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Abstract 

Opportunity for natural selection in human populations has so far 

mainly been studied on anthropological data for tribal populations or 

on census data for nations. The present study is mainly based on data 

on individual lifehistories but also, for part of the longitudinal 

study, on census data. Six of the populations, Nedertorneå, Tuna, 

Svinnegarn, Trosa, Locknevi and Fleninge are parishes. These sets of 

data covers the period 1800-1850 as defined by the birthyears of the 

women. The data for the longitudinal study are derived from two sour

ces, a biography over all clergymen in the diocese of Linköping, cove

ring the period 1600-1845, and material published by the National Swe

dish Central Bureau of Statistics (SCB) that covers the period 

1750-1980. For each subpopulation data on childhood mortality and 

female fertility has been collected and from these data Crow's index 

of opportunity for natural selection has been calculated. The original 

index has also been modified in order to estimate the importance of 

childlessness in relation to the total index. 

The study shows that for the periods and the populations studied, 

there is a considerable opportunity for natural selection both through 

mortality and through differential fertility and that, during our cen

tury, differential fertility has become the main asset for natural se

lection, as mortality has been reduced to very low levels. It is also 

obvious that childlessness is an important factor as regards natural 

selection in human populations. The cross-sectional study shows signi

ficant differences between the populations for all components of the 

index. The longitudinal study covers when, the two sets of data are 

combined, a period of over 350 years, 1600-1980. Over this period 

changes in index of opportunity for natural selection have occured but 

these changes are not very drastic as compared to other longitudinal 

studies. However, within a separate region there can be drastic chang

es in index between decades and there are large differences between 

regions. 

Mortality and fertility patterns have been studied from different 

angles. With the exception for the census data, each woman in the stu

dy has be followed from 16 to 40 years of age and each of her children 

(if any) has be followed from birth to 16 years of age or death, if 

prior. Therefore it was possible to obtain distributions for age at 

first childbirth, sibship size, succesful sibship size, childhood mor

tality by age at death, female mortality, and childlessness, total and 

marital. In some cases a study of sex ratio at birth and at 16 years 

of age, and birth intervals, have been made. Statistical analysis of 

the results shows significant differences between populations for all 

tests that have been applied. The Linköping data was analysed for dif

ferences between periods. Significant differences were found for all 

of the parameters with the exception of female mortality. 

KEY WORDS: Opportunity for selection; Crow's index; Demography; 

Sweden; 1600-1980; Mortality; Fertility. 
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of opportunity for natural selection has been calculated. The original 

index has also been modified in order to estimate the importance of 

childlessness in relation to the total index. 
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there is a considerable opportunity for natural selection both through 

mortality and through differential fertility and that, during our cen
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lection, as mortality has been reduced to very low levels. It is also 

obvious that childlessness is an important factor as regards natural 

selection in human populations. The cross-sectional study shows signi

ficant differences between the populations for all components of the 

index. The longitudinal study covers when, the two sets of data are 

combined, a period of over 350 years, 1600-1980. Over this period 

changes in index of opportunity for natural selection have occured but 

these changes are not very drastic as compared to other longitudinal 

studies. However, within a separate region there can be drastic chang

es in index between decades and there are large differences between 

regions. 

Mortality and fertility patterns have been studied from different 

angles. With the exception for the census data, each woman in the stu

dy has be followed from 16 to 40 years of age and each of her children 

(if any) has be followed from birth to 16 years of age or death, if 

prior. Therefore it was possible to obtain distributions for age at 

first childbirth, sibship size, succesful sibship size, childhood mor

tality by age at death, female mortality, and childlessness, total and 

marital. In some cases a study of sex ratio at birth and at 16 years 

of age, and birth intervals, have been made. Statistical analysis of 

the results shows significant differences between populations for all 

tests that have been applied. The Linköping data was analysed for dif

ferences between periods. Significant differences were found for all 
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INTRODUCTION 

If mutation is the raw material of evolution, 

selection is the force which molds it. 

H. B. Newcombe 

A central issue in population genetics is the influence of se

lection. When selection is at work there will always be some who 

"won't make it" and some who, in retrospect, really did "make it" 

and who's genes are represented in the gene-pool of the population 

by their numerous surviving offspring. The latter one may be called 

the successful. 

This study is aimed at offering an answer to the question of 

how much of selection that may come from differential survival and 

how much from differential fertility. The approach to the question 

is to study the differential contribution to the next generation 

made by the various individuals, irrespective of whether the diffe

rences are genetic. This is done by studying survival and reproduc-

tivity. 

When talking about natural selection one must remember that 

this is a process that is in constant operation also in a stable en

vironment. Natural selection has no absolute direction, it is acting 

to remove deviants in both directions from the mean, thus maintai

ning status quo. Still there are changes of gene frequencies between 

generations either by chance or as an adaptation to new circumstan

ces. These changes are achieved through mortality and fertility dif

ferentials. Because both mortality and fertility can be measured 

there is a possibility to estimate the opportunity for natural se

lection. 

In human populations we have overlapping generations (as a re

sult of the long fertile period). The average generation interval in 

Sweden has ranged between 24-30 years if we use the woman's age at 



first birth as measurement of generation interval. Because of this a 

study of opportunity for natural selection is not made on data for 

discrete generations but either on data for specified birth cohorts 

(these can in a way be regarded as generations) or on data for a 

specific year. In the latter case data refer to a cross section of 

the population at a specific year (see diagram below). 

Each individual is ultimately dependent of its own genetical 

make-up for its survival and for its reproduction. From the moment 

of conception until the end of the reproductive period the human 

being will be subject to the forces of natural selection. Selection 

thus works on the individual. Before the individual enters the rep

roductive period of life selection will act through survival only, 

an later during the reproductive period of life selection will act 

both through survival and through differential reproductivity. Once 

the reproductive period is over there can be no more selection. 

But the population has an advantage over the individual 

- numbers. Wheras an individual can have only two allels at any 

given locus the population can have a (much) larger number. With 

mutation and selection operating on the individual level there 

will be a different set of allels at different times in the popula

tion. At any given time those allels with the highest fitness at 

that specific time will have the greatest chance of survival by 

being transferred to the next generation. 

Of all species the human species has the most complex systems 

of subgrouping. There are a number of agents that causes and main

tains the separateness of the gene pools of human populations. Geog

raphy, marriage customs, language, religion, class, economic status, 

occupation and the complex profile of socioeconomic or behavioral 

characteristics are all such agents. This complexity can be imagined 

as a number of overlapping spheres - each containing a group of 



individuals - where there are varying possibilities for an indivi

dual to move from one sphere to another. 

The geographic division, once the most important of these 

agents, is perhaps on its way out. The breaking of isolates and the 

increase in mobility will result in possibilities for a freer choice 

of partner - with an increase of assortative mating, and thereby to 

an increase in variability as a (possible) result. 

Except for this increasing tendency for isolates to break up, the 

overall effect of natural selection within the human population to

day appears to be maintainance of the human gene pool as it is at 

present. That is not surprising, because natural selection usually 

has a stablilizing influence that tends to put a brake on rapid or 

extreme evolutionary changes. This is because the extreme phenotypic 

variants within any population are less likely to leave descendants 

than other members of the poulation. 

Today, natural selection is understood but still hard to mea

sure. If we assume, as seems likely, that the major part of natural 

selection is aimed at stabilization then only a minor part is aimed 

at "fighting" environmental changes. Still, thanks to the fact that 

there are so many records/sources of information concerning indivi

duals and groups of individuals, the human species is nevertheless 

the one species that best lends itself to the study of natural se

lection without causing unsurmountable practical complications. 

