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Between Famine and Death: England on the
Eve of the Black Death—Evidence from
Paleoepidemiology and Manorial Accounts The
fourteenth-century Black Death was one of the most devastating
epidemics in human history. Lasting only a few years, it killed an
estimated 30 to 50 percent of affected populations. In England, the
population fell from approximately 4.8 to 2.6 million between
1348 and 1351. Recent paleodemographic and paleoepidemiolog-
ical research has shown that despite such tremendously high levels
of mortality, the Black Death killed selectively—similar in kind,
if not in scale, to normal, nonepidemic causes of mortality—
targeting mainly older adults and frail individuals with a history of
physiological stress. This evidence of selective mortality during the
Black Death raises questions about the factors that might have af-
fected patterns of heterogeneous frailty in the pre-epidemic popu-
lation of Europe.1
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Many scholars view famine as a possible factor in the emer-
gence of the Black Death in the mid-fourteenth century. Indeed,
between 1315 and 1317, England and other parts of northern
Europe were ravaged by the Great Famine, the result of both
ceaseless torrential rains that ruined three back-to-back harvests
and purely institutional factors, including market failure, a dis-
proportionate allocation of crop resources across different social
strata, and persistent warfare. It is hardly surprising that the famine
strongly discriminated between social echelons, claiming dispro-
portionately high tolls among the poorer peasants and urban pau-
pers. Complicating the immense demographic and economic im-
pact of both the famine and the plague, another biological disaster
of catastrophic proportions stood between the two crises, repre-
senting, to some degree, their missing link. The Great Bovine
Pestilence, most likely caused by rinderpest, ravaged England in
1319/20, claimed about 62 percent of the bovine population. Apart
from the colossal losses of oxen and cows, the pestilence created a
widespread scarcity of milk resources, which persevered until at
least 1332.2

This article examines the effects of the Great Famine and the
Great Bovine Pestilence on patterns of health in the pre-Black
Death population of London. It is the ªrst attempt to integrate
paleoepidemiological data, based on a sample of 491 skeletons from
a plague cemetery in London, and a vast corpus of contemporary
documentary data (chieºy from manorial accounts) produced be-
tween 1315 and 1350 at various locations in England. The most ob-
vious advantage of such an interdisciplinary methodology is the ex-
planatory light that the skeletal and documentary data can shed on
one another, alleviating their individual limitations. We examine
temporal trends in skeletal markers of physiological stress to assess
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whether individuals who survived the Great Famine or those born
during or after the Great Bovine Pestilence faced reduced general
levels of health before ultimately succumbing to the Black Death.
The guiding idea is that people who were at the ages vulnerable to
developing particular skeletal stress markers during the Great Fam-
ine would have exhibited higher frequencies of those stress markers
than would have individuals who were at those ages either before
or after the Great Famine. Furthermore, given the dairy depriva-
tions associated with the Great Bovine Pestilence, we also submit
that stress-marker frequencies in the post-famine sample will be in-
termediate between those of the pre-famine and famine samples.

the east smithfield cemetery sample The skeletal material for
this study comes from the East Smithªeld cemetery in northeast-
ern London, near the Tower of London. This cemetery is one of
only a few excavated cemeteries with both documentary and ar-
chaeological evidence clearly linking it to the fourteenth-century
Black Death. According to records from the Church of the Holy
Trinity, which include the exact location, dimensions, and pur-
pose of the burial ground, the East Smithªeld cemetery was
founded in the autumn of 1348 in anticipation of the overwhelm-
ing mortality associated with the Black Death, which arrived in
London at around the same time. The Museum of London’s De-
partment of Greater London Archaeology completed archaeologi-
cal excavation of the cemetery during the 1980s, revealing several
rows of individual graves and mass-burial trenches. These trenches
further indicate that the site was used as an emergency burial
ground. Stratigraphical evidence indicates that the burials were
completed in a single phase; there is no evidence of interments in
East Smithªeld after 1350. In other words, most, if not all, of the
individuals interred in East Smithªeld cemetery died during the
Black Death.3

The well-established and narrow chronology of the East
Smithªeld cemetery means that its age-at-death data can reveal
those who were born before and during the Great Famine
and those who survived it, as well as those who were born after the
famine and during or after the Great Bovine Pestilence. Thus, we
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can trace the effects of the famine and the milk deªciency on pat-
terns of health in the period before the Black Death. A sample of
491 individuals was selected from the East Smithªeld cemetery col-
lection and analyzed under the auspices of the Museum of London
Centre for Human Bioarchaeology. It includes all of the excavated
individuals from the cemetery who were preserved well enough to
provide data on age, sex, and the presence of skeletal stress markers
using the methods described below.

Age Estimation Adult ages were estimated using transition
analysis, which avoids the biases associated with traditional meth-
ods and provides point estimates of age, even for older adults
(rather than a broad terminal adult-age category, as is typical of
other methods). In transition analysis, data from a known-age ref-
erence sample are used to obtain the conditional probability,
Pr(cj|a), that a skeleton will exhibit a particular age indicator stage,
or a suite of age indicator stages, cj, given the individual’s known
age a. This conditional probability is combined, using Bayes’ theo-
rem, with a prior distribution of ages at death to determine the pos-
terior probability that a skeleton (of unknown age) in the cemetery
sample died at a certain age, given that it displays particular age-
indicator stages, Pr(a|cj).

