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Summary. Using a family reconstitution study the biology of the plague in Penrith,
Cumbria in 1597/8 is described in detail; it was an explosive epidemic that spread rapidly
within families and 606 individuals died of the plague, some 40% of the population. The
age-specific mortality corresponded with the calculated age structure of the population and
infection appeared to be random. The sex ratio of victims was 1.37 females to 1 male. The
plague spread from the northeast via Richmond and then exploded in the Eden valley,
appearing almost simultaneously in Penrith, Kendal and Carlisle. The details of the
epidemics and the location and climate of these widely separated small market towns show
that bubonic plague was not the causative agent, and the possibility that anthrax was
responsible for the drastic mortality is briefly considered. The population rapidly built up
after the plague, largely by immigration and not by increased fertility, and steady-state
conditions were re-established within 5 years and continued for 150 years. This severe
mortality crisis of the plague had a profound effect on the population at Penrith, triggering
long wavelength oscillations in both baptisms and burials in this population living under
marginal conditions and maintained in steady-state by density-dependent factors.

t.

Introduction

The plague had often been present in the northern counties of Cumberland and
Westmorland; the earliest reference is in 685, and then 1201, 1268, 1319 and 1350.
It is reported that in 1380 the Scots raided Penrith, which was then suffering from
the plague but, as well as the immense booty from the raid, they also carried the
disease into Scotland, killing 'the third part of all people [where it came]' (Barnes
1889). There are no reports of the plague in Cumbria during the fifteenth century,
although it may well have been present. In 1554, however, a note in the Penrith
parish registers says 'Plauge was in Penreth and Kendall 1554', but there are no
further details, although plague was reported in many parts of England as well as in
Europe at that time (Barnes 1889). The plague is said to have been brought to the
border region from Edinburgh in 1568, and in November 1577 there is an entry in
the Hawkshead registers of a 'pestilent sickness' which was 'brought into the parish'
by 'one George Barwicke', but only 38 inhabitants died.
At the end of the sixteenth century a pandemic persisted throughout the north of
England. A note in the Penrith parish registers stated 'A sore plague in new castle,
durrome & Dernton in the yere of our lod god t 597' and 'A sore plague in Richmond
Kendal Penreth Carliell Apulbie & other places in Westmorland and Cumberland
in the year of our lord god 1598 of this plague ther dyed at K e n d a l . . . ' .
This communication presents, firstly, a detailed study of the plague in Penrith in
1597/8 and is part of our series of investigations on the population dynamics of this
community living under marginal conditions during the period 1557 1812 (Duncan,
Scott and Duncan 1992, 1993, 1994a,b,c, Scott and Duncan 1996). This plague was
0301-4460/96 $12-00 q,) 1996 Taylor & Francis Ltd.
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immediately preceded by a severe famine, and the combined mortality was the
dominant feature of the history of the town during the period of study. We have
shown that the effects of this major mortality crisis dominated the population
dynamics for the next 150 years, triggering synchronous, long-wavelength endogenous
oscillations (period = 43 years) in births and deaths (Duncan et al. 1992). The present
study of events during the plague of 1597/8 is based on a family reconstitution from
the parish registers of Penrith.
Epidemics of plague and pestilence, from the Black Death of 1348/9 to the Great
Plague of the 1660s, have attracted considerable interest among historians, and these
studies have been collated in a valuable monograph which summarizes current
thinking on the aetiology and biology of the plague in Britain. This includes analyses
of the plague in Eyam (Bradley 1977a), Colyton (Schofield 1977) and London in
1603 (Bradley 1977b). There are considerable difficulties for the historian in
identifying diseases during periods of high mortality (Slack 1977) but the consensus
view is that most of the great plagues in Britain were examples of bubonic plague
(Biraben 1977, Slack 1977), a coccobacillus (Yersinia pestis) that primarily infests rats.
It has been assumed that bubonic plague was responsible for the great mortality in
Penrith in 1597/8 (Howson 1961, Shrewsbury 1971, Appleby 1973). The disease
spreads rapidly through a rat population via the rat flea which also transmits the
disease to humans. Pneumonic plague, a form of bubonic plague, may then become
established; it is highly infectious and is transmitted from man to man without an
intermediary, through droplet infection. There appears to be general agreement that
the epidemics in the sixteenth and seventeenth centuries were of the bubonic form
(Bradley 1977c).
2.

Methods
The data were extracted from the published records (Haswell 1938) of the parish
of Penrith, Cumbria (see Duncan et al. 1992). Family reconstitution of the 16 500
baptisms was carried out following the procedure outlined by Wrigley (1966). Life
tables and survival curves were determined from these data following the methods
described by Wrigley (1968).

3. Results
3.1. Size of the population at Penrith
There is an inscription at St Andrews Church, Penrith, which suggests the
following level of mortality from the plague: Penrith 2260, Kendal 2500, Richmond
2200 and Carlisle 1196. Although parish registers are liable to understate the extent
of mortality during epidemics, and to record burials in the churchyard rather than
deaths in the parish, it is still generally regarded that these figures would be well in
excess of the population of the parishes of these market towns at that time. It is
thought that they are the aggregate of the surrounding parishes or, more likely, that
the rural deaneries, and not the towns, were named in the original inscriptions
(Walker 1860).
It is difficult to derive firm estimates of a population at a time before such
assessments as the Hearth Tax and the Compton Census, although the inherent
inconsistencies and problems associated with these have been well documented. For
instance, the Hearth Tax is not an entirely reliable source, since there is no certainty
that all households were included, and possibly up to 40~o of the population were
never recorded (Husbands 1984).
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Table 1. Populationestimates for the parish of Penrith.
Year

Estimate

Source

1587
1596

1700
1500

200 deaths, probably largely because of typhus
153 deaths of people native to Penrith, probably because of famine

1597

1350

Before start of plague. Estimated from family reconstitution study

858
t134
1150

485 deaths of the plague of people native to Penrith
Appearance of 65 new families during 1600 10
Estimated from family reconstitution study

First plague at Penrith

1554

1598
1599
1610
1613

Second plague at Penrith

1623
1642
1673
1676
1688

Mortality crisis (241 deaths recorded in parish register); probably severe
famine
1233
1147
1365
1147

Protestation returns for parish; 411 x 3
Hearth tax for township; 270 x 4.25
Compton census for parish
Denton's survey for parish

Data for 1642, 1673, 1676 and 1688 taken from Clark et at. (1989).

