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ABSTRACT 

Menopause remains an evolutionary puzzle, as humans are unique among primates 

in having a long post-fertile lifespan. One model proposes that intergenerational conflict in 

patrilocal populations favours female reproductive cessation. This model predicts that 

women should experience menopause earlier in groups with an evolutionary history of 

patrilocality compared to matrilocal groups. Using data from the Indonesia Family Life 

Survey, we test this model at multiple timescales: deep historical time, comparing age at 

menopause in ancestrally patrilocal Chinese Indonesians with ancestrally matrilocal 

Austronesian Indonesians; more recent historical time, comparing age at menopause in 

ethnic groups with differing postmarital residence within Indonesia; and finally, analysing 

age at menopause at an individual-level, assuming a woman facultatively adjusts her age at 

menopause based on her postmarital residence. We only find a significant effect at the 

intermediate timescale where, contrary to predictions, ethnic groups with a history of 

multilocal postnuptial residence (where couples choose where to live) have the slowest 

progression to menopause, while matrilocal and patrilocal ethnic groups have similar 

progression rates. Multilocal residence may reduce intergenerational conflicts between 

mailto:Kristin.snopkowski@lshtm.ac.uk


women, thus influencing reproductive behaviour, but our results provide no support for the 

female-dispersal model of intergenerational conflict as an explanation of menopause.  

INTRODUCTION 

We still do not fully understand why human females’ reproductive systems senesce 

well before other somatic systems, as we expect an extension of one’s reproductive career 

to be evolutionarily advantageous (1–10). This pattern is unique among primates (11, 12). In 

an evolutionary model (hereafter referred to as: female intergenerational conflict model), 

Cant and Johnstone (13) demonstrated that intergenerational conflict in populations with 

female-biased dispersal can lead to fertility cessation in females. Female-biased dispersal – 

where women join their husband and his kin group at marriage– results in patrilocal 

communities where mothers-in-law and daughters-in-law co-reside and compete over 

reproductive resources.  The daughter-in-law is unrelated to the mother-in-law’s future 

children and should be unwilling to help her mother-in-law reproduce. In contrast, the 

mother-in-law will be related to the daughter-in-law’s children by as much as 0.25.  Given 

this asymmetry in the cost of forgoing reproduction, the daughter-in-law will have an 

advantage in negotiating this reproductive conflict with her mother-in-law and should be 

more likely to reproduce. The fact that women undergo menopause around the age when 

their children begin reproducing supports the idea that reproductive overlaps are net costly 

(13). 

Selection for menopause in this model relies on several assumptions including that 

females disperse at marriage, that female competition is more important than male 

competition, and that females control reproductive decision-making. The opposite 

resolution to the intergenerational conflict is expected when children are in conflict with 



their own parents (14). In matrilocal contexts for example, the mother should be the one to 

reproduce instead of the daughter if the mother’s child will be a full sibling to the daughter, 

since both individuals will be related to the mother’s child by 0.5, but the mother will only 

be related to the daughter’s child by 0.25.  Additionally, if men have control of reproductive 

decision-making, the opposite resolution of the conflict is expected in patrilocal contexts, 

where fathers should win reproductive conflict over sons (15).  

Previous empirical research has shown mixed results when testing assumptions of 

the female intergenerational conflict model. Using data from pre-industrial Finland, 

Lahdenpera and colleagues (16) find that when mothers-in-law and daughters-in-law 

reproduced concurrently, the offspring experienced significantly higher mortality, but when 

mothers and daughters reproduced at the same time, there was no significant increase in 

child mortality, suggesting intergenerational conflict among affines only.  However, Mace 

and Alvergne (17) find that the resolution to conflict over reproduction does not lead to 

younger women reproducing at a higher rate compared to older women within (typically 

patrilocal) compounds in rural Gambia.  Furthermore, daughters did not experience a 

reduced rate of reproduction when their own mother reproduced, while the mother was 

less likely to reproduce once the daughter reproduced suggesting that mother-daughter 

conflict may also be important in shaping reproduction at older ages. Finally, using historical 

Norwegian data, Skjærvø and Røskaft (18) find no evidence that reproductive overlap – 

generously defined as a birth within 15 years – results in fewer grandchildren for either 

generation of women.  