In transition analysis, the prior distribution of ages at death can
either be informative, based on documentary data, or uniform.
This approach avoids imposing the age distribution of a known-age
reference sample on the target sample as occurs with traditional
methods of age estimation. For this study, transition analysis was
applied to skeletal-age indicators on the pubic symphysis and the
iliac auricular surface, as well as to cranial suture closure as de-
scribed by Boldsen et al. The Anthropological Database, Odense
University (adbou), age estimation software was used to determine
individual ages at death and the standard errors associated with
those point estimates. The adbou program employs conditional
probabilities estimated from the Smithsonian Institution’s Terry
Collection of known-age individuals and an informative prior dis-
tribution of ages at death based on data from seventeenth-century
Danish rural parish records. Ages for individuals younger than
twenty years were estimated based on epiphyseal fusion and dental
development and eruption.4
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Sex Estimation Sex was determined on the basis of sexually
dimorphic features of the skull and pelvis using the standards de-
scribed in Buikstra and Ubelaker. The dimorphic features of the
skull and pelvis that were scored included the glabella/supraorbital
ridge, supraorbital margin, mastoid process, external occipital
protruberance/nuchal crest, mental eminence, ventral arc of the
pubis, subpubic concavity, ischiopubic ramus ridge, and the greater
sciatic notch. Whenever the skull and pelvis of individuals in this
study indicated different sexes, the pelvic scores were subjectively
weighted more heavily than features of the skull.5

Skeletal Stress Markers To assess the effect of famine and cattle
pestilence on patterns of health in the population of London, we
examined temporal trends in a variety of skeletal stress markers that
previous studies have shown to be associated with episodes of mal-
nutrition or disease and with elevated risks of mortality—adult
stature, cribra orbitalia, porotic hyperostosis, and linear enamel
hypoplasia.6

Adult stature reºects, among other things, exposure to chronic
stress during development. Because the interest herein is stature as a
measure of health, not adult stature per se, this study uses measure-
ments of the femur and tibia as proxies for adult stature (only com-
plete femora and tibiae were measured). By directly comparing
long bone lengths, by sex, within the cemetery sample, we avoid
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the potential problems associated with estimating stature using
population-speciªc regression formulae derived from known-
stature reference samples. The maximum lengths of the femur and
tibia were measured using an osteometric board. Analyses were
performed on the sum of each individual’s femur and tibia lengths.
Individuals were considered “short” if their femur � tibia mea-
surements were more than one standard deviation below the mean
for their sex; individuals whose measurements were less than one
standard deviation below the mean, or were higher than the mean
for their sex, were considered to be of “average or tall” stature.7

Porotic hyperostosis and cribra orbitalia are lesions on the cra-
nial vault bones and orbital roofs, respectively. They are character-
ized by a porous appearance of the cortical bone that is often associ-
ated with expansion of the underlying diplöic bone. Both porotic
hyperostosis and cribra orbitalia are usually associated with anemia
or other causes during childhood that result in an expansion of
the bone marrow and thus an expansion of the surrounding diplöic
bone, or with such conditions as scalp infections or subperiosteal
hematomas that can occur at any age. Porotic hyperostosis and
cribra orbitalia were scored as present if at least 1 square cm of po-
rosity was visible on the cranial vault or orbital roofs.8

Linear enamel hypoplasias, which appear as horizontal lines of
varying width on the enamel of an affected tooth, are caused by the
disruption of enamel formation in response to infection or malnu-
trition. For this study, linear enamel hypoplasias were identiªed
macroscopically on the buccal surface of the mandibular canines,
which have a relatively long developmental time span and are
highly sensitive to physiological stress. Linear enamel hypoplasia
was scored as “present” if one or more depressions on the surface of
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the tooth were palpable and visible to the naked eye under good
lighting.9

For all stress markers, age estimates (with standard errors) were
used to identify the time period during which an individual would
have been in the age range most vulnerable to developing a partic-
ular stress marker (the exact age interval varied by stress marker, as
detailed below). The three groups analyzed were those individuals
within the age interval vulnerable to developing a particular stress
marker (1) before (“pre-famine”), (2) during (“famine”), and
(3) after (“post-famine”) the Great Famine. For stature, we consid-
ered growth from conception to age twenty to capture as much of
the effects of famine and bovine pestilence on growth as possible.
The famine group, with respect to stature, includes individuals
born between 1296 and 1319 whose growth from birth to twenty
years might have been negatively affected during the Great Fam-
ine. We included individuals born in 1319 in this group because
their growth in utero might have been adversely affected during
the Great Famine. People born before 1296 (those twenty years old
or older during the Great Famine and thus fully grown before the
famine) were relegated to the “pre-famine” group and those born
after 1319 (those whose growth occurred after the famine) to the
“post-famine” group.

