Marital fertility at Penrith, 1557-1812: evidence for a malnourished
community?
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A

study of the parish registers of the rural market town of Penrith, Cumbria has
shown that mortality was high and that the parish suffered from periodic
episodes of infectious diseases such as plague, typhus and smallpox,' as well as
mortality linked to periodically raised grain prices. This community was living under
marginal farming conditions in the 17th and 18th centuries and it has been
demonstrated that the population was in steady-state for some 200 years (15571750) with mean annual baptisms equalling mean annual burials, and that famine
and infectious diseases acted as density-dependent factors that controlled the
population dynamics. 2
Analysis of the parish registers has been carried out using the technique of "family
reconstitution" which has considerably expanded the scope of historical
demography. Although the method is time-consuming and tedious, it provides
valuable data on demographic issues otherwise inaccessible and is now central to
current research on demographic behaviour in the past. The technique is described
in detail elsewhere' but, briefly, each event listed in the parish registers is transferred
on to separate slips which are then collated on family reconstitution forms.
Eventually, these forms contain the following information on each family grouping:
date and place of marriage; dates and place of baptism and burial; occupation and
place of residence for each marriage partner; names and professions of the parents of
the married couple; name, dates of baptism, marriage and burial of all children of
the marriage. The resultant set of linked information permits a far greater depth of
analysis than is possible through earlier conventional approaches to utilizing parish
registers such as aggregative analysis, and a number of demographic measures can
be calculated, e.g. age at marriage, duration of widowhood, extent of remarriage,
intervals between births, expectation of life and infant and child mortality.
Family reconstitution is especially well suited for the study of marital fertility.
Age-specific marital fertility is the number of children borne in relation to a woman's
age and is obtained by dividing the number of live births during the year by the
number of woman-years lived. The rate is the number of children born per thousand
woman-years lived. The reconstituted data are for marriages that occurred in
Penrith (marriages occurring outside the parish boundary may have produced
children for which details are unknown) and where the age of the mother is known.
Calculations of age-specific marital fertility are subject to a fairly rigorous test of
presence in the parish which must be determined by events independent of the
particular phenomenon that is being calculated. Therefore, to measure marital
fertility, the date of marriage can be used to determine entrance into observation
since it is independent of giving birth. The family leaves observation at the
dissolution of the marriage. For the purpose of calculating marital fertility rates, all
intervening births between marriage and passing out of observation are considered
as present in observation.'

tcwaas_002_1996_vol96_0011

106^MARTIAL FERTILITY AT PENRITH, 1557-1812
Marital fertility at Penrith

Although no human population ever approaches the potential biological maximum
since such factors as prolonged breastfeeding, periods of abstinence or separation,
disease, conception difficulties and abortion can all exert a repressing influence, one
group has been studied in which some of these factors are eliminated. The Hutterite
communities of North America are an Anabaptist sect whose beliefs prohibit
extramarital coitus, contraception and abortion, and whose diet and standards of
medical care produce high fertility rates. Early marriage is not usual among the
Hutterites and the degree of fertility is high among the older age groups: the number
of births per thousand women fall rapidly once the fourth decade is reached with a
rapid increase in the percentage of sterile couples from 33% at ages 35-39 to 100% a
decade later. The total marital fertility ratio for the Hutterite women aged 20-49 for
1921-30 was 10.4 and is shown by line A (Fig. 1). It can be seen that this group
exhibits rates well in excess of the other groups depicted.
Striking regional variations have been found for some European populations.
Reconstitution studies in Germany, for instance, has found that there were
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FIG. 1. Age-specific marital fertility for five populations (children born per thousand women-years lived).

