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Abstract

The dietary proclivities of an early adolescent Neandertal, Kiilna 1, are reconstructed using dental
microwear texture analysis. Examining the diet of Ktilna 1 provides new information about the lifeways and
paleoecological conditions faced by Neandertals living in the Moravian karst, an area of extensive anthropogenic
activity during Marine Isotope Stage (MIS) 3. Comparative samples include Hortus cave (n =6), La Quina5,
Malarnaud, Spy I, Krapina (n =19), Vindija (n = 4) as well as human foragers, farmers and pastoralists (n = 181).
Kiilna 1 yields arelatively low value foranisotropy (epLsar) comparedto most of the Neandertals investigated,
suggesting heterogeneous jaw movements typical of Holocene foragers. In contrast, Kiilna 1 exhibits one ofthe
highestMiddle Paleolithic complexity (Asfc) values. Since elevated complexity is associated with Holocene humans
who consumed poorly processed, abrasive and mechanically hard resources, the diet of Ktilna 1 is reconstructed as
based largely on hard and brittle plant foods, perhaps available froman interval of higher temperatures during an
interstadial period of MIS 3or possibly fromother factors, including individual variation in diet preferences, food
availability, grit load, seasonality and group cultural traditions.
Key words: Hortus; La Quina 5; Malarnaud; Spy I; Dental Microwear Texture Analysis
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1. Introduction

Evidence of Neandertal occupationhas been recoveredin the Moravian karstofthe Czech Republic from
Marine Isotope Stage (MIS) 6to MIS 3. Among the mostcomplete of the humanremains is Kiilna 1, an early
adolescent represented by a maxilla and associated with the Micoquian tool traditionof MIS 3 (Rink et al. 1996;
Svoboda 2005; Neruda and Nerudova 2014). Kulna cave is situated onthe northern edge of the Moraviankarstic
formation nearthe village of Sloup, 30-35 km north of Brno, and is close to a number of Paleolithic sites in the
central part ofthe Czech Republic, southern Poland and southern Germany (Fig. 1) (Rink et al. 1996; Svodoba2005;
Neruda and Nerudova2014). The stratigraphy of Kiilna cave has beenstudied in detail via archaeological
investigation between 1961-1976 and 1993-1996 underthe direction of K. Valoch (Valoch 1988; Valoch et al.
2012), and recently under the direction of P. Neruda (Lisa et al. 2013; Neruda and Nerudova2014).

Kulna cave may have been occupied repeatedly by thesame social group as a camp fromautumn to spring
and multiple activity areas within the cavern have been identified (Nerudovéaet al. 2014; Neruda 2017). Kiilna 1 was
recovered fromsector E of layer 7a, an arearich in lithic tools as wellas Late Pleistocene animal bones, suchas
Mammuthus primigenius, Rangifer tarandus, Equus sp., Ursus spelaeus and Bos primigenius, dispersed around a
small hearth. Electron spin resonance (ESR) estimates derived fromequid, rhinoceros and cervid tooth enamel have
been used to date layer 7a of Kalna cave. They provide an average estimate of 46+ 6 ka and a linear uptake (LU)
date of 50 + 5 ka (Rink et al. 1996). Radiocarbon dating of culturally modified bones fromlayer 7a range from45.8
+ 2.4 Kka calibrated before present(calBP) to 46.6 + 2.6 ka calBP and corroborate thetwo ESR dates (Nerudaand
Nerudova2014). Kiilna cave layer 7a is characterized as a period of oscillations of climatic extremes and is
bracketed before and after by stadials. Layer 7a may have experienced a temperate climate with cold-adaptedand
interstadial fauna (Valoch 2002).

Kilna cave layer 7arepresents the finalappearance of the Micoquiantechnology, characterized by the
presence of bifacial backed knives and other bifacial tools, in addition to a large number of scrapers including
“groszaki” and Quinatypes (Valoch 1988, 1995). The presenceof side scrapers, retouchers fromhard animal
tissues, bones with cut-marks fromprocessing and traces of anthropogenic fracturingand scraping indicate a wide
range ofhuman activities in the central living site (Neruda & Nerudova2014; Neruda 2017). The wealth of modified
bones suggests an intensive use of animal carcasses brought by the Neandertals to Kiilnacave. Many bone

fragments frommiddle, large and very large animals were useas retouchers for lithic tools production. (Auguste
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2002; Nerudaetal. 2011). There are other bone pieces such as mammoth ribs abraded onbothends thatindicate a
number ofactivities (Valoch 1988). The majority of the bones are broken into small pieces. Cut-marks, surface
scrapingand green fractures made when the bone was fresh are evident as well as the removal of cancellous bone
(Rink etal. 1996; Nerudaetal.2011). All of these features can be related to the consumption of marrow, trabecular
bone and fat (Sorensen & Leonard 2001; Snodgrass & Leonard 2009).