Both cribra orbitalia and porotic hyperostosis form predomi-
nantly between the ages of six months and twelve years of age.
With respect to these two lesions, individuals aged twelve years or
younger during the Great Famine (born between 1303 and 1318)
were included in the famine group, and those twelve years or
younger before and after the Great Famine were included in the
pre- and post-famine groups, respectively. Enamel forms on the
mandibular canine from approximately six months to six years of
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age. With respect to mandibular canine enamel hypoplasia, indi-
viduals six years old or younger during the Great Famine (those
born between 1309 and 1318) were included in the famine group,
and those six years old or younger before and after the Great
Famine were included in the pre- and post-famine groups, respec-
tively.10

Given that the standard errors associated with point estimates
of age were large for some individuals, for the sake of more accu-
rate comparisons, we assigned people to the pre- , post- , and fam-
ine groups using the interval deªned by the point estimate of age
plus and minus 1 standard error (using each individual’s estimated
standard error) rather than using just point estimates of age. The
temporal trends in the frequencies of all skeletal stress markers were
assessed using Fisher’s exact test with SPSS version 19. Variation
in stature before and after the Great Famine was assessed using an
F-test. Although major epidemiological and medical journals do
not recommend the reporting of statistical signiªcance, we con-
sider p-values less than 0.10 to be suggestive of a real effect.11

results

Skeletal Stress Markers The frequencies of the skeletal stress mark-
ers and the results of the Fisher’s exact tests are shown in Table 1.
The Fisher’s exact test reveals that the differences among the pre-
famine, famine, and post-famine groups are not statistically sig-
niªcant for any of the skeletal stress markers considered. The lack
of signiªcant results, which may be an artifact of small sample sizes,
means that neither of our expectations is supported by the existing
data.

The means and standard deviations for the long-bone mea-
surements of the adult males and females born before versus those
born after the Great Famine are shown in Table 2. Those born after
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the Great Famine evinced more variation in long-bone length (and
thus stature) than did those born before it; the difference is statisti-
cally signiªcant for females (female p � 0.01, male p � 0.23). These
results suggest that, at least for females, mortality during the Great
Famine targeted shorter (and thus frailer) individuals. By weeding
shorter individuals out of the population, such selective mortality
resulted in decreased variation in stature among the famine survi-
vors. DeWitte and Hughes-Morey similarly suggested that selec-
tive mortality associated with the Great Famine affected patterns of
adult stature among victims of the Black Death, since they found
no signiªcant difference in stature between those who were grow-
ing during the Great Famine and those who were not (the
DeWitte/Hughes-Morey study used a broader time frame for the
famine, 1315 to 1322).12

Although the sample sizes are small, and the results of these
analyses are, for the most part, nonsigniªcant, the post-famine sam-
ple shows a general trend of higher frequencies for all stress markers
than the pre-famine sample does. The general increase in stress-
marker frequencies from the pre- to post-famine samples might
suggest that people who were at the ages vulnerable to forming
these stress makers after the Great Famine were more likely to de-
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Table 1 Frequencies of the Skeletal Stress Markers and Results of the Fisher’s
Exact Tests

stress marker absent present % fisher’s exact test

Porotic hyperostosis 3 16 84
0 4 100
6 65 92 p � 0.596

Cribra orbitalia 12 1 7.7
3 1 25

61 15 18 p � 0.532
Enamel hypoplasia 3 9 75

— — —
21 65 76 p � 1.00

Short stature 9 0 0
7 1 13

23 4 15 p � 0.661

note “%” refers to the percentage of each sample with a stress marker.



velop them than were people who were at those ages before the
famine.

Another possibility is that people who had these stress
markers—namely, those who were frail—at the time of the Great
Famine died during the famine before the Black Death struck,
thereby decreasing the frequency of stress markers in the pre-
famine or famine groups within the East Smithªeld cemetery.
Mortality during the famine could have targeted individuals with
the highest frailty (those whose risk of dying was greater than that
of others in the populations), just as it typically does under normal
mortality conditions, thus weeding out the weakest individuals
who were exposed to the severe malnutrition of the famine. If such
selective mortality occurred, individuals managed to survive the
Great Famine because they were not frail in the relevant respect.
Hence, the cohort of individuals who survived the Great Famine
would have had lower frailty on average than the original cohort
exposed to the Great Famine.13

The cohort of individuals who were born after the Great Fam-
ine was not subjected to a similar episode of crisis mortality before
the Black Death. Because they did not experience such strong se-
lective mortality, the post-famine cohort likely included many
more frail individuals, thus raising the average level of frailty higher
than that of the pre-famine or famine cohorts. Given evidence
from previous studies that the skeletal stress markers in this analysis
are associated with elevated risks of mortality, as well as relatively
high frailty, such selective mortality (the disproportionate deaths of
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Table 2 Comparison of Male and Female Stature before and after the Great
Famine (mm)

born before

great famine

born after

great famine f-test

Male Mean 806.25 823.93
Standard deviation 40.56 54.55 p � 0.23

Female Mean 754.00 758.25
Standard deviation 10.65 33.26 p � 0.01



individuals with stress markers) could have reduced the frequencies
of these markers and variation in stature among the famine survi-
vors within the Black Death cemetery, compared to the post-
famine sample that did not experience the selective sweep of the
Great Famine.14

By removing the frailest individuals from the population, the
Great Famine could have created a cohort of individuals who were
less likely to die from a variety of causes, including the Black
Death, than were the individuals who never experienced the fam-
ine. Though the post-famine individuals likely experienced depri-
vations during the Great Bovine Pestilence, the long-term shortage
of dairy products described below might not have had the same
dramatic effects on population-level variation in frailty as did the
Great Famine.

the great famine and the great bovine pestilence: a quanti-

tative approach A proper understanding of the temporal
trends in skeletal pathologies suggested by these results requires an
in-depth analysis of England’s economic and nutritional condition
during the period between the famine and the plague, with partic-
ular attention to the role of the bovine pestilence of 1319/20. A
vast corpus of contemporary data compiled chieºy from more
than 3,000 annual manorial accounts—as commissioned by local
manorial lords between c.1315 and 1350—provides a wealth of
extremely detailed information about England’s agriculture and
economics at the time.