Line A (closed diamonds): Hutterites (1921-30); Line B (open squares): average of 4 Waldeck villages of
pre-industrial Germany (1662-1849); Line C (closed squares): Average of 14 reconstituted English
parishes (1550-1849); Line D (open circles): Nepal (1977); Line E (closed circles): Penrith (1557-1812).
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considerable differences in fertility rates between villages. The total marital fertility
ratio for four Waldeck parishes for 1662-1849 was 8.3, shown by line B (Fig. 1). 5
Fertility rates have previously been calculated for 14 reconstituted English
parishes and it has been suggested in other studies that the resultant patterns of
fertility were broadly representative of pre-industrial England. 6 The fertility values
found were mostly at the lower end of the range when compared with other
historical populations and the average is shown by line C (Fig. 1). Two of these
parishes lie in the north (one from Northumberland and one from the West Riding
of Yorkshire), six are from the Midlands, four from the south-east and two from
Devon. Banbury and Gainsborough were large market towns with a wide range of
occupations and with populations of 3,800 and 5,100 respectively in 1801, whilst
Alcester and Colyton were smaller market centres.' The homogeneity of fertility for
these English parishes contrasted markedly with other European historical
populations; the average total marital fertility ratio was 7.2, varying from 6.5
(Terling, Essex) to 7.7 (Aldenham, Herts). However, both of these communities
were comparatively small; for instance, Terling had a population of only 700
inhabitants in 1801 and the range narrowed to 7.0 to 7.6 when these parishes were
excluded.'
Marital fertility at Penrith is shown by line E (Fig. 1) and it can be seen that it
was much lower than that for other studies, particularly during the earlier years of
childbearing. The ratio was 6.4 which was well below that of 7.6 found for the
comparable market town of Banbury and may be best compared to the fertility rates
found in Third World areas today. The age-specific marital fertility rate for both
Nepal, 1977 (line D, Fig. 1) and Bengal, 1945-6, was 6.2 and the shape of the curve
is very similar to that seen at Penrith, particularly regarding the lower fertility rates
for women aged below 25 years.' The marked sub-fecundity for these women is the
distinguishing characteristic of fertility for Penrith and this pattern is also apparent
for populations from Third World countries.
The above has shown that the average marital fertility ratio at Penrith was much
lower than for other historical populations, but was this level constant throughout
the period under study? Fig. 2 shows the age-specific marital fertility rates for years
1557-1599, 1600-1649, 1650-1699, 1700-1749 and 1750-1812 and it is apparent
that the rates did not change significantly over time. This conclusion is reinforced by
the total marital fertility rates which were 6.8 (1557-1599); 6.0 (1600-1649 and
1650-1699); 7.0 (1700-1749); and 6.1 (1750-1812). The level of marital fertility
was particularly low during the 17th century and this persisted until the end of the
18th century, apart from a noticeable rise during 1700-1749. The teenage subfecundity at Penrith showed slight, but consistent, improvement throughout the
period under study reaching a peak during 1700-1750, but fell slightly during 17501812.

Natural fertility or family limitation?

The marital fertility rates for women at Penrith were amongst the lowest found for
any reconstituted population before the widespread use of contraception practices.
Were the low fertility rates at Penrith, therefore, indicative of a population practising
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FIG. 2. Age-specific marital fertility at Penrith (children born per thousand women-years lived). Open
diamonds: 1557-1599; closed circles: 1600-1649; open squares: 1650-1699; open circles: 1700-1749;
closed squares: 1750-1812.

family limitation? Family limitation is the situation where fertility varies with the
family size such that when the required size is reached, couples attempt to reduce or
cease further childbearing and, consequently, reduce fertility. Natural fertility does
not imply maximum fertility and is often kept below the biological maximum by
factors that operate independently of the number of children already born, such as
social customs, breastfeeding or seasonal migration resulting in the separation of
spouses. It has been observed that family limitation was largely absent from preindustrial England, although it has been suggested that family limitation was present
during the century following the plague at Colyton in 1646 — a claim that has not
gone unchallenged, however. 10
Family reconstitution lends itself to a variety of measures to investigate the extent
to which family limitation was practiced; that is, whether a population is
characterised by controlled or natural marital fertility. The two practices affect the
age of the mother at the birth of her last child and the age pattern of childbearing.
For instance, when family limitation prevails, childbearing is concentrated in the
earlier part of a woman's reproductive span (i.e. between 20-29 years) and is
terminated at an early age. For populations governed by natural fertility, the
proportion of the total marital fertility ratio that is contributed by women aged 30
and over will be close to 50% 11 According to Coale and Trussell, marital fertility
after age 30 accounts for between 46-53% of marital fertility in the absence of family
limitation. 12 The percentages for Penrith would suggest that natural fertility
dominated (Table 1) .
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TABLE 1. The percentage contribution to the total marital fertility ratio after age 30.
Cohort

