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Abstract On the basis of church register entries from
the Krummhorn region (Ostfriesland, Germany, 1720—
1874) we looked at whether the existence of grand-
mothers had an impact on the reproductive success of a
family. We found that fertility measured by parity pro-
gression ratios was influenced by grandmothers, though
only in exceptionally large families, while fertility mea-
sured by intervals between births was not influenced by
grandmothers. However, maternal grandmothers reduced
infant mortality when the children were between 6 and
12 months of age. During these 6 months, the relative
risk of dying was approximately 1.8 times higher if the
maternal grandmother was dead at the time of the child’s
birth compared to if she was alive. Interestingly, the ex-
istence of paternal grandmothers approximately doubled
the relative risk of infant mortality during the 1st month
of life. We interpret this as being the result of a tense
relationship between mother- and daughter-in-laws. We
found that Krummhorn grandmothers could be both
helpful and a hindrance at the same time. Geographic
proximity increased the effects found. If this ambivalent
impact of grandmothers on familial reproduction could
be generalized beyond the Krummhorn population, the
hypothesis that the evolution of the postgenerative life
span could be explained by grandmotherly kin-effects
would have to be stated more precisely: the costs of so-
cial stress in the male descendency would have to be
subtracted from the benefits of aid and assistance in the
female descendency.
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Introduction

Human female life history, as opposed to the typical ape
life history, is characterized by a pronounced postgenera-
tive life span. Controversy abounds regarding the adap-
tive reasons which have led to an extension of the life
span during human evolution. One particular point of
controversy has been the question whether this is primar-
ily a male-driven or a female-driven phenomenon. The
life span may have been extended for reasons such as
those set out in the “difficult-to-acquire-food hypothe-
sis”, for example (Kaplan 1997; Kaplan et al. 2000). Ac-
cording to Kaplan’s model, the catalytic trigger for an
extension of the life span came primarily from the in-
creasing productivity of male subsistence strategies,
mostly hunting. Older males produce more food than
they consume. The economic surplus can be translated
into reproduction, and hence “genes for male longevity”
will spread. Under this selective regime the lengthening
of the female lifespan beyond menopause may also be
favored due to the benefits of continued kin assistance
(Kaplan 1997). Marlowe (2000) formulates the “patri-
arch hypothesis” as an explanatory model for the in-
crease in the human life span. In this model, the exten-
sion of life is seen also as a male-driven phenomenon,
although for different reasons.

Other scenarios have been proposed, however, where
it was assumed that early hominid females had crucially
expanded their subsistence strategies following Pleisto-
cene climatic changes, e.g. by including nutritious tubers
in their diets which had to be dug up from the ground.
By this means, older women were able to make a net
contribution to the reproduction of their kin. Specifically,
ageing females, whose own fertility was declining to
zero, could increase the fertility of their daughters by
providing additional food for weanlings. As a result, the
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weaning age decreased and hence interbirth intervals be-
came shorter in comparison with the life history of apes
with their lack of grandmaternal help (Alvarez 2000;
Blurton Jones et al. 1999; Hawkes et al. 1998; O’Connell
et al. 1999).

Regardless of how the evolution of the extended life
span may have occurred, the timing of the menopause
appears to have remained unchanged. While human and
chimpanzee longevities differ, the fecund life span of the
human female is similar to that of chimpanzees. The
obligatory menopause in the fifth decade of life may thus
be seen as phylogenetic inertia, deeply rooted in mam-
malian reproductive physiology, the evolutionary reorga-
nization of which could not easily occur (Kaplan 1997;
Leidy 1999). On the other hand, the stock of oocytes
would be large enough to last to age 70. The observation
that due to an acceleration of atresia that occurs before
age 40, women nevertheless run out of oocytes at about
age 50 conveys the impression of adaptive design. Thus
it seems not unlikely that menopause might be a hominid
adaptation instead of a constraint of mammalian physiol-
ogy (Peccei 2001a, b; see however Leidy et al. 1998).

