Intergenerational transmission of fertility, review of up to date
research and some new evidence from Bejsce pariskegister

reconstitution study, 18" — 23" centuries, Poland.

Krzysztof Tymicki

Warsaw School of Economics — SGH
Institute of Statistics and Demography

Al. Niepodleglosci 162, 02-554 WARSAW

e-mail: ktymic@sgh.waw.pl

Paper presented at the Session N°908:
“Contribution of genealogies to historical demography and @djoun genetics”.

IUSSP conference
TOURS 2005, FRANCE



ABSTRACT - short
Paper aims at the review of up to date research concant@rgenerational transmission of

fertility. It compares results obtained from varioustattases, periods, population and
analytical methods in order to assess the differeandshanges in magnitude of interrelation
between fertility of generations within this same lpea

The paper contains the analysis of fertility transionis patterns in historical population of
Bejsce parish. For individuals born between 1740 and 1968 ave heconstructed the
genealogies for three successive generations using thieagathon the parish registers.
Results reveal major differences in fertility transsion of fathers vs. sons and mothers vs.
daughters. The relation between fertility of women fribris same lineage is much stronger
than for males. There is also important cohort &fféde fertility of relatives from the two
consecutive generations born after the fertility ttamsi(beginning of the 20 century)

reveals stronger interrelation than for the eadahorts.

ABSTRACT - extended
The paper aims at the review of up to date research enistue of intergenerational

transmission of fertility. It the results obtainedrh various data, periods, population and
analytical methods in order to assess the differeandshanges in magnitude of interrelation
between fertility of parents and children. Although the emmental and genetic factors
cannot be separated in a satisfactory way, the generalusion from the reviewed literature
is that the interrelation between fertility of paierand children becomes important for
periods after the fertility transition. Moreover theerrelation between fertility of female
members of this same lineage is much stronger thahdanale members.

The review is supplemented with the original analysidedtlity transmission patterns in
historical population of Bejsce parish, Poland. The moalelshased on reconstruction of the
genealogies for three successive generations from tish pagisters of Bejsce. The analysis
compares fertility of grandparents, parents and grandchilomem between 1740 and 1968.
The results reveal major differences in fertilitynsenission with respect to sex (fertility of
fathers vs. sons and mothers vs. daughters) and withctespdirth cohort. The results
confirm that the relation between fertility of womtam this same lineage is much stronger
than for males. Also two consecutive generations exiniloith stronger correlation in the
reproductive performance. Moreover, the strength ofelaion seems to be associated with
the birth cohort of the generation. The fertilityrefatives from two consecutive generations
born after the fertility transition (turn of the in 2Qcentury) reveals much stronger

interrelation than in the earlier birth cohorts.
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INTRODUCTION

The motivation for this paper came from the earliedyemas of the effect of relatives on
the individual reproductive performance (Tymicki, 2004). iEarhnalyses pointed out that
this research problem might be framed as the reldtween number of helpers and their
contribution to the reproduction of a particular siblingowéver, the sibling’s group
necessarily constitutes the offspring of the previous rgéio@. Therefore, the relation
between the number of the siblings and individual reprodrigierformance might also be
framed as the relation between fertility of “older” ngeation and the fertility of the
descendants. This takes us directly to the issue ofjarierational transmission of fertility.

This research issue was puzzling the researchers foroeecentury now. Pearson and
Lee (1899) were the first who tried to investigate theetation between fertility of parents
and children using historical data on British peerage. Ri@nhtime number of researches
devoted to the investigation of the intergenerationabstrassion of fertility is growing
rapidly (Anderton et al., 1987; Bocquet-Appel and Jakobi, 199@stis and Maxwell, 1932;
Imazumi, Nei, and Furuscho, 1970; Johnson and Stokes, 1976; Kétoelgers, and
Christensen, 1999; Langford and Wilson, 1985; Murphy, 1999). Naegris studies tried to
answer a question about the sources of variation in humgroductive outcome. This
guestion seems to be important since it cannot be argaethe number of offspring among
humans varies only by chance and follows the Poissstnitdition with equal mean and
variance. It is well know that the variance in thenber of human progeny is much larger
than the mean, which reflects one of the basic afenatural selection - the differential
reproduction. Therefore what could be the sources ofvdrisition? The following sections
aims at the explanation of the sources of this vanahy disentangle between genetic and

environmental component.

THEORETICAL BACKGROUND: GENES OR ENVIRONMENT?