^

Proportion of Total Marital
Fertility Ratio after age 30
(%)

1557-1599^
1600-1649^
1650-1699^
1700-1749^
1750-1812^

53.8
50.8
46.9
55.8
54.2

Table 2 shows the mean ages of mothers at Penrith at the birth of the last child
for women marrying under and over 30 years of age. It is expected that women who
marry under 30 will, on average, cease childbearing earlier than women marrying at
a later age. 13 From the figures presented in Table 2 it can be seen that there was very
little variation over time and a tendency for the age at bearing the last child to
increase rather than the reduction usually associated with limitation practices.
TABLE 2. Age of mother at birth of last child.
Age at marriage (years)
Under 30
years

30 years
or over

All

1557-1599
1600-1649
1650-1699
1700-1749
1750-1812

38.6
37.5
37.1
37.8
39.3

42.0
42.5
41.0
42.6
44.0

38.8
38.8
38.1
39.3
41.3

All years (1557-1812)

38.1 (284)

(16)
(39)
(50)
(91)
(88)

(1)
(13)
(17)
(42)
(60)

(17)
(52)
(67)
(133)
(148)

39.7 (417)

43.0 (133)

Numbers in brackets refer to sample sizes

The intervals between births also provide an insight into the presence of family
limitation since women restricting their fertility would be expected to increase the
space between the births of their children, particularly in the case of the time
between the penultimate and last child. Table 3 shows the mean birth intervals
between children of completed families at Penrith, i.e. 0-1, 1-2, 2-3, 3-4 and
penultimate to last. The spacing for the first birth after marriage was brief,
particularly for years 1750-1812 when only a mean value of 13 months elapsed.
Prior to this time, 14-16 months was the usual interval. The mean interval between
TABLE 3. Mean birth intervals (in months) between children of completed families.
Interval number
Cohort
1557-1599
1600-1649
1650-1699
1700-1749
1750-1812

1-2

0-1
15.8
14.9
14.1
15.0
12.9

(15.1)
(16.6)
(9.2)
(11.8)
(12.2)

29.0
26.9
24.5
24.6
23.8

(14.9)
(13.0)
(10.9)
(11.2)
(11.5)

3 -4

2-3
29.5
29.2
29.9
27.5
27.1

(18.3)
(14.8)
(17.4)
(13.5)
(14.9)

30.3
29.8
29.5
28.0
29.1

(13.5)
(14.0)
(11.1)
(11.2)
(13.9)

Values in brackets are standard deviations.
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P-L
38.2
38.0
38.4
34.1
37.7

(23.9)
(18.4)
(20.0)
(18.1)
(22.2)

Mean
28.5
27.8
27.3
25.8
26.1
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births increased after the birth of the first child. For the second and subsequent
children, the spacing was almost double the first interval. A marked rise in the
average interval between the penultimate and last birth would be indicative of a
population starting to follow family limitation practices; at Penrith, however, there
was little variation between the last intervals except for a reduction by 4 months
during 1700-1750.

