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A collection of woolly mammoth tusks – mostly male – greets the 
rising sun on Wrangel Island, last-stand of woolly mammoths, 
before being measured, photographed, and sampled. Meanwhile, 
ghosts of mammoths-past, conjured by traces of testosterone 
(see white overlay showing its molecular structure), reprise their 
musth battles.  
Photo by Daniel Fisher; Composition by Michael Cherney.
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Unlocking Woolly 
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Tusks as Hormone  
Time Capsules

The impressive tusks found on proboscideans 

(the order of mammals that includes 

elephants, woolly mammoths, and mastodons) 

are like time capsules, preserving detailed 

records of their bearers’ lives in the form of 

growth layers and chemical traces. Frozen in 

time for thousands of years, these layers can 

unlock secrets about the lives of long-extinct 

relatives of modern elephants. Dr Michael 

Cherney and Professor Daniel Fisher from 

the University of Michigan used innovative 

techniques to extract and analyse steroid 

hormones preserved in woolly mammoth tusks. 

This ground-breaking work opens new avenues 

for exploring the biology and behaviour of 

extinct species.

Mammoth Tusks as Biological Archives

Woolly mammoths, the iconic Ice Age relatives of modern 
African and Asian elephants, have captured our imaginations 
for centuries. Despite the wealth of information gleaned from 
their bones, hair, and even occasional preserved carcasses that 
emerge from the permafrost, many aspects of their biology and 
behaviour remain enigmatic. However, their tusks may be the key 
to unlocking these mysteries.

Like the tusks of modern elephants, woolly mammoth tusks grew 
by adding new layers of dentin (the hard, bone-like tissue that 
makes up the bulk of the tusk), from the first layers laid down 
near the tip of the tusk when the animal is a juvenile, to the last 
layers added near the tusk base, inside its conical pulp cavity. 
These growth layers, visible in cross-sections of tusks, provide a 
chronological record of the animal’s life, much like the rings in a 
tree trunk. As dentin forms, it incorporates chemical traces such 
as hormones from the animal’s body. This has the potential to tell 
us new things about an individual mammoth’s life, based on the 
long-hidden information in its tusks.

Extracting Hormones from Ancient Dentin

Dr Michael Cherney and Professor Daniel Fisher (both at the 
University of Michigan) and their colleagues recognised the 
potential of tusks as time capsules containing endocrine data, 
theorising that measurements of steroid hormones could provide 
direct evidence of physiological changes linked to reproductive 
behaviours. They set out to use dentin in tusks to gain insights into 
the development, reproduction, and behaviour of extinct and living 
proboscideans.

However, extracting and measuring steroid hormones from the 
dentin posed significant technical challenges. After developing 
a new method for extracting steroid hormones from powdered 
tusk dentin, the team analysed the extracted hormones using a 
highly sensitive and specific analytical technique called liquid 
chromatography-tandem mass spectrometry (LC-MS/MS).

Decoding Testosterone Patterns in Tusks

To test the validity of their approach, the team first analysed 
testosterone levels in a tusk of a modern male African elephant. 
Testosterone is a key male reproductive hormone that regulates 
many aspects of physiology and behaviour. This includes annual 
episodes of heightened aggression and sexual activity known as 
musth, which occurs in adult male elephants. These episodes are 
believed to enhance mating success but can also lead to fatal 
conflict between males.

The analysis revealed clear annual cycles of testosterone in the 
elephant tusk, with peaks corresponding to the expected timing 
of musth episodes. This finding confirmed that steroid hormones 
were preserved in tusk dentin and could be reliably extracted and 
measured using the team’s protocol, suggesting that the same 
technique could be applied to woolly mammoth tusks.
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Musth in Mammoths: An Ancient Annual Rhythm

Encouraged by their success with the modern elephant tusk, 
the team turned their attention to a tusk from an adult male 
woolly mammoth that lived around 34,000 years ago in what is 
now Siberia. The tusk was discovered in 2007, preserved intact in 
permafrost, about 1,200 kilometres northwest of the city of Yakutsk.