The positive association between fertility outcomdsimalividuals from this same
population might be attributed to the shared environmentaganetic background. The latter
is of course restricted only to relatives whereas itts¢ fhentioned is independent from the
degree of genetic relatedness. Like in the case of huifieaexectancy there might be a
share of life expectance attributable to genetic endowraed to the other non-genetic
determinants. It is estimated that around 20% of variatidhe human life expectancy could
be attributed to the genetic endowment (Wachter and Firt89v). Therefore, fact of having

long-lived parents would affect our life expectancy only20%. The rest could be attributed



to our life style, habits etc. We may wonder whethercene estimate somehow the extent to
which our fertility behavior is determined by genes and whtie strength of this influence.
Of course it could be said that our reproductive behavior doesave anything to do with
genes and is completely under our volitional or at mestontrolled by social norms.
However recent evidence suggest that genetic influencétnig helpful in explaining
variation in human fertility (Rodgers et al., 2001).

The perspective that genes could be responsible foratation in fertility has been
neglected since Fisher has introduced the fundamentaktheofr natural selection (Fisher,
1930). This theorem states that, in the long run, tralgctwhave a strong effect on
reproductive success will have no genetic variation. Taimes from the situation where
individuals with high reproductive success will squeeze batd with low reproductive
success which, results in no genetic variance. Howea®rnoted by many researchers
(Rodgers and Huges et al., 2001; Rodgers and Kholer et al.,, 20dfje® and Kobhler,
2003), this theorem has been consistently misinterprétedact it does not apply to
individual level components of reproductive success like gahar fertility and moreover
there are'perturbing forces” which may maintain the genetic variance within a pojmriat
Such“perturbing forces” include contraception, changes in the social norms adedaiith
reproduction, changes on the marriage market (mating)Aditthose forces associated with
reproductive behavior, which are present also today, ceeatpace for genetic variation
without contradicting with the Fisher’s theorem (Rodgerd Kohler, 2003).

In order to account for the genetic influence researameesthe heritability coefficient
denoted a$®. This coefficient‘measures the percentage of overall variance (often referred
to as phenotypic variance) in some physical trait or behavioral chaiatitethat is related
to genetic procesgRodgers and Huges et al., 2001: 185).

The range of values ofi® could potentially vary from zero to unity and in fact the
misinterpretation of Fisher’'s theorem implies thhe theritability of fertility and other
reproductive traits will be around zero. However, even dfigkisher, 1930) himself has
estimated the heritability of completed family sizes the British peerage to be different
from zero h?=0.4). As we shall see in the next section, thereewenducted a lot of research
supporting the finding that there is a consistent and signifipattern of heritability of human
fertility. 1t means that some proportion of the obserpbédnotypic variance in fertility and
other characteristics related to the process of repraducthuld be attributed to genetic

influence.



The observed fact that there is some degree of geimdlience on human fertility
behaviour does not mean that there is specific fgrtjitne. It rather means that there is a set
of genes, which by interaction with environment manifest gwves on the level of
phenotypes (behavioural level). Therefore, any researchséa on the estimation of
heritability of human fertility tackles the issue queatively. In other words;determines the
sum of heritable genetic influence on behaviour, regardless of the exitpdenetic modes
of action or the number of genes involved, (...) quantitative genetics dotsl nst which
genes are responsible for genetic influend@lomin, 1990: 184).

In the research focused on quantitative genetics ofahuipehaviour, there are no powerful
methods, like those of experimental research used inathimal studies. Therefore,
researchers have to rely on the family studies, @mogtudies and twin design studies. The
family studies assess the resemblance for the gelhetielated individuals, although it is not
possible to disentangle the non-genetically (environmestalyces of resemblance. This is
exactly the point where the research area can bernafit the adoption studies. Taking the
advantage of the fact that adopted individuals are nddtigaily related to their new families,
it is possible to estimate the share of resemblamd@ch is not due to inherited
characteristics.

Finally the twin studies take the advantage of the faat monozygotic twins are
genetically identical therefore the coefficient ofatedness equals unity. Therefore twins
constitute a sort of natural experiment where geneficaléntical individuals can be
compared to fraternal twins, whose coefficient of giemelatedness equals 0.5. Therefore, if
inheritance affects behaviour monozygotic twins should bee mesemble with respect to
behavioural characteristics than fraternal twins do.

In the research focused on heritability on human fgrtilvo analytical approaches are
predominant. First one uses simple correlation approactorder to account for the
intergenerational transmission of fertility. The amgof this approach could be traced back to
the research conducted by Pearson and Lee (1899). Thews$edeorrelation approach in
order to infer about heritability of fertility betweenrggations. This approach, closest to the
above-described family studies, is not free form digtost mainly due to lack of control for
the environmental effects. Many researchers interestéioei heritability issue followed this
analytical path (extensive review will be presented inriéet section) however accuracy of
their estimates was frequently questionable (comparequeitiof Fisher's analysis by
Williams and Williams, 1974).