Although both the Great Famine and the Black Death were
disasters on a catastrophic scale with devastating long-term con-
sequences, the ªrst half of the fourteenth century witnessed an-
other devastating biological event—the Great Bovine Pestilence,
which killed a large proportion of northern Europe’s bovids,
including those of the British Isles. The exact nature of the pesti-
lence is still unclear, but both narrative and statistical sources sug-
gest rinderpest—a highly viral cattle disease, transmitted mainly
through sexual and respiratory means—as a possible cause. Given
the dire consequences of the Great Famine and the Great Bovine
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Pestilence, we would do well to consider the impact of each disas-
ter on the nutritional patterns and health of the early fourteenth-
century English (and northern European) populations.15

The Great Famine was initially a weather-induced event, re-
sulting from torrential rain falling almost ceaselessly from the au-
tumn of 1314 to the spring 1317, together with ªercely cold win-
ters. The harsh weather resulted in three back-to-back harvest
failures, affecting especially wheat, rye, and legumes. The compos-
ite yields for these crops stood, respectively, at about 40, 60, and
10 percent below the “normal level” during the harvests of 1315,
1316, and 1317. These low yields increased crop prices much more
quickly than they did in nonfamine years. Between the harvests of
1315 and 1316, wheat prices, which usually did not rise more than
25 to 30 percent within a particular agricultural year, jumped by
about 250 percent, due largely to market failure and the grain
hoarding policy of wealthy manorial lords. Left to their own de-
vices, the rustic masses starved. Indirect evidence from manorial
court rolls suggests that England and Wales lost between 10 and
15 percent of their population between 1315 and 1317; these
ªgures agree with some continental data. The famine had ended by
the harvest of 1317, which, although a bit worse than average, was
good enough to relieve the starvation. Grain prices remained
slightly higher than usual, but they hardly ºuctuated between the
harvests of 1317 and 1318, contrary to the pattern in the two pre-
vious years. The harvest of 1318 was bountiful, driving grain prices
down to the pre-famine levels. By that time, crop deªciency and,
to a great extent, famine was a thing of the past, at least in England
and Wales.16

The end of the famine did not, however, necessarily mean the
end of the food crisis. The bovine mortality of 1319/20 seems to
have wreaked even more havoc, at least in the longer term. In Eng-
land and Wales, the only lands for which robust quantitative evi-
dence is available, the pestilence killed, on average, about 62 per-
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cent of the local cattle, though fatalities varied from place to place.
In some manors, the entire bovine stock perished, whereas in oth-
ers, all of it was spared. Moreover, death tolls tended to vary across
different sex groups and age cohorts (see Table 3). Cows tended to
be much more susceptible to the pestilence than were other
groups; between 70 and 80 percent of them were lost in England
and Wales. The mortality rate for oxen and young cattle was about
54 and 60 percent, respectively. In general, female animals were
more prone to the pathogen than were males. On average, nearly
two-thirds of all cows and heifers died; the ªgure for oxen, bulls,
and bullocks stood at about 53 percent.17

The Impact of the Great Bovine Pestilence on Nutritional Patterns
before the Black Death The colossal losses in bovine stock deprived
both lords and peasants of not only their “tractors” and fertilizing
agents but also their most vital protein and calcium resources, as
well as an important source of Vitamin B12. Since arable husbandry,
which was by far the single most predominant element of early
fourteenth-century agriculture, relied on animals to plow, oxen
had to be restocked ªrst. It took about ten years for oxen to reach
about 85 percent of their pre-pestilence levels. Dairy cattle, how-
ever, were replenished through purchases, intermanorial transfer,
and biological reproduction at a much slower pace: By 1332, they
had barely reached 85 percent of their pre-1319 levels. Not until
the Black Death did the number of cattle attain its pre-pestilence
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Fig. 1 Seasonal Crop Prices in England, 1300–1349
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levels. The strategy of replenishing oxen more steadily and quickly
than dairy cattle had serious consequences for nutrition between
c.1320 and 1340.

In the pre-Black Death era, grain-based products were para-
mount in the nutrition of commoners, contributing between 70 to
80 percent of their daily caloric intake. But dairy-based products—
including fresh milk, cheese, and butter—represented the single
most important source of protein, calcium, and B12. Meat con-
sumption was limited among the lower social echelon, which rep-
resented the vast majority of late medieval English society.
Roughly speaking, dairy products may have contributed between
10 and 15 percent of daily caloric intake. The gargantuan losses of
dairy cattle meant that the population of England and Wales was
deprived of its single most important source of protein and calcium
until the stocks returned to their pre-1319 levels, relative to the size
of population.

