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Supplementary Note 1. Relevant faunal ecological and ethological information

Caribou and reindeer (Rangifer tarandus)

Diet and water intake. Extant Rangifer tarandus (including sub-species of caribou
and reindeer) exhibit a large degree of plasticity in their feeding behaviour and are
typically generalist feeders consuming a wide range of plants including tree browse,
shrub leaves, bushes, grasses, mosses, mushrooms and lichen (). Modern caribou
tend to select for plants with high protein and fat content and high digestibility (>-4).
Caribou exhibit diet shifts on a seasonal basis according to environmental
parameters. During the colder months lichens are the major food source for many
modern herds comprising 50-80% of winter diet with terrestrial varieties being the
most commonly consumed (e.g. 5-8). During the spring and summer months extant
caribou may feed on young tree shoots and leaves, sedges and flowers as well as
grasses, and in autumn mushrooms and berries are also consumed (*'"). R.
tarandus are non-obligate drinkers, obtaining the majority of their water from through
ingested leaf water.

Habitat. Habitat selection in extant R. tarandus populations is defined by predator
avoidance, forage availability and climate conditions and snow cover (>'2-°). Among
modern ungulates, they have the widest circumpolar distribution and are
demonstrate the greatest cold tolerance (>%6). They are able to withstand relatively
short summer and long, cold winters with temperatures of -50°C and snow cover
several metres deep (>5'7). Today, reindeer occupy a range of different
environments that include sub-Arctic taiga, open plains, mountainous regions, boreal
and deciduous forests, river and lake margins as well as polar deserts (>'217:18). For
modern herds, shifts in habitat preference are typically seasonal ('°). While variation
in habitats exploited by exhibited different Rangifer sub-species in North America
and Eurasia is large, some broad trends can be observed. Winter habitat correlates
largely with snow depth and density and resulting access to forage, i.e. terrestrial
lichens (e.g. 131520), while in the spring certain sub-species of R. tarandus (woodland
and mountain caribou) move to open slopes to calve in order to protect against
insects and predators ('32"). In autumn different populations have been observed
seeking shelter in light forest at lower elevations (322).

Home range and mobility patterns. Caribou and reindeer populations today and in
the recent past display huge variation in home range size and include both sedentary
and migratory ecotypes (e.g.>%'%). Home range as defined by Burt (33P4%?) is “that
area traversed by the individual in its normal activities of food gathering, mating, and
caring for young”. Home range size within populations can be variable and depends
heavily on forage availability, distance between winter and summer ranges,
predation and local herd size (3'%2425). While differences in home range size of
hundreds of kilometres exist between and within sub-species of North American R.
tarandus can be vast as the species incorporates both migratory and sedentary
ecotypes, sometimes within the same herd (%°). Seasonal migrations are defined as
periodic, to-and-fro movements between two or more distinct seasonal ranges (?').
Sedentary or resident behaviour is described as “comparatively short movements
occurring within an area that is often frequented throughout an animal’s lifetime”
(%628). Predominantly sedentary ecotypes include woodland and mountain caribou.
Home range sizes in mountain caribou typically vary between <100 and >800 km?
(1929:30) ' while in woodland caribou home range size can varying between 312 and



8,838 km? (3'). Boreal caribou in Alberta, western Canada, are known to wander
throughout the year, undertaking movements across ranges that average 710 km?
(3°). Central and Northern caribou ecotypes are partially migratory, with the later
exhibiting variability in home range size, between 1,100 and 1,900 km? for some
herds and 150 km? for others ('432). Barren-ground caribou are largely migratory,
and have home ranges that can cover several hundred thousand kilometres (333:34)
and can average ~300 km one way during migrations (?635-3¢). These movements are
undertaken in order to exploit seasonally available resources, and forage availability
as well as snow cover, climate conditions and seasonality, predator avoidance and
topography all play a role in determining the direction, distance, timing and inter-
annual continuity of migration (327:37-39), Migration routes can change from one year
to the next, demonstrating the plasticity and potentially discontinuity in geographic
ranges of extant herds (*°-#4). Barren-ground caribou undertake migrations in spring
between April and May (prior to birth) and autumn, following the rut (354546). In more
mountainous regions, movements outside of migration may be altitudinal, and
calving may take place in elevated areas ('3'547). During the summer, modern
caribou movements and range location are generally driven by foraging
requirements and insect relief (3%46). During calving, caribou are typically the most
dispersed and occupy the smallest ranges ('%19:3948) while in winter animals are
most widely distributed with the largest ranges (3949).