Much promising approach is offered by the twin design studiesoted above in such
studies it is possible to control for shared genetic enaent vs. shared environment.
Moreover recent developments in the twin research adeilbgy like DF analysis and
structural equation modelling allow for efficient and actairastimation of heritability
(Kohler and Rodgers, 2001; Rodgers et al., 2001). These resedochis not only on the
heritability of completed fertility but also on thertiity precursors indirectly influencing
individual reproductive outcomes like age at first marrisage at first sexual intercourse,
first attempt to have a child (for instance: Miller, 19®bdgers et al., 2001). These studies
have found moderate heritabilities associated with bebheviand traits related to direct
fertility measures and strong heritability of fertilipyecursors like, for instance, age at first

proception i.e. first attempt to have a child (Rodgeed.eP001).

TRANSMISSION OF FERTILITY BEHAVIOR: REVIEW OF UP T@WATE RESEARCH

As already noted, from the very beginning of the studfethe transmission of fertility
behavior the scholars were puzzled by the question abeudxtent to which variation in
human could be attributed to the genetic factors (nurtamd)to the environmental factors
(nature). Even Pearson, who was strongly biologicaignted, had to acknowledge that there
might be some distortions in the process of heritgbilue to substantial degree of
heterogeneity between individuals in the population.

Due to the lack of suitable research methods, for maaysyresearchers interested in the
investigation of this issue were unable to disentangle leetvgenetic and environmental
component. Therefore they have focused on some appiici®ausing pair correlations
between parents and children which stood for the herttabilifertility (h?). In an excellent
review paper, Murphy provides a comprehensive survey of gtedes (Murphy, 1999). The
estimates of the relationship between fertility of ptgemd children (male and female pairs)
show rather moderate level of association betwestilitierof parents and children. The
earliest study of British peerage by Pearson and U&99) on the intergenerational
transmission of fertility shows considerable variation the estimates with respect to the
social class of individuals. However, some more genpatlern of stronger correlation
between fertility of mothers and daughters than fatlaed sons emerges. The estimates for
mother and daughters varied around 0.2 and the estimatiesHers and sons varied between
0.05 and 0.11.

Other studies of historical populations prior td"t@ntury did no seem to confirm such

strong relationship (Bocquet-Appel and Jakobi, 1993; Imazumi, &, Furuscho, 1970;



Langford and Wilson, 1985). The coefficients estimated hiese¢ studies (using similar
methodology) were small and statistically not sigaific

The two existing studies of T9century populations provided once again positive and
significant correlation between fertility of paremtsd children (Anderton et al., 1987; Wise
and Condie, 1975). Using similar databases of Mormon popul&om the 18 century the
researchers have estimated the correlation coeffibetween fertility of pairs of consecutive
generations. In the case of the study by Wise and C¢hgib), the estimates for the first
and second generations varied between 0.213 and 0.234, for the sexbthird between
0.171 and 0.242 and surprisingly for the third and fourth generatetmgeen —0.028 and —
0.147. Such a negative relationship has been also foundazyim et al. (1970). They have
found negative correlation coefficient (-0.272) betwesntility of mothers and daughters for
the birth cohort 1891-1900.
Anderton et al. (1987) used similar database as study quioded.ar hey have also found a
positive relation between fertility of mother and daegé (approximately 0.1) and moreover
they have found a clear time pattern of this relatigm showing that the relationship became
stronger over the time.
Analyses covering later period (first half of the"2€entury) show constant increase in the
strength of the relationship between fertility of twoaccessive generations. As reported by
Murphy (1999) the coefficients of correlation were reklyvhigh ranging between 0.15 and
0.26 depending on the population and study.
These studies yields quite consistent results, howéwerinterpretation of the results varied
considerably from purely genetic explanations (Imazumi, Bed Furuscho, 1970) to some
more socially and culturally oriented perspectives (Jareed Stokes, 1976). This was
mostly due to the fact that the researchers wereablet to answer the question about the
differential effect of genes and environment since thareaof used data and methodology
unable them to do so.
The recent studies, which successfully attempt to providetigemedels of human fertility,
are based on the twin data and twin research method@adner, Rodgers, and Christensen,
1999; Kohler, Rodgers, and Christensen, 2003; Rodgers et al., 20@LYwih databases
seem to be particularly well suited for answering the tipresabout the degree in which
human fertility is determined by genes. The fact thahomggotic twins are genetically
identical allows controlling for the shared genetic backgd and isolate respective
environmental factors. The results of these studiesatebat around one-quarter of the

variance in the completed fertility is attributablegenetic influence (Rodgers et al., 2001).



