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In the first half of the fourteenth century two catastrophes struck 
the population of Europe: the Great Famine and the Black Death. 
The latter has been extensively studied, but much less is known 
about the biological effects of the Great Famine. A large assem
blage of skeletal remains from one of the Black Death burial 
grounds, the Royal Mint cemetery in London, provides a unique 
opportunity to investigate these effects by analyzing the teeth of 
individuals who survived the famine but died during the Black 
Death. 

In 1986,  archaeologists at the Museum 
of London began excavating a large 
cemetery on the site of the Royal 
Mint, near the Tower of London in 
East Smithfield. It contained many 

individual graves, and the excavators also 
found two mass-burial trenches and a 
mass-burial pit, densely filled with several 
hundred well preserved articulated skele
tons (Fig. 1 ) .  The site was identified as the 
Black Death cemetery, which had been 
opened in 1348-49 by Ralph Stratford, the 
Bishop of London, as an emergency burial 
ground.1 It is the largest and most compre
hensively excavated Black Death cemetery 
in England and it provides a unique assem
blage of people who died in 1348-49, at the 
peak of the Black Death epidemic in Lon
don. Over three decades earlier, the Great 
Famine of 1315-1 7 had ravaged northern 
Europe. Like the Black Death, this pro
tracted period of famine is recorded as one 
of the greatest calamities of the medieval 
period; but, although it is believed to have 
caused great suffering and high mortality, 
little is known about its direct effects on 
the people who survived it. We are cur
rently investigating this topic by studying 
the skeletal remains of people who died 
from the B lack Death and were buried in 
the Royal Mint cemetery.2 

The Black Death 

Black Death, and over 600 inhumations 
were recovered by the Museum of London 
archaeologists. However, the established 
view that the epidemic was caused by 
plague has recently been challenged, and 
plague can no longer regarded as the only 
suspect. 

Plague, rats and fleas 
Plague is an acute epidemic disease caused 
by the bacterium Yersinia pestis and it is 
usually transmitted to humans by rat fleas. 
Patients with bubonic plague, the most 
common clinical form of the disease, tend 
to suffer from high fever, delirium, aching 
limbs and painful swelling of the lymph 
nodes called buboes. In some cases, the 
buboes burst after a few days, releasing pus 
and then healing. In others, bleeding under 
the skin occurs, producing black patches 
that can lead to fatal ulcers. If bubonic 
plague was the cause of the 1347-49 epi
demic, such lesions may explain the origin 
of the term " Black Death". However, some 
researchers have recently highlighted sev
eral discrepancies between modern epi
demics of bubonic plague and the Black 
Death.4 In particular, the rapidity with 
which the disease spread across Europe 
and the unusually high overall mortality 
appear to contrast with the epidemiology 
of recent outbreaks of plague. The devas
tating impact of the disease on Europeans 
in the fourteenth-century may partly be 
explained by the absence of any previous 

The Black Death arrived in Europe from 
the Crimea during October 1347.  Nine 
months later, in June-July 1 348 ,  it reached 
Weymouth on the south coast of England 
and by November it had reached London.1 
The death rate in London rose rapidly from 
December 1348 and reached a peak in 
April 1349. By June 1349 it had fallen sub
stantially. A contemporary observer stated 
that, when the epidemic was at its height, 
200 bodies a day were buried at one of the 
new cemeteries that had been established. 3 
Documentary evidence shows that the 
Royal Mint cemetery at East Smithfield 
was one of two emergency burial grounds 
established in late 1 348,  or early 1349, to 
cope with the Black Death epidemic (the 
other being West Smithfield] . 1  Most of an 
estimated 2400 people buried at the Royal 
Mint site are believed to have died from the 

Figure 1 Mass-burial trench and graves from the Black Death cemetery of East Smith
field in London, excavated by archaeologists from the Museum of London; the inset 
shows part of the mass-burial trench under excavation . 
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exposure to it, but the role played by rats, 
and their fleas, in the biology of plague is 
now being questioned. It has been argued, 
for example, that fleas would have had 
great difficulty reproducing in the cool cli
matic conditions of northern Europe. Rats 
are themselves susceptible to dying from 
the plague, and outbreaks tend to be pre
ceded by the presence of many dead rats. 
Contemporary accounts appear to lack any 
mention of rat mortality and, unlike Asia, 
Europe does not have plague-resistant 
wild rodents that would act as a natural 
reservoir for the disease. Without such a 
reservoir, it is hard to explain how plague 
continued to affect Europe for another 
three centuries, as it did. Furthermore, 
despite two well authenticated epidemics 
of plague in Iceland in the fifteenth cen
tury, the island is believed to have been 
free of rats until much later.5 

Discrepancies such as these warrant fur
ther research. One suggestion is that a 
virus, similar to the filoviruses responsible 
for highly contagious and often lethal 
haemorrhagic fevers such as Ebola, caused 
the Black Death epidemic rather than the 
bacterium that causes plague.6 However, 
regardless of these new uncertainties over 
the cause of the Black Death, the Royal 
Mint cemetery provides a unique opportu
nity to analyze a large assemblage of the 
remains of people who died within a few 
months of each other in 1 348-49, three 
decades after the Great Famine. 