Table 1 provides estimates of the size of the population at Penrith from different
sources. The population size in 1597 (immediately before the plague) and in 1613
(after the major immigration had taken place) has been estimated from the family
reconstitution study: the calculated values are 1350 in 1597 and 1150 in 1613. The
population estimates for 1596 and 1587 are derived from the value for 1597. These
results must be regarded as underestimates. Sixty-five families moved into Penrith
in the 12 years following the plague, producing a population estimate of ]134 in
1610, a value that agrees well with the estimate of 1150 in 1613 derived from the
family reconstitution study, and with the estimates derived from the Hearth Tax and
other assessments (table 1). It is concluded that the population at Penrith was some
1700 before the typhus, famine and plague of 1587-98, and some 1200 in the early
seventeenth century when the community was settling into steady state. Assuming
that the population was about 1400 at the time of the plague, approximately 40~o
died of the disease.

3.2.

Description of events of the plague

The first victim of the plague was Andrew Hodgson, whose death, as a stranger,
is reported in the parish register on 22 September 1597; this entry is immediately
followed by the words 'Here begonne the plage (God punismet) in Penrth. All those
that are noted with P. dyed of the infection, and those noted with F. were buried on
the fell.' Six hundred and six entries were marked with a 'P', of which 284 were
children and 322 adults, and 213 entries were followed by 'F'. After 6 January 1599
there is an entry: 'Here endeth the Visitation', showing that the disease persisted at
Penrith for 15 months. We believe that this is the first detailed family reconstitution
study where the plague victims are specifically identified in the registers.
After the death of Andrew Hodgson there were no more details of the plague until
14 October when a daughter of John Railton died. This heralded the extinction of
the Railton family because seven members died in 3 weeks, the last being on 6
November 1597. By 10 November it was apparent that the Hewer family had been
infected also; a son of Thomas Hewer died on that day, a daughter 2 days later,
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Table 2. Numberof plague deaths per family at Penrith, 1597/8.
No. of deaths/family
No. of families

1
104

2
77

3
34

4
16

5
7

6
3

7
0

8
1

and Thomas himself on the 13th. Another son, aged 20, died on 26 November. After
26 December 1597 there was only one plague death in February before the epidemic
exploded again on 5 March 1598.
Of those dying of the plague, 485 have been identified from the reconstitution
study as belonging to 242 families; a further 74 families appeared unaffected. The
previous year (1597) was a time of extreme hardship and deprivation for the
northwest, and a number of those succumbing to the pestilence of 1598 would be
vagrants in search of food and not native to the parish. Table 2 shows the number
of deaths in each family; three-quarters of families suffered one or two deaths.
Sixty-three families became extinct and 79 families had only one surviving parent.
A further eight families were left parentless. Seventy-four families were apparently
untouched by the plague; of these, though, 17 families had gaps in producing children
between 1595 and 1605, suggesting that some may have fled the parish, returning
after the cessation of the epidemic.
The large number of families that were eliminated, and the deaths of husbands
and wives, would have created openings for marriage. A surge of marriages occurred
while the plague still raged, with 28 in 1598 (the average for the previous 10 years
was 19) and 59 marriages in 1599. There were 28 marriages in 1600, after which the
average for the next 10 years was 17. Family reconstitution shows that, of the
marriages taking place between 1597 and 1600, remarriages accounted for 28~o in
1598, 39~o in 1599 and 11~o in 1600. So, of the 42 husbands and 37 wives widowed
by the plague, 25 husbands remarried (60~o) but only 12 widows remarried (32~o).
Five of the widowers married widows.
Table 3 shows the gaps left by the deaths of tradesmen in Penrith, with the
number of professions/trades affected in descending order. The table also shows the
professions of the head of the families where at least one plague death occurred, and
it can be seen that the families of labourers and gentlemen were equally affected. The
vicar and schoolmaster also suffered casualties. In Edinburgh in 1585, cleansers were
ordered to clean the houses of those infected with plague, and were responsible for
the slaughter of swine, dogs and cats to prevent the transmission of the disease. John
Haskew, a cleanser, was one of the first casualties of the epidemic at Penrith, dying
on 20 November 1597.

3.3. The spread of the plague at Penrith
The spread of the plague is shown diagrammatically in figure 1, in which the
mortality in each family is shown horizontally. The families are arranged in order of
the first recorded death. The data presented are probably not completely accurate
because sometimes there is single record of the death of a member of a household
who was listed as a servant, and infection may have occurred within the household
of the employer. Nevertheless, figure 1 shows graphically how the disease spread.
Reading the columns vertically shows how the disease moved from household to
household.
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Table 3. Occupations of the head of the households affected by plague mortality.
Occupation

Shoemaker/cordwainer
Smith
Glover
Tailor
Labourer
Gentleman
Tanner
Cutler
Fiddler
Wright
Beadle
Quarryman
Maltster
Saddler
Locksmith
Waller
Gardener
Joiner
Cleanser
Vicar
Tinker
Fletcher
Capper
Postmaster
Schoolmaster
Other classifications
Householders (no occupation given)
Servants: 7 males; 11 females