There is also a differential genetic for cohortarelsterized by high and low fertility levels
(presumably natural and controlled fertility). The théioed considerations presented in these
studies lead to the conclusion that genetic influencéedility outcomes appear to operate
through volitional fertility motivations and desires aslivas through biological process such
as fecundity.

These studies also suggest that there is a shift inelaéive importance of shared
environmental and genetic effects over time (Kohler, Rajgard Christensen, 2003). The
genetic influences seem to be of particular importaamoeng post-transitional populations
whereas the environmental influences among pre-tramsitipopulations. This is in
accordance with the theoretical predictions (Fisher, 192@) demographic transition
progress the social restrictions concerning the reproducttax and the socioeconomic
conditions in general facilitate a wider choice of dgnaphic behavior that includes the
conscious control of marital fertility. This changingntext of fertility decisions apparently
leads to a fading of shared environmental influences, amergence of strong genetic
influences on fertility behavior.

The results of all up to date, researches on the imerggonal transmission of fertility
pooled by Murphy (1999) provide an excellent overview on the pattef fertility
transmission process. The FIGURE 1 present the poolettsrdsom the paper of Murphy
along with some new results of recent studies.

This figure shows quite clear time pattern of no or wea#tionship at so-called natural
fertility regimes (or pre-transitional societies) aradatively stronger genetic influences in
post-transitional populations or birth cohorts. Theselggboesults indeed suggest that there
was a constant shift towards greater importance of gemdtects in comparison to

environmental effects.
[FIGURE 1 ABOUT HERE]

Although the results show a great degree of variatioging between 0.1 and 0.5, on
average they converge to the value around 0.2-0.3 which usim#lined in various studies
concerning intergenerational transmission of fertililyhis figure gives only a general
overview of the trends and there are other, more ddtaispects of the topic that are worth
mentioning.

One of the important dimensions of the intergenenatigransmission of the fertility

behavior is the differential effect with respect ta aad generation. The results suggests that



there is much stronger intergenerational transmissibriertility between females than
between males (Murphy, 1999). That is, daughter’s fertddyrelates much stronger with
fertility of her mother that fertility of son witteftility of his father. This is of course related
to the fact that female fertilty is dependent on maliplogical or physiological
characteristics which are genetically inherited. Thus, tigily transmitted individual
fecundity, among other factors, predetermines thditiedutcomes of females. On the other
hand male fertility seems to be rather related ® gbcial position and to less extent to
genetically inherited traits.

Another important difference in the magnitude of the gerdfects is related to the time
distance between studied generations. Apparently, two siveagenerations should exhibit
higher correlation of fertility outcomes than the retation between fertility of grandparents
and grandchildren. This is of course related to the coeffidb genetic relatedness which is
higher between two successive generations than betweedpgrents and grandchildren.
Also the environmental effects which partially shape #w@roductive outcomes are much
more similar in the case of the two successive genagtfithat is the external socioeconomic
conditions which shape the fertility of a given generatare much resemble in the case of
parents and children, which in turn might translate ingghdni correlation of the fertility

outcomes.

FERTYLITY TRANSMISSION: THE CASE OF BESJCE PARISH

This paper do not stand only for the review of up to daterelsdut also adds some new
evidence on intergenerational transmission of fertilfhe new evidence comes from the
historical population of Bejsce parish, Poland. The daien the reconstitution study of
Bejsce parish do not allow for sophisticated analys& thould accurately capture the
inheritance of fertility behavior. Therefore as in ttase of most studies of intergenerational
transmission of fertility the analyses are based smple correlation approach in order to
assess the relationship between fertility outcomesvofsuccessive generations. Although,
such an approach is far from being ideal solution if oretwo capture the inheritance
schedule, however it allows for approximation of sucklation and enables the comparison

with other studies.

Sample selection and preparation
The data from the parish registers from Bejsce welleated by the research team led
by professor Edmund Piasecki from Institute of Anthropolofjiolish Academy of Science.