[Fig. 1]

Kulnacave is close to several major Middle Paleolithic sites of eastern Central Europe (Fig. 1). These
include Sipka and Svédiv stil caves in the Czech Republic, Stajnia and Ciemna caves in southern Poland, Krapina
and Vindija caves in Croatia, Subalyuk cave in Hungary, and others (Ahernet al. 2013; Smith et al. 2015; Willman
etal. 2019; Fig. 1). Since only acast of the Sipka lower jaw exists, the original having been destroyed in a fire at the
end of WWII, Kalna 1 preserves the only well-dated permanent first maxillary molar known from the Czech
Republic priorto the end of MIS 3. Here we use dental microwear texture analysis (DM TA) to reconstruct the
dietary signal of Kalna 1. Information aboutdiet fromthe maxillary molar surface of Kiilna 1 can be compared to
paleoecological reconstructions (Svoboda 2005; Nerudova et al. 2014) and will add to the understanding ofthe
lifeways ofthe last Neandertals of Moravia by documenting the mechanical properties of the foods consumed.

1.1. Dental microwear texture analysis

Mastication of foods with hard parts or adherents deformtoothenamel, and this deformationis reflected in
the occlusal surface texture which dental microwear texture analysis was developed to describe (Scottet al. 2006,
2012; El Zaatariet al. 2011; Ungaretal. 2012; Arman et al. 2016; Schmidt et al. 2016, 2019, 2020). Surface texture
variables, suchas complexity (Asfc) and anisotropy (epLsar), have beenpreviously utilized to characterize the diets
of Plio-Pleistocene hominins (Scott et al. 2005, Ungar et al. 2012), Neandertals (El Zaatariet al. 2011, 2016;
Karrigar et al. 2016; Estalrrich etal. 2017; Kruegeretal. 2017, 2019; Williams et al. 2018, 2019) and Homo sapiens,
both recent and prehistoric (El Zaatari 2010; Krueger 2015; Schmidt et al. 2016, 2019, 2020; Da-Gloria & Schmidt
2020). Area-scale fractal complexity (Asfc)—a calculationof enamel surface coarseness at differentscales—is often
used as anindicator of hard food consumption (Scott et al. 2005, 2006, 2012; Calandraetal. 2012; DeSantis et al.
2013; Schmidt et al. 2019). Low complexity (Asfc) can be interpretedas evidenceofasoft diet, i.e., one with
comparatively few hard foods capable of generating uneven dental micro-surfaces (Fig. 2). High values indicatea

very complexenamel surface, suggesting the individual consumed dietary items with physical and mechanical
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properties capable of pitting the enamel (Scott et al. 2012, Hua et al. 2015). Anothertexture characteristic utilized is
the exact proportion length-scale anisotropy of relief (epLsar), or anisotropy. Anisotropy calculates theextent to
which surface striations sharea common direction. Low values indicate striations in many directionsand high values
indicate striations in a similar direction. In modern humans, low anisotropy is thoughtto relate to heterogeneity of
jaw movements while a high anisotropy signals more homogeneous movements (Fig. 2). A surface dominated by
parallel (i.e., high anisotropy) scratches has been interpreted to indicate a uniformmasticatory action ofthe jaws
employed when tough, fibrous foods, or highly processed foods are consumed (Scott et al. 2006; Schmidt et al.
2019). Complexity (Asfc) and anisotropy (epLsar) are utilized in this studyto infer the diet of Kulna 1.
[Fig. 2]

1.2. Previous dietary reconstructions of Neandertals

The numerous cervid, bovid, mammoth, rhinoceros and equid bones alongwith the tools used to process
themat Neandertal sites signal a preference for mid- to large- or very large-bodied herbivores (Auguste 2002; Patou-
Mathis et al. 2005; Neruda & Laznickova-Galetova2018). Stable isotopes alsoindicate Neandertals occupiedthe
trophic positionofatop-level carnivore (Richards et al. 2000; Bocherens et al. 2001; Fiorenza et al. 2015; WiBing et
al. 2016). However, more recent studies of microwear and dental calculus suggest that Neandertal diets were more
variable than previously thoughtandthat, like recent human foragers, Neandertals ate whatwas available to them.
(Hardy 2010; El Zaatariet al. 2011, 2016; Fiorenzaetal. 2011; Henry etal. 2011, 2014; Hardy et al. 2012; Sistiaga
etal. 2014; Estalrrich etal. 2017; Power et al. 2018). The dietary proclivities of Neandertals have beenfoundto
correlate with paleoecology suchthat colder open-steppe habitats are associated with meat-rich diets, and regions
with greater vegetation coverage are correlated with greateraccess to plantfoods (El Zaatariet al. 2011, 2016;
Fiorenzaetal. 2011). Conditions in the Moravian karst of Central Europe during MIS 3may have been more similar
to open-steppehabitats than those with extensive tree resources, although the different levels of Killna cave may
have varied in habitat (Jelinek 1980, 1988; Svoboda2005; Kruegeretal. 2017, 2019).
1.3.Plantfoods