Opportunity for natural selection has been studied on a large 

number (over 100) of human populations since James F. Crow suggested 

a method for doing this in 1958. 



THE AIMS OF THE STUDY 
7 

The aims of this population study have been: 

1) to estimate the maximum opportunity for natural selection in 

a number of Swedish subpopulations (cohorts) and for Sweden 

as a whole for the first half of the 19th century, 

2) to study the impact of demographic transitions on the index 

of natural selection, and 

3) to make two longitudinal studies to see if there is a 

longtime pattern. 
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THE MATERIAL 

DATA SOURCES 

There are six basic types of sources of data that can be used 

in this type of studies: 

1. Parish books: Records of a/ birth and baptism, b/ banns and mar

riages and c/ death and burial. 

2. Vital statistics 

3. Population censuses (eg for the purpose of taxation) 

4. Miscellaneous records (eg from hospitals) 

5. Special registers (eg registers of congenital malformations) 

6. Special purpose surveys. 

The material used in this study is based on the first two of these. 

THE SWEDISH PARISH REGISTERS 

The idea of keeping registers of baptisms and burials is old, 

and in Sweden it can be traced back to the beginning of the 17th 

century (1608). A unitary decree, for the whole of Sweden, in 1686 

replaced all the different earlier edicts. 

The reason for the establishement of these registers can to 

some part be found in the Lutheran idea that every individual should 

profit from "God's pure word" directly from the Holy Scripture. A 

literacy campaign, conducted by the Protestant state church, was the 

vehicle for the registration. The church examination (husförhör) re

gisters were first set up in the diocese of Västerås and spread 

throughout the country during the 17th century (Johansson 1977). 

The parishoners were recorded by village, household and family. 

To begin with, younger children were excluded but later the examina

tion registers became a yearly record of all parishoners. 

Apart from the names of the parishoners, there was also infor

mation of the head of the family, dates and places of birth for all 

members of the family and dates of marriages and deaths. There were 



also notes on migration, absence or presence at the examination and 

at Holy Communion, Anyone who was examined recieved graded marks for 

reading from a book and for comprehension of the doctrines. Such 

marks have proven to be useful for genetic studies (Nordström 1974) 

- tracing the origin of mutations which impair the reading ability. 

Finally: any lapses in morality were also often noted, the bearing 

of illegitimate children in particular. The parish population regis

ter was first kept for ecclesiastical purposes only but was soon 

used for administrative purposes also. (Hofsten and Lundström 1976; 

Kälvemark 1977)• The accessability of this material is increasing 

with the developement of demographic databases. 

In the year 1749 the Swedish National Central Bureau of Statis

tics (SCB) was set up. The data were supplied from the clergy who 

were still responsible for the collection of data. With time the re

gisters became more uniform due to the demands of SCB. In 1896 the 

Church examination registers were named Parish registers, since the 

examinations were replaced by compulsory school attendance. Unfortu

nately many of the oldest Church examination registers have disap

peared. The source material, however, is complete, for Sweden as a 

whole, from ca 1800. From that date all individuals can be traced 

from cradle to grave. But, so far only a small part of this vast ma

terial has been turned into computer-files. 

The ecclesiastical divisions 

The largest unit - diocese (stift) was divided into rural dea

neries (kontrakt), these were divided into rectorial districts 

(pastorat) and these in turn into parishes (församlingar), 

which are the smallest unit. In 1865 there were 12 dioceses, 

179 rural deaneries, 1289 rectorial districts, and 2592 paris

hes. In 1970 the corresponding numbers were 13, 179, 1148, and 

2566. 

THE MATERIAL FROM THE DEMOGRAPHIC DATABASE 

Data for the six parishes: Nedertorneå, Tuna, Svinnegarn, Tro

sa, Locknevi and Fleninge have been provided by the Demographic 



Database in Umeå. They include, on computer files, all available 

data on all recorded individuals in each parish. 

For the purpose of this study the data were arranged in family 

life lines with a woman as index person. An example of a family life 

line is seen in figure 1. From all these life lines were selected 

those that met a specific set of criteria: 

1) The woman had to be a resident in the parish during her whole re

productive period (age 16 to 45 years or death if prior to 45). 

2) the birth year of the woman was defined so as to let the last 

born child have a chance of reaching 15 years of age before or in 

the last year included. 

I recieved print-outs of all life lines that met these criteria. 

From these were selected all complete families. This time those wo

men (families) for which there were information gaps or lack of data 

on year of birth(s) or death(s) for herself or for her child(-ren) 

were excluded. 

SHORT DESCRIPTION OF THE PARISHES. 

FLENINGE: Described as relatively rich by J.Söderberg (1977). Sout

hernmost of the parishes in this study. Situated in the north-wes-

tern part of the county of Malmöhus, which is a flat district in 

Skåne with a pure agrarian economy. Intensive landreclamation inc

reased the cultivated area three-fold during the 19th century. The 

land was principally owned by peasant proprietors with either small 

or average sized estates. Some farms had been in the hands of the 

same family for 10 to 12 generations. 

Population size: 1800=566 and 1850=1963 individuals, an increa

se of 87% in half a century. In 1861 a total of 772 persons were 

examined in the husförhör. 

LOCKNEVI: Part of the rural deanery of Södra Tjust, which is part of 

the diocese of Linköping. Located some 50 kilometers from the coast 
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in the northernmost part of the county of Kalmar, Woodland with pea

sant proporitors and some major estates, Subsidary industries: 

forestry and steel production, 

SVINNEGARN: County of Uppsala, Flat district in central Sweden, Sys

tem of large landed properties and cottar allowances (subsides to 

farm labourers) during the 19th century. 

Population size: 1800=561, 1825=548, 1850=505, 1875=514, and 

1895=657 individuals, 

COUNTY PARISH OF TROSA: County of Södermanland, Situated around the 

little town of Trosa on the Baltic coast. Agriculture with some ma

jor estates. Subsidiary industries: fishing and shipping. 

Population size: 1800=705, 1825=739, 1850=882, 1875=954, and 

1895=973 individuals. 

STATARE 

A specific production system was established within the estate-

dominated agariculture, This type of hired labourer, "statare", had 

to be married and keep house for themselves. They recieved part of 

their salary in kind, (Norberg and Rolen, 1977). This should be com

pared to the fact that farmers that hired farm hands and farm maids 

generally used only unmarried persons. Statare were only found in 

Trosa and Svinnegarn of the populations included in, this study. 

NORTHERN SWEDEN 

The population of Northern Sweden is composed of a number of 

different ethnic elements, mainly Lapps, Finns and people of South-

Swedish origin. (Beckman 1977; Myrlund 1986). The population of 

northern Sweden has also been caracterized by a high degree of geo

graphical isolation and inbreeding, as shown in a series of studies 

(by for example Beckman et al. 1972). The results indicate a great 

deal of genetic heterogeneity in the north-Swedish population that 

cannot simply be explained by admixture. Inbreeding seems to have 



reached its peak during 1930-40, About 1300 AD the Swedish settle

ment in the northern part of the country did not go further than 

Umeå, north of this the inhabitants were only nomadic Lapps. The co

lonisation of the inner parts of Västerbotten, Norrbotten and Lapp-

land was late (mainly in the beginning of the 19th century) compared 

with the rest of Sweden. 

TUNA: County of Västernorrland. Woodland with agriculture and 

forestry in central Norrland. Influenced by the development of the 

forestry industry during the latter part of the 19th century. At 

some stages also steel industry. Tuna parish is situated 10-20 kilo

meters west of Sundsvall town. The parish was, unlike its neighbours 

at the coast, not heavily industrialized. Most of the agrarian popu

lation belonged to the groups of free holders and crofters. In 1900 

only 8% of Tuna1s area belonged to companies. There was one impor

tant industrial place, Matfors, where a water driven saw-mill was 

founded at the end of the 18th century and the ironworks established 

in the 1830's. 