Research team has chosen Bejsce parish located ih seotral part of Poland (100

1C



kilometers north from Cracow). The selection cideestricted possible choices to big rural
parishes, located on fertile soils, with long and twtus settlement and well-preserved
parish registers from 17th to 20th century. Bejsce pdwiiied each of these criterions and
moreover, this site was homogenous with respect tonaiiy and religion of inhabitants and
was not exposed to any dramatic depressions like waraguel The whole parish, founded
in year 1313, consists of eight villages. Although there aylat eillages within the parish,
there were quite closely located so there is no hiakthe population could be heterogeneous
with respect to the place of residence. Throughouttgllhistory inhabitants were dealing
with agriculture but the information on size of ownedlamthe parish registers were missing
or incomplete. However the primary goal of the redeaieam was to reconstruct also
anthropometric data, finally the data base contains afdymation about deaths, births and
marriages of all inhabitants registered in the parish books

The parish books were relatively well preserved. Thesilamong parish books is the book
of marriages. The first record in this book has been nradee year 1586. Second oldest is
the book of births (established in the year 1606) and lyindle book of burials was
introduced in the year 1679. The whole database consisanafst 40 thousands of
inhabitants linked in families by individual numbers attactedeach unit of observation
(more details on the database construction and prepanataoess see: Piasecki, 1990;
Tymicki 2004).

In order to account for the intergenerational transmissif fertility it was necessary to
select the sub-sample of men and women and link thémsimccessive generations. The
criteria which were used to select the sub-sampleheranalysis were quite similar with
respect to males and females. They are also reseémtiie criteria used in the other studies
devoted to the issue of intergenerational transmissidertility (compare: Imazumi, Nei, and
Furuscho, 1970; Murphy, 1999).

For both sexes it has been assumed that it is ctocked at risk of experiencing a birth of
a child through the whole reproductive period. In the hisitbnmopulation, like those of
Bejsce parish, being in the union was critical with resfiebe at risk of experiencing a birth.
Therefore, pre-processing procedure excluded individuals wiedstaut of the union (single
and widowed persons) and people who have terminated the ungifore reaching the limit
of reproductive ages. However, the procedure has not egchatsons who have terminated
unions (due to for instance death of a spouse) but have redndtrhas to be noted that

remarriage was much more frequent for males than foaléesn
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In order to properly analyse transmission of fertilitys necessary to account only for
completed fertility. Therefore, both for males apthéles, the age of 45 has been chosen to
be the point where the individuals have relatively lovarades for increasing their fertility
outcome. In other words, the selection criterion weg individual has to survive (in union)
at least to age of 45. This assumption seems to be mgais®nable in the case of females
since age of 45 usually marks the onset of permanenttgteriierefore when woman dies at
age of 45 the probability that her reproductive outcomedcbelhigher if she would survive
is negligibly low.

However, this assumption is much less straightfodwiarthe case of males. It could be
argued that when man dies at the age of 45, number ohifisen at that time is far from
being a proxy for his completed fertility if he would survilidws, when man dies at the age
of 45 he is loosing some part of his reproductive span addmpleted fertility could be
higher if he would survive. That is true however the ahoi@s dictated by the fact that
individuals from youngest generation born between 1900 and 1923 réached the age of
45 in the year 1968 which was the ending year of the ratdimt. Therefore the problem of
relatively short reproductive span was limited only to ecsmall fraction of the sample.
There is no such a problem among older cohorts or gemesati

The aim was to calculate the intergenerational tréssion of fertility. Therefore it was
necessary to link individuals in to families (lineagesyvas possible to trace three successive
generations. The youngest generation (third) was bdoilawing cohorts: 1800-1850, 1851-
1875, 1875-1900 and 1900-1923. This was the generation of sons and dasghtard,was
the generation of mothers and fathers and the firstwas the generation of grandfathers and

grandmothers. The birth cohorts of the three studiedrgames are given in the TABLE 1.

[TABLE 1 ABOUT HERE]

Variables considered in the analysis

The variables of a special interest in the analysss iatergenerational correlation of
completed fertility and the number of surviving children. Séhevo variables are usually used
to measure the relationship between the fertility oéptr and children (Murphy, 1999). The
number of survivors is usually understood as the numbehillren who manage to survive
until the maturity. In the case of the current study aechassumed the age at maturity to be
15 years old. Choice of this age limit was dictated leyf#ict that in the population of Bejsce

parish children who has reached age of 15 very frequently magrating to work in another
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parish or village. Such migration from parental househotdally meant the gaining the
independence from parehts