No. of families where the
head of the household
died of the plague

No. of families where at
least one person died of
the plague

8
5
5
5
4
3
2
1
1
2
2
2
1
1
1
1
1
1
1
0
0
0
0
0
0

10
9
6
6
4
3
3
2
2
2
2
2
1
1
1
1
1
1
1
l
1
t
1
1
1

11

29

T w o points are i m m e d i a t e l y a p p a r e n t . Firstly, o n l y 10 families were affected in
the a u t u m n of 1597 a n d the p l a g u e then a p p a r e n t l y died out, with no fatalities in
J a n u a r y 1598 a n d only one in F e b r u a r y . Secondly, once the disease was e s t a b l i s h e d
in a h o u s e h o l d successive deaths within the h o u s e h o l d followed rapidly, a n d n o r m a l l y
the first phase of the infection was c o m p l e t e d within a m o n t h a n d u s u a l l y within a
fortnight. In m a n y cases the second d e a t h followed on the s a m e d a y or on the first
o r second days after the first d e a t h in the family (figure 2). However, figure 1 shows
t h a t subsequent d e a t h s were also r e c o r d e d in the same h o u s e h o l d in a s e c o n d p h a s e
at a later time, including some of the h o u s e h o l d s t h a t experienced d e a t h s in a u t u m n
1597. A second d e a t h was r e c o r d e d following a first d e a t h after 270 days, with two
others following after 140 days, a n d it is c o n c l u d e d that these s e c o n d p h a s e fatalities
were from a reinfection of the h o u s e h o l d . These large gaps are quite different from
the p a t t e r n t h a t w o u l d be seen if the disease was, for example, s m a l l p o x which
o c c u r r e d as short-lived, explosive epidemics in P e n r i t h after 1640 ( D u n c a n et al.
1993, 1994c).
T h e s p r e a d of the plague at P e n r i t h is illustrated in detail in figure 3, which is
a modified section of figure 1. It b e g a n on 22 S e p t e m b e r 1597 when a s t r a n g e r
(labelled A) died at his l o d g i n g house. Initial infections are s h o w n by h o l l o w arrows.
T h e plague s p r e a d (shown by solid a r r o w s ) t h r o u g h families 1 10, b u t h a d d i e d o u t
by the end of D e c e m b e r 1597. O n c e one p e r s o n in a family was infected, the

o

O

8"

[]

•

8~ °

o

o00r.uo0~o000000

.ooOlO~°:..o.-~

[]
°|

r.n

n

Q

0

•

!
D

~oo

0 °

0

oOO00D~OOOODn
0 0
o o n o e c ] ~ n . r ~ ~ . o e [ ~ o o o o o2~q~o o o []
°o
"P°o~5Oo°ne
Q
oeoooooooo ~o
•
OOO
O0
•
•
•

0
[]

•

•

QU

OmmOO ~ D
OO000OtOO@O0 O0

00

o

~nOOO
O@
Q
F

z

©

,:j

z

o~

o

Pla#ue in Cumbria

OINID

IvlM

AIMIJ

7

J I AI

S

OINI

D

QO
D
OI

D

~

DO

o
121 •

0

~o
o°

o
•

•

~ no

8.

oeee

i
oo

oo
DQ

ooe~
OOQ
O0
[]
QO
DOOO
[]
OCIO

0000
O0

N"

000~0

°~°
I

•

"1
"10

[]

DO
DO0

%

r~o
on

e~e
g
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Figure 3. Mode of infection during the early stages of the plague at Penrith from the initial introduction
of the infection, 22 September 1597. The families are numbered sequentially in order of the first
appearance of the epidemic (right-hand side). The initial infection and its apparent reintroduction in
February 1598 are shown with large, open arrows. The break in January-February 1598 is clearly
shown. The spread of the plague is shown by solid arrows, initially within families and subsequently
between families. The steepness of the solid arrows illustrates the rapidity of spread (see May 1598).
Certain individuals are designated by letters, A: Andrew Hodgson, stranger; B, C, and D: probably not
infected from within the family but from individuals in other families lying immediately to the left of
the dotted lines; E, F, G: possibly also infected from outside the family. Symbols as figure 1.

plague spread with remarkable rapidity to other members (see Family 1, figure 3).
The plague began again by infection of single individuals in mid-February and early
March (families 11 and 12). The plague spread through families 13 21 and then
apparently almost died out, with a gap in mid-April. Thereafter the disease exploded,
illustrated by the steepness of the arrows during May; 40 families were infected in
this month• Families 3 and 7, which were affected by the initial outbreak in the

S. Scott et al.

10

autumn of 1597, had plague deaths some 6 months later (B and C; figure 3). Given
the very short latent period of this disease, these deaths must be the result of
reinfections occurring during the explosive phase of the epidemic, i.e. these people
probably contracted the disease from individuals lying immediately to the left of the
appropriate dashed lines with arrows (figure 3). Similarly, individuals D, E, and
perhaps F and G, were not necessarily infected from within their households, but
from other victims of the epidemic, as shown by the dashed arrows.
Figure 2 illustrates the occurrence of intervals between the first and second, the
second and third, and the third and fourth deaths, and also shows the intervals
between successive deaths for all the combined mortality data. These histograms
reinforce the conclusions above; once a family was infected, the plague spread very
quickly indeed to its subsequent victims. Either the victims were simultaneously
infected, or the incubation time and the time taken from the appearance of symptoms
to death must be very short indeed. An examination of the wills of plague victims
shows that they were already stricken with the disease and they usually died within
1-3 days after making their will. The histograms in figure 2 do not fit a Poisson
distribution, and the events recorded are not random in a continuum of time; this
conclusion still applies if only the first 5 days are considered. It is concluded that if
one member of a household died from the plague there was a very high probability
that other members of the family would be rapidly infected.