In 1800 the population of Tuna was approximately 900, in 

1840-50 the number was 1600 and by 1900 3250. In 1876 3013 persons 

were examined in the husförhör. 

NEDERT0RNEÂ: County of Norrbotten. Northern coast parish on the Tor-

i 
ne River bordering on Finland. Agriculture was the principal indust

ry with forestry and fishing as subsidiary industry. The farms in 

this parish were usually very small, housing and farming methods are 

described as primitive (Brändström,1984), at least when compared to 

the rest of Sweden, for the larger part of the 19th century. The 

area has been very sensitive to failures of the crops and was heavi

ly damaged by Russian troop during the 18th and 19th centuries. Clo

se contact with the Finnish population. Population size: 1825=1811, 

1850=1908, 1875=2177, and 1895=2598 individuals. 
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OTHER SOURCES 

LINKÖPINGS STIFTS HERDAMINNE 

Data on the Linköping population of clergymen's wives was ex

tracted from a biography over all clergumen in the dioces of Linkö

ping (Westerlund, J,A.; J.A,Setterdahl, 1915-25). 

For each clergyman there was, in addition to his biography, a 

short description of his family, if he was ever married and provi

ding that the information still existed when Setterdahl collected 

his material. This description, of which an example is shown in 

figure 2, usually consisted of name(s) and dates of birth, death 

(or alternatively baptism and burial) and marriage for the wife(s) 

and dates of birth and death for the child(-ren). There is also of

ten information on previous marriage(s) and/or remarriage of wife if 

such took place. (As far as I can recollect there is no reference to 

a divorce in the entire biography, but then divorces were very rare 

in Sweden until after the (new) divorce law of 1915. (Taussi Sjöberg 

1986) .  

There existed a rather peculiar tradition, the conservation of 

the clergymans widow, that had the effect that the new priest in a 

parish could not freely choose his wife but was forced to marry his 

predecessors widow if he wanted/accepted the charge (ministry). 

All complete families were extracted from the biography, using 

the same criteria as for the parishes, for the calculations. 

Setterdahl used all likely and some quite unlikely sources when 

he collected the data for the biography, church archives and library 

of Linköping, the national archives in Vadstena plus gravestones, 

memorials and such. The complete biography covers the period from 

mid-12th century until 1910. There are only rarely any references to 

families prior to 1600, so year this was choosen as starting point 

for the calculation of Crow's index. After extraction the data were 



sorted into chronological order by referring to the wives birth 

year. This was done at ÜMDAC, the Data Centre of the University of 

Umeå. In this population there are no unmarried women, this is of 

course due to the nature of the source. 

THE NORSJÖ ESSENTIAL TREMOR POPULATION 

What is here referred to as the Norsjö population is in reality 

a subsample consisting of families with at least one case of a heri

table tremor. The material was originally collected by Larsson and 

Sjögren (1960) for their clinical and genetical study of this disea

se. Thus, the sample consists only of married women with at least 

one child. The population is interesting, being an isolate where a 

founder effect can be demonstrated. In nearly all families it is 

either the woman or her husband who has the tremor, only rarely it 

is both or none. In the latter case it is at least one in the offsp

ring generation who has the tremor. The mortality among the women is 

only 3% and there is an average of six children in each sibship 

(over seven if we disregard data on women from the second half of 

the 19th century). 

I have made use of their original data mainly to demonstrate 

the effect(s) on among other things Crow's index by using data 

gathered for the purpose of elucidating the genetics of a dicease or 

trait. 



CROW'S INDEX 

"The rate of increase in fitness of any 

population at any time is equal to its 

genetic variance in fitness at that time" 

(Fisher, 1958). 

There can be selection only if, through differential survival 

and fertility, individuals of one generation are differentially re

presented by progeny in succeeding generations. 

Crow first suggested (1958) that the total amount of selection 

is best measured by the ratio of the variance in progeny number to 

the square of the mean number. 

I = v/x2 

This is a descriptive, not an analytical index, but it descri

bes the population by the same measure that selection utilizes, i.e. 

the variance. 

The index was formulated under the hypothesis of complete heri-

tability of those traits which are studied. Since this hypothesis is 

false it follows that the true amount of selection is less than that 

indicated by the index. 

Over the years some modifications have been made (by Crow 1972, 

Kobayashi 1969 and Hed 1984), most important is one that makes no 

change in the way the index iå calculated, viz the full name of the 

index, which now reads the Index of Opportunity for Natural Selec

tion. This is to stress the fact that the index sets the upper limit 

to natural selection. 

The separation of I into two components by Crow (1958), Iffl 

and 1^, is associated with mortality and differential fertility 

respectively: Those individuals who are born alive can be subdivided 

into two different groups depending on whether they are alive at the 

beginning of the reproductive period or not. 



h = vps 
is the index related to childhood (0-15 years) mortality, where 

is the proportion of children dying before 16 years of age 

and Pg = 1 - Pd, the proportion of surviving children, 

If = (V/X2)/Ps 

is the index related to differential reproductivity. is here 

corrected for survival as is necessary when one wants to compare the 

indicies for a series of population that exhibit different rates of 

mortality. 

The interval between two successive human generations may be 

partitioned into a prereproductive and a reproductive period. The 

prereproductive period goes from birth to puberty, or, by the con

vention adopted by most demographers, from 0 to 15 years of age. The 

female reproductive period goes from menarche to menopause, or, by 

convention, from 15 to 40 (sometimes 45) years of age. 

As has already been pointed out, the group of childless women 

is important for the magnitude of To treat them as a separa

te group would yield additional information. The approach has been 

to divide If into two parts where the first part, Ig0, is 

the proportion of women without children. The second part, Ig^, 

is of the same form as in the original index. 

h - ho + ht 

where 

= Pso/Psf * 1/ps 

is the index component related to childlessness, where P is 
so 

the proportion of childless women and the proportion of wo

men with at least one child and 

= vsf/^sf)2 * 1/Ps # 1/psf 

which is the component related to differential reproductivity and 

where VQ^ is the variance in sibship size among childbearing 
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women and xg^ is the average sibship size. Thus the formula for 

the total indek, with the modification, reads: 

I4. s I + X__ + i.« 
t m so si 

The sum of these three components is the same as the sum of the 

two components in the original index. The advantage with the partio-

ning into three components arises when one wants to calculate the 

index for a population where the number of childless women is regis

tered and it is especially informative when the proportion of child

less women varies between populations. 

Crow's index of opportunity for natural selection is built on a 

number of necessary simplifications. These simplifications makes it 

AB:, 
possible to calculate the index solely from data on mortality and 

fertility (that are usually accessible, in for instance statistical 

yearbooks), 
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STATISTICAL ANALYSIS 

The materials used in this study have been submitted to statis

tical tests in search of heterogeneity between regions and between 

periods»: 

I Analysis of variance has been performed on: 

a/ sibship size distributions, 

b/ succesful sibship size distributions, and 

c/ woman's age at first childbirth. 

II Chi-square test of heterogeneity has been performed on data 

for: 

a/ childhood mortality, 

b/ proportion of childbearing women, and 

c/ female mortality. 

Within each population the observed distributions of woman's 

age at first childbirth, sibship size distribution and succesful 

sibship size distribution have been tested against theoretical dist

ributions with a chi-square test for goodness of fit. All have been 

tested against the theoretical Poisson distribution and the two sib

ship size distributions also against the theoretical negative bino

mial distribution. 
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RESULTS \ 

PAPERS I-IV: CROSS-SECTIONAL STUDY - THE PARISHES 

The women included in this part of the study were all born 

during the first half of the 19th century. For this birth cohort 

there are results from all the populations included in this study. 