As Figure 2 shows, on the eve of the pestilence, England
stocked a good number of milk-producing animals, including
about 820,000 dairy cows, 6 million dairy sheep, and 21,000 dairy
goats. Converting each group into its equivalent “milk animal
unit,” as determined by respective milk yields, results in a total of
1.43 million dairy units. By 1320, the ªgures had fallen to about
727,000 units, 50 percent of of the pre-1319 level. The share of cat-
tle within the dairy sector fell from about 65 percent to below 40
percent. Some manorial ofªcials attempted to alleviate the slow
process of replenishing dairy units by temporarily augmenting
sheep stocks, but this strategy had several ºaws. First, a cow can
render ten-times more milk than can one ewe. Second, expanding
sheep ºocks required that at least some arable land be converted
into pasture, which could have been a long, tedious, and expensive
procedure. Third, replacing one cow with ten ewes was, in most
case, unproªtable; the price ratio between the two animals was
usually about 8 to 1 (10 s. per cow to 1.25 s. per ewe). Finally, peas-
ants rarely had enough grazing resources to sustain a growing sheep
population. Furthermore, dams (she-goats), which yield more milk
per animal than ewes do, were in too short supply to contribute
much.

Although the cow population had risen to 90 percent of its
pre-pestilence level by 1332, accounting for about 60 percent of
the entire dairy force, cow stocks were not replenished completely
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until the Black Death years. To make matters worse, there is no ev-
idence that people made any attempt to seek alternative sources
of protein. Evidence from manorial accounts indicates that the
proportion of arable acreage devoted to legumes did not increase
until the late 1330s—hardly surprising, given that fourteenth-
century producers did not perceive legumes as an alternative source
of protein.

The decline in the number of dairy animals did not mirror the
decrease in England’s total milk output. After all, the former was
determined not only by the actual number of healthy and fertile
animals but also by annual lactage yields, which, just as with crop
and wool yields, tended to ºuctuate from year to year. To a large
degree, lactage yields were dictated by purely environmental fac-
tors, primarily the availability of sufªcient grassland. Pasture dearth,
stemming from either torrential rain or excessive drought, could
seriously depress the ability of dairy animals to provide sufªcient
amounts of milk. Unfortunately, since the vast majority of mano-
rial accounts did not record detailed statistics about dairy produc-
tion, our series of milk yields is based upon a small sample of de-
mesnes, mostly those belonging to Winchester Bishopric, with
several necessary extrapolations. Nevertheless, this sample likely
reºects the general trends, thus offering insight into the yearly
ºuctuations of dairy yields.

As Figure 3 indicates, between 1318 and 1320, annual milk
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Fig. 2 Available Dairy Power and Legume Acreage in England, 1318–
1350

note Dairy power measured in dairy-animal units relative to each group’s lactage capacity
(adult cows�1, heifers�0.7, dams�0.125, young does�0.09, ewes�0.10, gimmers�0.07).



production output in England fell from about 170 to 52 million
gallons. In 1318 and 1319, however, milk yields seem to have been
exceptionally high when compared to average years, in which total
output was around 130 million gallons. Sheer levels of milk output
were depressed until 1332, the start of seven highly productive
years, 1337 and 1338 being particularly noteworthy. This sig-
niªcant elevation in production derived mostly from exceptionally
high dairy yields, sustained by several back-to-back years of favor-
able weather and abundant vegetation growth, as well as from an
increase in dairy animals.

The effect of dairy production on human nutrition and health
is evident from an estimation of the ratio between sheer milk out-
put and total dairy caloric requirements. We present the estimates
herein as annual “milk surplus” levels—that is, the relationship be-
tween the supply and demand. Figure 3 indicates a chronic dearth
of milk until the good lactage yields of 1332. By 1320, the total out-
put was approximately 58 percent below the basic requirement. A
decade later, it was 25 percent below. Although the total output
levels between 1332 and 1338 seem to have matched the dietary
needs of the populace, the low yields and, consequently, the re-
duced productivity in the 1340s (especially in 1340 and from 1345
through 1348) may mean that milk deªciency was once more
widespread.

The low milk yields were not the only factor accounting for
the gap between the total milk output and the overall dairy re-
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Fig. 3 Milk Production Levels (by Gallons of Raw Milk) in Absolute
and Relative Numbers (indexed on 1318) and Estimated Rates
of Available Milk Production Surplus in England, 1318–1350

note See Appendix 1 for the detailed calculation.
source Manorial accounts database.



quirements of the population. The continuing population growth
between the Great Famine and the Black Death also had something
to do with it. Although England seems to have lost about 15 per-
cent of its population during the famine years, between 1317 and
1348, the total population appears to have grown from approxi-
mately 4 to 4.8 million people. In other words, the human popula-
tion grew exponentially faster than the available dairy resources,
creating, at least to a certain extent, a classic Malthusian scenario.