Marital Sterility

If, as it appears, the population at Penrith was characterised by natural fertility, what
then might account for the level of sub-fecundity? The percentage of couples who
remained childless provides an indication of the extent of marital sterility and this
varied between 9% and 16% at Penrith, with the lowest percentage during 17001749. About 6% of married couples were found to be sterile in 18th century France
for reasons unknown but assumed to be physiological, 14 and Wrigley found a rise in
childless marriages (from 7% to 18%) for the 72 years after the plague visited
Colyton in Devon in 1646. 15
Reproduction is possible only if both spouses are fecund, and the level of sterility
rises with age reaching 100% by the end of the reproductive span. The older the age
at marriage, the higher the proportion of couples who are unable to bear children.
The level of marriages that remained childless provides an indication of the extent of
permanent sterility. Table 4 shows the number of childless marriages at Penrith by
TABLE 4. Childless marriages as a propo rt ion of marriages by age of mother.
Age of mother
(years)
Under 20
20-24
25-29
30-34
35-39
40-45

Penrith
(%)

English Parishes
(%)

German Villages
(%)

19
4
11
12
17
59

6
11
16
24
62

3
4
10
24
66

3

the wife's age at marriage and the results of two comparable studies: marital sterility
based on data from 16 English parishes (mid-sixteenth to early nineteenth
centuries), 16 and from German villages (1750-1899)." The age profile of the number
of childless marriages for women who married at aged 20 or above follows the
pattern seen for other studies, but it is difficult to explain why a high proportion of
women who married as teenagers should remain childless through their reproductive
span. This may, of course, reflect the inevitable smaller sample size for this age
category or is the result of primary or secondary sterility; the former refers to the
total absence of births whilst the latter is sterility associated with complications of
childbirth and, if this followed the first pregnancy which aborted, then the marriages
would be scored as "childless". Children of adolescent women are especially at risk
and mortality of firstborn children is often higher than average, once other factors
are controlled.18
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Age at first marriage

Discussion of fertility should also include a consideration of age at first marriage
because of its overriding influence on the rate of reproduction in populations of
natural fertility. Family reconstitution has shown a persistent pattern of late
marriages for both males and females at Penrith; men first married, on average, at
age 28 years and women at 26 years between 1600-1812. Consequently, a late age at
marriage at Penrith placed most of the childbearing years during the period of
declining female and male fecundity. The fertility of women before 30 was more
than twice as great as after 30 years according to historical data from Scotland. 19
A study of 13 reconstituted English parishes showed a marked fall in the age at
first marriage for women during the second half of the 18th century — a factor that is
believed to have influenced the population growth trends in England at that time.'°
The mean age at first marriage fell from 26 years (1650-1699) to 24 years (17501812). At Penrith, however, the fall in age at marriage for women does not occur
until much later and it is after 1800 that it reaches the same level of 24 years.