However, the strength of intergenerational correfatid completed fertility and the
number of survivors could presumably refer to different tgohg) processes. The correlation
between completed fertility of two generations refatter to the individual biological ability
to conceive, whereas the correlation between timebeu of survivors, besides the biological
factors (woman’s health status) refers also to aereat conditions surrounding the process
of childbearing. What is meant here by external camaktiis overall infant mortality for
given generation and birth cohort caused by such fadkergdod or bad nutrition (good or
bad harvest) or epidemics.
Using the assumptions concerning the sample selecti@equce described above, completed
fertility has been calculated for both males and feshalowever, the number of survivors up
to the age of 15 was computed only for females. This igaltiee fact that considerable share
of infant mortality in natural fertility populations wancentrated within few days and
months after delivery. Among factors influencing neonatairtality dominate factors
associated with woman’s health status, like infant’shiieight or susceptibility for
infections. Therefore we should expect, if any, datien between number of woman’s

surviving children rather than those of men.

Correlation approach

Taking into account methodology used in the research gpapdrich focus on the
intergenerational transmission of fertility behavidr tbe inheritance of fertility one can
roughly divide between sophisticated methods allowing tonasti the heritability measures
derived from genetics, biometry and twin research metbggidBocquet-Appel and Jakobi,
1993; Christensen et al., 2003; Kohler, Rodgers, and Christet3@9; Kohler, Rodgers, and
Christensen, 2003) and simple correlation approach rootee ipagper by Pearson and Lee
(1899), which was subsequently used by many researchersqfande: Imazumi, Nei, and
Furuscho, 1970; Langford and Wilson, 1985; Murphy and Knudsen, 2002).
Apparently the correlation approach is far from beinghtbst solution if we want to estimate
the heritability of human fertility. It gives rather crude estimate of the strength of the
relation between fertility of two generations of geratic related individuals. Since we
cannot control for the shared environmental influencessnibt possible to isolate the effect of

genetic factors. The choice of the method is determimedhe nature of the data. The

! Compare similar assumptions in (Tymicki, 2004).
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methodology, which enables us to isolate genetic effe@quires specific data sets,
preferably twin data and there is no restriction posedhendata set in the correlation
approach. Thus most of the researchers working wittisterical data use the correlation
approach.

Current paper contributes to the “correlation branch'thef intergenerational fertility
transmission studies, which is of course dictated leyrthture of the data. Therefore, all
interpretations of the correlation coefficients rafegrto genetics of the fertility transmission
are unjustifiable. It could be only assumed that theeegenetic mechanism behind expected
positive correlation of fertility outcomes betweenotwuccessive generations. The only
justified inference based on the correlation coeffitsdas that there is (or there is no) relation
between fertility of the two successive generationd we can refer these results to some

hypothetical explanations.

RESULTS

The analysis reports the intergenerational correlatietween fertility of § and 2°
generation (sons/daughters vs. fathers/mothers) drah@ ' generation sons/daughters vs.
grandfathers/grandmothers) with respect to the birtfoitoof a youngest generation (third
generation). Additionally, it gives the correlationasares of the outcome variables between
the generation™ and . Taking into account the degree of genetic relatednesasisally
the replication of correlation between the generaB8mnd 2°. The only difference is with
respect to the birth cohort of the studied generatiof®e Iummary results of these
calculations, separately for males and females, arengin the TABLE 2a and 2b. As
mentioned above, second outcome variable is the numbsurafors, which was created
only for women from the Bejsce parish. Similarly, twgrelation coefficients were calculated

for all possible combinations of selected generations.

Intergenerational correlation of completed fertility

Firstly, the analysis focuses on the correlation ketwcompleted fertility across three
generations: i.e. between 3rd and 1st generation. Tinparison of the coefficients for males
and females presented in the middle row of the TABLESr#h 2b reveal quite different
patterns. In the case of males (TABLE 2a) there isaroelation between completed fertility
of sons and grandfathers{@nd f' generations). Such pattern of no relationship among
males from relatively distant generations has beeponted in many studies see

comprehensive review by (Murphy, 1999).
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[TABLES 2a, 2b, 2c ABOUT HERE]

However, the results for females reveals that tierdso a lack of relationship with except
for the cohort born between 1851 and 1875, for which thera &rong positive and
significant correlation between completed fertilityf daughters (8 generation) and
grandmothers €1 generation). Since there is no benchmark study, whidhwslfor the
comparison, it is difficult to hypothesize about th@larations for this result. It is however
plausible to assume that this strong relationship migétlt from the sample selection bias
since other results from this same birth cohort shdferdnt pattern. This is particularly
obvious if we take look at the graphical presentation@ttefficients given at the mid-panel
of the FIGURE 2.