Such individual-level studies on the consequences of reproductive overlap between 

generations speak to the extent of intergenerational reproductive conflict in modern 



populations, and thus the plausibility of the model’s assumptions. However, a more direct 

test of the Cant and Johnstone model would be to investigate whether age at menopause 

differs between groups with differing histories of philopatry. One testable prediction from 

the female intergenerational conflict model is that women should experience menopause 

earlier in groups with a history of female-biased dispersal compared to groups with a history 

of male-biased dispersal, since reproductive overlap of mothers-in-law and daughters-in-law 

should result in daughters-in-law winning the conflict, but the reproductive overlap of 

mothers and daughters should result in mothers winning the conflict.  Several 

anthropologists have proposed that female-biased dispersal is the ancestral migration 

pattern for humans (19, 20) though this has been disputed (21). Additionally, the 

ethnographic record shows that there is much cross-cultural variation in this regard (22) 

leaving open the possibility that gene-culture co-evolutionary processes (23) have led to 

different selection pressures in societies with histories of matrilocality compared to those 

with histories of patrilocality. 

Humans are the only primate species in which females experience menopause well 

before other systems of the body senescence (11, 12) which suggests that either 

menopause evolved since the human and chimpanzee lineage split or that hominids 

subsequently evolved greater longevity. Some researchers debate whether the derived trait 

we need to explain is early termination of fertility or extension of longevity (24); however, 

here we test a model that attempts to explain termination of fertility. 

Several lines of evidence suggest the plausibility of changes to age at menopause 

within human populations. Menopause age is variable among modern humans, ranging 

from age 40 to 60, and its heritability is estimated between 0.31 and 0.72, suggesting a 



moderate to large genetic effect (25). Environmental and individual life history traits 

including smoking exposure, parity, use of hormonal contraception, socio-economic status, 

and nutrition also significantly affect age at menopause (26).  Studies in post-industrial 

countries find conflicting results regarding the effect of ethno-racial group membership on 

age at menopause in large part because of socio-economic and lifestyle confounds (27, 28).  

To our knowledge this study represents the first attempt to test whether ethnic-group 

membership affects age at menopause in a transitioning society and among ethno-

linguistically related groups.   

METHODS 

 To test the prediction that women should experience menopause earlier in groups 

with a history of female-biased dispersal compared to groups with a history of male-biased 

dispersal, we compare ethnic groups in Indonesia. Indonesia is a country with extensive 

ethnic and linguistic diversity, including over 300 different ethnic groups.  Molecular data 

suggests that the original migration into Indonesia occurred approximately 45,000 years 

ago, with more recent migrations occurring at the end of the last glacial period between 8-

35 ka ago, and with the spread of Hinduism and Islam in the last millennium (29). Analysis of 

linguistic and cultural phylogenetic trees of Austronesian societies shows that matrilocal 

residence was likely the ancestral residence pattern, which predominated approximately 

5000 years ago (30).  

Given this information, we can test whether female intergenerational conflict is 

resolved at various timescales.  It is possible that there is a deep history of gene-culture co-

evolution, where the Austronesian language family (with matrilocality as the ancestral 

residence pattern) has evolved an older age at menopause compared to groups that are 



ancestrally patrilocal, such as the Chinese (31).  An alternative hypothesis is that 

intergenerational conflict has been resolved more recently (within the past 5000 years) and 

that we can detect differences in progression to menopause across different Indonesian 

ethnic groups, as those groups who have adopted patrilocality in the past several thousand 

years may have evolved earlier progression to menopause.  Finally, it is possible that there 

has not been any genetic change within humans, but that people use cues about locality 

from their individual family experience and facultatively terminate fertility earlier when they 

engage in patrilocal postnuptial residence. In this case, we might expect facultative change 

in age at menopause depending on a woman’s postnuptial residence. This is predicated on 

the assumption that a woman’s own postmarital residence is indicative of her children’s 

postnuptial residence and thus her expected future conflict with younger individuals in the 

household. 

 We use Indonesia Family Life Survey (IFLS) data collected in 1993, 1997, 2000 and 

2007 on fertility, health and socio-economic outcomes 

(http://www.rand.org/labor/FLS/IFLS) (32–34). This includes 2678 women between the ages 

of 40 and 62 who reported information on whether they still menstruate and their age at 

last menstrual cycle (age at last menstrual cycle had to be at least one year prior to survey).  

We excluded 270 women who reported that they do not menstruate because of a reason 

other than menopause, including medication or contraception.  Approximately 890 women 

had experienced menopause, defined as the age the women reported having her last 

menstrual period.   

 Ethnic group information was collected in 2007 and we have information on 

individuals from 16 ethnic groups (we excluded groups that were references to urban 
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centres rather than historically-distinct ethnic groups and those with fewer than 15 

respondents).  We used postmarital residence categorization as a proxy for whether a group 

practiced female- or male-biased dispersal. The categorization for each ethnic group was 

based on previous literature, including the Ethnographic Atlas (31) (for a list of each ethnic 

group, its categorization and reference see Supplementary Material Table S1). Each group 

was coded as matrilocal (male-biased dispersal), patrilocal (female-biased dispersal) or 

multilocal (including ambilocal - living near or with either set of parents and neolocal – living 

separate from both sets of parents). As a check on these categorisations, we examined 

whether this ethnic-group postmarital residence corresponds to actual postmarital 

residence for this women in this sample (see SM Table 1).  Across all ethnic groups, more 

women report the postmarital residence of their own ethnic group than any other 

postmarital residence pattern, with the exception of Malays. This ethnic group is 

categorised as patrilocal, but Malay women in our sample are more likely to report living 

matrilocally after marriage (we will return to this point in the discussion). 