Biology and social structure. While the social structure of modern R. tarandus
herds also fluctuates according to the season, sexual segregation can be highly
variable (>'7°°). The basic unit is the matriarchal winter herd which comprises of
cows and juveniles of both sexes. These groups leave their winter range and migrate
to their calving grounds during the spring (3346:51). Females often to disperse in order
to give birth to a calf in early summer, typically between May and early June, with
births being highly synchronised (3'%17:43), Matriarchal groups then move to their
summer region where they are joined by the adult males ('"?7). Reindeer then move
to autumn breeding grounds, aggregating over the course of a few weeks from mid-
September through October prior to rutting between October and November
(15:33:43.46) Adult males may then leave the matriarchal herds and move to the winter
range, and the autumn migration typically continues through November (317:45:46),
Herds form twice a year, in spring and autumn and are often widely dispersed at
other times of the year (52%3).

Wild horse (Equus sp.)

Diet and water intake. Extant wild horse populations, also referred to as free-
ranging, free-roaming, or feral, are predominantly grazers, preferentially selecting
graminoids but also consuming forbs, shrubs and browse to a lesser extent (e.g.
54.5%), Observed seasonal changes in diet are predominantly dictated by forage
availability (°¢-57) and may include a higher consumption of woody plants during the
winter months (54%859). However, in some modern feral herds, browse makes up the
majority of the equid diet year-round (6°6"). All equids are obligate drinkers, and as
such must obtain the majority of their water through drinking (6263). In the warm
season they are dependent on open water sources the distribution of which strongly
determines summer movements, spatial distribution and range size of equid herds
(64). In the winter months, horses are able to hydrate by eating snow (6>6) and
reducing the need to maintain close proximity to water sources, enabling them to
range further in search of food (6467.68),



Habitat. Modern-day free-ranging equids typically prefer flat, open areas such as
grasslands (648%70) but can also be found in forest habitats (647"). They are able to
withstand cold, dry conditions, inhabiting steppe and desert regions ("), and can
tolerate snow cover up to 60 cm depth for short periods, but are less tolerant of
wetter climates (°¢). While in general, forage availability appears to be the best
predictor of habitat use (6*73-7%), terrain, slope, elevation (avoidance of high
altitudes), distance to water as well as climate conditions also play key roles in
habitat selection (56:647576) Seasonal differences in habitat selection typically reflect
availability of quality food sources and access to drinking water, snow cover and
shelter from harsh winter winds, which often means sheltering within wooded areas
(6471.77.78) 'In spring and summer, lower mountain slopes, river basins and valley
floors and open, flat areas are preferred, while in autumn and winter wild horses may
preferentially select mid-slopes with north facing aspects mid-slopes in autumn and
winter with a preference for north facing aspects (7).

Home range and mobility patterns. A wide variation in home range size has been
reported within North American feral horse populations ("° and references therein).
Home range size in wild equids is largely dependent on resource availability (7°). In
mesic steppe grasslands home range size is typically smaller (e.g. 0.75-12 km?) ("7)
than in arid regions, where it may vary from 290 to 1,357 km? (8%). Meanwhile horses
inhabiting forested areas have been reported to exhibit home ranges of 40.4 km? and
48.2 km? (7181, Feral horses tend to exhibit high fidelity to home range location (82),
with varying degrees of overlap observed between those of individual herds (6479).
Wild horses can be highly and movements across time and space appear
predominantly to be driven by resource variation, and therefore are often seasonal
(6470.75). Winter ranges are often larger than summer ranges due to horses’ ability to
obtain drinking water from snow (6%83) and relative scarcity of resources during the
winter months (84.77.78.84),

Biology and social structure. Wild equids inhabiting the same region will form
herds that share a home range and follow similar movement patterns. Within herds
are bachelor and harem groups, which include natal bands. Bachelor groups are all-
stallion groups formed of surplus males while harem groups are relatively stable
groups of one to multiple females and young born that year and one or two tenured
stallions (34-86). Groups are most widely dispersed during winter months when forage
abundance is lowest. In the spring, bands congregate and females give birth to
young, followed by the rut (87). In the late spring and summer equids break into
harems and bachelor bands, becoming more dispersed as food supply decreases

(88)_

Elephant (Loxodonta africana, Loxodonta cyclotis, Elephas maximus)

Diet and water intake. Mammoth ecology and behaviour are largely inferred from
data pertaining to historical and modern elephant populations (the African savannah
or bush elephant, African forest elephant and Asian elephant), although studies
based on long-term observations are limited (but see ). Extant elephants are
typically generalist feeders, consuming ~150 kg of forage daily (°>°"). Differences in
diet breadth have been identified between species, with some populations consume
more leaves, bark and fruits than others, in particular those inhabiting tropical forests
exhibit a broader diet (°2-%5). Across all species dietary shifts appear to take place



largely in response changing forage availability, i.e. seasonal availability of preferred
plant species (%6-19). African forest elephants and Asian elephants consume woody
plant material, browse and grasses throughout the year, with consumption of the
latter increasing during the wet season (1°1:192). Like extant proboscideans,
mammoth would have been obligate drinkers, with an estimated required intake of
100-300 | of water a day, based requirements of modern elephants (193.194), This
means a reliance on access to water sources and on plants with high sodium content