Even it' äik parishek'plus a subpopulation of a diocese is a small 

sample of the ovér 2000 existing parishes they do provide a large 

amount of information on opportunity for natural selection, and they 

can be compared with the results for the whole Swedish population at 

that time. The results are summarized in table I, As can be seen, 

the index of opportunity for seléction has been divided into three 

components: 1, childhood mortality Im, 2, nonreproductive women 

Iso, and 3• reproductivity I 

Childhood mortality 

The amount of childhood mortality varies but is high or very 

high in all seven subpopulations. Although there is a significant 

heterogeneity between these subpopulations (table below and table 

on pageZH), totally they do none the less agree with the average for 

Sweden for this period. 

Another way of looking at childhood mortality is to see how 

many dead children there are per average family: 

NE TU SVI TRO LI LO FLE 

stillborn: 0,168 0,085 0 0,083 0,015 0,093 0 

0-16 : 2,232 0,909 0,757 0,854 0,905 0,899 0,808 

From these figures it is obvious that childhood mortality is a 

common phenomenon, but they obscure the fact that childhood mortali

ty is unevenly distributed between families. 



Index of selection due to mortality: I 
m 

Even though there is a significant heterogeneity, six of these 

populations have Im-values of between 0.29 and 0,40. Nedertorneå 

is the only population with a very different I (0.86). Littéra

ture data gives a range from 0.030 to 2.267 in other studies 

The proportion of childless women is high in all the Swedish 

populations, but the differences between the populations are signi

ficant. The majority of the childless women are unmarried (table be

low) . The difference in marital childlessness is even larger than 

the difference in total childlessness between populations. Both Fle-

ninge and Tuna show values of marital childlessness that are close 

to the lowest values found in literature, while the amount of child

lessness in Svinnegarn and Linköping and Trosa is much higher. The 9 

percent in Trosa is close to the average for Sweden today. 

Table. Childlesness among women aged 16-45 years, 

childless (%) 

population of all of married 

NE 23*9 5.4 

TU 14.5 3.5 

TRO 31.2 9.0 

SVI 37.8 12.5 

LI* 15.7 15.7 

LO 17.8 5.0 

FLE 39.6 2.0 

* In the Linköping population all women were married. 

Index of selection due to childlessness: I Ä 
so 

This is a mortality index, related to the reproductive period 

of life, because the childless women, whether they die before 45(49) 
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years of age or not, are genetical dead-ends. In Fleninge childless

ness is the larger contributor to the size of If, 57.7J . it is 

less than 50$ in all the other poplations. The proportion of unmar

ried childless women in each population is related to the socio

economic structure of that population. 

Fertility-

There are significant differences between the seven populations 

for: a) female mortality, b) womans age at first childbirth, 

c) average sibship size, and d) successful sibship size. 

Female mortality (16-40 years of age) and age at first child

birth are the two factors that limits the number of reproductive 

years and therefore the possible number of children, or rather the 

possible number of pregnancies. The average sibship size is also 

limited by the proportion of childless women in the population. The 

average sibship size per childbearing woman ranges from 3.72 to 

6.13' Distances between births has been studied for three of the 

populations and was found to be over 2 years in all (Nedertorneå:26 

months, Fleninge:31, and Trosa:39.) In none of the studied popula

tions is the average woman close to the reproductive maximum. The 

maximal number of children per sibship for the 1800-1850 period 

ranges from 9 in Trosa to 18 in Nedertorneå. 

Index of selection due to differential fertility: If 

I3f: The index due to differential fertility, with a range 

from 0.442 in Locknevi to 0.887 in Nedertorneå, does not show as 

large a variability as does I&Q. However, even if we disregard 

the childless women there is still a large opportunity for selection 

due to differential fertility in all of the populations. 

If: The women were born between 1800 and 1850 and had their 



children between the years 1825-1890, It is within this period, 

especially during its latter part, that female fertility reaches its 

highest values in Sweden. Female mortality was still high and the 

rate of marriage was decreasing throughout this period. This and 

also the large variance in woman1s age at first childbirth results 

in fairly high values of 1^. For this component of the index va

lues as low as 0.071 and as high as 1.681 are given in the littéra

ture. 

PAPER NUMBER 5: THE LONGITUDINAL STUDIES 

The combination of two sets of data, from two very different 

sources, covers the period 1600-1845 as given by the birth-years of 

the women. For the data on clergymen's wives, extracted from the 

biography over clergymen in the diocese of Linköping, the indices of 

opportunity for selection have been calculated for 25-year periods 

with the exception of the first period that is 50 years long due to 

the relative scarsity of data for that period. For the second part 

of the longitudinal study, data from SCB concerning the whole Swe

dish population, for the period from 1750 to 1980 was used. Here 

Crow's index has been calculated for certain 5-year periods and 

decades. The results are shown in figure 3, and in figures 4 and 5 

in paper V. 

The Im trend is increasing until 1750. After 1750 it has 

shown a steady decline. 1^., on the other hand, shows a slow but 

stedy increase over the whole period. The increase in If is due 

to a lower mortality but also to the increasing proportion of child-

bearing women. The total index, 1^., shows the same trend as 

Im, with the exception of the peak values around 1935. 

The Norsjö population 



The index components and the total index computed from this 

material are listed in table I. They are very different from the 

other estimates. The zero value of I is a consequence of the 
SO 

criteria for selecting the families as is also the low value of 

ht-

It is obvious that this kind of family data, collected for the 

genetic analysis of a certain trait, are not suitable for estimates 

of Crow's index, and cannot be compared to the parish data. 

COMPARISON OF DEMOGRAPHIC PARAMETERS 

In the tables below some hitherto unpublished comparisons bet

ween the parishes are summarized. 

Table. Analysis of variance between populations for the period 

1800-1850. 

variable F D.F. P 

Sibship size 5-621 (6:1435) <0.0005 *** 

Succesful sibship 3.377 (6:1435) 0.005 ** 

Woman's age at 

first childbirth 8.395 (6:1124) <0.0005 *** 

All these parameters thus show a clear geographical heteroge

neity. (It should be noted that the two first distributions have not 

been transformed to correct for a non-Poisson distribution before 

the analysis. The effect on F by a transformation was studied on one 

population, Tuna, and the results gave no reason for transformation 

of the distributions.) 



Table. Chi-sqùare test of heterogeneity between populations for the 

period 1800-1850. 

variable Chi-2 D.F. P 

1. mortality 0-15 

prop, of all born 

i i i =
t i =
t i 

<— 
i 

» 
i 

t—
 

1 
c*

-1 
CM 

1 

6 <0.0005 «*« 

2. mortality 0-4 

prop, of all born 

286.890 6 <0.0005 *** 

3. mortality 0-4 

prop, of all 

diseased children 

35.575 6 <0.001 *** 

4. mortality 4-15 

prop, of all born 

19-972 6 <0.003 ** 

5. prop.women with 

children 

36.186 6 <0.001 *** 

6. female mortality 63-591 6 <0.0005 **« 

The heterogeneity between populations for childhood mortality 

is to a substantial degree caused by the very high childhood morta

lity in Nedertorneå. Nevertheless, when a comparison of mortality in 

the age-group 0-4 years as a proportion of total childhood mortality 

is made there is still a considerable amount of heterogeneity left. 

Not only the amount of childhood mortality but also the mortality 

pattern thus seems to vary. 