The analysis of correlation between completed fariif the successive generation$ {1
2" and 2 - 3% brings more predictable results (compare first ronthefTABLES 2a and
2b and FIGURE 2). As predicted on the basis of reviewadiest there is a strong positive
and significant relationship between fertility of parer@sd children. Especially, the
correlation between fertility of mothers and daugh(@?$vs. 3 generation) show clear time
dependent pattern, with relatively high and significam¢fficient for the youngest cohort.
There is no such an effect between completed fgrtfit1™ and 2 generation. It has to be
noted that these generation were during their reproductes anuch earlier than™3
generation (compare TABLE 7-1) which may also refle& fact that the correlation is
strongly time dependent.

The results for males are less clear. There is #&iyselationship for the youngest
cohort of the 3rd generation (born 1800-1850) and slightlytivegiar the birth cohort 1851-
1875, although the significances for both figures are webkrefore, it could be assumed
that the level of variation in completed fertility males from the Bejsce parish is much
stronger than for females. Additionally, we have calted the intergenerational correlation
with respect to the number of survivors (compare TABLEa@d bottom panel of FIGURE
2). This was done in order to answer the question aboupalsible intergenerational
relationships between the number of woman’s surviving cldfiéhe results are quite
coherent showing rather negative relationship. In glacthe larger surviving sibship size of
and individual the lower is the correlation with thdiidual’s number of surviving children.
The only exception is the positive correlation betwdenrtumber of surviving children for
daughter’s from the youngest birth cohort which mighagsociated with overall decrease in

the infant mortality rate.



[FIGURE 2 ABOUT HERE]

DISCUSSION

The issue of intergenerational transmission of fertihas been analyzed so far mostly
from the perspective of inheritance of reproductive behavidiowever, non-adequate
methodology did not allowed isolating purely genetic effedRecent methodological
improvements and use of twin design studies made possiklgtimate the genetic effects on
human fertility more precisely (Kohler, Rodgers, and i€bnsen, 1999; Rodgers et al.,
2001). In order to achieve that it was necessary to refsmn traditional studies of
correlation between fertility outcomes of successiveegations. Using the data from Bejsce
parish it was not possible to use mentioned methodologimgabvements, therefore standard
correlation approach was applied. From such an appro&inat possible to infer about the
genetic effects. It is only possible to give a very cradeount for the strength of relationship
between fertility of parents and children and grandparents
If we look at the results of current analysis we tiank about them not only as the measure
of relationship between fertility of parents and childbem also as a measure of relationship
between the number of children born to individual frgemerationx and the individual's
sibship size. This perspective adds a new possible exglapathich reach beyond the
genetic reasoning. As argued in one of the previous papers qHiy2004), in traditional
populations siblings played a major role in the individearoductive performance measured
both by the completed fertility and by the risk of patignsition. This is associated with so-
called helpers-at-the-neshypothesis, which predicts that siblings constitute an itapor
source of help that may alter individual reproductive grentince. This might partially
explain the positive relationship between number ofrgisliand individual fertility. One may
expect that such a relationship will be strongly dependerindividual birth rank. As shown
elsewhere (Tymicki, 2004), individuals with low birth rankgif born children) enjoy higher
rates of reproduction then their later born siblings.

Indeed, recent advances in the field of intergenerdtfertadity transmission studies tried
to explore the relation between individual birth rankl atrength of relationship between
fertility of parents and children (Murphy and Knudsen, 2002). phth of research seems

natural, since it is difficult to isolate the genetftects.

[FIGURE 3 ABOUT HERE]
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Therefore if we are not able to isolate the genefecefve should try to control for as much
as possible of the environmental effects (Anderton etL@87;compare studies by: Johnson
and Stokes, 1976).

Although the inference based on the results of the presapter is limited because of
used methodology, it is however possible to compare ¢balts with the results of the
previous studies. Such a comparison is presented on tHéRHG. The only study that
covers similar period was conducted by Imaizumi et altde Japanese population of Uto
community (Imazumi, Nei, and Furuscho, 1970). Interebtihige results obtained for the
population of Bejsce parish follow quite closely theineates for the Japanese population.
The increase in the correlation at the beginning of tiec2htury is preceded by negative
relationship at the end of ¥&entury. After that point the correlation betweeproeluctive
outcomes of two successive generations is increasing.