Despite inevitable sterility in old age, investment in
an extended life span is worthwhile, on average, if older
women are able to increase the lifetime reproductive suc-
cess of their own adult offspring by providing economic
and/or social support. Ancestral older females, who were
still fairly vigorous when their own fertility had dropped,
could increase the number of surviving children born by
their daughters simply by helping out. This is an evolu-
tionary route through which a life history like those of
living chimpanzees would be moved out of a typical ape
equilibrium and toward the life histories we see in all hu-
mans today (Hawkes et al. 1998; see Peccei 2001a for a
critical evaluation of Hawkes’ hypothesis on the evolu-
tion of the human female life history).

A related but conceptually distinct question is wheth-
er the help provided by postmenopausal women has been
able to increase inclusive fitness beyond the level they
would have attained had they continued to reproduce as
they aged. Williams (1957) raised this issue in his classic
paper, namely whether the menopause is deemed to be
more of an “adaptive choice” than a constraint. Hill and
Hurtado (1996) pursued this question in their study of
the Ache people. Even though they found some evidence
that older women are actually able to increase their fit-
ness on average if they discontinue their own reproduc-
tion and instead support their children’s reproduction,
the authors tend to remain skeptical due to the weak ef-
fect they found. They surmised that there are other, still
unknown, reasons for the evolution and persistence of
the menopause (see also Hill and Hurtado 1997). Mace
(2000) and Peccei (2001a, b) rightly pointed out that the
cost-benefit matrix of the menopause could be influ-
enced in more complex ways than was assumed in previ-
ous models. Anyway, if the menopause is indeed an ad-
aptation for increased investment in already existing off-
spring, this is likely to involve mainly maternal, not
grandmaternal investment (Peccei 2001a, b).

Apart from the question of the evolution of the meno-
pause, it remains for sociobiological and behavioral
ecology researchers to clarify how socio-ecological fac-
tors structure the form and extent of grandmotherly as-
sistance. Thus Hawkes et al. (1989, 1997) described
hard-working Hadza grandmothers who engage in the
acquisition of food with much more effort than do
younger, reproductive women. The help from grand-
mothers to some extent relieves their adult daughters (or
other female relatives) from subsistence tasks, allowing
them to increase their reproductive investment instead.

Bereszkei (1998) showed for Hungarian Gypsies that
child-caring grandmothers increase the fertility of their
daughters. Nath et al. (2000) found a similar effect in a
Bengali-speaking population of Assam, India. An analy-
sis of the anthropometric and vital statistics data from a
rural farming population in Gambia carried out by Sear
et al. (2000, 2002) emphasizes the special function of
maternal grandmothers. Provided that they were not any
longer reproducing, their presence correlated with the di-
etary condition (measured by body height) and signifi-
cantly higher survival chances of their grandchildren. In
contrast, no such effect was discernible if grandmothers
had not yet discontinued their own reproduction. Thus
there is some indication of an allocation conflict between
investment in offspring versus kin investment. Interest-
ingly enough, despite the patrilineal and patrilocal soci-
ology of the Gambian communities, the paternal grand-
mothers did not play any helping role in the reproduction
of their daughters-in-law.

With this study we intend to estimate the degree of
grandmaternal assistance in the historical population of
Krummhorn (Ostfriesland, Germany, eighteenth and
nineteenth centuries) by examining the impact of grand-
mothers on the survival chances of their grandchildren
and the fertility of their daughters (measured by inter-
birth intervals and parity progression ratios).

Methods

Data

We have evaluated the church registers of the Krummhorn region
(Ostfriesland, Germany, eighteenth and nineteenth centuries), as
well as tax rolls and other records, using the well-established
method of family reconstitution employed in historical demogra-
phy (Voland 2000). At present, we have completed the data collec-
tion for 19 of the 32 parishes in this region. Although a few parish
registers have been kept since the seventeenth century, data could
not be considered reliable until the eighteenth century, when par-
tial under-registration (especially of stillborn children and early
infant deaths) could be ruled out.

After having documented all the church book entries, we re-
constituted the family structures. Our goal was to ascertain the ge-
nealogical linkage as completely as possible for individual stem
families over several generations. At present, we have vital and
social data available from slightly more than 23,000 families. A
summary of some of the main results of the Krummhorn study is
given in Voland (1995).