The overall picture is one of great local variation. 
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DISCUSSION 

The values of Crow's index found in this study fall within the 

range found in other studies and they are, for the cross-sectional 

part of the study, typical for populations with high childhood mor

tality and high fertility. 

Childhood mortality is high and follows a normal pattern in all 

of the populations in the cross-sectional study (Norsjö is excluded 

from this part of the discussion for reasons explained in the re

sults-section) . However Brändström (1984) has shown that infant mor

tality in Nedertorneå, where the mortality is highest, departs from 

the expected pattern. Where all the other populations has a peak 

mortality in the first week of life Nedertorneå has a peak in the 

second or third week of life. This difference disappears after 1870. 

In the present study it has been shown that even while the 

childhood mortality follows a normal pattern in all the populations, 

with childhood mortality showing a sharp decrease with increasing 

age, there is nevertheless heterogeneity between the populations. 

The reason for the exceptionally high childhood mortality in 

Nedertorneå can be found in how the infants where fed.: A thing cal

led DIHORN, an unusually unsavory version of the feeding bottle, was 

used to feed the baby from a very early age. It was made from a 

cow's horn with an opening in the narrow end covered with a piece of 

pierced lether and was open at the other end. The thing might have 

been regarded as very practical since the mother could fill it with 

cow's milk in the morning, hang it over the cradle and let the baby 

feed itself during the day. But the milk soured, and the DIHORN be

came an incubator for patogenic bacteria. It was also usual to rep

lace the milk with sour-milk (filmjölk), a food not compatible with 

the digestive system of an infant, before the baby had reached the 



age of three months. 

This practice was reported by Linne in 1732 and where the prac

tice occured it persisted well into the 19th century. Only intensive 

breast-feeding campaigns succeeded in putting a stop to it. 

As it happens, this tradition was only known in what is called 

the black districts (the medical officer districts of Nederkalix, 

Umeå, Nordmaling, Tierp, Västland, Hofors and Norra Tjust) in con

nection with childhood mortality. 

For the years 1818-1832 there are notations on cause of death 

for 85% of all diseased infants in Nedertorneå (Brändström, 1984), 

and in view of the above, it is not very surprising to see that 53% 

of all infant mortality was due to diarrhoea, thus indicating for 

example infections in the intestine. (With todays knowledge of medi

cine the cause for death would probably be assigned to a specific 

infection in combination with dehydration.) Of the remainder, 34% 

was due to infectious deseases such as smallpox, measles, scarlati

na, whooping-cough and dysentery. 

In the other parishes in this study infectious diseases were 

apparently the major cause for death among infants. 

The longitudinal study shows that childhood mortality has been 

decreasing in Sweden since 1750. Generally, this decrease was due to 

improved hygien which during the 19th century reduced infant morta

lity, or more specifically post-neonatal mortality. This is the pe

riod before the maturation of the Childs own immun system when it is 

most sensitive to infections. Between the years 1860-66 and 1966-70 

the decline in post-neonatal mortality was ten times greater than 

the decline in neonatal mortality. 
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Table 1 Reduction in infant mortality in Sweden.(from Hofsten and 

Lundström 1976) 

number of deaths per 1000 liveborn children 

1860-66 1966-70 

neonatal 47 10 (4.7/1) 

post-neonatal 82 2 (41.0/1) 

Today the infectious diseases have all but been eliminated as 

cause for death, and thus as an agent for natural selection. When 

there was mortality from these infections there was also selection 

for resistance against them. As Crow's index is thè upper limit of 

opportunity for natural selection we may interpret the decrease in 

values of over the period studied as follows: Large improve

ments in childhood wellfare have removed certain selective agents 

from action. Among these agents the most important are infectious 

diseases. Also, through the developement of medicine, such geneti

cally inherited diseases as used to be semi-lethal during childhood 

and adolescence are nowadays "cured" and are thus no longer under 

such a hard selective pressure. Im-values nowadays are probably 

closer to the realized amount of natural selection, most of child

hood and definitely most of infant mortality being caused by deaths 

due to chromosomal abberations, new lethal mutations or the homozy-

gotization of recessive detrimental genes. These are not new causes 

for mortality, but with improved diagnosis and the fact that other 

causes for death have been removed, they have risen to become the 

main cause for death. During periods when childhood infections took 

a heavy toll among infants these so called genetic diseases were a 

minority and often could not be diagnosed. However, were there are 

records for infant deaths as in Nedertorneå, 1> of all infant deaths 

are described as due to malformations. 

During this period childhood mortality fluctuated between 35 



and 40# which means that between 3»5 and 4 children out of every 

1000 born died from recogniceable malformations. This is to be com

pared with the average for Sweden in 1981 when 38,13% of all infant 

mortality was due to malformation which is the same as 2.6 per 1000 

liveborn (SCB). 

Apart from amount of childhood mortality, and specific causes, 

there are some other differences in patterns of childhood mortality 

among these populations which are summarized below. The parishes are 

here dealt with in order of increasing mortality, 

Fleninge : Childhood mortality is higher among peasants than among 

those without property. 

Trosa : the situation here is slightly different; those without 

property have the highest mortality followed by peasants with avera

ge mortality and crofters with the lowest childhood mortality. 

Svinnegarn : The pattern indicates a positive association between 

economy and infant mortality, viz. the highest mortality is found 

among the poorest, average mortality among crofters and the lowest 

infant mortality among the peasants. 

Nedertorneå: The infant mortality is highest among the farmers until 

1870, while it is lower among those without property and lowest in 

the middle-class. Later the ranking is changed so that those without 

property has a high, the middle class medium and the farmers a low 

mortality. 

There does not seem to be a general association with economy 

such that the poorest would always have the highest childhood morta

lity. Rather, we will find the highest childhood mortality where a) 

the women do not breast-feed their children, and b) where the Hygie

nic standard is low, i.e. high population density in combination 

with one or more of the following factors: open sewers, garbage left 



29 

to rot in the back-yard, no proper drinking water wells. 

All of this can be demonstrated with Nedertorneå as an example. 

The poorest had lower infant mortality than the peasants, maybe pre

cisely because they were poor. They could not afford to buy milk and 

were therefore forced to breast-feed their infants. In the town of 

Haparanda where childhood mortality initially was very low, 5$, the

re was a considerable population growth at the end of the century 

that resulted in an increasing population density. Brändström (1984) 

describes this period as one where there was little improvement of 

housing or sewers or drinking wells that paralelled the population 

growth. The result of this was that in the town childhood mortality 

rose from 5% to 20% while at the same time there was a decrease in 

in the rural area of Nedertorneå from 40J to 20%. 

Under the Result heading was hinted at differences in childhood 

mortality between family types within a population. Again Nedertor

neå will be used as an example. Families can be divided into classes 

according to the amount of childhood mortality each family experien

ces. According to Brändström there are some factors commonly found 

among the high mortality families that are not found among the 

others or at least to a much smaller degree. 

1. They have up to three times as many illegitimate children. 

2. The mothers are usually found among the youngest and the oldest. 

3» The average childbearing period is 7 years as compared to 14 

among the low-mortality families despite the fact that they have 

the same average number of offspring. 

Fertility 

The values of (V/x2) have been increasing throughout the 

investigated period and are intermediate to high in the cross-sec-

tional study. Childlessness makes a considerable contribution to the 



size of If which justifies the recalculation of I^ to 

Igf. Even then the variation in number of children gives 

a high value. 

Comparisons of 1^ among populations are more difficult to 

make than comparisons of because of the ways in which the ma

terials in different studies have been selected. If is calcu

lated only for those women in a population that lives to the end of 

the reproductive period, the variability caused by the reproductivi-

ty of women who dies before this age will be lost. This applies 

especially to populations with high female mortality during the rep

roductive period. In populations with low mortality among women in 

their reproductive age this loss will be negligible. Another possib

le source of error is the information pertaining to childless women. 