(90)_

Habitat. Modern elephant populations occupy a variety of habitats from grassland to
desert environments as well as tropical forests (e.g. 1°5-1%8), While African forest
elephants and Asian elephants predominantly occupy woodland and forest habitats,
the African savannah elephant is also adapted to closed forest as well open
environments (100.101.108-110) ' Across the different species habitat selection is largely
influenced by forage distribution, water availability and amount of shade (e.g. %'~
114). Owing to these needs, elephants will often select riverine or waterside
environments, particularly during the dry season (94.100.108.110.115) '|n contrast, during
the wet season, cow herds of African elephants select more open Acacia habitats

(108)_

Home range and mobility patterns. Home range size and distance of movements
in extant proboscideans is primarily correlated with availability of water sources, food
supply, seasonal changes as well as the availability of suitable habitats (101.105.108,116)
Extant elephants are typically highly mobile, due to their daily requirement for large
quantities of forage and water. Home range size in modern African savannah
elephant can vary between populations from 15 to 3,700 km? (°7), with individuals
inhabiting open areas occupying larger home ranges in general, typically between
90-800 km? (%4117.118) Estimated home range size of the Asian elephant is ~100 to
300 km? (19%) although more research is need. Certain populations may undertake
long-distance seasonal migrations (®+119.120) however, these are likely significantly
reduced today in comparison to the past due to increasing habitat destruction (1°7).
Intra-herd differences in mobility patterns of African savannah elephants show that
not all individuals in a region will undertake migrations ('?'12?). Some individuals
migrate opportunistically and not every year, while others migrate between distinct
seasonal ranges correlating with wet and dry seasons ('?"122). Furthermore,
elephants exhibit flexibility in mobility patterns that can shift between generations
(108.115.116) There may also be sex-related differences in seasonal movements, i.e.
female African savannah elephants often occupy predictable ranges during the dry
season while migrating long distances during the wet season (119:120),

Social organisation and biology. The basic social unit for elephants is the mother-
offspring unit (84.101.107.123.124) gnd both African elephants (°**12%) and Asian elephants
(191.124) have been identified as forming matriarchal ‘kinship groups’ comprising of
two of three of these units. While the is no pronounced breeding season in
elephants, oestrus is reflective of resource availability and rainfall therefore single
calf births can occur throughout the year (°%-94.199.125) Once males reach puberty at
~9-18 years of age they separate over a number of years from these familial herds
and disperse locally (8%:123.124) After dispersing, adult males are solitary, occasionally
associating with other males and matriarchal groups to mate (123-126),



Supplementary Note 2: Stable carbon, oxygen and strontium isotope analysis
of herbivore tooth enamel in Central Europe for mobility studies - detailed
background

Strontium (87Sr/86Sr) isotope analysis of herbivore tooth enamel in Central Europe
The maijority of bioavailable (water-soluble) strontium (87Sr/%Sr) isotope ratios in the
environment derive primarily from underlaying bedrock ('?). The stable but
radiogenic isotope 87Sr is a product of the radioactive decay of rubidium (8’Rb), while
863r is stable. The final ratio of 8Sr to 8Sr in bedrock is dictated by the age of the
rock (older rocks exhibit higher 8 Sr/8Sr ratios), rate of weathering, chemical
composition and mineral component ('27-129), As strontium weathers it is
incorporated into overlaying sediments and ground waters, and in turn, is taken up
by local plants which are ingested by herbivores ('3°-32). Strontium substitutes for
calcium in the mineral component of tooth enamel, hydroxyapatite ('3%), and as such,
87Sr/88Sr ratios in herbivore enamel reflect those of the area in which the individual
sourced its forage. Unlike other isotope systems, there is very little fractionation of
87Sr/88Sr as it moves through the biosphere, enhancing its suitability as a mobility
proxy (e.g. 134-136),

When bioavailable strontium isotope ratios for a region are known, comparisons
between the 87Sr/8Sr of individuals and those of the modelled 7Sr/%Sr baseline can
enable the use of strontium as a mobility proxy (for overviews see '28.129.137) Recent
developments in statistical modelling have produced both global- and regional-scale
maps or ‘isoscapes’ of environmental bioavailable 87Sr/#Sr (138-142) that enable
researchers to move beyond the identification of local and non-local individuals
towards mapping animal movements onto the landscape, through visual
comparisons and spatial assignment programs (e.g. 4>144). Due to the incremental
nature of tooth enamel mineralization, movements made by an individual across
different lithologies during the period of mineralisation are recorded in time-resolved
sequence within the tooth (Supplementary Note 3). As a result, intra-tooth sampling
of enamel provides information pertaining to an individual’s movement on a seasonal
scale, and the applicability of this approach has been demonstrated in a number of
studies from Late Pleistocene European contexts (e.g. '43-14%),