At the end of the nineteenth century, the marsh regions to
which the Krummhorn belongs covered only 7% of the total area
of the Hanover province, but they produced 22% of its agro-eco-



nomic output (Meitzen 1894). In contrast to the neighboring
heathland and moor regions, large and medium-sized businesses
dominated the farming economy. A capital and market-oriented
agriculture was able to develop and replace a pure subsistence
economy in the Krummhorn earlier than elsewhere in Germany.
Accumulation of proceeds was possible and indeed led to remark-
able wealth concentration in some lineages. Consequently, a “two-
class society” developed with big farmers on the one hand, who
owned both the land and the capital, and a large mass of landless
workers and rural craftsmen without property on the other. This
division of society is also reflected in the reproductive strategies
of the Krummhorn population. While the relatively prosperous
farmers manipulated the fate of their children in accordance with
the logic of a resource competition scenario (Beise 2001; Voland
and Dunbar 1995), the masses of workers dealt with fertility “op-
portunistically”, i.e. the sex of the children and the family size al-
ready attained were irrelevant to their investment decisions. Con-
sequently, infant mortality does not show any remarkable variabil-
ity in these families. This is why we concentrated on the landless
segment of the Krummhorn population in this study; any potential
grandmother effects would presumably not be overshadowed by
economically motivated investment decisions here.

Sample selection

We have considered only the data of children:

® from non-prosperous families (i.e. from families owning less
than 75 grasen of land, 1 gras = 0.37 ha. This segment of the
population consists primarily of farm workers, simple rural
craftsmen, small tradesmen and farmers below the subsistence
threshold)

® from completely known families (i.e. beginning and end of

marriage are “under observation” which makes it most likely

that the whole reproductive history in between these two

events is known for this family as well)

whose exact birth dates are known

who were born between 1720 and 1874

who were born alive

whose mothers survived at least the first 2 years post-partum,

i.e. when most children can be expected to have been weaned

(Kaiser 1998). We restrict our analysis to “mother-alive” situa-

tions to exclude possible grandparental effects in familial ca-

tastrophes. Thus, grandparental kin assistance is likely to be

underestimated in this study in that we only focus on everyday

situations.

Dependent variables

® [Infant survival during first 5 years of life (excluding stillbirths)

Interbirth intervals (between two successive live births)

® Parity progression (only if the index child has survived the
Ist year of life: if another birth (live birth or stillbirth) follows,
then pp=1, if the index child remains the last in the sequence
of siblings, pp=0)

Independent variables

® Number of siblings alive at the birth of the index child

® Constellation of grandmothers at birth of the index child. Ref-
erence group: both grandmothers are dead. Dummy variable 1:
only the paternal grandmother is alive, dummy variable 2: only
the maternal grandmother is alive, dummy variable 3: both
grandmothers are alive (the construction of dummy variables
describing the four possible outcomes of two binary variables
is a simple way of considering interaction effects between
these two variables)

® Constellation of grandfathers at birth of the index child. Refer-
ence group: both grandfathers are dead. Dummy variable 1:
only the paternal grandfather is alive, dummy variable 2: only
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the maternal grandfather is alive, dummy variable 3: both
grandfathers are alive

® Places of residence. Reference group: the natal family and the
two families of grandparents have the centers of their lives in
the same community (see Beise 2001 regarding the method for
determining the “center of life”). Dummy variable 1: neither of
the two grandparent families have the center of their lives at
the place of residence of the natal family, dummy variable 2:
only the paternal grandparents have the center of their lives at
the place of residence of the natal family, dummy variable 3:
only the maternal grandparents have the center of their lives at
the place of residence of the natal family

® Age of the mother (mean=31.77; SD=6.03; n=9,447)
® Age of the father (mean=34.76; SD=7.14; n=9,084)
® Year of birth

® Square of the year of birth

Results

Grandmaternal impact on fertility (interbirth intervals)

As expected, interbirth intervals increased with age of
mothers and fathers, and decreased with family size. The
presence or absence of grandmothers (or grandfathers)
had no effect at all on interbirth intervals (Table 1). We
were also unable to ascertain any stable interaction ef-
fects between the constellation of the grandparents and
the age of the mother or the family size. Quite obviously,
grandmothers do not influence the interbirth intervals of
their daughters or daughters-in-law, and also do not exert
any influence, for example on mothers in certain age
groups or in especially large families.