Plant foods often include inadvertent grit and other hard particles suchas phytoliths, seeds, pitsand shells,
which tend to abrade and pit theenamel surface, leadingto higher complexity values (Scottet al. 2006, 2012).
Dental microwear texture analysis shows some Neandertals during the late glacial period hadrelatively hard diets

from consuming unprocessed plantfoods (El Zaatari et al. 2016; Estalrrich et al. 2017). Hard food mastication also
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characterizes protohistoric and recent forager diets (El Zaatarietal. 2011, 2016; El Zaatari & Hublin 2014; Schmidt
etal. 2016, 2019). Hard food mastication is additionally evidenced in Late Pleistoceneand Holocene forager diets
(El Zaatarietal. 2011, 2016; El Zaatari & Hublin 2014; Schmidt et al. 2016, 2019). In late Holocene foragers, it is
possible that meat consumptionderives froma lack of available plant foods (El Zaatari 2010). When plant foods are
less common in a diet, complexity values tendto decrease. Forexample, Iron Age herders of the Mongolian steppe
consumed large amounts of meat and dairy products and had significantly lower values for molar microwear texture
complexity (Asfc) than agricultural contemporaries (Schmidt et al. 2016).

Paleolithic plant food consumptionis also evidenced by fecal markers (Sistiaga et al. 2014), dental calculus
and stone tool residues (Hardy 2010; Hardy et al. 2012; Henry et al. 2011, 2014; Power et al. 2018; Power &
Williams 2018) as well as nitrogen isotopes (Naito et al. 2016). Dental calculus attests the use of starchy grasses,
roots and grass seeds at Neandertal sites in Europe and elsewhere (Henry et al. 2014; Power et al. 2018). The
consumption of plantfoods is demonstrated by 19 microremains found in the dental calculus of Kiilna 1, which
documentthe use of Triticeae grass seeds and other locally available starch grains (Henry et al. 2014).

Neandertal diets oftenshowa relationship between local habitatand plantresource availability, suchas the
exploitation of date palms and other tree fruits at Shanidar (Henry et al. 2011). Vindija from a relatively temperate
period of MIS 3 exhibits lower complexity (Asfc), perhaps froma lack of hard plant foods, compared to Krapina
froma warmer interglacial of MIS 5 and a higher complexity value (Karriger et al. 2016). Krapina Neandertals also
exhibit elevated anisotropy (epLsar) comparedto thoseat Vindijaand most Holocene humans. Exactly what kinds
of food resources led to relatively high anisotropy (epLsar) at Krapinais unknown, but likely included tough fibrous
plant tissues (Karriger et al. 2016).

1.4. Analytical considerations

Complexity (Asfc) will reflect the extent to which the diet of Kiilna 1 contained foods that generate
complex surfaces (i.e., hard foods). Evidence of plant phytoliths in the dental calculus of Kiilna 1 indicate that hard
and/orunprocessed grass seeds comprised at leasta portion of the diet (Henry et al. 2014). If complexity (Asfc) is
elevated in Kilna 1, the individual probably consumed grass seeds and/or other hard foods within a few weeks of'its
death. Given that there is no evidence of food processing tools at Kiilna, low complexity will be interpreted as

indicating a diet with fewer plant foods and likely more meat.
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Neandertals, like Holocene foragers, tend to have jaw movements that lead to lowanisotropy (epLsar),
which varies with available food and habitat. Therefore, we predict that the dental microwear texture of Kiilna 1 will
resemble those individuals fromsimilar-aged sites and similar paleoecological conditions. For instance, Kiilna 1
should resemble La Quina 5 more than either Spy | fromthe terminus of MIS 3 or Malarnaud frominterglacial MIS
5 (Table 1). Consideringsolely thecentral European sites, we expect Kilna 1to be more similar in anisotropy to
Neandertals at Vindija from a temperate interval of MIS 3 than those at Krapinafroma relatively warm period of
MIS5.

2. Materials and Methods
2.1.Materials
2.1.1.Kulnal

Ktilna1is aright maxillary fragmentwith M*, permanent premolars and canine, and with crypts present for
I* and I2. The individual has beenaged tobe 14-15 years old (Jelinek, 1967, Jelinek 1980, Rinke et al 1996),
although an investigation of calcification scores and attrition suggests Kalna 1 is younger (11-12 years; Minugh-
Purvis 1988). Kiilna 1 is characterized as an early adolescentbased onthe observation that P*is unworn and
probably not quite fully erupted (Minugh-Purvis 1988). Additional support forthe younger age estimate includes the
very minor attrition on P*and C! (Minugh-Purvis 1988) and only slight wear on M* (Stage 3, Smith 1984).

2.1.2. Comparative fossil material

The available comparative microwear texture sample covers an extensive range of thetemporaland
ecogeographic variation known to characterize the European Neandertals. The comparative fossil sample can be
divided into two ecozones corresponding to the Mediterranean (Hortus) and continental (remaining Neandertals)
(Table 1). The continental ecozone included coniferous forests, patchy woodlands as wellas opentundra (Fiorenza
etal. 2015). The Mediterranean ecozonewas probably slightly warmerand drier than continental habitats but it may
have beensubjected to more variation in extremes of cold and aridity (H. Lumley 1972; Lumley & Licht 1972;
Pillard 1972; M.-A. Lumley 1973).