The crop dearth of the famine years and the dairy deªciency
stemming from the bovine pestilence created different patterns of
food deprivation. The Great Famine’s deprivation was relatively
short-term, lasting for approximately two years (from about sum-
mer 1315 to summer 1317). The frailer proportion of the popula-
tion likely perished, while the healthier majority survived beyond
the famine years. With the exception of the disastrous harvest of
1321, when composite crop yields were 34 percent below average,
not a single harvest failure that followed the famine can compare in
magnitude to those of 1315 to 1317. The cattle plague, however,
created a long-term deprivation of dairy products, which were at
that time the single most important source of protein, calcium, and
Vitamin B12. As noted above, this deªciency continued at least un-
til 1332, and the evidence suggests that the dearth returned again
from 1339 until the Black Death. Three factors contributed to this
deprivation in its own way—slow restocking rates of dairy cattle,
low lactage yields, and human population growth.

Dairy Deªciency and Skeletal Stress Markers How is this long-
term deprivation of dairy products reºected in the skeletal stress
markers? The post-famine group exhibits higher frequencies of
porotic hyperostosis and cribra orbitalia. Several causes of these
two pathological conditions have been identiªed or suggested,
including iron-deªciency anemia, vitamin B12 deªciency, scurvy,
and scalp infections. Vitamin B12 deªciency is particularly relevant
in the context of the bovine pestilence, given that dairy products
were not only the single richest source of B12 but also the only one
readily available to the medieval masses. Cheese and meat contain
approximately the same amount of B12 by weight (around 2.5 �g
per 100g), whereas crop-based products contain no B12 at all. Meat
consumption, however, was only occasional, and its caloric contri-
bution to the peasants’ diet was meager. The total number of ani-
mals earmarked for slaughter was too low to ensure sufªcient meat
for peasants’ nutrition. Beef, mutton, pork, lard, and poultry could
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not have sustained an average peasant for more than twenty days a
year (See Appendix 2). Moreover, eggs, which may have been
consumed more often than meat, are not the optimal source of B12

since they also tend to block absorption of this vitamin. The contri-
bution of dairy products to B12 intake cannot be overstated.18

Higher frequencies of both enamel hypoplasia and short stat-
ure in the post-famine group may have been associated with
insufªcient calcium intake, which, in turn, links to milk shortage.
A long-term calcium deªciency, especially in children and adoles-
cents, can have negative consequences for the development of
bones and teeth, coagulation of blood, contraction of muscles, and
cardiac action, as well as for milk production in breast-feeding
mothers. Enamel hypoplasia is often found in children and adoles-
cents suffering from regular deprivation of calcium sources. The
tentative evidence that the post-famine generations were more
likely to develop enamel hypoplasia may well suggest that they also
suffered from a lack of milk, as opposed to the pre-famine and fam-
ine cohorts who had better access to dairy products and so to cal-
cium. Furthermore, the evidence that the post-famine group, or at
least the females therein, exhibited a greater variation in stature,
and a larger proportion of short individuals, seems to indicate a
chronic deªciency of calcium-based products. At this point, how-
ever, the present skeletal sample is too narrow to establish such a
connection conclusively.19

The Great Famine might also have had an effect on breast-
feeding patterns. As recent archaeological studies have shown, the
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Maternal Calcium Intake and Metabolism during Pregnancy and Lactation,” Journal of
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Sciences, CXXVIII (1940), 201–213; Gordon Nikiforuk and Donald Fraser, “Chemical Deter-
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duration of breast-feeding in medieval England lasted, on average,
for about eighteen months, much to the beneªt of infant health. A
long-term deªciency of dairy products could have seriously de-
pressed the levels of milk production and, consequently, the success
of breast-feeding. Breast-feeding mothers need extra calcium both
to produce sufªcient milk and to maintain strong and healthy
bones. A long-term calcium deprivation could have created a gen-
eration of weaker mothers, whose compromised immune systems
could have exposed them to various pathologies and pathogens.
Similarly, those infants who survived into adulthood in spite of
insufªcient breast-feeding could have been frail compared to their
older siblings and parents who were born before 1319.20

Although the skeletal evidence from the East Smithªeld cem-
etery, sampled in the current study, reveals at least four types of
stress markers, all of which can reºect the effects of the post-1319
dairy crisis, the catastrophic insufªciency of milk products (and
protein in particular) could have caused additional pathologies that
are currently undetectable on the skeletal remains. The association
between protein-energy malnutrition and epidemic diseases is
common in human populations, both past and present. A shortage
of protein from dairy products—including such vital types as casein
and whey protein—or protein-energy malnutrition (pem) can have
disastrous consequences for human populations, especially child-
hood development. pem usually results in growth failure, which
manifests in low weight and short stature. More severe types of
pem, such as kwashiorkor and marasmus, can cause drastic weight
loss; extensive tissue, muscle, and bone wasting; and loss of adipose
tissue, often resulting in death. People afºicted with pem show pro-
nounced weakness and are susceptible to various pathogens of
communicable diseases. The modern treatment of pem often in-
volves frequent milk consumption.21

Archaeological ªndings in conjunction with contemporary quanti-
tative data from manorial records demonstrate that most of the
English population before the Black Death, consisting mainly of