Grandmaternal impact on fertility
(parity progression probability)

The probability of having another child depends on a set
of independent variables (Table 2). Parity progression
probabilities were only ascertained for children who had
become at least 1 year old, in order to rule out, for the
greater part, the effects of any replacement strategies.
Moreover, the grandmother constellation 2 years after
the birth of the last-born child was taken into consider-
ation, because it is assumed that grandmaternal assis-
tance, especially during the first years of life, could in-
fluence the decision for or against another child. It is
also assumed that this decision will not already have
been made at the birth of the youngest child.

As expected, the age of the mothers and fathers and
the already attained size of the family influence the prob-
ability of having another child (Table 2). In addition,
there is an interesting grandmother effect: If both grand-
mothers were still alive, this increased the probability of
another birth by a factor of 1.4, although with P=0.0644
this result is not statistically significant; note however
that the overall grandmother constellation effect was also
not significant (P=0.2359). Interestingly, the positive ef-
fect of both grandmothers being alive on parity progres-
sion ratios is only marked in large families with four or
more living children (Table 3).
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Table 1 ANOVA of interbirth

intervals (mean=2.94 years; Source Type Il sum of  df Mean square  F P
SD=1.35; n=7,591), intervals squares
between two live births only
Corrected model 162.257(a) 11 14.751 8.587 <0.001
Intercept 80.533 1 80.533 46.883 <0.001
Age of father 6.328 1 6.328 3.684 0.055
Age of mother 25.102 1 25.102 14.613 <0.001
Constellation of grandmothers 3.316 3 1.105 0.643 0.587
Constellation of grandfathers 3.076 3 1.025 0.597 0.617
No. of living siblings 35.020 3 11.673 6.796 <0.001
Error 3876.947 2257 1.718
Total 23857.640 2269
. Corrected total 4039.204 2268
a R2=().040 (adjusted R?=0.035)
Table 2 Logistic regression on parity progression probability (n=2,814)
Variable n B SE Wald df P R Exp(B)
No. of living siblings 0.1600 0.0414 14.9406 0.0001 0.0683  1.1735
Grandmother constellation, reference: both 895 4.2481 3 0.2359 0.0000
grandmothers dead
Paternal grandmother alive (1) 563 0.1377 0.1597 0.7428 1 0.3888 0.0000 1.1476
Maternal grandmother alive (2) 736 -0.0088 0.1431 0.0038 1 0.9508 0.0000 0.9912
Both grandmothers alive (3) 620 0.3432 0.1855 3.4213 1 0.0644 0.0226  1.4094
Grandfather constellation, reference: both 1203 0.8314 3 0.8419 0.0000
grandfathers dead
Paternal grandfather alive (1) 501 -0.1059 0.1621 0.1621 1 0.5136 0.0000  0.8995
Maternal grandfather alive (2) 712 -0.0441 0.1462 0.0911 1 0.7628 0.0000  0.9568
Both grandfathers alive (3) 388 0.0966 0.2252 0.1841 1 0.6679 0.0000 1.1014
Places of residence, reference: natal family 877 57925 3 0.1222 0.0000
and both grandparental families live in the
same parish
Residence of natal family different from both 329 -0.4179 0.1915 47618 1 0.0291 -0.0316  0.6584
grandparental families (1)
Residence of paternal grandparents different 1141 -0.0140 0.1398 0.0101 1 0.9200 0.0000 0.9861
from natal family (2)
Residence of maternal grandparents different 467 -0.1250 0.1747 0.5121 1 0.4742 0.0000  0.8825
from natal family (3)
Age of the mother -0.2281 0.0162 199.4675 1 <0.001 -0.2669  0.7960
Age of the father -0.0588 0.0112 27.6922 1 <0.001 -0.0963  0.9429
Year 0.2703 0.2089 1.6749 1 0.1956 0.0000 1.3104
Year squared —7.5E-05 5.77E-05 1.6994 1 0.1924 0.0000  0.0000
Constant -231.616 188.8264 1.5046 1 0.2200

