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The extinction of the herbivorous megafauna could be 
due to changes in the Arctic vegetation during the 
Quaternary 
 
Amplification and high-throughput sequencing of DNA from permafrost samples and digestive contents of herbivorous megafauna 
enabled to unearth 50,000 years of Arctic flora history. The vegetation seems to have evolved from a very diversified towards a 
poorer flora dominated by graminoids and shrubby plants, which could have contributed to the extinction of mammoths and woolly 
rhinoceroses. 
 
The climate change led to the decline and the extinction of numerous species of large herbivorous mammals during the last ice age. 
But what are the more specific causes of this disappearance? A broad collaboration involving 30 research groups from 12 countries 
enabled to provide answers using high-throughput sequencing of DNA collected in the Arctic area. 
 

Samples collected in the permafrost (permanently frozen 
soil) in the Arctic area and samples of stomach and 
intestinal contents of mammoths, woolly rhinoceros, bisons 
and horses dating from this period were analyzed by DNA 
metabarcoding. This technique was designed to identify 
plant species from very degraded DNA, allowing the 
characterization of herbivores’ diet from digestive residues. 
The UMR Herbivores (INRA Clermont-Ferrand-Theix) 
contributed to validate the quantitative aspect of this method 
in sheep in collaboration with the Laboratory of Alpine 
Ecology (CNRS, Grenoble )(Niderkorn et al. 2014)  
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The analysis of the permafrost samples revealed that the Arctic vegetation consisted initially of a very diversified tundra dominated 
by forbs. This result was confirmed by the analysis of the digestive contents of the large mammals dating from the period ranging 
between 20,000 and 50,000 years. During the last glaciation (between 25,000 and 15,000 years before present), the plant 
biodiversity decreased dramatically. Then this vegetation was gradually replaced by a flora dominated by graminoids and shrubby 
plants, approximately 10,000 years ago. That is precisely at this period that the extinction of a large part of the herbivorous 
megafauna is estimated, suggesting that the woolly mammoths and rhinoceroses had many difficulties to sustain with these new 
dietary resources. 
 
These findings question the commonly accepted idea of a graminoid-dominated steppe as main resource for the megafauna diet. 
Indeed, there has always been a debate in the scientific community as to how so large animals could survive and develop on this 
kind of grasslands. Thus, this study helps to revise this paradox showing that a large part of these animals diet contained diversified 
herbaceous plants richer in proteins than graminoids. It also questions the respective part of the glaciation and the effect of this 
climate change on the type of vegetation in the decline of the herbivorous megafauna 
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