3.4. Age- and sex-specific mortality in the plague at Penrith
The plague at Penrith in 1597 occurred only 40 years after the parish registers
began, so that there are few records for the older members of the community.
However, an age-specific mortality curve for women dying in the plague has been
estimated (figure 4, line A) and this differed from the general cumulative female
I00

O,o
"~ 40

0

20

40

60

Age (years)
Figure 4. Female age-specific mortality in the plague at Penrith, 1597/8. A: Estimated percentage
age-specific mortality of plague victims (closed circles); B: cumulative female mortality curve at Penrith,
1600-49 (closed squares); C: theoretical age structure, level 4, women, Model West, Note close
correspondence between lines A and C.
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Table 4. Excess mortality in plague by age at Penrith, 1597 8.
Age
group
(years)

0-4
5 14
15 44
45 +
All

Annual
pre-crisis
burials
1557 96
(I)

Corrected
annual
crisis
burials
(2)

Recorded
excess
(2)-(1)

Age-structure
in model
population

Expected
excess
burials

Excess
ratio
(3)/(5)

(3)

(4)

(5)

(6)

21-0
5.3
22.8
11.2
60.2

84.8
108.6
226.4
65.0
484-8

63-8
103.4
203.6
53-8
424-6

12
20
46
22
100

58-2
97-0
223-0
106.6
484-8

1.1
1.1
1-0
0.5
1.00

mortality curve determined from the family reconstitution data base for 1600-1649
in the age groups 0 20 years (figure 4, line B) but agrees closely with the theoretical
age structure of Level 4, Women, Model West (figure 4, line C; Coale and Demeny
1966), with an expectation of life at birth of 27-5 years. In order to derive an estimate
of the age-specific incidence of plague mortality at Penrith that can be compared
with other studies, the method described by Schofield (1977) has been used; briefly,
the age incidence of mortality during the plague period is compared with the pattern
prevailing before the crisis. The mean annual number of burials before the plague
from 1557 to 1596 was 60"2, and they were distributed between the age groups 0-4,
5-14, 15-44 and 4 5 + in the proportions given in table 4. Subtracting column (1)
from (2) gives the observed number of excess burials owing to the epidemic for each
group (3). This is then compared with the expected excess burials if the age-specific
mortality corresponded with the number of people at risk in each age group,
estimated from the theoretical stable conditions; Model West, Level 4 was used to
estimate the percentage of the population in each age group. Those aged over 40,
for which an age death cannot be estimated, were divided in the proportions suggested
by the model population percentages. For the younger groups (i.e. under 20 years),
only 34 burials were unattributed, and these were again divided in accordance with
the distribution suggested by the model population statistics.
The sex ratio of plague victims was 137 females to 100 males, whereas the ratio
for mortality 1588-1596 and 1599 1607 was 1:1.

3.5. Plague in northern England at the end of the sixteenth century
The plague had raged severely in the northeast in 1589 following years of food
scarcity, and in 1597 the combination of famine and plague afflicted the area again.
In January 1597, the dean of D u r h a m wrote: ' W a n t and waste have crept into
Northumberland, Westmoreland and Cumberland; m a n y have come 60 miles from
Carlisle to D u r h a m to buy bread.' He also writes that the plague was in Newcastle
and spreading through the northern counties (Creighton 1965). By September the
disease was increasing in virulence in Newcastle, and also at Darlington and Durham.
Concomitant with this persistent and severe plague in N o r t h u m b e r l a n d and
County Durham, there was an equally devastating epidemic in the N o r t h Riding of
Yorkshire, particularly for the parish of Richmond. The characteristics of this
outbreak resembled closely those observed at Penrith: both were market towns and,
although the plague reached Richmond a month earlier (August), deaths also finally
ceased by December 1598. The population appeared to suffer as grievously as at
Penrith, with many victims having to be buried on the fells.
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Figure 5. Geographical spread of the plague from northeast England to northwest England, 1597/8.
Dashed line: land over 200 m; solid areas: land over 500 m; open circles: market towns (Everitt 1967);
closed triangles: smaller communities. Note movement of plague across the Stainmore/Bowes Moor
gap. A: Appleby; B: Brough-under-Stainmore; C: Carlisle; Da: Darlington; Du: Durham; Dum: Dumfries;
E: Edenhall; K: Kendall; N: Newcastle; P: Penrith; R: Richmond; S: Shap; W: Warcop.

From Richmond the disease spread across the Pennines to the counties of
Westmorland and Cumberland. Figure 5 shows how the plague moved along trade
routes from the east to west, thence northwards from market town to market town
and, eventually, crossed the border to southern Scotland. Identification of parishes
that were affected by plague is hampered by the fact that most parishes in Cumberland
and Westmorland recorded above-average mortality in 1597, and a number of
authors have attributed this increase in burials to the plague simply because the
disease was known to be present in market towns by autumn 1597 (Barnes 1889,
Howson 1961, Shrewsbury 1971). However, the north of England appeared to suffer
grievously from food shortages at this time, and it is difficult to separate deaths from
different causes. Thus inspection of parish registers was carried out to obtain records
where plague was specifically recorded as the cause of death. A number of other
smaller parishes whose registers date from this time were checked, but there was
neither a mention of plague as the cause of death nor an increase in the number of
burials during the period that the disease was prevalent in the area. The parishes
shown in figure 5 are those where the occurrence of the plague has been identified
with certainty.
The pandemic affected a number of the settlements in the area, being far more
prevalent in the market towns in the Eden Valley than in the surrounding countryside.
The only exception was the market centre of Brough-under-Stainmore, where disease
did not gain a strong foothold. Only eight deaths occurred at first, albeit in 20 days,
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Table 5. Excess mortality in plague at Penrit, Colyton and St Botoloph's without Bishopsgate.
Age group
(years)