If the childless women are not included in the calculations then the 

size of 1^ will be underestimated. 

The survival of women to past the age of reproduction has inc

reased substatially over the period studied. Thus approximately 20£ 

of those born alive in 1751-55 died during their reproductive period 

of life as compared to only a few percent in 1966-70. 

How large a proportion of Swedish women has ever come close to 

their reproductive maximum? The short of it is that very few ever 

has. In the entire material used in this study there are only five 

women with over 15 children out of nearly 2900. 

It is in theory possible for a woman to become pregnant and 

carry the child to term 30 times if she survives until the end of 

the reproductive period. The maximum number of reproductive years 

for a Swedish woman is usually shortened from the start by late mar

riage. She has then only about 20 reproductive years = 20 pregnan

cies left. As there seems to be at least two years between consecu

tive pregnancies for the average Swedish woman one might have expec
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ted to find more women with around 10 children. 

Contraceptives did not become common until the last decade of 

the 19th century so one has to find some other factor that made it 

possible for women to space birth or limit the number of offspring. 

Breast-feeding is such a factor. Not only it is important in redu

cing infant mortality but as a byproduct it postpones the ovulation 

in most women. 

Short (1984) showed that it may be possible to postpone the 

next pregnancy by four years if the child is allowed to succle at 

any time of its own choice. Such dataware available for the !Kung-

tribe in Africa. There is also data for Gorilla and Chimpanzee that 

point in this direction. 

According to Short early weaning results in an average interval 

between births of about two years, just as has been found in this 

study for the parishes of Fleninge, Trosa and Nedertorneå. As an 

example he takes the Hutterites with their average of 10.6 live 

births. But as compared to the Swedish populations the Hutterites 

are known to marry at an earlier age and with less variation in age 

at marriage. In comparison to the major part of the populations inc

luded in this study, they have a much lower mortality both among 

children and reproductive women. 

Even if we allow for the generally late start we will find very 

few women who has as many children as the average Hutterite woman. 

Let's use Fleninge as an example. 

Of 91 women it is only 55 that actually give birth. Of these 

55 women only 39 are still alive at the end of the reproductive pe

riod. Only these 39 had a chance of reaching maximum reproductivity 

but in the entire Fleninge population there is not even one woman 

who reaches maximum reproductivity and only ten women are found with 

between eight and ten children. 



The number of children per women in this population is largely 

limited by her age at first childbirth and only secondly by her pro

bability of survival. 

The two main causes for childlessness in the populations stu

died are marital sterility and being unmarried. Over the years the 

proportion of married women has increased and thus childlessness due 

to the latter cause has decreased. 

Marital childlessness varies between the populations in the 

cross-sectional study (tab. page2*0 and also between the periods in 

the longitudinal study of the Linköping population (tab.I). Ten per

cent seems to be a good offhand estimate from a low of 2% to a high 

of 16$ and this value was also used in the estimations of Crow's 

index from the SCB data. 

Knodel gives the following figures: 

Sterility average for Europe (today) 

among couples 

woman's age 20 25 30 35 40 
at marriage 

percentage 3 6 10 16 31 

The figures on childlessness within marriage for the studied 

populations do not seem to be very different from those given by 

Knodel for the average European population. 

More conspicuous are the large differences in childlessness, 

among unmarried women, between the populations included in this 

study (page 10). The following factors may be considered: There is, 

a common taboo against childbearing among unmarried women. As far as 

can be made clear it has "always" been thus in Sweden. One reason 

for this is that a single woman could not support both herself and 

one or more children from what she could earn as a farm maid. 
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Crow's index gives a concise description of the reproductive 

status of a population in a way that is generally easy to use for 

comparison especially if the different components Iffl, igQ 

and IS£. are given. 

If data for the calculation of the index can be assembled fi?om 

various time periods for the same population a picture emerges of 

the different phases that a population transcends. Contemporaneous 

populations may have reached different phases of this general trend 

which we can divide into demographic stages: 

1. Early stage. 

Fertility, or rather birth-rate, is controlled by induced abor

tions or infanticides to create a balance between births and 

deaths of children. Prolonged breast-feeding is (perhaps indi

rectly) encouraged to spare the woman, and keep the population 

number low. Common among nomadic populations. 

2. Later stage. 

Fertility is unlimited and mortality among children is high, up 

to 50$ because of low hygiene and a high incidence of infectious 

diseases. Religious or economical customs may forbid the woman to 

breast-feed her children and no means of contraception or of 

ending pregnanacies are known or rather allowed. 

3. Recent stage. 

Very low childhood mortality and ample means for controlling 

fertility. 

Very little is known of the passage from the first to the se

cond step except what we can learn from so called primitive peoples 

that in our time (this century) have or are leaving their old way of 

life. However, we cannot presume that the transition they will expe

rience will be much like those already experienced by other popula

tions. Today communications are much faster and contacts between po



pulations more intense. These "primitive" populations are suddenly 

getting in touch with a modern high-technology culture and this may 

imply skipping or shortening of phases in the transitional process 

outlined above. 

The passage from the second to the third stage is known as the 

demographic transition. It is a series of changes that are unique 

for each population but with comparable end results. This phase of 

transition is very well covered, in terms of available documenta

tion, for the Swedish population. 

Usually the first phase is a reduction in childhood mortality. 

Differences between populations are apparent, both in the intensity 

and the rate of this decrease, and the causes for it may vary. Thus 

there are clear differences between the slow and steady decrease for 

the Swedish population and the rapid decrease in Italy (Hed 1986; 

Terrenato et al 1979)» 

The decrease in childhood mortality is after a lag period fol

lowed by a second phase. How long the interval will be in a certain 

population depends on numerous factors. Basically we can assume that 

when a larger proportion of the children survive there will be less 

incentive for the women to go through more pregnancies. This goes 

beyond biology and is rather a question of culture and economy. 

During the early stage (1) there is a precarious balance be

tween births and deaths, and this is ,as said, partially due to a 

conscious control. Among hunter-gatherer tribes there is very little 

to gain by a high birthrate. More likely it would be a burden to the 

population. Too many young children would make the tribe less mobile 

and thus more vulnerable and there would be difficulties in finding 

enough food. If natural causes such as breast-feeding were inadequa

te the balance could be attained by induced abortions or infantici

de . 



Except for the methods used in keeping the number of children 

down the demography in such populations resembles a modern popula

tion more than a (primitive) farming population. Crow's index for a 

hunter-gatherer population will have a moderate component of morta

lity dm). When Im is raised due to infanticides, this does 

not necessarily imply more selection in such a population, as the 

child is killed not because of its phenotype but because of its un

timely arrival. 

The modern population is distinguished by its very low compo

nent of mortality. If can be either high or low. 

At this stage a new precarious balance between childhood morta

lity and fertility may arise. In Sweden the possibility to control 

fertility has resulted in a situation where, despite a very low 

childhood mortality, the population has ceased to grow (except for 

the growth due to a positive net immigration) and has started to 

decrease. The developement during this century indicates (Adams and 

Smouse 1985; Hed 1986) that the Swedish population has left its for

merly very stable pattern of slow and succecive changes and turned 

into a pattern of more rapid and larger fluctuations in parameters 

connected to reproduction. This can be seen in the way the values of 

If has fluctuated during this century. 
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SUMMARY 

The material used has allowed the estimation of Crow1s index of 

opportunity for selection for the Swedish population for the period 

1600-1980. 

During the period 1600-1750 there is an uppward trend in the 

total index which is broken around 1750. Since 1750 the trend has 

been a slow and steady decrease in total index. 