However, this approach is constrained by a number of factors. It relies on there
being sufficient differences in bioavailable 8 Sr/%6Sr ratios between the different
places of residence, to enable movements to be detected ('3"). Therefore,
homogenous lithologies over large areas which can obscure individual movement
over long distance. Conversely, highly heterogenous lithologies in a locality may
produce an averaged 8Sr/%Sr signal in enamel as individuals move across different
geologies within shorter time frames (i.e. faster than the rate of enamel
mineralization) (37). Furthermore, the relationship between 87Sr/8¢Sr ratios of local
geology and overlaying soils and plants is not always straightforward (129.146.147)
Single rocks such as granite can exhibit large ranges of 8’Sr/8Sr ratios as a result of
different minerals within the rock, thereby producing a wide range of ‘local’
bioavailable strontium values ('%°). Aeolian deposits such as loess as well as cover
sands and glacial moraines can travel hundreds of kilometres resulting in differences
between bioavailable 87 Sr/%Sr ratios and those of the underlaying geology ('2°47).



To address this, analysis of spatially-constrained materials including modern soil,
water, plants, invertebrates and small mammals, as well as archaeological material,
may be undertaken to establish local bioavailable 8"Sr/®Sr ratios (for discussions
see 137.146-148) There is ongoing discussion regarding which type of samples best
represents local bioavailable 8"Sr/Sr and questions remain as to the applicability of
modern sampling to establish ancient strontium baselines (12%130.148) with more work
needed to refine these approaches.

Stable oxygen (5'80) isotope analysis of herbivore tooth enamel in Central Europe
At northern hemisphere mid-latitudes, environmental 5'80 broadly reflects 5'80 of
precipitation, which is primarily influenced by local air temperature and rain-out effect
(14%-15")_In this region, &'80 values of local precipitation display seasonal variation,
i.e. lower 5'80 values during the colder months and higher §'80 values during the
warmer months (14%.152153) While smaller rivers and lakes tend to be locally-fed by
meteoric water and therefore more faithfully reflect 8'80 of local precipitation (154-1%),
there are a number of factors that can affect this relationship. These include the
influence of evaporation, transpiration and outflow rates in open versus closed lakes
('97), runoff from elevated areas including snowmelt ('°8-'6%), and input from
groundwater ('¢'). Groundwater and snow are typically depleted in 80 compared to
local precipitation (154155.160.162) "ag g result, the incorporation of these waters into
rivers and streams can result in lower summer §'80 values (154.163.164), Stable oxygen
isotope values of plant leaf water are enriched compared to those of local
precipitation due to evapotranspiration processes ('%). Leaf water 5'®0 values are
sensitive to aridity, with increasing aridity resulting in further enrichment of leaf water
5'80 values, and are therefore reflective of seasonal climate shifts at temperate mid-
latitudes (165-167).

Stable oxygen isotope values of herbivore enamel apatite are controlled by the
isotopic composition of body water which predominantly reflects that of total ingested
water (154168-170) Obligate drinkers, including horses and most likely mammoth,
obtain the majority of their body water via drinking water, and as such, their enamel
580 values reflect those of consumed water sources and therefore more likely to
reflect 5'80 values of local precipitation (1%8179). In non-obligate drinkers, including
cervids, 8'®0 values of tooth enamel largely reflect evaporatively '80-enriched
ingested leaf water ('"1172) which have also been shown to track relative seasonal
shifts in §'80 of meteoric water ('73). Therefore, medium- and large-herbivore
obligate and non-obligate drinkers have the potential to qualitatively track seasonal
changes in 3'80 of meteoric water (74-176). Certain species, including horses, that
can consume '80-dpeleted snow to obtain drinking water (6583) are still be expected
to exhibit seasonal variation in 8'80 values of incrementally forming tissues. Intra-
tooth 5'®0 values can therefore be employed as a seasonal indicator and when
combined with other isotope analyses, they enable the detection of seasonal-scale
movements (87Sr/%6Sr) and dietary shifts (8'3C) (e.g.'¢"""). Animals that exhibit a
semi-sinusoidal pattern in their intra-tooth 380 measurements are interpreted as
having experienced local-scale seasonal variations in climatic parameters and
therefore as being relatively sedentary (34). In contrast, a relatively attenuated
seasonal intra-tooth enamel 8'80 can be indicative of rapid, seasonal long-distance
migrations by an individual (134178-180) Ag a result, 580 values of herbivore enamel
can be employed as an additional indicator of individual mobility in past populations,
anchoring 8’Sr/®Sr data in a seasonal context (e.g. 136.175.181.182)