Table 3 Effect of the grandmother constellation [Exp(B); refer-
ence group: both grandmothers are dead] on the probability of an-
other birth (parity progression probability), by number of living
siblings, including the same covariates as in Table 2

Number of living sibs

0 1-3 4+
Only paternal grandmother alive 1.25 1.08 0.99
Only maternal grandmother alive 0.70 0.94 1.19
Both grandmothers alive 0.81 1.30 3.20%%*
n 680 1,591 543

** P<0.01

Grandmaternal impact on infant survival

Infant survival was analyzed for the first 5 years of life.
Figure 1 shows the plotted estimated survival functions
(Kaplan-Meier estimates) of the children grouped by the
four possible constellations of grandmaternal survival.
The survival was highest for those children whose mater-
nal grandmother was alive at the time of birth, irrespective
of the status of the paternal grandmother. Interestingly, the
lowest probability for survival was for children whose on-
ly surviving grandmother was the paternal one. The sur-
vival probability of children without any grandmother was
approximately half way between those extremes.

In order to control for the covariates, a parametric
transition rate model was applied. The following analys-
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Fig. 1 Plots of survivor functions (Kaplan-Meier estimates) for
children relative to the constellation of their grandmothers (time
axis in months; n=3,771)

es are based on piecewise constant exponential models
(Blossfeld and Rohwer 1995). These models are the sim-
plest of the parametric transition rate models but show
great flexibility. Instead of making strong assumptions
about the time-dependency of the process, the piecewise
constant exponential models simply split the time axis
into time periods and assume that the transition rates in
each period are constant, but allow the rates to change
freely from one interval to the other. Since it cannot be
assumed that a potential grandmaternal influence on sur-
vival is proportional over all periods of time, the model
was adapted for period-specific effects (Blossfeld and
Rohwer 1995), i.e. the effects of the covariates were esti-
mated separately for every defined time period. Since
transition rate models are based on events, the following
models do not actually analyze infant survival but infant
mortality.

Table 4 summarizes the results of this approach. It
shows the relative death risk for children without living
maternal and paternal grandmothers, respectively, at the
time of birth compared to those children with a respec-
tive grandmother living. These relative risks are estimat-
ed separately for every period. When referring to the
first model, for instance, the risk of dying between age 6
and 12 months was 1.62 times higher for children whose
maternal grandmother was already dead (at the time of
birth) than for children whose maternal grandmother was
alive (with P<0.05).

The first model includes the grandmothers’ status on-
ly and is therefore roughly equivalent to the plotted sur-
vivor functions in Fig. 1. The influence of the maternal
grandmother on infant survival was predominantly posi-
tive as shown at the relative risks greater than 1 (actual-
ly, the positive effect was that of a dead grandmother on
the child’s mortality but this is awkward to deal with,
therefore the reverse but identical interpretation is used).
The influence was greatest in the period representing an
age of 6-12 months (P<0.05) and in the following age
period representing the 2nd year of life. The paternal
grandmother had much less positive effects on the
child’s survival: the relative risks are more often close to
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1 (meaning no effect) and in the very 1st month the ef-
fect is even negative (P<0.05), meaning that the risk of
dying was greater for those children with a living pater-
nal grandmother compared to those without.

In model 2, the age of the mother and the number of
living siblings were included as covariates, since these
variables are known to have a significant impact on in-
fant mortality. Besides these variables, the model con-
trols for the constellation of grandfathers (in design anal-
ogous to the ‘constellation of grandmothers’) and the
birth cohort (in order to test for the influence of histori-
cal, social and environmental changes). In controlling
these variables, the pattern of effects does not change
much.

In model 3, two further dummy variables were includ-
ed which indicate a joint parish of residence of the
child’s family with its maternal grandmother and its pa-
ternal grandmother, respectively. These variables were
included in order to control for the potential effects of
geographical proximity, although the consequences of
this proximity are not clear (see discussion). In the
Krummhorn region, the general pattern of residence was
male-biased although this did not apply to all families
(Beise 2001). The inclusion of these variables of resi-
dence shows the observed effects even more clearer. For
children without living maternal grandmother, the rela-
tive risk of dying within the age period 6-12 months in-
creases by 79% compared to children with a living ma-
ternal grandmother, and it increases by 43% in age peri-
od 1-6 months. The negative effect of the paternal
grandmother is also greater than in the previous model
and indicates nearly a doubled death risk for the child if
the paternal grandmother was alive compared to if she
was dead. A further effect can be observed in the 36- to
60-month period — although a positive one.