1597 8, Penrith

1645-6, Colyton

1603, st Botoloph, London

0-4
5 14
15 44
45+

1-1
1.1
1.0
0.5

1.3
1.1
0.9
0.9

1.8
1.2
0-9
0.5

with seven coming from the family of Abram Wharton. His daughter died of plague
on 10 November 1597 and, after 18 days, a son died and another son 2 days later.
One day later, Abram, his mother, daughter and maid were buried. There were no
further deaths from the plague until between 6 and 30 July of the following year,
when seven more fell victim, of whom five bore the same surname.
Between 1 August 1598 and 25 March 1599, 128 persons died at Appleby,
Scattergate, Colby and Colby Leathes, and it is inferred that death was because of
plague. Fairs and markets had to be removed to Gilshaughlin because of the infection
(Nicholson and Burn 1777). Burials of the first plague victims in both Kendal and
Carlisle occurred on 3 October 1597, 12 days after the first burial at Penrith. At
Carlisle the number of households 'visited' by the plague was 242 from a total of
316 (Hughes 1971) and the scale of infection is similar to that seen at Penrith. The
population of Carlisle, based on the number of householders, is assumed to be about
1300. There are no records of the numbers afflicted with the plague at Carlisle for
none of the local registers exist for that period, but the 1196 deaths ascribed to the
town on the Penrith plaque again appears to be too high (Hughes 1971).
Infection appeared in the smaller parishes adjacent to afflicted market centres.
Edenhall, a small parish to the east of Penrith, had deaths in 1598, but Dacre, to the
west, escaped unscathed, although a note in the register for April 1598 states that
they were aware of the plague in Penrith. Edenhall appears to have suffered severely,
and some were buried in the churchyard, or at the back of their houses, or on Penrith
Fell. The epidemic at Edenhall ended in N o v e m b e r 1598.
At Warcop the disease appeared to be confined to one part of the parish, and to
two families only. Adam Mosse and his two children died of the plague 'as it was
thought' on 19 October 1597. On 4 N o v e m b e r Margaret Mosse and Agnes Lancaster
were buried in a garth at Blatarne. The next burials occur at 25 M a y 1598, when
Richard Lancaster and his wife 'died both so daynelye upon the plague as it was
thought and were buried in their own yeard at Blatarne'. Another entry on 6 June
states ' D y e d T h o m a s son of Richard Lancaster of Bletarne and the barne wherein
he died burned and the corps afterwards interred'. Although plague was not given
as the cause of death, the relationship to the above, and the fact that purging by fire
was deemed necessary, would infer a highly infectious and much-feared illness.
There is little difference in the timing and the severity of the epidemics in Kendal,
Carlisle and Penrith, and Richmond (see figure 6) and the almost simultaneous
emergence of mortality is obvious. The disease had spread from the east of the country
where it had been growing in virulence. The outbreaks at Darlington and Richmond
coincided and a few weeks later the pestilence reached Penrith and, 10 days later,
Kendal and Carlisle. It was probably present at Appleby at this time also, but the
records do not exist for this period. Isolated eruptions showed at adjacent parishes,
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Figure 6. Timing and duration of the plague epidemics 1597/8. Arrows indicate probable spread of the
disease, although Kendal may have received the infection directly from Richmond rather than via
Penrith. Solid lines indicate duration of epidemic.

with the same pattern of waning over winter to re-emerge during the summer months,
and confined to only a few families; belated occurrences may have been due to fresh
infection from the nearest major source of contagion. The plague in Cumberland had
extended to Dumfries by the winter of 1598 and caused problems for trade and even
a scarcity of food; two men sent from Dumfries to Galloway were stopped at Wigton
with 38 head of cattle and compensation was sought because the impounded cattle
became lean (Creighton 1965).

3.6. Links between plague and famine
Did a preceding period of food scarcity and famine in northern England increase
the vulnerability to the plague? The association between military activity with the
spread of typhus, plague and other epidemic disease had often been observed; for
instance, the plague was present during the civil war at Bristol (1640) and at times
of high prices and food scarcity as at Exeter (1546), Bristol (1550) and Newcastle
(1589). In addition, there was strong evidence to suggest that the northwest and
northeast suffered from food shortages prior to the epidemic in 1597/8 (Appleby 1973).
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Vulnerability to the bacillus of bubonic plague is not known to be increased by
lack of food (Scrimshaw, Taylor and G o r d o n 1968). In India, for instance, there is
still a relatively low death rate due to bubonic plague in spite of the fact that undernourishment is rife (Twigg 1984). Although it was c o m m o n for infectious diseases,
such as plague, to follow famine, the real cause might have been large-scale movement
of grain, so aiding the movement of infected rodents, or to the movement of vagrants
and beggars disseminating an epidemic at times of insufficient harvests. Thus
economic and social circumstances might accelerate the spread of bubonic plague.
However, if the plague in Cumbia in 1597 were the consequence of a different disease,
perhaps associated with the death of livestock (see below), the association of plague
and general food scarcity may not be so surprising; movement of people and infected
cattle would be increased in times of hardship and famine.

3.7.

Response of the population at Penrith after the plague

Some 50~o of the population at Penrith died between 1596 (the year of the famine)
and 1598 (at the end of the plague), and yet the mean annual number of baptisms
recovered quickly and was at its post-plague level (60 baptisms/year, 1600-1750) by
1600, see table 6. A population could recover after such a mortality crisis either by
new marriages and remarriages and increased fertility, as at Eyam, 1665 (Bradley
1977a) or by immigration as at Norwich (after the epidemics of the late sixteenth
and early seventeenth centuries) (Slack 1985).
The birth intervals at Penrith, 1586 95, determined from family reconstitution,
were not significantly different from those after the plague, 1599 1608 (table 7;
Student's t-test) and it is concluded that the return to pre-crisis levels was not a
consequence of an increase in birth rate.
An estimate of the immigration into Penrith can be derived from the reconstituted
family forms. For example, the appearance of a family in the registers where there is
no previous record of either partner at Penrith was scored as two immigrants; when
one partner at marriage came from another parish it was scored as one immigrant.
The most important immigrants would be the influx of married couples following
a mortality crisis to fill available 'spaces' in the community, and at Penrith 65 new
families appeared during the first few years of the seventeenth century. The details
Table 6. Annual baptisms and burials at Penrith before, during and after the plague.