Stable carbon (8'3C) isotope analysis of herbivore tooth enamel in Central Europe
During the late Pleistocene, Western and Central Europe was dominated by plants
utilising the Cs photosynthetic pathway. Cs plants include temperate species such as
shade-loving grasses, herbs, woody shrubs and most tree taxa. In terrestrial
environments these plants typically exhibit 3'3C values between approximately -24
and -36%o ('8). The major environmental factors influencing 8'3C values of Cs plants
are aridity, water stress, temperature, light and nutrient availability, salinity and
altitude ('84-187). These factors result in discrimination against '*C which produces
differences in 8'3C values between different types of plants (184.187.188) Within an
ecosystem, there is a trend towards more negative &'3C values (typically <-28%o) in
plants within closed forest environments, known as the ‘canopy effect’, which is the
5'3C-depletion of CO2 relative to that of the atmosphere as a result of the CO»
generated by the respiration and decomposition of organic matter, low light intensity
and carbon recycling (183.189.190) |n contrast, plants living in open grassland and
steppe-tundra environments display relatively enriched 3'3C values >28%o ('83).
Notably, lichens, a major food source of modern reindeer, are typically enriched in

13C relative to other vascular Cs plants (trees and grasses) in the same biome
(191,192)_

Herbivore enamel bioapatite 3'3C values record the dietary proportion of different C3
plants (193-19%). As herbivores take up stable carbon isotopes via ingested forage
these variations in plant 8'3C can then be used to identify the dietary contribution of
different plants to animal diets (e.g. 13%183.19%6-197) Physiological traits, for example,
ruminant versus non-ruminant species, also play a role in determining herbivore
enamel 5'3C values however overall, these factors are recognised to have a much
smaller effect on the final 8'3C values in comparison to diet (183198.199) As the end
values of C3 plants in different environments are not absolute, interpretations of
herbivore enamel stable carbon isotope values are context specific. In herbivores,
enamel carbonate &'3C values are fractionated around +14.6%o relative to dietary
plants therefore result fossil taxa feeding exclusively on Cs plants will exhibit §'3C
values between ~20%o to ~6%o ('932%9). In northern hemisphere temperate mid-
latitudes Cs-plant dominated environments during the late Pleistocene, the
incorporation of large amounts of lichen into herbivore diets is indicated by high §'3C
values (11%o. and above) relative to those of grazers (ca. -14%o. to 10%o0), which are
elevated compared to those of browsers (ca. <-11%o) (183191.192) Feeding in dense
forest habitat is expected to produce 3'3C values of -14%o. and below ('83:201.202),
Analysis of intra-tooth stable carbon isotope ratios alongside 5'80 values enables
researchers to identify seasonal dietary shifts which in turn can provide support for
seasonal movements indicated by 87Sr/%Sr data (e.g. 136.182.203),

Supplementary Note 3. Timing of herbivore tooth enamel formation

In hypsodont herbivores tooth enamel forms incrementally from the cusp to the apex
(the root) over a period of months or years (2%#). The timing of mineralisation
depends on the tooth and species in question. It is during this process that time-
resolved isotopic data pertaining to dietary habits and mobility patterns of an
individual during this period is captured in the tooth enamel bioapatite. Once



mineralised, enamel bioapatite compositions are not replaced during an individual’'s
lifetime its dense crystalline structure means it is relatively resistant to diagenetic
alteration compared to other skeletal tissues (205-2°7).
differences in the timing of enamel mineralisation between teeth in a single jaw and
also between species (e.g. 2°4). In reindeer and horses, teeth in the jaw form roughly
in sequence (with varying degrees of overlap) therefore sampling multiple teeth from
one individual provides a longer continuous record of isotopic data (Supplementary
Table 3) (?%).

There are systematic

The exact timing of enamel mineralisation is not currently known for reindeer and is
therefore estimated on the basis of comparisons with other cervids (Supplementary
Table 1) (2°9219). Predicted timing of enamel mineralisation in reindeer teeth is further
supported by intra-tooth isotope studies on modern caribou populations ('342'"). For
this study we targeted the later forming permanent second (M2) and third molar (M3)
in our study to avoid any influence of an isotopic weaning signal from mother’s milk
as modern caribou calves are generally weaned around two years of age (2'2213). In
Rangifer the M2 is expected to form between <3.5 and 9 months, and the M3
between 9 and <18 months (?9°:210),

Supplementary Table 1: Tooth enamel mineralization times (in months) of Rangifer tarandus,
Equus sp. and Mammuthus primigenius permanent molar teeth sampled in this study.
Rangifer mineralisation times are adapted from Brown and Chapman (2*°), Britton et al. ('*%)
and Price et al. ('"8). Timing of mineralisation for Equus sp. is adapted from Hoppe et al. (?%).
Estimated timing of M. primigenius enamel mineralisation is estimated from modern elephant

data (214,215)_

M1 M2 M3 M4 M4
Onset | Completion | Onset | Completion | Onset | Completion | Onset | Completion
R. <3 <9 ~9 ~18
tarandus
Equussp. | 0.5 23 (£3) 7 37 (£3) 21 55 (£2)
(1) (£1.5) (£3)
M. ~3 ~15
primigenius (years) | (years)