In order to further analyze the potential influence of
geographical proximity, model 3 was re-estimated by re-
placing the grandmother and the residence variables
with new variables, combining both sets of information
(Table 5). Four different combinations of the grand-
mother’s existence and her residence are possible, from
which only three are of interest: (1,)the grandmother
lives in the same parish; (2) the grandmother lives in a
different parish; and (3) the grandmother is dead (no
matter where she had lived). Introducing the first two
groups as dummy variables — each for both grand-
mothers separately — and using the third category as the
reference group, the picture gets slightly more compli-
cated, but for the most part still corresponds to the previ-
ously described pattern: a maternal grandmother living
in the same parish as her grandchild decreased the
child’s death risk by 39% in the age period 1-6 months
and by 33% in the period 6—12 months compared to a
dead grandmother — although only the first effect reaches
a level of significance worth mentioning. In contrast, a
grandmother living in a different parish (but still in the
same region) decreased the mortality in the age period
1-6 months by “only” 18%. In 5 out of 6 age classes the
presence of the grandmother in the parish of their daugh-
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Table 4 Results (as relative
risk) of the transition rate mod-
el for infant mortality in the
first 5 years of life (piecewise
constant exponential models
with period specific effects of
covariates; for the covariates
the levels of significance are
noted as follows: **P<0.01,
*P<0.05, +P<0.1). Note: rela-
tive risks can be read as the im-
pact of a dead grandmother on
the mortality compared to a liv-
ing one — or as the impact of a
living grandmother on the sur-
vival compared to a dead one
(see text)

aReference group: grandmother
alive at time of birth
bReference group: grandmother
alive at time of birth; controlled
for age of mother, number of
living siblings, grandfather
constellation, and cohort effects
¢ Reference group: grandmother
alive at time of birth; controlled
for age of mother, number of
living siblings, grandfather
constellation, cohort effects,
and place of residence

Model 1 (a)
Periods (age of child Baseline mortality Maternal grandmother Paternal grandmother
in months) hazard dead (alive) dead (alive)
0-1 0.0540 1.0989 0.7334*
1-6 0.0063 1.1832 1.0590
6-12 0.0028 1.6202%* 1.0942
12-24 0.0028 1.3731+ 0.9457
24-36 0.0024 1.0141 0.7909
36-60 0.0014 0.8621 1.2677

Log-likelihood=—4,262.25; n=3,771

Model 2 (b)
Periods (age of child Baseline mortality Maternal grandmother Paternal grandmother
in months) rate dead (alive) dead (alive)
0-1 0.0236 1.0693 0.6458%*
1-6 0.0027 1.2965 1.2156
6-12 0.0010 1.6403+ 0.8993
12-24 0.0015 1.2832 0.8161
24-36 0.0020 0.9776 0.8208
36-60 0.0012 0.9092 1.3096

Log-likelihood=-4,042.04; n=3,642

Model 3 (c¢)
Periods (age of child Baseline mortality Maternal grandmother Paternal grandmother
in months) rate dead (alive) dead (alive)
0-1 0.0242 1.1012 0.5405%%*
1-6 0.0047 1.4373+ 1.0208
6-12 0.0013 1.7870%* 0.8823
12-24 0.0016 1.2610 0.7402
24-36 0.0018 0.9461 0.8006
36-60 0.0016 1.0174 1.5354%*

Log-likelihood=-3,407.79; n=3,095

Table 5 Results (as relative risks) of the same transition rate
model like model 3 (see Table 4) but using a combined variable
concerning grandmothers’ existence and her residence (the levels
of significance are noted as follows: **P<0.01, *P<0.05, +P<0.1).
The effects of a living grandmother are each compared to the ef-
fect of a corresponding dead grandmother. For further explana-
tions, please see the text. Due to statistical design, figures have a

different meaning from those of Table 4. Here figures above 1.0
indicate a relatively higher risk of infant mortality, while figures
below 1.0 indicate a relatively lower risk of infant mortality. Base-
line mortality hazards vary across models (1-4), since first the set
of covariates the parameter estimates depend on vary across the
models and second — related to this — the sample sizes vary (cases
had be excluded due to missing values)