Baptisms
Burials

1587-96
(mean)

1597

1598

1599

1600

1600 9
(mean)

68-3
75.3

46
209

27
627

56
19

67
31

59-9
43.6

Table 7. Average birth intervals for periods before and after the plague.
Years

1586 95
1599 1608

Birth intervals (months)
Between marriage and first child

For subsequent children

28.8 (364)
27.9 (335)

25.8 (456)
24-9 (426)

Sample sizes given in parentheses.
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of migratory movements at Penrith in the period after 1650 have been described
elsewhere (Duncan et al. 1994b) and it is concluded that Penrith was able to return
to steady-state conditions so quickly after the plague because of large-scale immigration from surrounding (unaffected) parishes as soon as the plague had finished.
4. Discussion
4.1. Age- and sex-specific mortality in the plague
Some authors have suggested that the mortality was more severe among older
children and adolescents rather than there being an equal incidence among all classes
of the population. Hirst (1952) writes that 'The largest number of cases occur in
persons between the ages of 10 and 35 years, the very young and elderly being
comparatively little affected' and 'children aged 5-10 years showed the lowest
mortality'. In a London parish, Hollingsworth and Hollingsworth (1971) found an
increased mortality only for those aged 4-44 years, and Pollitzer (1954) states that
adolescents and adults aged up to 45 years displayed the greater susceptibility. It is
generally agreed that those aged in their mid-40s and above were less likely to die
during plague outbreak, which might suggest a previous exposure and immunity to
the disease and it is noteworthy that the plague was at Penrith in 1554, 43 years before
the great outbreak in 1597. The results presented in figure 4 and table 4 show that
no age group was markedly affected by Penrith, although those aged over 45 years
had a lower than expected mortality; these findings can be compared (table 5) with
those found at Colyton (1645-6) and at St Botoloph's without Bishopsgate (1603).
Women were said to be more susceptible to plague than men in parts of Europe,
although apparently the reverse was seen in England (Slack 1985). Hollingsworth
and Hollingsworth (1971) for London, and Hirst (1952) have shown that male
mortality was more severe than female, but the evidence for Eyam (Bradley 1977a)
and Colyton (Schofield 1977) suggests that the pattern for the sexes was similar. At
Colyton the sex ratio of burials was 93'7 males per 100 females, which was found to
be close to the ratio of 92-9 for the 10 years prior to the crisis. Female victims
outnumbered males in Barnstaple, Chelmsforth and Stratford-on-Avon (Slack 1985).
Pregnant females, who almost invariably aborted, displayed the highest mortality
and, during the 1665 plague at London, a total of 432 deaths due to 'childbed',
'abortive' or 'stillborn' causes appeared during August and September, when
mortality was at its highest. Often the cause was more a lack of attention during
confinement than any direct consequence of bubonic plague (Leasor 1962). At Penrith
the sex ratio of plague victims was 137 females to 100 males. The selective incidence
may have produced a surplus of men, and the chances of remarriage for widowers
would be reduced.
4.2.
What was the cause of the outbreak?
What is the nature of the causative agent that was responsible for the mortality
in the Eden Valley? The evidence so far collected would suggest that it was highly
infectious; it spread rapidly through a family but more slowly from family to family
(see figures 1-3). It seems most probable that the infections, at least within a family,
were person-to-person. Description of the symptoms are as follows: 'first with the
hot feuer, after, with the bloodie issue, and lastly, more fearefully with the extreame
disease of the pestilence' (Wilson 1975). Frequently, an individual, or foreign source,
was accused of bringing the disease into a town, for example, the stranger Andrew
Hodgson in Penrith and George Barwike to Hawkshead in 1577. A comparable
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scenario was seen at Eyam, when a box containing clothing and samples sent from
London was supposedly responsible for the introduction of plague (Bradley 1977a).
The disease moved along major trading routes: down the Great North Road in
the east and crossing the Pennines at the Stainmore/Bowes Moor gap and then
erupting in the Eden Valley with deaths occurring almost simultaneously in Penrith,
Carlisle and Kendal before subsequently appearing at the smaller parishes adjacent
to infected market towns, i.e. Warcop, Edenhall and Shap (figure 6). This is one of
the major routes used by the drovers taking cattle from Scotland through to
Yorkshire and on to southern markets. The drovers crossed the border into Carlisle
and proceeded to Penrith, and then followed the Eden Valley through Kirby Thore
to Appleby and over hilly country to Brough-under-Stainmore, which was an
important cattle and horse centre to which the Scottish drovers made their way for
a great number of years; they would then proceed to Richmond (Bonser 1970).
Hitherto, it has been assumed by various authors (Walker 1860, Creighton 1965,
Shrewsbury 1971, Appleby 1973) that the infective agent was bubonic plague, the
epidemiology and biology of which has been comprehensively covered elsewhere
(Shrewsbury 1971, Slack 1977). It is a disease that persists in the world today, and
has even been recorded in England during this century (Twigg 1984). However,
although pneumonic plague can spread person-to-person, the bubonic variant is less
infectious and rarely spreads from man to man. It is a disease of rodents that is
spread accidentally to humans by the rat flea, which leaves its host when the rat dies
and alights upon a human, whereupon transmission of bubonic plague to the human
population begins. Thus bubonic plague has no need of humans, who are merely
accidental hosts, but it does depend for its survival on the rodent and the flea,
and particularly on a reservoir of resistant fleas and rodents, because if either died out
the disease would be exterminated. Modern pandemics of bubonic plague in different
parts of the world, where the disease has been identified with certainty, have all
possessed one salient feature in common, namely the presence of a well-established
rat population in which an epizootic has been responsible for the subsequent human
epidemic (Twigg 1984). The Plague Research Commission (1907) concluded that the
spread of infection over a distance by infected fleas carried either on a person or in
baggage cannot occur until the infestation of the local rat population had occurred,
and the only way in which a major epidemic can start by fleas alone is in the case
of transfer to the pneumonic phase when a single case with pulmonary involvement
could trigger off many more. However, most documented outbreaks of pneumonic
plague have been of relatively short duration (Shrewsbury 1971, Twigg 1984) and
there is no conclusive evidence that this variant was present in Britain in the sixteenth
and seventeenth centuries (Appleby 1980).
The seasonal pattern of the disease at Penrith, with a lull in winter and a
summer/autumn peak, might reflect the characteristics of a plague epidemic. For
instance, Shrewsbury (1971) states that plague would persist only during a mild
winter, and plague burials only in the summer months have been observed in Eyam,
Colyton, London and Bristol (Hollingsworth and Hollingsworth 1971).
The results suggest that the epidemic in Cumbria in 1597 was partially densitydependent, and for a major plague to develop with a massive percentage mortality
a population of some 1000 individuals appeared to be necessary; elsewhere only a
few families were affected (e.g. EdenhaU).
However, the explosive appearance of the disease along the Eden Valley in 1597
(figure 6) suggests that the causative agent did not completely fit the pattern of
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bubonic plague; Kendal and Carlisle are 32 and 20 miles respectively from Penrith.
It is most improbable that a fully infected rat population with blocked fleas (Twigg
1984) already pre-existed over the whole area of the Eden Valley. For instance, the
Plague Research Commission (1907) gave an example where a rat epizootic took 6
weeks to travel 300 feet, and this slow diffusion is one of the most common characteristics of bubonic plague; the Great Plague of London took 6 months to travel from
St Giles to Stepney (Simpson 1905). The spread of genuine bubonic plague during
the Cape Town epidemic in 1901 further illustrates this point; the disease both in
rats and humans was slow-spreading, and later in its course there were considerable
intervals between successive cases (e.g. 82 days in 1902). The first cases of bubonic
plague were identified at Lourengo Marques in 1898, and 786 cases of human plague
with 377 deaths had been identified in this South African epidemic by the end of
1901; in contrast, during the same period of time the Black Death had proceeded
from southern Italy in 1347 to northern Norway, and 24 million people had died.
Furthermore, some authors have argued the absence of a rural rat population in
the sixteenth century (Twigg 1984, Davis 1986). It is generally agreed that the more
rural-living brown rat (Rattus norvegicus) spread from Russia, did not arrive and
colonize Europe, and certainly did not appear in England until the early part of the
eighteenth century (Howson 1961, Twigg 1984, Davis 1986), long after the plague of
1597/8 in northwestern England. The Black rat (Rattus rattus) is confined to buildings
in temperate latitudes, where it climbs to higher levels because it is a good climber
and for this reason readily gains access to ships. Thus, the Black rat in northern
Europe is circumscribed in its choice of habitat by temperature, and in cooler,
temperate areas tends to be restricted to houses and warehouses in ports; in recent
times in the British Isles it is confined to seaports and to inland towns connected by
canals, the Black rats being transported by cargoes in barges (Twigg 1984). It is most
improbable that there was an extensive Black rat population in the bleak, rural Eden
Valley in 1597. The climatic conditions of the British Isles are also probably not
adequate to sustain the flea population and to maintain regular seasonal outbreaks
of flea-borne bubonic plague even in summer, let alone the winter months. It is
doubtful whether any winter was consistently mild enough north of the Thames
Valley to allow the plague fleas to continue their activity. This would be particularly
true at the end of the sixteenth century, when Britain was experiencing markedly
lower mean winter and summer temperatures (Twigg 1984).
It is concluded that, in the bleak conditions of the Eden Valley in 1597, there was
no rat population (either Brown rats or Black rats) carrying rat fleas and already
infected with bubonic plague, which was spread in this rural area from Richmond
to Penrith, Kendal and Carlisle and even into Dumfries.