By finding out whether or not woolly mammoths also experienced 
musth, the team hoped to learn more about the behaviours and 
risks surrounding reproduction. When analysed, the tusk showed 
clear annual testosterone cycles. This strongly suggests that adult 
male woolly mammoths experienced musth in much the way their 
modern elephant cousins do, with musth cycles that were similar 
in duration and hormonal activity to those experienced by modern 
elephants.

The team found that this pattern of annual testosterone cycles did 
not appear in samples taken from parts of the tusk that formed 
before the animal reached sexual maturity. They also analysed a 
tusk from a female woolly mammoth and found consistently low 
testosterone levels, which was to be expected given that female 
elephants do not experience musth. These findings not only 
validated the team’s approach but also highlighted the potential 
for using tusk hormone profiles to determine the age and sex of 
extinct proboscideans.

A Window into the Past and Future

Dr Cherney, Professor Fisher and their collaborators believe this 
to be the first endocrinological evidence that woolly mammoths 
experienced musth, and they are excited about the potential of 
their new discovery to shed light on the biology and ecology of 
extinct species. By comparing hormone profiles from different 
individuals, populations, and species, they hope to gain insights 
into topics such as reproductive strategies, stress responses, and 
even the timing and causes of extinction events.

The team is also keen to apply their approach to other living and 
extinct species (including early hominids and modern humans), as 
their research has demonstrated the potential of dental growth 
records to reveal hormonal changes across an individual’s lifetime. 
Teeth are among the most commonly preserved animal remains 
in the fossil record. The fact that some teeth preserve records of 
hormonal activity means they could provide tantalising insights 
into the lives of ancient humans and animals.

This ground-breaking work has opened up a new window into 
the lives of animals of the past and paved the way for advances 
in understanding the endocrinology of extinct species – 
palaeoendocrinology. By unlocking the hormonal secrets hidden 
in tusks, Dr Cherney, Professor Fisher and their colleagues are 
bringing the behaviour and biology of a vanished species to 
life. This exciting discovery could allow us to map some of the 
breeding behaviours of modern elephants onto their long-extinct 
relatives and give us clues about how these magnificent titans of 
the tundra lived.

Annual layers of growth in a tusk appear as 
stacked cones when cut lengthwise (longitudinal 
cut on right) and as concentric rings when cut 
transversely (hand-held tusk tip on left).  
Photo courtesy of Daniel Fisher.

The analysis revealed clear 
annual cycles of testosterone 
in the elephant tusk, with peaks 
corresponding to the expected 
timing of musth episodes. 
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Michigan Medical School, Ann Arbor, MI, USA
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Fisher, Claude W. Hibbard Collegiate Professor 
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and Environmental Sciences, Department of 
Ecology and Evolutionary Biology, Museum of 
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Dr Michael Cherney received his Bachelor of Arts in Anthropology 
from the University of Michigan in 2002 and his PhD in Geological 
Sciences, also from the University of Michigan, in 2016. He is 
currently a Research Lab Specialist in Metabolism, Endocrinology, 
& Diabetes at the University of Michigan Medical School. Dr 
Cherney’s research utilises an innovative approach to studying the 
lives of elephants and their extinct relatives by analysing steroid 
hormones preserved in their tusks. His interdisciplinary approach 
bridges palaeobiology, analytical chemistry, and endocrinology 
in shedding new light on the life histories and ecology of ancient 
creatures.
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Professor Daniel Fisher obtained his PhD from Harvard University 
in 1975. Following a first academic appointment at the University 
of Rochester (1975–1979), he held a succession of academic 
positions at the University of Michigan (1979–2023), culminating in 
the transition to emeritus status in 2024. His current interests focus 
on palaeobiology and extinction of mastodons and mammoths, 
informed by the study of their tusks. His captivating research 
and long-standing expertise led to roles in a number of televised 
documentaries, including ones produced by BBC, Discovery 
Channel and the Smithsonian Channel. In 2005, he was appointed 
a Fellow of the American Association for the Advancement of 
Science and a fellow of the Paleontological Society. In 2002, he was 
appointed to a Collegiate Professorship, and in 2011, he received 
the Governor’s Award for Historic Preservation (State of Michigan).
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