Changes in total index of opportunity for natural selection, 

lt, is mainly due to changes in the index related to childhood 

mortality, I . 

The high proportion of childless women is an important reason 

for the large values of I^, the index related to differential --.j i:i 

reproductivity. When is recalculated as I f there is 

still a large variation in reproductivity among childbearing women 

and thus the values of Isf are still comparatively high. 

The cross-sectional study shows that for the period 1800-1850 

there is a substantial heterogeneity between subpopulations for the 

indicies. 
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APPENDIX 

Consider a population with genotypes, g^, in proportions, p^, and fitness w^: 

Genotypes, g 

Proportions, p 

Fitness, w 

ê » ê > ê-î 
12 3 1 

p , p , p , p (Zp =1) 
12 3 1 1 

w , w , w , . . . , w 
12 3 1 

Fitness is used in a strictly Darwinian sense as the expected number of progeny, 

counted at the same age as the parents, perhaps birth. (Fisher 1930) 

In the parental generation the mean and the variance of fitness are 

k 1 

w = £ p.w./Ep. = Ep.w. 
i=l 1 11 ii 

k 
V = a2 = £ p.(w.- w)2 = Ep.w.2 - w2 

w w i=x 1 1 11 

Because of the fertility differential, the expected frequency of type i next geni 

ration will be assuming complete heretability and constancy of fitness. 

Proportions, p' : p w , p w , ..., p.w. 
1 1  2  2  1 1  

Fitness, w : w , w , ..., w. 
1 2 1 

and the new mean fitness will be 

w* = Zp'w/Zp' = Zpw2/w 

Thus, the change in fitness due to selection between generations g and g + 1 is 

A 

or 

w = w-'-'W = (Epw2/w) - w = (Epw2-w2)/w 

A w = a2 - w 
a w 

If we set w = 1, as the standard is arbitrary, this expression is identical with 

Fishers fundamental theorem of natural selection which reads 

"The rate of increase in fitness of any population at any time is equal to its 
genetic variance in fitness at that time"- Fisher, 1958 p 37. 
The relative change in fitness between two (successive) generations is 

A w/w = (Ep^w^2 - w2)/w = a^/w2 = I 

where a2 is the variance in fitness, and I is the index of total selection, 
w 
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With complete heritability and constant fitness 

I = V/x2 

The interval between successive human generations g and g + 1 may be partitioned 

into (1) prereproductive and (2) reproductive periods. The prereproductive period 

goes from birth to puberty, or, by the convention adopted by most demographers, 

from 0 to 15 years of age. The female reproductive period goes from menarche to 

menopause, or, by convention, from 15 to 40 (sometimes 45) years of age. 

Assume p^ parents (counted at birth) die prematurely, and p survive until the 

childbearing period and have varying numbers of births (p^ ? p * 1). 

premature deaths p^ 

survivals p p 

births (x) 

0 

0 

1 

2 

x = overall mean number of female births, and 

xg - mean number of female births per surviving woman. 

Then 

n 
P = Z X 

i=0 

V z Xipi/E pi 
i=0 x=0 

and 

P = x/x 
s s 

x = x/p 
s rs 

Remembering that the zeros are averaged in to obtain x and x and that the non-

survivours are counted as having zero children, the mean, x,Sand the variance, V , 
of the number of children born alive are x 



and 

X  =  I  X . P .  

x=0 11 

w 

v = p,(0-x)2 + E p (x -x)2 
x Q 1=0 

Now I can be written 

I = V/x2 = ~ j^pd(0-x)2 + Epi(xi-x)2 J 

s s 

where 

I (= v /x2 = p ,/p ) and I (= v /x 2) 
mm ds r is 

(1) 

or by adding and subtracting p (x - x)2 from the right side of equv. (1) 
s 0 

Vm = Pd (0_;)2 + Ps (V*)2 = 52 Pd/Ps (3) 

v f =  ̂  1  p i ( x r * s
) 2  =  v s  [ l  p i ( x i " x ) 2  -  p s ( v  * ) 2  ]  ( 4 )  

thus, from (2), (3) and (4) 

v V- v . v£ 1 
I = ^ f  +  p  _ f = ™ + J _ f  =  I  +  —  I  ( 5 )  

x2 F
s Ë2 x2 p xz m p f 

O e 

are the indicies of total selection due respectively to mortality and fertility. 

As has already been pointed out, the group of childless women is important for 

the magnitude of I^. To treat them as a separate group would yield additional 

information. Since these women are genetical 'dead ends1, the approach has been 

to divede Jf into two parts where the first part, I , is the proportion of women 

without children and the second part, I , is of the same form as in the original 

index. (Hed, 1984). S 

+ x8f = Ps0/Psf) (1/Psf) + (Vsf/5sf2) (1/pspsf) 

where 

Vsf = (1/ps> (IfPi(Vsf) 

= (1/psf) [ (lfpi(;i";s)2 - psf(xsf-;s)2] 
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Crow (1972) extended the index and its components by considering separately morta

lity during the prenatal period and the period from birth to reproductive maturity. 

If we let p^ designate the proportion of embryos (counted at conception or some 

early embryonic stage) that survive to live birth and let p represent the pro

portion of live born that survive to reproductive maturity, then PePg is the pro

portion of early embryos that survive to adulthood. 

Setting 

X = mean number of offspring per (early) embryo, 
e 

x^= mean number of offspring per newborn (when counted at birth) 

and 

xg= mean number of offspring per surviving adult, then 

X = p,x, = p. p X . 
e rb b rb*s s 

The variance for embryonic mortality, V^, is 

Vme= (1"Pb> (°-*e )2  +  Pb (VV* 

(1-Pb)/Pb ] 

The variance of mortality from the embryonic to the reproductive period, V , is 

v - (1-pip ) (0-x )2 + p,p (x -X )2 
m v b s e b s s e' 

[ U-PfaPs^Vs. 

The variance of childhood mortality from birth to maturity, V , is 
mc 

V =V - V 
mc m me 

(1-Pb
ps ) /pbps] - [ (1"pb ) /pb. 

- <1"pb )  
[(1-ps)/ps] 

The component of the total selective opportunity due to embryonic mortality, 

I , is the ratio of deaths to survivours counting from the early embryonic 

sF-



me pb 

and the three components of the index, I, are 

I = V /x 2 + V /x2 + (p, p ) (V^/x 2 
me e mc e vtb*s f e 

= (i-pb)/pb + (i/pb) (1-P8
)/ps + (l/pbps) (Vf/xe2) 

= I + (1/p )I + (1/p.pJ lf 
me b mc b s r 

The multiplicative nature of the three components of the total index is shown 

by rewriting in the form (Crow, 1973). 

i + i = (l+i „> d+if) 
mc r 

Kobayashi (1969) modified Crow*s formulas for the variance in mortality and 

fertility to include the distribution of live births to vomen who die after 

puberty but before menopause as follows 

Vm = Pd (0_;)2 + J Pj(^j";)2 

= Z p . x . - x 2 ,  
J J J 

where p. denotes parents dying at age j during the child bearing period ^nd 

Xj denotes mean number of births per parent dying at age j. 

=  1 / p  Z 2  p . . ( x . - x . ) 2  =  1 / p  ( Z Z p . .  X 2  -  Z p .  X 2 ) ,  
f 's j i *ijv i y s j i ij i J J J 

where p.. denotes parents having i births and dying at age j and p denotes 

ipj. 
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Misterhult8 pastorat. 57 

cerumnis hujus vitae ac seculi deliriis perpraeponeram, placidam tamen 

beatamque mortem ereptus, in terra vivere desiit d. IV Julii, Anno 

MDCCXLIX, Prsefestinatis hisce elegis perennem fa cere voluit, pio 

in amicum affectu And. Ol. Rhyselius, Episc. Lin cop." 