4.3. Possible causes of the plague in Cumberland
Twigg (1984) has also shown that it is impossible to believe that the Black rat
could have survived if introduced, let alone have formed a widespread population,
into the bleak environment of the village of Eyam, Derbyshire, and he has suggested
that anthrax was the possible causative agent of the plagues in northern, upland
Britain. It is a highly infectious disease characterized most commonly by local skin
lesions or malignant pustules, and can be spread easily from person to person; it is
a disease of domestic animals including, in order of susceptibility, goats, sheep, cattle,
horses, pigs and dogs, which become infected by ingestion or inhalation of spores.
The spores develop when the bacillus comes into contact with oxygen, and they form
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rapidly at high temperatures; temperatures of 20°C or less slow down spore formation
(Twigg 1984). Anthrax spores are long-lasting, can live outside an infected body for
long periods of time, and remain viable in the soil for at least 15 years. The spores
are easily carried in the air or on skins, furs or wool, and for this reason anthrax is
also known as wool-sorters' disease. It is an occupational hazard for farmers, butchers
and tanners, with imported goat hair, goatskin and carpet wool being the source of
most human infections today. Although human infection is almost invariably from
animal sources it can spread from man to man, and the incubation period is normally
only 1 3 days. Pulmonary anthrax is one form of the disease where bacilli are
inhaled from infected hair or wool, and death occurs within 1 4 days of the onset.
These features of anthrax would be consistent with the explosive spread of the
disease in Penrith and in the Eden Valley, where dissemination of spores would be
the only requirement for an epidemic. However, there is only circumstantial evidence
to support this hypothesis. There had been outbreaks of plague here before 1597,
and there is strong evidence of murrain (cattle disease) during times when the plague
was present (Barnes 1889). in 1201 there was a great murrain of mankind and other
animals, but most of all sheep, and in 1319 the plague and murrain raged amongst
both oxen and cattle. In 1380, when raiders transported the plague from Penrith into
Scotland, they took 4000 cattle as well. In 1597 8 the whole northern province was
stricken by famine and cattle sickness as well as plague (Thirsk 1967). When the
plague spread into Dumfries in 1598, cattle were impounded, but it is not known
whether this was done for quarantine. Spread either by travellers carrying spores in
wool packs or by drovers with infected animals implies that market towns would be
particularly susceptible to anthrax, and it is noteworthy that it is in these rural centres
that the plague epidemic became established in the Eden Valley. The plague was
greatly feared, and places exposed to the infection were avoided and markets were
suspended in Penrith. Everything connected with plague victims was shunned; those
suspected of dying of the disease were often buried in their own gardens since infection
from the corpse was feared, and belongings destroyed. At Warcop (figure 5) in the
1597/8 outbreak of plague, the barn where the victim died was burned. It was believed
that 'miasma' or noxious vapours in the atmosphere were responsible for the disease,
and miasma could be retained in clothes or bedding for long periods and transported,
possibly by domestic animals, from house to house (Slack 1985). In 1666 a Statutory
Order was passed that a good quantity of unslaked lime be put into the graves of
plague victims, and that the same should not be reopened within the space of a year or
more for fear of infecting others. These precautions would not be necessary if the cause
of death was bubonic plague, but would be very relevant if anthrax. It is interesting
that current recommendations for the effective control of anthrax stipulate that
infected bodies should be buried in quicklime to reduce the risk of human infection.
4.4. Consequences of the plague at Penrith
The population at Penrith recovered to its steady-state level quickly, probably
because of immigration, and remained so for the next 150 years (when mean annual
baptisms = mean annual burials = 60). We have shown (Duncan et al. 1992) by
computer modelling that such a population maintained in steady-state by densitydependent factors would be sensitive to perturbation, responding with characteristic
endogenous oscillations. The mortality of the plague was such a major perturbation,
and we have shown by conventional time-series analysis (Duncan et al. 1992) that
it triggered two types of endogenous oscillation at Penrith during the steady-state