The comparative fossilsample included sixNeandertals fromHortus cave, which is located about 30 km
from Montpellier, France. The site has yielded a relatively large number of individuals dating to MIS 3including
youngadults Hortus 1V, Hortus V, Hortus VI, Hortus V111, olderadult Hortus X1 and the Hortus I11 child (de

Lumley, 1972; de Lumley & Licht, 1972; de Lumley, 1973; Lebegue et al., 2010; Pillard, 1972). The Hortus
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Neandertals are fromdifferent phases (Table 1). These include the severe cold-dry of the chronologically later Phase
Vb; the slightly warmerand wetter habitat of Phase Va which is earlier than Phase VWb; and Phase IVb which is the
earliest ofthe phases and is characterized as warmer and wetter than Phase Vaand Vb (Table 1).

In addition tothe Hortus assemblage, La Quina 5, Malarnaud and Spy 1 are included. La Quina cave in
southwest France has been reconstructedas a cold and open habitat and is dated to 47-43 ka BP (Petite-Marie et al.
1971; Debénath & Jelinek 1998; Discamps & Royer 2017). Malarnaud is fromthe French Pyrenees and is datedto
the warmer last interglacial of MIS 5 (Petite-Marie et al. 1971). Spy | from northern Europe (Belgium) is dated to
late MIS 3 circa 36 ka BP, and derives froma cold-wet paleohabitat (Semal et al. 2009, 2011, 2013; Toussaintetal.
2011).

Additionally, we includedthe means and standard deviations fromisolated molars of Vindija (n = 4) and
Krapina (n =19) from Karriger etal. (2016). The Level G3 Vindija sample is from MIS 3 and dates to >42 ka BP
(Wild etal. 2001; Karriger et al. 2016), whereas Krapina derives fromMIS 5e and is dated to 130ka + 10 ka BP
(Rink etal. 1995). Vindija can be describedas temperate with some open grasslands (Miracle et al. 2010). Krapina
is likely froma warmer interglacial period (Table 1).

[Table 1]
2.1.3. Human comparative sample

The comparativesample includes the meansandstandard deviations fromdata on nine groups of foragers,
farmers and pastoralists (n = 181) collected at the University of Indianapolis (Table 2). We include farmers and
pastoralists for comparison because farmers tendto have higher anisotropy (epLsar) and pastoralists tendto have
lower complexity (Asfc) than foragers. These bioarchaeologically-derived groups are used to contextualize the
results becausetheyinclude a range of foragers as well as farming and pastoral groups to provide a broad
comparative sample. Furthermore, the grassseed remnants and starch grains preserved in the dental calculus of
Kialna 1 and other Neandertals may generate texture values that are atypical when compared to Holocene foragers
but stillwithin the texture spectrumof non-foraging Holocene peoples (e.g., Schmidt et al. 2019). The nine human
groupsspan four continents and derive from Epipaleolithic, Neolithic and Early Bronze Age contexts. Since
different masticatory behaviors may result in similar microwear textures, we consider the physicaland mechanical
characteristics of the foods consumed rather than any specific dietary resource utilized by this diverse comparative

sample.
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2.1.3.1. Sedentary foragers, hunter-gatherers andforagers with a few domesticates

Six ofthe nine groups representforagers including Epipaleolithic Natufians fromIsrael (n = 15) dated to 14
ka BP to 10 ka BP (Table 2). These sedentary hunter-gatherers had an abrasive diet of poorly processed, fibrous and
tough foods (Bar-Yosef 1998; Frazer 2011; Chiu etal. 2012). Natufians are known tohave consumed acorns,
pistachios, almonds, wild emmer and otheredible cereals, seeds and gazelle (Fagen 1995; Bar-Yosef 1998; Karriger
etal. 2016; Schmidtetal. 2019).

Early Holocene foragers fromLagoa Santa, Brazil (n = 23) were also included. This total comprises 14
subadults who were also analyzed separately since Kilna 1is an early adolescent. We included a subadult sample of
permanent molars because older children may exhibit microwear that can be attributedto havingsmaller ranges of
mandibular motion, and perhaps less muscle mass (Mahoney et al. 2016; Kelly et al. 2020). Althoughthedifference
between permanent molar microwear texture of children older than 6 years andadults is minor, we cannotexclude it
from potentially impacting the results fromKilna 1. The separate subadult sample fromLagoa Santa provides a
context to interpretany subtle differences between Kiilna 1 and the Neandertal adults examined. The subadult
sample from Lagoa Santa ranged from7-19 years and comprised only permanent first molars. Lagoa Santa is a
collection of sites in Minas Gerais spanning 11ka BP to 7 ka BP (Da-Gloria & Schmidt 2020). These paleoforagers
subsisted on smallto medium-sized animals, fruits, nuts, grass seeds and tubers (Da-Gloria & Schmidt 2020).