56 | SHARON DEWITTE AND PHILIP SLAVIN

20 Benjamin T. Fuller, Michael P. Richards, and Simon A. Mays, “Stable Carbon and Ni-
trogen Isotope Variations in Tooth Dentine Serial Sections from Wharram Percy,” Journal of
Archaeological Science, XXX (2003), 1676; idem, “Bone Stable Isotope Evidence for Infant
Feeding in Mediaeval England,” Antiquity, LVI (2002), 656; Christopher S. Kovacs, “Calcium
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peasants, suffered from a chronic shortage of protein, calcium, and
Vitamin B12 for at least one generation. This duration was over a
much longer period than the three years of bad harvests and grain
famine typically attributed to the Great Famine, and it is highly
likely that its ramiªcations were severe. As the skeletal evidence
suggests, the Great Famine could have reduced the proportion of
the frailest individuals between 1315 and 1317. The Great Bovine
Pestilence, which resulted in a catastrophic and long-term dearth of
dairy products, did not produce high human mortality, whether se-
lective or indiscriminate, but it could have created a generation of
relatively weak people who were less resilient than those who sur-
vived the famine. Hence, the Great Bovine Pestilence, we suggest,
could have been more responsible than the Great Famine for the
high mortality associated with the Black Death.

The dairy-deªciency explanation is not without shortcom-
ings, however. The cattle plague certainly also hit northern Eu-
rope, but there is no evidence that it affected the Mediterranean
part of the continent. Yet, the Black Death respected neither
boundaries nor regions, taking lives throughout Eurasia, North Af-
rica, and beyond. Hence, dairy deprivation was not a prerequisite
for the pestilence to devastate entire populations.

One issue that remains to be addressed is the possible existence
of differences between the mortality rates of “milk-deªcient”
communities and “cattle plague-free” populations in Europe. So
far, the available data suggest that the plague was equally devastat-
ing in the North and the South; recent estimates of mortality rates
suggest similar ªgures for different parts of Europe. The methodol-
ogy behind these estimates, however, is not without ºaws. For ex-
ample, it largely views the difference between pre- and post-Black
Death populations within particular communities as a death-rate
indicator without accounting for possible population loss through
migration. Moreover, additional new archival and hitherto unpub-
lished sources need to be collected, processed, and analyzed to re-
construct more reliable geographical patterns of mortality rates.
Milk deªciency could be just one of several factors contributing to
the high mortality rates of the Black Death. The chronic deªciency
of dairy products and of all the vital vitamins that derived from
them is an undeniable fact. The paleoepidemiological evidence

BETWEEN FAMINE AND DEATH | 57

Empire (Aldershot, 2004), 155–161; Michael C. Latham, “Human Nutrition in the De-
veloping World,” Food and Nutrition Series, XXIX (New York, 1997), 127–146.



presented in this article suggests that this nutritional detriment
helped to create a frail generation that was ill-equipped to with-
stand the disease. But this proposed connection between the three
bioecological disasters of the ªrst half of the fourteenth century,
which is based for the ªrst time on a broad interdisciplinary ap-
proach, must await additional research about not only the early
fourteenth-century crisis but also the complex interactions be-
tween humans and their natural environment.22

APPENDIX 1:

AGGREGATE MILK OUTPUT LEVELS IN ENGLAND, 1318–1350

All of the estimates in this article are based on the following assumptions, deriving from mano-
rial accounts, peasant livestock inventories, and the scholarly literature. We distinguish be-
tween two sectors—the demesne (seigniorial) and the tenancy (peasants’)—with respect to the
population size of dairy animals.

Demesne Of the total number of cattle, 200,000, 76,500 were dairy cows (65 percent of
cows were dairy and 35 percent beef ), and 11,000 were two-year-old heifers. Of the total
number of sheep,14.87 million, 5.2 million were ewes, and 744,000 were gimmers. Of the total
number of goats,14,000, 5,000 were dams.

Tenancy Of the total number of cattle, 1.625 million (based on the assumption that each
household held, on average, 1.77 cattle), 658,000 were dairy cows (75 percent of cows were
dairy and 25 percent beef ), and 104,000 were two-year-old heifers. Of the total number of
sheep, 5.4 million, 1.89 million were ewes, and 270,000 were gimmers. Of the total number of
goats, 46,000, 16,000 were dams.

In calculating the relative share of each cohort, we determined dairy cattle to equal 65
(demesne) and 75 (tenancy) percent of all adult cattle, two-year-old heifers to equal 16 percent
of all immature cattle, ewes to equal 35 percent of all ovids, milk-yielding gimmers to equal
5 percent of all ovids, and dams and immature does to equal 35 percent of all caprids.

Milk Yields (Annual) The milk yield of cows was 100 gallons; heifers 75 gallons; sheep
10 gallons; gimmers 7 gallons; dams 18 gallons; young does 14 gallons. We determined sterile
animals to comprise 6 percent of the total. A further 10 percent were assumed to have been
wasted on lamb feeding and spoilage.

Human Population Change All of the estimates were based entirely upon Stephen
Broadberry, Bruce M. S. Campbell, Alexander Klein, et al., “English Economic Growth,
1270–1700,” working paper (University of Warwick, 2011), who suggest 4.75 million for 1290
and 4.12 million for 1325.