The Great Famine 
The famine of 1 3 1 5-17 appears to have 
resulted from a series of abnormally cold 
winters and wet summers, which caused a 
catastrophic succession of failed harvests 
across northern Europe. In London, the 
impact of the famine can be monitored 
through records of wheat prices,7 which 
reached unprecedented heights in July 
1 3 1 5 ,  fell again after the harvest, and then 
rose to their highest level between April 
and July 1316 .  After the harvest of 1 3 1 7  
they appear t o  have fallen, but they rose 
once more during May in what may have 
been a less serious episode of shortage. 
During the famine, even the modestly 
wealthy could not afford enough food,8 the 
hungry flocked to London to find relief, 
and many died in the streets. The mortality 
rate varied locally, but the population of 
Essex villages fell by approximately 15 per 
cent as a result the famine, including those 
who left for London. Starvation must have 
left its mark on many who survived. The 
famine is also likely to have had a profound 
effect on the health of children growing up 
at the time. Previously there was no way in 
which the direct biological effects of the 
famine could be determined, but now an 
opportunity to investigate them has arisen 
from recent advances in the study of dental 
tissues and access to the skeletal assem
blage excavated at the Royal Mint cemetery. 

A R C H A E O L O G Y  I N T E R N A T I O N A L 

The current research project 
Bones and teeth form during childhood, 
and their formation can be affected by the 
child's overall health. As the Black Death 
occurred some 30 years after the Great 
Famine, individuals who died in their thir
ties and forties would have lived through it 
as children. For example, a person born in 
1 314 ,  one year before the Great Famine 
began, would (depending on their date of 
birth) have been 33 or 34 years old in 1348.  
By studying the development of one such 
individual's bones and teeth, it is possible 
to investigate the effect of the famine on 
their overall health. The Museum of Lon
don's initial study of the skeletal assem
blage identified 224 individuals aged from 
1 5  to 44 years at death. We re-examined 
this group in order to identify specimens 
suitable for our project. A group of 30 indi
viduals, showing good preservation and 
most likely to be aged between 30 and 40 
years at death, were selected for analysis. 
Their age was established using standard 
archaeological and forensic methods9 by 
three trained observers acting independ
ently (ourselves and Tony Waldron). A 
control group of seven individuals, who 
would have been born after the Great Fam
ine, and were aged between 20 and 30 years 
at death, were also selected. 

The methods we use to investigate 
growth of the selected individuals involve 
detailed microscopic examination of their 
teeth. Four to six teeth per individual are 
extracted.10 Microscopic structures inside 
teeth, similar to the growth rings of trees, 
mark out dental development, and recent 
research has proved that the finest marks, 
visible in thin sections and known as 
enamel prism cross-striations, represent 
daily growth structuresY It is possible to 
use these structures to build a detailed 
chronology of tooth formation and to map 
out any disruptions that may have 
occurred during formation.12  Indeed, sys
temic disturbances (those that affect the 
entire body) experienced by a child during 
the period of dental development, such as 
episodes of nutritional stress, can disrupt 
tooth formation. Any such event can result 
in the formation of furrows or pit-like 
depressions known as hypoplastic defects, 
which can be observed on the surface of 
tooth crowns and are expressed internally 
as lines of disturbed growth (Figs 2, 3 ) .  
Because dental tissues, unlike bones, do 
not renew themselves once they are 
formed, teeth offer a detailed permanent 
record of any disturbances that occurred 
during childhood when they were grow
ing. In our project we are using growth 
lines to build a very detailed record of 
health in the early years of life of the indi
viduals being studied, including any peri
ods of growth disruption. By counting and 
matching these structures ,  it is possible to 
determine the ages at which the disrup
tions to development occurred and this 
provides us with an extended record of 
growth from birth to the late teens, when 

2 7  

mm 

10 

Figure 2 Hypoplastic defects on the sur
face of an anterior tooth (upper left incisor) 
from one of the specimens selected for 
analysis. The hypoplastic defects repre
sent disruptions to regular crown growth 
and are visible as furrows running horizon
tally across the tooth. 

dental formation ends.13 We have now sec
tioned most of the teeth from all 37 indi
viduals in the main group and the control 
group, and are currently analyzing them. 

We are also comparing the timing of 
growth disturbances provided by the tooth 
record with the detailed chronology of the 
Great Famine, including the record of 
wheat prices in London. It is hoped that 
enough close matches between the distri
bution of growth disturbances and the 
chronology of the famine will be found in 
order to identify individuals who were 
children during the famine.14 In these 
cases, it is possible to build a detailed 
sequence of changes, day by day, based on 
the dental development (Fig. 4), and to 
compare it with the history of the famine. 
The impact of the crisis on their skeletal 
development is also being investigated. 
The data generated will provide us with an 
insight into the impact of the famine on the 
dental and skeletal development of indi
viduals who were children during this 
period, and thus add greatly to our knowl
edge of its effect on the overall health of 
Londoners in the fourteenth century. 
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Figure 3 Detail of a thin section, c. 700 
microns long, of the tooth shown in Figure 
2 (polarized transmitted-light micros
copy). The surface, enamel and dentine 
are labelled S, E and D. The dark vertical 
lines (L}, seen radiating away from the 
enamel/dentine junction (EDJ}, represent 
periods during which tooth formation was 
disrupted and are associated with the sur
face hypoplastic defects visible in Figure 2. 
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