From North America, we included IndianaMiddle to Late Woodland hunter/gatherers who cultivated some
plants (n = 30) dated to 2ka BP (Chui et al. 2012). These peoplescollected hard nutsand seeds, fished, harvested
oil-rich Chenopodium seeds, as well as knotweed and sumpweed, and hunted for deer, rabbits and other small
animals (Yarnell 1993; Frazer 2010). We also included the somewhat earlier Indiana Archaic (Middle/Late) foragers
(n = 34) dated to 2.5ka BP (Frazer 2010; Da-Gloria & Schmidt 2020), as well as Kentucky Archaic period foragers
(n =13) dated to 3ka BP (Karriger etal. 2016) (Table 2). These hunter-gatherers are characterized as abrasivefood
consumers with a reliance on poorly processed, fibrous andtough foods, hard foods such as hickory nuts, as well as
deer, rabbit, fish, mussels, terrestrial plant resources and fewer domesticates than the Middle/Late Indiana\W oodland
(Jefferies 2009; Schmidt et al. 2019, 2020).
2.1.3.2.Farmers

The comparative sample included farmers fromthe early Holocene, including Neolithic farmers of Israel (n

=16) dated to 8ka BP who had a diet comprisingwheat, barely, sheep and goats with the addition of some wild
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foods, suchas cereal grains, small edible seeds, rye and fruit with pits (Fagen 1995; Dickinson 2006; Frazer 2010;
Chiu et al. 2012; de Gregory 2012). Early Bronze Age England (n = 21) from the Beaker tradition, datedto 4.5 ka
BP to 3.5 ka BP, was also included. These farmers consumed wheat, barley, rye and domestic animals with scarce
evidence ofwild foods contributing tothe diet (Harding 2000; Fitzpatrick 2011; Karriger etal. 2016; Schmidt et al.
2016). The diet was relatively hard, perhaps fromgrit introdu ced using rudimentary food processing technology,
perhaps limited to pulverizationusing grindstones and cooking (Table 2).
2.1.3.3 Pastoralists

Herders ofthe Asiansteppe providea contextual boundary by exemplifying a diet dominated by meat and
low in hard foods (Table 2). We included Neolithic Mongol Xiongnu herders of west, northand central Mongolia (n
=29) dated to 3.2ka—2.3 ka BP (Schmidt et al. 2016). The diet ofthese pastoralists was focused on meat as wellas
milk and yoghurt froma variety ofanimal domesticates, including sheep, goats, cattle, camels, yaks and horses. The
main plant contributionto the diet was millet, which was traded foranimal products (Knérzer 2000; Barfield 2001;
Di Cosmo 2002; Altetal. 2003; Hanks 2010; Eng & Aldenderfer2011: Makarewicz 2011; Machicek & Zubova
2012; Aldenderfer 2013; Murphyet al. 2013; Honeychurch 2014).

[Table 2]

2.2.Methods
2.2.1.Molding

Theright M of Killna 1 was molded at the Moravské zemské muzeumwith President Plus Jet light body
polyvinylsiloxane (Coltene Whaledent) by Erik Trinkaus, anda positive castwas made with Epo-tek 301 epoxy by
JCW. Dental molds were created by FLW foreight Neandertals at Musée de ’Homme and the Centre Européende
Recherches Préhistoire de Tautavel using polyvinylsiloxane (Colténe Whaledent). Additionally, a dental mold of the
right M* of Spy 1 on loan from the Royal Belgian Institute of Natural Sciences (Brussels) was provided by Patrick
Semal. High fidelity epoxy-resin dental casts of Hortus I, Hortus IV, Hortus V, Hortus VI, Hortus VI, Hortus XI,
La Quina5, Malaraud and Spy | were created at the Bioarchaeology Lab at Georgia State University.
2.2.2.Scanning

All of the dental casts were analyzed at the University of Indianapolis using a white-light confocal profiler
(SensofarPlu) at 100x magnification on facet9, a Phase Il facet experimentally known to experience crushingand

grinding of food particles during the power stroke when full occlusion of the maxillary and mandibular molars

10
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occurs (Kay & Hiiemae 1974; Kay 1981; Krueger et al. 2008). For each specimen, four scans were automatically
stitchedtogetherto create a total studyarea of 242 x 182 um. Surface data were imported into SolarMap 5.1.1 for
leveling and for removing extraneous debris on the surface. Both 2D and 3D representations were carefully
inspectedto ascertain that the area was free of postmortemartefacts, films or casting defects (Fig . 3). The 3D
surface reconstructions were also examined to evaluate whether surface microwear was lacking taphonomic damage.
The surfaces were dominated by scratchand pit features consistent with those generated during mastication (Fig. 3).
The data clouds were subsequently analyzed using scale-sensitive fractal analysis within Sfrax® and Toothfrax®
software (Scottet al. 2006, 2012; Ungar et al. 2012; Schmidt et al. 2016, 2019) yielding complexity (Asfc) and
anisotropy (epLsar) that describe the micro-topography of the enamel surface. Whereas complexity (Asfc) records
the extent of hard object contact with the enamel surface during mastication typical of plant-based diets, anisotropy
(epLsar) describes the degree of microstriation patterning thatoccurs whentough foods or processed foods are
habitually consumed (Fig. 2).
[Fig. 3]