Animal Population Change Estimates Cattle population change for both the demesne and
non-demesne sectors derives from the manorial-accounts sample, with the assumption that re-
stocking rates within both sectors were similar, determined by the total availability of healthy
animals in the markets. Sheep population change for the demesne population derives from the
manorial-accounts database; for the non-demesne sector, it is assumed to have remained con-
stant. The goat population within both sectors is assumed to have stayed constant.
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APPENDIX 2:

PRELIMINARY ESTIMATES OF MEAT CONSUMPTION BY

PEASANTS ON THE EVE OF THE CATTLE PESTILENCE

Meat intake derived from cattle, sheep, pigs, and poultry. Horseºesh consumption was was for-
bidden by all three Abrahamic religions; it occurred only in the famine years. Game meat (rab-
bits, hares, and pheasants) was rarely consumed by lower social echelons. Approximate meat
consumption by peasants is estimated after a deduction of calories consumed by nonrural con-
sumers—religious houses, the aristocracy, the gentry, and the townsfolk. Around 1318, there
were about 14,000 male clergy (both secular and religious) and 3,000 nuns, in addition to
42,000 nobles and gentry (given a denominator of 4.5 per each household). We assume that
every clerical and noble male was offered a daily meat portion worth 2,500 kcal; the compara-
ble ªgure for females would be about 1,800 kcal (for both sexes, only about half of the offered
meat would have been eaten). About 64 percent of the meat was beef/veal and mutton/lamb;
pork and bacon contributed a further 16 percent and poultry an additional 20 percent. Town
dwellers constituted about 10 percent of England’s population at that time; their consumption
levels are assumed to have been similar to those of the rural population (see below). We conser-
vatively estimate about 3.7 million peasants in England and an average peasant is presumed to
have consumed about 2,000 kcal a day—a higher ªgure than proposed by Broadberry et al.23

Beef and Veal Consumption Approximate levels of annual beef consumption are based on
the notion that on the eve of the cattle pestilence, the total number of mature cattle destined
for consumption was about 400,000—67,000 oxen (out of the total 610,000), 250,000 beef cat-
tle, and 82,500 dairy cows (out of the total 750,000). To this aggregation, we add 14,400 bull-
ocks, heifers and yearlings, out of the total 360,000 immature cattle. Finally, each year about
1,086,000 cows were expected to birth 815,000 calves (calving rates were about 75 percent),
before 285,000 of the mothers were slaughtered and converted into veal. Together, these ani-
mals may have yielded about 109,874 giga-calories per year, of which, after the deduction of
calories for the aristocracy, religious houses, and (more modestly) town dwellers, only about
83,678 giga-calories would have remained for peasants. Thus, we arrive at about 22,600 kcal
per capita per year (83,678 giga-calories/3.7 million consumers), enough to sustain one person
for about eleven days per year (allowing a daily 2,000 kcal per capita).

Mutton and Lamb Consumption Around 1318, there were about 15 million sheep—
including 11.4 million mature wethers, ewes, and rams—of which each year 2.05 million adult
sheep were slaughtered and eaten. To this total we add 180,000 immature hogasters and
gimmers, of which about 18,000 were slaughtered. Each year, about 5.13 million lambs were
expected to be born from 5.7 million ewes (lambing rates were around 90 percent), about
1.59 million of which were culled and eaten while the remainder was kept in stock. These ani-
mals would have contributed another 67,047 giga-calories a year, of which 45,133 giga-calories
may have been consumed by peasants—equal to about 12,200 kcal per person per year, enough
to sustain one peasant for no more than six days.24

Pork Consumption Pigs, even though considered quintessentially peasant animals, were
not consumed in considerable quantities. Our assumption is that England had about 1.3 million
swine on the eve of the cattle pestilence. Each year, about 670,000 pigs, mostly mature porkers
and baconers, were eaten, yielding approximately 36,150 giga-calories. Although the aristoc-
racy seems not to have favored pork, they ate it nevertheless. After a deduction of pork intake
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by noble households, religious institutions, and townspeople, about 24,933 giga-calories a year,
or about 6,740 kcal per capita, remained enough to sustain one peasant for three or four days.

Poultry Consumption The demesne sector appears to have stocked about 150,000 geese,
300,000 chickens, and 75,000 capons (castrated roosters) c. 1318. An estimate for the tenancy
sector presents a greater problem, because of the scarcity of documentation. The available evi-
dence, patchy as it is, indicates no more than ªve geese, seven chickens, and four capons per
family, adding another 4.35 million geese, 6.09 million chickens, and 3.48 million capons to the
total. Since few peasant households were likely to have kept ducks, calories from this fowl were
too few to be reckoned. Fowls may have yielded a total of about 91,702 giga-calories, of which
about 73,146 giga-calories were consumed by peasants, which would have provided an addi-
tional 9 or 10 days of meat consumption.

Combining all of the ªgures, we roughly estimate that meat contributed about
61,000 kcal to the annual food intake of each rural consumer, enough to sustain him/her for
just one month—about 8.4 percent of the daily caloriªc intake. a level considerably lower than
that afforded by higher social classes. Obviously, these crude estimates are subject to challenge
and revision, but they are a starting point for continuing explorations into patterns of food con-
sumption in late-medieval England.
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