Phylogenetic Non-independence 

 When making comparisons across different ethnic groups, it is important to test 

whether patterns of menopausal age are driven by phylogenetic relationships (35, 36).  In 

order to account for this, we tested for phylogenetic independence using the test for serial 

independence (37). Using a linguistic phylogenetic tree of Austronesian languages (30), we 

estimated whether a) median age at menopause or b) the percentage of women who 

achieved menopause by age 49 was associated with phylogenetic history for the eight 

ethno-linguistic groups in the sample whose phylogenetic relations had  been assessed 

(Chinese, Bugis, Minang, Melayu, Sundanese, Madurese, Javanese, and Balinese). The test 



for serial independence shows that there is no evidence of phylogenetic dependence of 

menopausal age in our data (p >0.30).  This is the case for both measurements of 

menopause and is robust to the removal of ethnic groups with fewer than 20 individuals 

progressing to menopause.  We therefore ignored phylogeny in subsequent analyses.  

 Analysis  

In all analyses, we control for variables that have a known impact on age at 

menopause, including education, smoking status, marital status, age at menarche, 

socioeconomic status and nulliparity (38–40), except when stated otherwise. While we do not 

have information on hormone replacement therapy for our respondents, evidence suggests that few 

Indonesian women have ever used hormone therapy for their menopausal symptoms (41).   

Does variation in postnuptial residence at the ethnic-group level predict age at menopause? 

We hypothesized that female intergenerational conflict may have been resolved 

through gene-culture co-evolutionary change on two timescales: deep history, which would 

predict that the ancestral history of matrilocality in Austronesia results in relatively late 

menopause in these groups compared to ancestrally patrilocal Chinese Indonesian groups; 

and more shallow history, which would predict that the Indonesian groups in our sample 

would have evolved different ages at menopause according to whether their more recent 

history was matrilocal or patrilocal. We test both models by conducting discrete-time event 

history analyses of progression to menopause.  Event history analysis models the time until 

a particular event (here, menopause) and has the advantage of allowing the inclusion of 

censored cases, i.e. those women who have not yet reached menopause. Women enter the 

analysis at age 40 and time is measured in years. Interactions between our time variable and 

other covariates were included in initial models to test the proportional hazards 



assumptions of the model. Interactions were included in the final full model when 

significant. For ease of presentation of results, we discuss the test of more recent within-

Indonesian gene-culture co-evolution first.   

Within Indonesia  

To test whether women from Indonesian ethnic groups with a history of patrilocality 

have earlier age at menopause compared to women from historically matrilocal ethnic 

groups, we conducted a discrete-time event history analysis of progression to menopause 

with a random effect for ethnic group. We test for interactions between ethnic-level 

postmarital residence and other covariates to determine whether postmarital residence 

effects changed across values of other control variables and find no such effects. We 

compare two models, a full model with postmarital residence as an ethnic-group level 

predictor and a null model without postmarital residence as a predictor. The null model lets 

us check visually if ethnic groups with similar postnuptial residence patterns clump together 

in predicted age of menopause.  

Indonesian versus Chinese Comparison 

One ethnic group currently living in this region that was not ancestrally 

Austronesian, nor ancestrally matrilocal, are ethnic Chinese who have predominantly 

migrated in the last 150 years (42). To test whether there are differences in progression to 

menopause between ancestrally Austronesian and the ancestrally patrilocal Chinese ethnic 

groups we conduct a case-control analysis. We created a matched sample of individuals with 

a non-Chinese Austronesian background for each Chinese participant aged 40-62 in the 

database (there are only 28 Chinese women aged 40-62 in the sample). Individuals were 



matched on age, education, urban/rural residence, and region (but the non-Chinese sample 

could come from matrilocal, patrilocal or multilocal ethnic groups). We conducted a 

discrete-time event history analysis on progression to menopause, including a dichotomous 

variable for Chinese/non-Chinese ethnicity. We do not include urban/rural residence, 

nulliparity, or smoking status as controls in this analysis because the participants were 

almost identical in these confounders (all but two subjects lived in urban areas, all had given 

birth, and only one had ever smoked).  