2.2.3.Comparisonoftextural data

Complexity (Asfc) and anisotropy (epLsar) values for Kiilna 1 are compared in a bivariate framework to
those of Hortus cave, with a 100% convexhullsurroundingthesample, as well as three isolated Neandertal sites. In
addition, values for Kilna 1 are compared to the means andstandard deviations for complexity (Asfc) and
anisotropy (epLsar) in nine human groups, Hortus, Krapina and Vindija assemblages, as well as three isolated
Neandertals, theobjective beingto characterize the Kiilna 1 microwear texture in the context of Neandertaland
recent bioarchaeological populations in orderto discernits dietary signature. A high complexity (Asfc) indicatesan
unevensurface, which is foundin humans consuming hard foods, like seeds and nuts. Anisotropy (epLsar) tends to
be low forforagers, when comparedto farmers, indicating they have jaw movements in many directions, perhaps
because of their diversediets requiring multiple chewing motions. Foraging groups with high anisotropy values
likely consumedunprocessed or poorly processedtough or fibrous foods (El Zaatari 2010; Schmidt et al. 2019).
3. Results
3.1.Kiilna 1 compared to individual Neandertals

The complexity (Asfc) of Kiilna 1 is relatively high and mostclosely resembles thevalue of Spy |

(Williams et al. 2019). Of the Hortus sample, the complexity valuefor Kiilna 1is the most similar to that of Hortus
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X1 from Sub-Phase Va, who experienced a paleoecology characterized by moderate cold and some aridity (Fig. 4;
Tables 1and 3). In contrast to Kiilna 1 and Hortus XI, La Quina 5 exhibits comparatively low complexity (Asfc)
(Fig. 4).

With respect toanisotropy (epLsar), Ktilna 1is similar to olderadult Hortus Xland La Quina5 (Fig. 4).
Kilna 1 also resembles subadult Malarnaud and the Hortus I11 child, albeit to a lesser extent. However, Kilna 1
differs from Spy | and young adults fromHortus cave, including Hortus 1V, Hortus V, Hortus VI and Hortus VIII,
all ofwhom present elevated values regardless of distinctions in chronology and paleoecology (Table 3). Like the
youngand old Neandertals examined in this study, Kilna 1 exhibits lower anisotropy (epLsar) than adults in their
prime.

[Fig. 4; Table 3]
3.2. Kitlna 1 comparedto Neandertal assemblages

Forcomplexity (Asfc), Kiilna 1 exceeds the range of variation observed at Hortus, Krapina and Vindija
(Fig. 5). With respectto anisotropy (epLsar), Kiilna 1is similar to the mean for Vindija. However, Kiilna 1 with
relatively lowanisotropy (epLsar) falls completely outside of the range of variation observed for the Krapinaand
Hortus assemblages (Table 3; Fig. 6).

3.3. Kiilna I in comparisonto Epipaleolithic and Holocene human assemblages

The only human groupto exceed Kiilna 1 in complexity is early Holocene Lagoa Santa paleoforagers (Fig.
5). The complexity (Asfc) of Kilna 1 is most similar to the mean of Middle/Late IndianaW oodland foragers, and
secondarily to Natufians and early Neolithic farmers fromlsrael. Kiilna 1 is the most distinct from Neolithic
Xiongnu herders fromMongolia (Fig. 5).

As might be expected, Ktilna is mostsimilar to other foragers and leastsimilar to food producers. For
anisotropy (epLsar), Kiilna 1 resembles foragers fromthe Americas. This is particularly true of Middle/Late Indiana
Woodland (Fig. 6). The anisotropy (epLsar) for Kiilna 1 is decidedly unlike that of the farmers and pastoralists as
well as Epipaleolithic Natufianforagers, allof whomhave higheranisotropies compared to this early adolescent
fromthe Middle Paleolithic of Moravia (Fig. 6).

[Fig. 5 and Fig. 6]

4. Discussion
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The dental microwear textures for Kiilna 1 can be compared to paleoecological reconstructions of Kiilna
cave. There are multiple Middle Paleolithic strata in Ktilna cave that record theend ofthe penultimate glacial MIS 6,
an interglacial period andan early Weichselian Glacial (Valoch 1988, 2002). Kiilna 1 is from layer 7a, which has
been correlated using loess samples toa cold climate. Fauna and vegetation fromlayer 7a indicate an interstadial but
still cold habitat characterized the period (Valoch 1989, 2002; Rink et al. 1996). Valoch (1989, 2002) characterizes
layer 7a using tree remains preserved as charcoal (Opravil 1988) and otheranalyses as resembling the conditions of
southern Scandinavia where moderate cold and wet habitats prevail. Evidence of mammoth and reindeer in layer 7a
alongside temperatetree species indicatea relatively recent shift froma colder habitat since the presence of large
fauna does not reflect short-termclimatic events. The vegetal matter derived fromcharcoal remains includes
Picea/Larix, Pinus (theseeds of which canbe eaten), Acer, Corylus cf. avellanaand Fraxinus, suggesting the
variegated ecology surrounding Kiilna cave probably yielded a greatquantity and diversity of plants. The plant
resources available to Kiilna 1, including grass seeds, underground storage organs and other plant foods (Hardy
2010; Henry et al. 2014), were certainly greater than those presentin the earlier layers such as layer 6a. The cave is
situated on the border of the Moravian karst and openareas, and during layer 7a, stands of woodland were
interspersed with steppe landscapeand opentundra. The climate was colder and drierthanthe present, and mostof
the animals hunted were local to the Moraviankarst (Nerudovéet al. 2014).