This shape of time dependency seems to be quite standdimgffor all populations. The
increased strength of relationship between fertility okpts and children at the turn of the
20" century with comparison to previous decades has been taiggkplain by growing
importance genetic factors in fertility behaviour durirfgaieges associated with so-called
fertility transitions (Kohler, Rodgers, and Christens2®03). However one may think about
the alternative explanation which attributes the ireeda the strength of relationship to the
lower variance in the reproductive outcome during and dlfterfertility transition. Since
fertility transition is, among others, associated wititréase in the predictability of
environment (for instance lower infant mortality) thetifity rates drop as a response to such
a change. In the natural fertility populations, wheerdhwas no relationship between fertility
outcomes of parents and children, the variation in #rélify was much higher due to
possible irregularities in the reproductive process causethebproximate determinants of
natural fertility. These factors like: length of brefestding, nutrition, good or bad harvest etc.
could cause intergenerational variation and made thityeoutcomes less predictable. On
the other hand, during and after the fertility transitib@ number of produced children and
their survival were much more predictable and uniform fervthole population which led to
increase in the correlation between fertility of péseand children. Therefore, nowadays due
to these changes fertility of parents seems to berbyefder predictor for fertility of children

than it was 200 hundreds years ago.
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FIGURE 1. Pooled results of studies on intergeneratimaatmission of fertility and heritability of fenty between twins by birth year of

younger generation/birth cohort
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TABLE 1. Birth cohorts of the three successive mald famale generations
under analysis.

BIRTH COHORT
1800-1850 1851-1875 1875-1900 1900-1923

Third generation
(sons\daughters)

MALES
1773-1828 1796-1850 1822-1877 1850-1900

Second generation

(fathers)

First generation 1741-1797  1752-1825 1766-1845  1806-1869

(grandfathers)
FEMALES

1767-1830 1811-1852 1834-1880 1858-1903

Second generation
(mothers)
First generation

1740-1805 1779-1825 1802-1856 1816-1880
(grandmothers)

21



TABLE 2a. Pearson correlation coefficients betweemmeted fertility of men from this same lineage by butihort of
the youngest generation (sons), Bejsce parish.

1800-1850 1851-1875 1876-1900 1901-1923
Son vs. father 0,174* (f’jl’%z)z -0,129* (ﬂiggf)l' 0,042 (?12(1)’955)4 0,092 (ﬁ§g§133
Son vs. grandfather -0,049 (|ro;(l),7532)4 -0,086 (?12(2)3119)3 0,019 (?12(1)975)6 0,043 (|ro;(2),3511)4
Father vs. grandfather 0,139* (|ro;(l)70§)9 0,016 (ﬁig’ggff 0,008 (?12(1)591)0 0078 (?12(2)3213)9

Note: significance level and number of cases in thenpheses. Significance: *'=10%; **'=5%; ***'=1%.

TABLE 2b. Pearson correlation coefficients betweempleted fertility of women from this same lineage bytbzohort
of the youngest generation (daughters), Bejsce parish.

1800-1850 1851-1875 1876-1900 1901-1923
Daughter vs. mother 0,114 (r|10=:i)6£13£)1 -0,012 (|ro;(l)5887)9 0,007 (|ro;(2)(§)22)1 0,205%*+* (|ro;(2)é)70)2
Daughter vs. grandmother 0,016 (ﬂz(l)’g’)l 0,208*** (?;(1)505)9 0,037 (|ro;(2)(§520)0 -0,008 (?;(2)570)3
Mother vs. grandmother -0,102 (|ro;(l)7128)2 0,019 (|ro;(l)7811)0 0,034 (I,O;(Z)gg)z -0,024 (ﬁzgggl

Note: significance level and number of cases in thenpheses. Significance: *'=10%; "**'=5%; ***'=1%.

TABLE 2c. Pearson correlation coefficients betweemiper of surviving children for women from this same lineage by
birth cohort of the youngest generation (daughters), Bgjacish.

1800-1850 1851-1875 1876-1900 1901-1923
Daughter vs. mother o114 OO o0z CIIO0 oa7em GO oazen GO
Daughter vs. grandmother 0,067 (ﬂz(l)és)g -0,031 (?12(1)5770)0 0,091 SIZZ%ZZ) 0,002 (|r0;(2)3937)2
Mother vs. grandmother -0,185** (|ro;(l)7011)6 -0,127 (ﬁzcl);)f; -0,073 éﬂ;%g) -0,168*** (ﬁzgé)?gg

Note: significance level and number of cases in thenpheses. Significance: *'=10%; "**'=5%; ***'=1%.
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FIGURE 2. Graphical presentation of correlation coedfits from the
TABLE 2a. Top: males; Middle: females; Bottom; femajeamber of
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FIGURE 3. Compared results of the intergenerationah(pair) correlation between fertility based on poolesllts of selected past studies and
the study of the Bejsce parish.
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