20

S. Scott et al.

c o n d i t i o n s of 1 6 0 0 - 1 7 5 0 f o l l o w i n g the plague: (a) a d e c a y i n g , 32-year o s c i l l a t i o n in
b a p t i s m s w h i c h r e p r e s e n t s the t i m e t a k e n for a w o m a n to have her m e d i a n child a n d
(b) s y n c h r o n o u s 4 3 - y e a r o s c i l l a t i o n s i n b a p t i s m s a n d burials, as p r e d i c t e d b y
m o d e l l i n g , t h a t reflect the f u n d a m e n t a l s of the s t e a d y - s t a t e c o n d i t i o n s , i n c l u d i n g the
feedback. It is of i n t e r e s t t h a t time-series a n a l y s i s also reveals s i m i l a r 4 3 - y e a r
o s c i l l a t i o n s in the p o p u l a t i o n at Y o r k f o l l o w i n g the p l a g u e there in 1604 ( D u n c a n
et al. 1994b).
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Zusammenfassung. Im Rahmen einer Familienrekonstitutionsstudie wurde die Biologie der Pest in
Penrith, Cumbrien im Jahr 1597/8 detailliert beschrieben; es handelte sich um sine explosive Epidemie,
die sich in den Familien schnell ausbreitete und die insgesamt 606 Todesopfer forderte, d.h. ca 40% der
gesamten Bev61kerung. Die altersspezifische Mortalitfitsrate entsprach der berechneten Altcrsstruktur der
Bev61kerung, woraus sich schlieBen lfil3t, dab die lnfektion zuf/illig aufgetreten zu sein scheint. Die Sexualproportion der Opfer betrug 1-37 Frauen auf cinen Mann. Die Pest verbreitete sich vom Nordosten fiber
Richmond um dann im Edental voll auszubrechen, sis trat in Penrith, Kendal und Carlisle nahezu
gleichzeitig auf. Die Details der Epidemie sowie die Lokalisation und das Klima dieser welt voneinander
entfernt liegenden kleinen Markst/idte zeigt, dab die sine Leistendrfisenschwellung verursachende Pest
nicht die kausal wirkende Kraft war. Die M6glichkeit, dab Milzbrand f/Jr die drastische Sterblichkeit
verantwortlich war, wird kurz diskutiert. Die Population wurde nach der Pest im wesentlich dutch
Immigration und nicht durch sine erh6hte Fertilit/it schnell wieder aufgebaut, Steady-state Bedingungen
waren innerhalb yon 5 Jahren wieder hergestellt und blieben f/Jr 150 Jahre erhalten. Die durch die Pest
verursachte schwere Mortalit/itskrise hatte einen tiefgreifenden Einflug auf die Bev/51kerung yon Penrith,
sis 16ste in den Taufen und Bestattungen dieser unter Randbedingungen lebenden Population Oszillationen
mit langer Wellenlfinge aus und verblieb durch dichteabhS.ngige Faktoren im Steady-state.
Resume. Une 6tude de la biologie de la pests fi Penrith, Cumbria en 1597/98, est ddcrite en ddtail par
l'entremise de reconstitutions familiales; le caract&e explosif de l'dpid~mie et sa propagation rapids dans
les families a provoqud la mort de 606 personnes, soit quelques 40% de la population. La structure par
gge de la mortalit6 et cells de la population correspondent, si bien que l'infection parait avoir eu une
distribution al6atoire. La r6partition des victimes par sexe est de 1"37 femmes pour un homme. La pests
cst venue du nordest par Richmond puis a explos6 dans la vallde d'Eden, apparaissant presque
simultan6ment fi Penrith, Kendal et Carlisle. Les d~tails de l'~pid~mie, l'emplacement et le climat de ces
petites villcs-marchds largement s~pardes les unes des autres, montrent que la pests bubonique n'a pas 6t6
l'agent causal et la possibilit6 pour que l'anthrax air 6t6 responsable de cette rigoureuse mortalit6 est
bri~vement envisagde. La population a connu une croissance rapids aprds l'6pid6mie, essentiellement par
immigration et non par fdcondit6 accrue, des conditions d'6quilibre @ant retrouv6es 5 ans plus tard pour
se maintenir ensuite pendant 150 ans. Cette crise sdvdre de mortalit~ a eu un effect profond sur la population
de Penrith, d6clenchant des oscillations de longue p~riode, aussi bien dans les bapt~mes et les enterrements
de cette population quie vivait darts des conditions marginales ct maintenait un ~quilibre r6sultant de
facteurs de densit6.