Similar environments, including tundra interspersed with forests and woodlands, characterized the
paleoecology of Spy I (Semal et al. 2011, 2013). Although Spy cave of the Belgian Meuse river basin is over 1,000
km to the west of Kiilna cave, there is only a difference of about 200 km between Spy to the north and Kilnato the
south. In addition, northwest Europe fromwhere Spy caveis situated is protected fromclimatic extremes by warm
air circulating via the Gulf Streamand continental regions were probably, at times, comparatively colder. The fact
that Spy I resembles Kiilna 1in complexity (Asfc) may reflect the use of plant foods with similar mechanical
properties, including seeds, but it could alsoreflect terrestrial grit adhering to underground storage organs, both of
which were Neandertal staples, evenin relatively cold habitats (Hardy 2010; Henry et al. 2014; Power et al. 2018).

The elevated complexity (Asfc) of Kiilna 1 compared to most of the other Neandertals examined indicates
the consumption ofhard particles suchas nuts, seeds and seed casings as might be found in such plant foods as
Pinus seedsandnuts of Corylus that were notedin layer 7a (Valoch 1989). Mechanically resistant particles in

Middle Paleolithic diets could derive fromthe consumption of the hard parts of seasonally available plants, suchas
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grass seeds (Henry et al. 2011), or possibly fromunderground storage organs (Hardy 2010), terrestrial medicinal
herbs (Hardy et al. 2012) and/or starches (Hardy and Moncel 2011), all of which may have contributed inadvertent
grit during mastication. A combination of foods including hard and brittle items, and other resources that the
individual could acquire likely led to the relatively high degree of complexity (Asfc) characterizing Kilna 1.

With respect toanisotropy (epLsar), Kilna 1 falls close to Hortus XI, La Quina 5 and the mean value for
Vindija; these are all distinct fromyoung adults of Hortus (Horus 1V, Hortus V, Hortus VI and Hortus ViII), Spy |
and the mean for Krapina. The foragers of the Americas exhibit by farthe most heterogeneous jaw movements,
represented byadistinct lack of patterning of striations compared to food producers and sedentary foragers. The fact
that Kiilna 1 most closely resembles these Paleoamerican foragers suggests a varied diet where complexmovements
of the jaws were neededto process food resources.

The Kulna 1 early adolescent is old enoughto have assumed an adult-like jaw movement (Kelly et al.
2020). However, Kuilna 1 exhibits loweranisotropy (epLsar) comparedto the Neandertal adults in this study,
including Spy land Hortus youngadults, allof whom exhibit much higheranisotropy values, suggesting the
individual likely ate more foods that required diverse jaw movements. Lower anisotropy (epLsar) in maturing
individuals comparedto theiradult counterparts is something that is seenamongthe LagoaSanta human subadults
(Table 2; Fig. 6) and the El Sidron Juvenile 1 Neandertal fromMIS 3 of northern Spain (Estalrrich et al. 2017).
4.2.Conclusions

Observations ofthe enamel surfacetexture of Kilna 1 offerevidence of hard plant food consumption in the
diets of the Moravian Neandertals of Central Europe. Several reasons may account for this high complexity (Asfc)—
higherthan all other Neandertals examined except Spy I—such as greater mastication/consumption of plant foods,
or alack of animal foods. Perhaps the consumption of plantfoods relates to the part of the yearwhen animals were
depleted. In suchascenario, plant food served as an additional source ofenergy, as it did at Kebara cave of Israel
fromMIS 4 (Lev etal. 2005). Itis also possible thatthe other Neandertals in our sample lived at a time when animal
resources were plentiful, whereas Kiilna 1 may have experienceda depleted supply of faunaresulting in a greater
reliance on plant foods. Although it is impossible to evaluate the validity of these competing interpretations, it
deservesto be mentioned that a greater reliance onplant foods may notbe a preference among foragers (Hill and
Hurtado 1996; Kaplan et al. 2000). The possibility exists that thehard plant parts consumed by Kiilna 1 may have

been fallback foods when preferred items were scarce.
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The dental calculus indicates mechanically challenging plantfoods such as grass seed were consumed, and
the molar microwear texture of this individual is consistentwith those results (Henry et al. 2014). Compared to layer
6a, layer 7a where Kuilna 1 was discovered, was a warmer interval. The less extreme coldness of layer 7aand the
proximity of Kilna cave to different microhabitats (Valoch 1989, 2002), suggestthatplants may have contributed
significantly tothe diet.