The effect of nutrition on fertility

Thus it is clear that fertility rates varied little over time, were at a very low level, and
that family limitation was probably largely absent from pre-industrial Penrith. What
could account for a marital fertility that was markedly lower than that seen for other
historical populations, but mirrored closely that seen in contemporary developing
countries? Various factors may limit the total fertility rate, for instance, a
submaximum level of reproduction in response to chronic or acute disease, physical
work, advancing age, social customs, or because of a reduction in sexual activity due
to separation of spouses in search of food and/or employment. 21
Differences in natural fertility of populations in developing countries has been
linked to malnutrition, and a possible mechanism has been advanced to explain
variations in natural fertility, on the timing of the ages of menarche and menopause
and on the efficiency of reproduction. 22 Data on nutrition, growth, and age-specific
fertility rates show that a slow growth to maturity of both sexes because of
undernutrition is correlated with a reproductive span that is both shorter and less
efficient than for a population with a balanced nutrition. A later age of completion of
growth (20-21 years for females and 23-25 years for males) is evidence of a
malnourished community compared with corresponding values of 16-18 years and
20-21 years for well-nourished individuals. Thus, the low fertility for women aged —
under 25 years, as shown in Figs. 1 and 2 for Penrith, is indicative of nutritional
deprivation. A late age at menarche is also associated with a longer period of
adolescent sterility, a higher frequency of nutritional amenorrhea when food supplies
are marginal, a higher amount of pregnancy wastage, a longer lactation interval, a
longer period of premenopausal subfecundity, and an earlier age of menopause. 23
This pattern is common among poor populations of many developing countries
today. 24
Declines in fertility have been observed during times when grain prices were high
and food in short supply, as during periods when cities were blockaded during
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World Wars I and II and during the Bangladesh famines. 25 Previous studies have
found that fertility was highly sensitive to grain price fluctuations in most of preindustrial Europe 2 ó, and fluctuations in annual variations in wheat prices in England
for the period 1541-1871 accounted for 64% of the fluctuations in fertility. The
significant effect occurred in the same year and in the following year, and when
summed over five years, the effects were substantial. A doubling of prices led to a
14% loss in fertility. 27
It would appear that undernutrition may be the explanation, wholly or in part, for
the low fertility of Penrith and there is no doubt that the far northwest of England
was an economically retarded area for much of the 16th, 17th and 18th centuries.
Three times (1587, 1597 and 1623), the region suffered very high mortality which
has been attributed to famine crises, and widespread starvation and famine persisted
in the northwest of England for many years after the association between mortality
crises and harvest failure had been broken in much of pre-industrial England. 28 Diets
in 18th century Cumberland were described as consisting chiefly of porridge made
of oatmeal and dressed barley boiled in milk. Meat was probably too expensive and
dairy produce lacked the necessary bulk of a staple food; wheaten bread was rarely
eaten and consequently the diet of labourers, especially in winter, was often too poor
to enable them to resist diseases such as ague and was especially deficient in
"esculent vegetables". 29 Research has shown that weight loss in women does not
have to be in the starvation range before menstrual cycles cease and a loss of only
10-15% is accompanied by a reduction of the hormones that control ovulation. 30 In
addition, fluctuating weight caused by periodic rises in grain prices would result in
irregular menstrual cycles. 31 The reproductive capacity of males is also adversely
affected by a decrease in calorific intake although a weight loss of 25% is necessary
before the most severe effects are apparent. Deficiencies in the diet of the mother
may affect the ability to bear live children, because folate deficiency is associated
with major obstetric complications, premature delivery and the increased risk of
multiple miscarriages.'

Improved conditions during 1700-1750
A short and less efficient reproductive span because of poor nutrition appears to be
the explanation for the relatively low levels of fertility at Penrith before 1700. If
subfecundity contributed to low fertility, then the rise in fertility that occurs during
1700-1750 (see Fig. 2) may be because of better nutrition for it is only during this
time that fertility rates approached the level found for other comparable historical
populations. The demographic data derived from the family reconstitution study
suggests a movement away from the subsistence level and an improvement in living
standards: the marital fertility rate increased and there was a reduction in teenage
sub-fecundity and the number of childless couples.
What factors determined this apparent change in fortune for Penrith and how
may these have impinged on fertility? This period encompassed the so-called
agricultural depression of 1730-1750 and the changing balance between arable and
pastoral areas. The fall in grain prices and increased demand for meat and dairy
products favoured the Cumbrian livestock farmer; the cattle trade was buoyant and
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provided some protection against the adverse effects of the agricultural depression.
After 1750, although Penrith was growing as a market town and the number of
annual baptisms rising considerably, marital fertility rates fell again to the low level
that had characterised the 17th century (see Fig. 2). The apparent halcyon period
was short-lived for the cattle plague that broke out in the south of England in 1745,
spread north during the next five years and reached Cumberland in 1749. Although
the county fared comparatively lightly in terms of cattle lost, fairs and markets were
banned and the transportation of beasts across county boundaries was restricted.
The adverse effects of falling demand were immediately apparent and at Penrith
there was a noticeable rise in the burials of paupers which accounted for 25% of
total burials in 1748 and 31% in 1749. There followed a period of rising grain prices
that reached a zenith during the Napoleonic Wars and, once more, a clear
relationship emerged during the second half of the 18th century between years of
crop failure and mortality at Penrith. Although agricultural improvement had
advanced sufficiently to prevent wholesale famine, increasing disparity between grain
production and consumption necessitated large imports even in times of relative
plenty. Should the harvest fail, scarcity was certain and hardship followed. The
effects of nutritional shortfall on fertility would depend on how close the population
exists to the margins of subsistence and this area of England appeared far more
vulnerable than was the rest of the country to perturbations that disturbed the
delicate balance between population and resources.
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