai Gorge, and Busidima
Formation. The vertical line in the boxes marks the median values; the box ends are the
lower and upper quartiles; the lines define the range of data; a single dot is equivalent to a
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