Kulna 1 exhibits high complexity (Asfc) and lowanisotropy (epLsar), both of which occur in foragers of
the Americas. MostHoloceneforagers haverelatively low anisotropy compared to farmers and pastoralists. The
relatively low degree of anisotropy (epLsar) in many of these forager individuals, and perhaps Kalnal, resulted
from highly heterogeneous jaw movements required to masticate coarse, poorly processed foods.
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Figure captions

Fig. 1 Map of Europe showingthe location of Ktilna cave (yellow circle) and other Neandertal sites with an insert
showingthe position of Kiilna cave of Moravia (shaded gray) in the Czech Republic

Fig. 2 The top diagrams represent high anisotropy (A) and high complexity (B); note that (A) has many featuresin
parallel and (B) has several large features; the remaining images are representative photomicrographs ofhigh
anisotropy (C), low anisotropy (D), high complexity (E), and low complexity (F)

Fig. 3 Two-dimensional photosimulations (left) and three-dimensional surface reconstructions (right) of Kilna 1
Fig. 4 Complexity (Asfc) versus anisotropy (epLsar) in Kulna 1 compared to the Hortus assemblage (n =6) coupled
with a convexhull, which includes 100% of the variation of the sample as well as three isolated Neandertal sites
Fig. 5 Comparison of complexity (Asfc) for Kilna 1 compared to Hortus, Krapinaand Vindija assemblages, isolated
Neandertal sites and nine humangroups; yellow circles = Neandertals; red squares = hunter-gatherers; green
triangles =farmers; blue diamond = pastoralists. Horizontal bars =one standard deviation

Fig. 6 Comparison of anisotropy (epLsar) for Kiilna 1 compared to Hortus, Krapinaand Vindija assemblages,
isolated Neandertal sites and nine human groups; yellow circles = Neandertals; red squares =hunter-gatherers; green

triangles =farmers; blue diamond = pastoralists. Horizontal bars =one standard deviation
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Table1

MIS Paleoecology/ climate type

Kilna 1 3 Temperate interstitial period; continental*

Hortus 111, V, VIII (Phase Vb) 3 Intensecold andextreme aridity ; Mediterranean?

Hortus XI (Phase Va) 3 Lesscoldand arid compared to Phase Vb; Mediterranean?

Hortus IV (Phase 1Vb) 3 Lesscoldand arid compared to Phases Vaand Vb; Mediterranean®
Hortus VI 3 Found in excavatedinfill of Horus cave; Mediterranean?

La Quina5 3 Cold and arid; open-steppe; continental®

Malarnaud 5 Interglacial with warmer temperatures; continental*

Krapina (isolated molars,n=19) 5 Interglacial with warmer temperatures; continental®
Spy | 3 Cold and wet; open-steppe; continental®

Vindija (isolated molars,n =4) 3 Temperate with mixed forestand open grassland; continental’

!Neruda & Nerudova2014; Nerudovaet al. 2014; Rink et al. 1996; Svoboda 2005

’de Lumley, 1972; de Lumley & Licht, 1972; de Lumley, 1973; Lebégue et al., 2010; Pillard, 1972
3Discamps & Royer 2017; Petite-Marie et al. 1971

*Petite-Marie et al. 1971; °Rink et al. 1995; °Semal et al. 2009, 2011, 2013; Toussaint et al. 2011;

"Miracle et al., 2010; Wild et al., 2001
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696  Table2

Complexity Anisotropy
(Asfc) (epLsar)

n Mean SD Mean SD

Epipaleolithic foragers, Natufians, Israel* 15 141 0645 0.0038  0.0017
Early Holocene foragers, Lagoa Santa, Brazil® 23 245 1020 0.0029  0.0015
Early Holocene subadult foragers, Lagoa Santa, Brazil® 14 264 1150 0.0028  0.0014
Indiana Archaic (Middle/Late) foragers/some farming® 34 126 0471 0.0026  0.0011

Kentucky Archaic (Middle/Late) foragers/some farming* 13 1.04 0.158 0.0029 0.0013

Indiana Woodland (Middle/Late) foragers/some farming? 30 162 0.606 0.0023  0.0094

Early Neolithic farmers, Israel* 16 134 0811 0.0034  0.0017
Early Bronze Age farmers, England* 21 134 0443 0.0041 0.0016
Neolithic Xiongnu pastoralists, Mongolia* 29 092 0311 0.0034 0.0017

697  'Karriger etal. (2016); Da-Gloria & Schmidt (2020), the total of 23 includes 14 subadults; *Schmidt et al. (2020)
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Table 3

Microwear results Complexity Anisotropy
(Asfc) (epLsar)
Kiilna 1 Very high complexity; lowanisotropy 1.83 0.0021
Hortus 11, V, Low complexity; very high anisotropy in Mean=1.13 Mean=0.0031
VIII, Phase Vb Hortus Vand VIII and lowanisotropyin SD=0.12 SD =0.0020
Hortus I
Hortus XI,Phase  High complexity; low anisotropy 1.54 0.0021
Va
Hortus IV, Phase  High complexity; very high anisotropy 1.36 0.0051
Vb
Hortus VI High complexity; very high anisotropy 1.50 0.0041
La Quina5 Very low complexity; low anisotropy 0.75 0.0024
Malarnaud Low complexity; very lowanisotropy 1.01 0.0011
Krapina (n = 19) Low complexity; very high anisotropy Mean=1.12 Mean =0.0043
SD =0.58 SD =0.0020
Spy | Very high complexity; high anisotropy 2.22 0.0032
Vindija (n=4) Very low complexity; low anisotropy Mean=0.84 Mean=0.0027
SD=021 SD =0.0031
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