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Due to the central position of diet in determining ecology and behaviour, much
research has been devoted to uncovering Neanderthal subsistence strategies. This
has included indirect studies inferring diet from habitat reconstruction, ethno-
graphic analogy, or faunal assemblages, and direct methods, such as dental wear
and isotope analyses. Recently, studies of dental calculus have provided another
rich source of dietary evidence, with much potential. One of the most interesting
results to come out of calculus analyses so far is the suggestion that Neanderthals
may have been eating non-nutritionally valuable plants for medicinal reasons.
Here we offer an alternative hypothesis for the occurrence of non-food plants in
Neanderthal calculus based on the modern human ethnographic literature: the
consumption of herbivore stomach contents.
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Neanderthals disappeared sometime between 30,000 and 24,000 years ago. Until
recently, Neanderthals were understood to have been predominantly meat-eaters;
however, a growing body of evidence suggests their diet also included plants.
We present the results of a study, in which sequential thermal desorption-gas
chromatography-mass spectrometry (TD-GC-MS) and pyrolysis-gas chromato-
graphymass spectrometry (Py-GC-MS) were combined with morphological analysis
of plant microfossils, to identify material entrapped in dental calculus from five
Neanderthal individuals from the north Spanish site of El Sidrón. Our results
provide the first molecular evidence for inhalation of wood-fire smoke and bitumen
or oil shale and ingestion of a range of cooked plant foods. We also offer the first
evidence for the use of medicinal plants by a Neanderthal individual. The varied
use of plants that we have identified suggests that the Neanderthal occupants of El
Sidrón had a sophisticated knowledge of their natural surroundings which included
the ability to select and use certain plants.
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Though all primates (and other animals) have varying levels of enzymes which

make us more or less tolerant of certain toxins, there are plants which are pois-
onous to all; in order to survive, hominins needed to know which plants not to
eat and how and when to eat those plants they selected. The use of edible bitter
tasting plants by the Neanderthals of El Sidr’on suggests their knowledge was suf-
ficiently refined to use plants with confidence even when their bitter taste warned
of potential toxicity. This demonstrates that their knowledge of plants was at least
equal to today’s higher primates; with their additional linguistic and technological
abilities it may have been far more elaborate. Rather than contradicting the ex-
tensive evidence for consumption of meat, the evidence for the use of plants adds a
rich new dimension to our developing knowledge of Neanderthal life. We can never
know for sure why yarrow and camomile were ingested at El Sidr’on, but we pro-
pose that the evidence for self-medication offers the most convincing behavioural
context.
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The nature and causes of the disappearance of Neanderthals and their appar-
ent replacement by modern humans are subjects of considerable debate. Many
researchers have proposed biologically or technologically mediated dietary differ-
ences between the two groups as one of the fundamental causes of Neanderthal
disappearance. Some scenarios have focused on the apparent lack of plant foods in
Neanderthal diets. Here we report direct evidence for Neanderthal consumption of
a variety of plant foods, in the form of phytoliths and starch grains recovered from
dental calculus of Neanderthal skeletons from Shanidar Cave, Iraq, and Spy Cave,
Belgium. Some of the plants are typical of recent modern human diets, including
date palms (Phoenix spp.), legumes, and grass seeds (Triticeae), whereas others
are known to be edible but are not heavily used today. Many of the grass seed
starches showed damage that is a distinctive marker of cooking. Our results indic-
ate that in both warm eastern Mediterranean and cold northwestern European
climates, and across their latitudinal range, Neanderthals made use of the diverse
plant foods available in their local environment and transformed them into more
easily digestible foodstuffs in part through cooking them, suggesting an overall
sophistication in Neanderthal dietary regimes.
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In conclusion, if the presence of camomile and yarrow in calculus samples from
Neanderthals can be explained as self-medication, we suggest that the data are
not sufficient to exclude other deliberate food practices such as the consumption of
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the stomach contents of prey (thereby indirectly consuming plant material) or the
addition of plants as aromatics or spices, deliberately mixing them with the prey
to decrease the risk of infection.
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“We know almost nothing about the evolution of the human microbiome,” says
Warinner. “We have dramatically altered our lifestyles over the last several centur-
ies; how has this affected our microbes?”
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Analysis of dental calculus is increasingly important in archaeology, although
the focus has hitherto been on dietary reconstruction. Non-edible material has,
however, recently been extracted from the dental calculus of a Neanderthal pop-
ulation from the 49 000-year-old site of El Sidrón, Spain, in the form of fibre and
chemical compounds that indicate conifer wood. Associated dental wear confirms
that the teeth were being used for non-dietary activities. These results highlight
the importance of dental calculus as a source of wider biographical information,
and demonstrate the need to include associated data within research, in particular
tooth wear, to maximise this valuable resource.
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Calcified dental plaque (dental calculus) preserves for millennia and entraps
biomolecules from all domains of life and viruses. We report the first, to our know-
ledge, high-resolution taxonomic and protein functional characterization of the
ancient oral microbiome and demonstrate that the oral cavity has long served as
a reservoir for bacteria implicated in both local and systemic disease. We char-
acterize (i) the ancient oral microbiome in a diseased state, (ii) 40 opportunistic
pathogens, (iii) ancient human–associated putative antibiotic resistance genes, (iv)
a genome reconstruction of the periodontal pathogen Tannerella forsythia, (v) 239
bacterial and 43 human proteins, allowing confirmation of a long-term association
between host immune factors, ‘red complex’ pathogens and periodontal disease,
and (vi) DNA sequences matching dietary sources. Directly datable and nearly
ubiquitous, dental calculus permits the simultaneous investigation of pathogen
activity, host immunity and diet, thereby extending direct investigation of common
diseases into the human evolutionary past.
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