The timing of enamel mineralisation in modern equids has been directly assessed
(Supplementary Table 1) (e.g. 2%8216.217) We selected preferentially selected M2 and
M3 teeth, again, in order to avoid a capturing a weaning signal as weaning typically
occurs prior to M2 enamel mineralisation, however in one case it was necessary to
sample a permanent first molar (M1) from Breitenbach as no further M3s were
available. In M1 teeth, enamel mineralisation in horses begins at 0.5 (1) months
ending at 23 (+3) months and comprising of a total of ~2 years (208.218),
Mineralisation in the M2 occurs between 7 (£1.5) and 37 (+3) months (~35 months in
total), while in M3 teeth mineralisation takes place between 21 (x3) and 55 (+2)
months (a total of ~34 months) (298218),

Information on enamel formation and mineralisation times for Mammuthus
primigenius is primarily based on data from extant African elephants (Loxodonta
Africana) (Supplementary Table 1) (3'4). Mammoth teeth are comprised of multiple
parallel enamel plates, or lamella, which most likely formed incrementally from crown
to root (?'%). We sampled an M1 tooth as the most intake specimen available in the




Koénigsaue assemblage. Utilising Law’s calibrations (2'4215), Metcalfe et al. (21%)
estimates that M1 crown formation in mammoths began at ~3 years and was
completed at ~15 years, comprising of a ~12-year period. Metcalfe and Longstaffe
(?2%) use histological and isotopic data to estimate the enamel extension rates
(growth in the height of the tooth) to average ~13-14 mm per year in the Columbian
mammoth, however this may vary between individuals by between ~0.5 and 2.3 cm
per year (?20-224). We assume a similar timing of lengthwise enamel formation for the
Konigsaue individual. Taking into account wear and loss of enamel during burial and
subsequent handling, the height of the tooth crown (80 mm) would then represent a
period of enamel mineralisation of ~5.5 years.

For all species and teeth, enamel wear begins when the tooth eruptions and
continues throughout the individuals’ lifetime. While the amount of wear differs
depending on diet and age of an individual, all teeth, and therefore the isotopic
signal, will be reduced as a result. The timing of enamel mineralisation for full,
unworn teeth sampled for this study is given in Supplementary Table 1. These
include permanent first, second and third molars of horses, second and third
permanent molars of reindeer and the first adult molar in mammoth.

Supplementary Note 4: Site background and faunal assemblage information

Konigsaue

Site background. Konigsaue (51°49'N, 11°24’E) is a Middle Palaeolithic open-air
site to the north of the town of Aschersleben in Saxony-Anhalt, eastern Germany,
and approximately 15 km northeast of the Harz Mountains. The site was located on
the shore of the Late Pleistocene to Holocene Aschersleben Lake, roughly 12 km in
length, and was exposed in the 1970s during lignite open-cast mining (2°). Once
mining ceased in 1996 the pit was flooded and became the present-day Konigsauer
See. During mining, rescue excavations were carried out at the site by Mania and
Toepfer between 1963 and 1964 (?25), during which three separate archaeological
layers have been identified, Layers A, B and C (oldest to youngest). All these layers
are found within the lake shore deposits of sediment Cycle Ib.

This study is concerned with the faunal material from Layer A (KOA) which is the
richest of the three archaeological layers regarding the amount of faunal remains as
well as of Middle Palaeolithic lithic artefacts that place the assemblage into a context
of the Late Middle Palaeolithic Keilmesserguppen (KMG) (?%¢ and references
therein). In addition to the presence of stone tools, hominin presence in KOA is
attested to by the identification of pieces of birch-bark pitch, one of which features a
hominin thumb print and the imprint of a wooden haft (?2227). The lithic assemblage
of KOA comprises 1,478 flint and 12 quartzite artefacts (225).

Stratigraphy and Dating. With totally up to more than 20 m in thickness Konigsaue
comprises one of the most complete sequences of the Late Pleistocene in the
Northern European Plains - preserved in a depression which has been carved during
a Middle Pleistocene ice advance (?2%226:228-231) |nterglacial deposits at the base
(Cycle la) are assigned to the Last Interglacial, i.e. the Eemian. They are followed by
sequence of Early Weichselian, i.e. later MIS § interstadial deposits (Cycles laz, Ib,



lla, and IIb), an interpleniglacial (i.e. MIS 3) sequence (Cycles lll, IVa, IVb, V) and
Late Glacial (Cycles VIl and VIII) to Holocene (Cycle IX) deposits. The two Last
Glacial pleniglacial periods of MIS 4 and 2 are represented by Cycles llb and VI
respectively, characterized by severe pleniglacial conditions. Based on this
stratigraphy the archaeological horizons are assigned to the second Early
Weichselian interstadial, corresponding to the palynologically defined Odderade
interstadial (MIS 5a). Their age is thus to be estimated of ca. 80 kyr (?25:226228-231),
This estimate is supported by a series of infinite radiocarbon dates > 45.0 (B-626) —
55.8 (GrN-5698) uncalibrated (uncal) BP from Cycle |b materials and a radiocarbon
date of 60.1 +1.4/-1.2 uncal BP (GrN-7001) from the same horizon as well as by a
radiocarbon date of 49.2 +4.1/-2.7 uncal BP (GrN-7078) from the much younger, MIS
3 Cycle Il deposits (?%2). These dates conflict, however, with further 4C-dating
attempts on bone (?3') that were undertaken on two pieces of birch-bark pitch from
cultural contexts KOA and KOB, with the Layer A sample returned a date of 43.8 +
2.1 uncal BP (64:1/0, 8'3C = -26.5%0) (OxA-7124) (**3), arguably too young when
referred to the stratigraphic sequence. (cf. discussions in 231.234-237) ' A more recent
date was obtained from a reindeer femur from level A dating to 41.82 + 390 uncal BP
(MAMS-24487) using ultrafiltration pre-treatment (237).