Model 4

Periods (age of Baseline

Maternal grandmother lives

Paternal grandmother lives

child in months) mortality hazard

in the same in a different in the same in a different
parish parish parish parish
0-1 0.0168 0.8172 1.0017 2.4752%* 1.5879*
1-6 0.0048 0.6144+ 0.8216 0.5829 1.1068
6-12 0.0022 0.6677 0.4358+ 0.3556 1.4003
12-24 0.0014 0.7778 0.8222 1.2377 1.3741
24-36 0.0018 1.0153 1.0774 1.9383* 1.0099
36-60 0.0022 0.9070 1.0954 1.0611 0.4827%%*

Log-likelihood=-3,407.78; n=3,095




ter’s family intensified her positive effects on infant sur-
vival.

Also, the negative effect of the paternal grandmother
emerges again: her presence in the same parish increased
the death risk for her grandchild in the very 1st month by
almost 150%, her presence in another parish by 59%.
There is another negative effect in period 5 (for paternal
grandmothers in the same parish) and a positive effect
in period 6 (for paternal grandmothers in a different
parish).

Discussion

The entries in the church registers document that
Krummhorn grandmothers of the eighteenth and nine-
teenth centuries increased the survival chances of their
grandchildren. Grandfathers, however, did not — a result
that parallels the findings of Sear et al. (2002) for a
Gambian farming population. Still, the overall degree of
grandmaternal assistance is modest. It is only the mater-
nal grandmother whose existence significantly increases
the survival chances of her grandchildren, and this only
if the grandchild is between 6 and 12 months of age. In
only a very limited sense can we say that maternal
grandmothers were able to increase the reproductive suc-
cess of their daughters.

It remains unclear through what kind of behavioral in-
teractions this effect came about. At best, historical
church records can reveal the consequences of behavior
for human life history, but naturally not the behavior it-
self. It is well known, though, that mothers often helped
with the first delivery of their daughters. Consequently,
the place of birth of the first child of a family is often the
place of residence of the maternal grandmother and not
of the young family (Beise 2001). It seems unlikely,
however, that this occasional birth assistance could cause
increased infant survival chances in the second half of
the Ist year of life. The timing of the positive grand-
mother effect rather suggests that helping became signif-
icant especially in the weaning process. Perhaps during
the first 6 months of life, grandmothers had only a few
chances to help due to maternal breastfeeding. With
weaning, however, the opportunities for grandmaternal
nepotism might have gained in importance. What grand-
mothers really did remains unknown. Presumably, eco-
nomic fluctuations and variations in the amount of
housework or gardening could be buffered by grand-
mothers. Also, the transfer of knowledge of how to han-
dle infant health problems might have been relevant
here. However, these assumptions remain speculations,
since we have no data on behavioral interactions or ma-
terial transfers in the grandmother-mother-infant triad
and how these might have influenced the outcome of the
weaning process.

Geographic proximity of grandmothers to the families
of their offspring had some significance. If grandmothers
lived in the same parish as their daughters, the help they
provided gained slightly in effect, although the mere ex-
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istence of a grandmother had a much higher importance.
As a consequence of the selection criteria for the sample,
all grandmothers lived in the neighboring villages of the
Krummhorn region, i.e. even grandmothers who did not
share the parish of residence with their grandchildren
lived not too far away. Sources from the first half of the
nineteenth century cite travel distances between less than
half an hour for neighboring parishes and a few hours for
an average distance in this sample. Thus the distance be-
tween the villages of different parishes were not too
great to prevent frequent mutual visits. Under these cir-
cumstances, support (or harassing, for that matter) did
not necessarily require a permanent physical presence.