IB. Jakob Höckerbevg, förut Höckerstedt, f. 1718 24/s i Höc-

kerstad, Kuddby. Föräldrar: Anders Andersson, kronolänsman, och Brita 

Höckerstedt, syster till laiiidshöfding J. von Hökerstedt. Stud. i Upsala 

1737, prv. 1744 5/4, v. pastor i Katarina i Stockholm 1746, kyrkoherde 

här 1752 16/12, respondens vid prästmötet 1755, prost 1784 6/io-

t 1786 26/7. 

Ghift 1) 1753 med Maria Fornelius, f. 1721, + 1759 2i/gt dotter af Lars For-
nelius, hofrättsaktuarie i Stockholm, och Magdalena Helin. Barn: Jakob, f. 
1754 25/8j f 1750 i8/2 ; Magdalena Brita, f. 1756 i/ii. g• 1789 1(>/2 m. Johan Holm
berg, handlande i Mgeholm ; Fornell, f. 1759 2i/g> f s. å. 23/n. — 2) 1762 30/4 m. 
Eva Sofia Loo, f. 1742 s<>/12, + 1833 0/4» dotter af Axel Loo, borgmästare i Vim
merby, och Anna Helena Bauman. Barn: Helena Maria, g. m. kyrkoherde L. Wal-
lander i Målilla ; Anders Jakob, f. 1709 22/^ v. häradshöfding, t 1811 18/i-

Fr. tr. utg.: Tal vid Prins Gustafs födelse, Stockh. 1746. 

Grundlig och samvetsgrann, foglig i umgänge, älskad av alla drog 

han så småningom en spridd menighet till samdräkt och ordning och ut

rättade mycket godt i sin församling. Prästgården förbättrade han så 

till byggnader som ägor och på sin ålderdom hade han glädjen att ändt-

ligen få besörja en. kyrkobyggnad, som gjorde hans kyrka till den rym

ligaste och vackraste i orten. 

14. JPaul Heller, f. 1737 5/i2 i Vimmerby. Föräldrar: Peter 

Heller, handlande, och Anna Elisabet Loo. Stud. i Upsala 1758, prv. 

1768 26/7, huspredikant hos frih. F. U. Sparre, e. o. skvadronspredikant 

vid Smålands kavalleri, komminister i V. Eneby 1777, kyrkoherde här 

1787 n/i, tilltr. 1789, prost 1803 2Vs, f 1§12 i2/3. 

Gift med Eva Säldegren, t. 1756 io/9j dotter af Karl Magnus Säldegren, råd
man i Vimmerby, och Maria Elisabet Lindgren. Barn: Eva Charlotta, g. m. Lars 
Lagerliing, y. pastor här; Karolina Elisabet, f. 1783 6/10 î 8ara Maria, f. 1785, + 
1818, g. m. Peter Ekerot, skeppsklarerare i Kalmar ; Hedvig Helena, f. 1787, g. m. 
J. Lagerqvist, sjömanshusnotarie i Kalmar ; Anna Lovisa, g. m. kyrkoherde P. L. 
Scherini i Kullerstad; Paulina Johanna, f. 1789 y12, g. 1818 m. Johan Fredrik 
Ekerot, stadsläkare i Kalmar; Paulus, f. 1791 y6, t 1795 l4/8. 

15. Johan Lœnborn, f. 1756 13/io i Flistad. Fadern: kyrkoherde 
N. Lcenbom i Ljung. Stud. i Upsala 1775, prv. 1780 17/3, e. o. bataljons

predikant vid Kronobergs regemente och huspredikant hos överste S. He-

derstjerna, past. ex. 1783 17/i2, kyrkoherde i Tuna 1786 29/3, tilltr. s. å., 

FIGURE 2 
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Table I Data on Crow's index on opportunity for 

Population Period Nf X Vf 

Nedertorneå 1805-45 285 (217) 4.67 17.22 
Tuna 1790-1850 387 (330) 3.47 7.25 
Svinnegarn 1805-45 37 ( 23) 2.97 11.14 
Trosa 1805-45 48 ( 33) 2.56 7.32 
Locknevi 1805-55 552 (454) 3.97 8.65 
Linköping 1800-45 275 (231) 3.89 9.03 
Fleninge 1804-45 91 ( 55) 3.37 12.89 

Linköping 1 1600-49 89 ( 86) 6.42 13.99 II 2 1650-74 104 (101) 5.28 7.77 H 3 1675-99 154 (128) 5.86 14.48 H 4 1700-24 183 (159) 4.66 11.26 H 5 1725-49 177 (167) 5.06 11.79 H 6 1750-74 190 (161) 4.37 10.74 H 7 1775-99 170 (149) 3.87 9.41 H 8 1800-24 185 (151) 3.51 8.04 II 9 1825-45 121 (108) 4.55 10.99 

Norsjö 1797-1909 134 (134) 6.03 10.07 

Sweden 1751-55 the 4.96 9.92 H 
1801-05 4.27 8.54 H 
1851-55 whole 4.27 8.54 H 1901-10 3.84 7.68 H 
1911-20 female 2.80 5.25 H 1921-30 2.20 3.85 II 
1931-40 popu 1.79 2.91 h 1941-50 2.40 3.60 II 
1951-60 lation 2.24 3.08 H 
1961-70 2.23 2.79 H 
1981 1.80 1.80 

N.p = number of females in the population; within 

parenthesis the number of childbearing women. 

X = average number of children born. = variance 

of X. = proportion of children dying before the 

age of 16 years. I = index of opportunity for se

lection due to childhood mortality. 
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selection for the populations in the present study. 

pd m 'so lsf V 
I 

0.4711 0.864 0.586 0.587 0.776 2.331 
0.2541 0.341 0.232 0.559 0.591 1.132 
0.2545 0.342 0.816 0.832 1.232 1.994 
0.2846 0.399 0.636 0.886 1.095 1.930 
0.2362 0.309 0.284 0.442 0.555 1.035 
0.2251 0.291 0.240 0.531 0.595 1.058 
0.2476 0.344 0.881 0.648 1.153 1.876 

'f /Ps 
0.236 0.309 0.444 0.339 0.753 
0.257 0.346 0. 372 0.276 0.718 
0.374 0.597 0. 674 0.422 1.271 
0.369 0.585 0. 822 0.519 1.407 
0.397 0.658 0. 763 0.460 1.421 
0.306 0.441 0.810 0.562 1.251 
0.223 0.287 0. 809 0.629 1.096 
0.248 0.330 0. 868 0.653 1.198 
0.211 0.267 0.673 0.531 0.940 

0.1349 0.156 0 0.317 0.274 0.473 

0.417 0.715 0.397 0.495 0.520 1.607 
0.370 0.587 0.414 0.525 0.592 1.526 
0.315 0.460 0.417 0.483 0.617 1.360 
0.166 0.199 0.551 0.427 0.816 1.177 
0.140 0.163 0.504 0.545 0.902 1.212 
0.120 0.136 0.460 0.643 0.971 1.239 
0.100 0.111 0.421 0.725 1.031 1.257 
0.075 0.081 0.380 0.501 0.817 0.962 
0.040 0.042 0.325 0.485 0.778 0.852 
0.025 0.026 0.265 0.487 0.728 0.778 
0.025 0.026 0.555 0.580 

I = index of selection due to childlessness. 
so 
If = index of selection due to differential ferti

lity among childbearing women. 1^ = index of selec

tion due to differential fertility among all women. 

I = index of total opportunity for selection. 