Faunal assemblage. Faunal analysis of the KOA assemblage was undertaken by
Mania and Toepfer (??°). The faunal assemblage from Layer A comprises of fairly
even numbers of medium-large and mega herbivores, including reindeer (Rangifer
tarandus) (MNI=5), horse (Equus sp.) (MNI=4) and mammoth (Mammuthus
primigenius) (MNI=4), as well as bison (Bison priscus) (MNI=3), and a single
carnivore species, cave hyena (Crocuta spelaea) (MNI=2) (Supplementary Table 2)
(?%). The lake sediments in which the fossil remains were located comprised of
humus-rich sandy peat layers which were not conducive to the preservation of faunal
material, leaving many of them completely decalcified. However, certain sediments
in horizon Ib enabled greater preservation of bones and teeth, particularly the
Bruchwald peat layers, from which the faunal material for this study was selected
(2%). The faunal remains from KOA are dispersed over a large area along the former
lake shore, and comprises of isolated skeletal elements with a lack of cutmarked
material (?2°). As such it is unclear to what extent the material accumulated due
human activity or anthropogenic processes. Furthermore, the effects of weathering
are present on a large number of the fossil finds, further contributing to survival rates
of more fragile elements (?°). According to the excavators, the accumulation of
faunal remains by hominins at the site is inferred on the basis of the spatial
relationship between the position of the lithic artefacts and the faunal material (22°).
Season-of-death was established previously for three reindeer individuals from KOA
on the basis of tooth wear stages of three permanent third molars (2%8), which
indicated that these individuals were approximately 24, 25 and 36 months of age
when killed (%2%). If these animals were born in late spring-early summer (June-July)
this would mean they died between June and August.

Supplementary Table 2: Qualitative and quantitative composition and sample information for
the Konigsaue Layer A faunal assemblage.

Faunal counts including number of identified specimen (NISP and minimum number of
individuals (MNI) were undertaken by Topfer (?2>21). The number of individuals sampled,
sample material (specific teeth) and individual sample numbers for the current study are



provided. The museum accession number (given for sampled elements) is the catalogue
number designated by the State Museum of Prehistory, Halle, Germany.

Number of Individual | Museum
individuals | Sample | sample accession
Species NISP | MNI | sampled material | number number
Mammuthus 1 K6 A 27.2
primigenius 6 4 M4 KOA 09
Coelodonta antiquitatis | 3 1
Dicerorhinus
hemitoechus 1 1
Bison priscus 74 3
M2-M3 | KOA 01/02 | K& A 15.5
Equus sp. 46 4 2 M2-M3 | KOA 07/08 | NA
Equus (Asinus)
hydruntinus 3 1
Cervus elaphus 2 1
Ko. A.
M3 KOA 04 9.1.64
M3 KOA 05 Ko. A.
Rangifer tarandus 71 5 3 M3 KOA 06 K. A. T
Crocuta spelaea 6 2
Total 212 22 6

Breitenbach

Site background. Breitenbach (Schneidemuhle) (51°00'31.25"N, 12°05'06.75"E) is
an Early Upper Palaeolithic open-air site located to the northeast of the village of
Breitenbach, Sachsen-Anhalt, on the banks of the Aga riverlet, a right tributary to the
Weisse Elster river. The site was discovered in 1924 during construction work and
preliminary excavations were undertaken in 1925 by Niklasson of the Landesanstalt
fur Vorgeschichte, Halle/Saale, before excavations began later the same month led
by Gotze (Staatlisches Berliner Museum fiir Vélkerkunde) (2%°). Large-scale
excavations were conducted by Niklasson in 1927, uncovering an area of ~400 m?
(339249), This material — labelled Breitenbach A — is stored in the Landesamt fiir
Denkmalpflege und Archaologie (LDA) Sachsen-Anhalt in Halle/Saale, whereas the
material of a private collection, Breitenbach B, most likely deriving from the nearby
Niklasson W trench limits, was sold in the 1950s to the German National Museum in
Nirnberg. Following small-scale sondages in GDR time (?4°) and in 2004 and 2005
(%*"), ongoing large-scale investigations at the site restarted in 2009 in cooperation of
the MONREPOS Archaeological Research Centre and Museum for Human
Behavioural Evolution, a department of the Leibniz-Zentrum fur Archaologie (LEIZA)
and the LDA Sachsen-Anhalt., estimating the site’s total spatial extension to around
10,000 m? (>#2). The lithic assemblage and radiometric dating assign the material to
the late Aurignacian (243244). A small number of tools made from organic material
(bone and antler) were also discovered, and notable finds include a number of
perforated Arctic fox canines (?42-246). The site was initially interpreted as a base
camp which was occupied for multiple and/or longer periods of time (342:245:247),