It is interesting to note that the interbirth intervals are
not influenced by grandmothers. Only in very large fam-
ilies, which were rather the exception in the Krummhorn,
did grandmothers facilitate the decision to have another
child, and only if both grandmothers were still alive. The
finding that grandmothers, specifically maternal grand-
mothers, do not ensure increased fertility does not appear
to follow one of the core predictions of the “grandmother
hypothesis” (Alvarez 2000; Hawkes et al. 1998). Never-
theless, we found some evidence for kin assistance in the
female line (see below). Yet it is clear that whatever the
Krummhorn data reveal, they are not suitable for a hard
test of the grandmother hypothesis. The living conditions
of historical Krummhorn families of laborers and crafts-
men certainly bear little resemblance to the Pleistocene
conditions of human life history evolution.

The lack of a grandmaternal effect on fertility is prob-
ably not due to a lack of motivation for material and
emotional transfer to the following generation. The lack
of opportunities for effective support appears to be more
likely. Fertility as such was not limited (e.g. through
amenorrhea as a result of hunger or due to an extensive
work load). On the contrary, in the socio-ecological con-
text of the Krummhorn, the relatively long interbirth in-
tervals indicate contraceptive motivations (Kaiser 1998).
An increase in fertility was not desired, as a rule, and
even if it was, there was no need for external support.

On the other hand, infant mortality (that affected the
families of workers, simple tradesmen and small farmers
that have been studied in this analysis) is a factor limit-
ing lifetime reproductive success; so maternal grand-
mothers should have had an opportunity to exert a posi-
tive influence. In the relatively prosperous and ecologi-
cally buffered Krummhorn, however, malnutrition may
not have been one of the usually very significant causal
factors in infant and child mortality, so that here, too,
grandmothers hardly had an opportunity to reduce the
mortality of their grandchildren by giving more of the
goods they had acquired.

Interestingly, paternal grandmothers proved to have a
disadvantageous effect: their presence increased infant
mortality significantly during the 1st month of life. Our
data are consistent both with the everyday knowledge
that the relationship between wives and their mothers-in-
law are structurally tension-laden and cause stress, and
with the results of psychological research on the varying
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closeness between family members (Euler et al. 2001).
What is popularly known as the “evil mother-in-law”
could be the product of an evolutionary conflict of inter-
ests. But why is this the case? Why do mothers of adult
sons put pressure on their daughters-in-law instead of
supporting their reproduction? The sentiments and per-
sonal investment differences of grandparents ultimately
reflect paternity certainty (Euler and Weitzel 1996), even
if under high paternity certainty other factors may gain
in importance (Pashos 2000). Although the mating
system of the Krummhorn population cannot be recon-
structed with sufficient precision, we have no indication
that paternity uncertainty was an issue. There were hard-
ly any divorces in this strictly Calvinist population. In
view of the noticeable stability of marriages, we found
no indication whatsoever for liberal sexual behavior, the
consequences of which could have resulted in a signifi-
cant reduction of paternity certainty. Therefore, it re-
mains an open question what ultimately fuelled the in-
law conflict. Even if our hominid ancestors lived in fe-
male kin networks in which long-lasting relationships
between older women and their adult sons were rather
the exception (a scenario which is unlikely to be in ac-
cordance with the conventional view of male philopatry:
Foley 1996), it remains unclear why mothers-in-law had
a negative impact. At best, we would have expected a
zero effect on the reproduction of daughters-in-law.

Conclusion

The Krummhorn situation does not offer a good model
for the unconditionally helpful grandmother. On the one
hand, we find some support for the proposition of the
grandmother hypothesis as proposed by Hawkes and col-
leagues (Blurton Jones et al. 1999; Hawkes et al. 1998;
O’Connell et al. 1999) that assistance should flow
through the female line. On the other hand, we also find
evidence for the impairment of reproduction through the
male line. Whatever the ultimate reason for the harmful
impact of the daughter-in-law / mother-in-law relation-
ship, it remains to be seen whether the helping grand-
mother may be a lethal mother-in-law at the same
time. If these findings can be generalized beyond the
Krummhorn population, the hypothesis according to
which the evolution of the postgenerative life span could
be explained by the impact of grandmotherly kin-effects
will have to be stated more precisely. The costs of social
stress in the male descendency would have to be sub-
tracted from the benefits of assistance in the female de-
scendency.
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