Stratigraphy and Dating. The Breitenbach assemblages include numerous lithic
artefacts of Aurignacian type and evidence of intensive use of fire indicate “intense




human settlement activity” (242-244.246.248) The Aurignacian sequence is buried below
a 2-3 m thick sterile loess sequence attributed to the last pleniglacial (>*3). A series of
initial radiocarbon measurements of animal bone from both assemblages,
Breitenbach A and Breitenbach B, produced age estimates too young for the cultural
contexts, indicative of unsolved sample contamination problems in the open-air
farming environment. The most recent dating efforts confirmed the dating problems
due to overall low collagen yields, but in one case, a reindeer astragalus from the
Breitenbach A collection, produced a radiocarbon date of 29.65 + 280 uncal BP
(OxA-21087) (*4"). This age estimate is in agreement with age estimates available for
the Aurignacian to Mid-Upper Palaeolithic transition in Central Europe (?*°) and is

slightly older than the oldest age estimates of Breitenbach material presented earlier
(240,250)_

Breitenbach A faunal assemblage. There is limited published information
regarding the faunal material from Breitenbach. The Breitenbach A faunal
assemblage includes the finds from Niklasson’s excavations as well as a number of
surface finds (23%2%1). The Breitenbach B faunal assemblage includes material
obtained during unauthorized excavations at the site during the 1920 (?°2) and as
such was not sampled as part of this study. The Breitenbach A faunal material is
currently being studied as part of an ongoing PhD by Matthies (?%). The current
evaluation of the Breitenbach A material indicates that part of the assemblage,
including the majority of the mammoth material, likely originated from late Middle
Pleistocene deposits, some 20-30 cm below the archaeological layers (**7), and
appears to have accumulated naturally. However, the different status of surface
preservation of some of the mammoth remains, suggests that mammoth were also
present to some extent in the local environment during the period of human
occupation, although it remains unclear whether mammoth hunting took place at the
site (?%3). A lack of collagen preservation prevents radiocarbon dating hampering
further attempts at age determinations. The recent MONREPOS field campaigns
(2009 — ongoing) have uncovered further faunal material dominated by reindeer,
Arctic hare and Arctic fox remains; with deviations in NISP and MNI counts
(Supplementary Table 3) (2%3). The higher counts of Arctic hare and Arctic fox
remains during recent field campaigns may — to some degree — be explained by
refined modern-day excavation standards, whereas the Breitenbach A and B
assemblages are biased by an overrepresentation of larger finds compared to the
near absence of small objects, including fauna. While zooarchaeological analysis of
this material is ongoing, taphonomic and seasonality data is currently limited.
Evidence for anthropogenic modification has been identified on canid and reindeer
material in the form of perforated canines and butchery patterns related to marrow
extraction respectively (*°*). Preservation is generally poor and season-of-death
information can so far only be determined for one R. tarandus individual on the basis
of an unfused proximal phalanx (?°4). According to Hufthammer (?°°) and Pasda (2°°),
fusing of the proximal epiphysis does not begin prior to the 6th or 7th month of life,
which points to a late autumn or winter season of death.

Supplementary Table 3: Qualitative and quantitative composition and sample information for
the Breitenbach A faunal assemblage.

Faunal counts including number of identified specimen (NISP and minimum number of
individuals (MNI) were undertaken by Matthies (?°*). The number of individuals sampled,
sample material (specific teeth) and individual sample numbers for the current study are



provided. Find locations refer to Niklasson’s (**°) excavation grid of 1/2 metre quadrants. The

museum accession numbers are the same as the find locations.

Find locations

(quadrant)/
Number of museum
individuals | Sample accession
Species NISP | MNI | sampled material | Individual | number
Mammuthus
primigenius 438 |3
Coelodonta
antiquitatis 7 1
Cervus
elaphus 2 1
M1 BRE 01 Kl
M3 BRE 10 H7m
Equus sp. 70 2 3 M3 BRE_11 150-200 J
M2-M3 BRE_02/03 | Gv.3/Gv.4
M3 BRE 04 L1
M3 BRE_05 No label
M3 BRE_06 D 5m
M3 BRE 07 D 9m
Rangifer M3 BRE_08 B 4m
tarandus 400 |12 7 M3 BRE 09 Y VIII (4)
Panthera
spelea 4 1
Crocuta
spelea 2 1
Canis lupus | 60 3
Vulpes
alopex 155 | 10
Lepus
timidus 73 7
Total 1211 | 41 10
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