As an alternative method of analysis we use a resampling method where we select 

1000 samples of 28 unmatched non-Chinese women and compare their progression to 

menopause with the progression for Chinese women in a discrete-time event history model 

controlling for the same covariates as in the matched analysis (we used an unmatched 

sample because there were few potential sets of women who fully matched our Chinese 

sample).  This bootstrapping method results in a distribution of differences between 

Chinese and non-Chinese Indonesians’ progression to menopause, allowing us to estimate 

the effect size and confidence interval.   

Does individual-level variation in postnuptial residence predict age at menopause?  

  It is possible that ethnic-level postnuptial residence does not predict age at 

menopause, but that individual-level postnuptial residence does if women are able to 

facultatively shift their age at menopause based on their personal family circumstances. 

While we are not suggesting that women can consciously manipulate their age at 

menopause, there is evidence that exposure to different environmental factors can 

influence age at menopause (24), so it is possible that environmental exposure to closely 

related reproductive women or household conflict can influence menopausal age. To 



explore this possibility we tested whether individual-level postnuptial residence predicts 

progression to menopause.  We use a woman’s own postnuptial residence status to predict 

her progression to menopause using discrete-time event history analysis model with a 

random effect for ethnic group since the dataset had too much missing data on participants’ 

children’s postmarital residence.   

RESULTS 

Does variation in postnuptial residence at the ethnic-group level predict age at menopause? 

Within Indonesia  

Figure 1 displays the hazard rates for the progression to menopause by postmarital 

residence at the ethnic group-level (see Supplementary Material Table S2 for full model).  

There is no significant difference between matrilocal and patrilocal ethnic groups in their 

progression to menopause, although women in multilocal groups progress significantly 

more slowly (compared to patrilocal, log odds ratio = -0.227, SE = 0.102).In this model, significant 

predictors of menopause at the individual-level include marital status, where widowed 

women progress to menopause at a faster rate than married or divorced women, and 

education level, where higher levels of education result in delays to menopause. Contrary to 

much of the literature from Western societies, whether the woman ever smoked, her age at 

menarche, and nulliparity are not significant predictors of menopause, perhaps because 

there is little variation in some of these variables (fewer than 5% of women smoke and more 

than 97% of women gave birth).   

 Figure 2 displays the residuals of each ethnic group from the discrete-time event 

history analysis with ethnicity as a random effect but no group-level predictors. These are 



shown grouped by ethnic-level postmarital residence to assess whether there are trends by 

ethnic postmarital residence. We see no trend of patrilocal groups having earlier age at 

menopause. Multilocal groups have the three slowest (negative residuals) and the fastest 

(positive residual) progression to menopause. None of the patrilocal or matrilocal groups 

have residuals significantly different from zero. We do not see a tendency for groups of a 

particular postnuptial residence to clump together in the figure.  This figure shows that the 

slower progression to menopause by the multilocal groups is mainly driven by Javanese and 

Sundanese individuals, although 5 of the 7 multilocal societies show negative residuals.   

Indonesian versus Chinese Comparison 

When we compare the Chinese ethnic group residual (from the analysis above) with 

other ethnic groups in our sample (see Figure 2), progression to menopause for the Chinese 

ethnic group has a residual very close to zero (-0.006), suggesting that it is not faster than 

the ancestrally matrilocal Austronesian groups in our sample.  Figure 3 displays the hazard 

rates of the progression to menopause for our matched set of Chinese Indonesians and non-

Chinese Indonesians from the discrete-time event history analysis.  There is no significant 

difference between these groups, although the results are in the predicted direction (log 

odds = 0.04), with the Chinese individuals progressing to menopause slightly faster than the 

non-Chinese comparison group (see Supplementary Material Table S3 for full model results).  

A power analysis demonstrates that to observe a statistically significant difference between 

these groups given this small effect size we would need a sample of over 10,000 individuals 

(43, 44).  

Our resampling analysis finds comparable results.  The average effect size (measured 

as log odds) for the Chinese Indonesians’ progression to menopause is 0.001 compared to 



non-Chinese Indonesians with a 95% confidence interval between -1.05 and 1.22. Again, 

there is no significant difference between Chinese and non-Chinese Indonesian’s 

progression to menopause.   

Does individual-level variation in postnuptial residence predict age at menopause?  

Figure 4 displays the hazard rates based on the random effects discrete-time event 

history analysis of the effect of individual-level postnuptial residence on progression to 

menopause (full model shown in Supplementary Material Table S4).  The graph suggests 

that women who lived patrilocally postnuptially progress to menopause slightly more 

quickly at younger ages (before age 47), but progress more slowly afterwards, although at 

no age are women who lived patrilocally progressing to menopause at a significantly faster 

rate than either of the other postmarital residence patterns.   

In summary, regardless of the timescale in which we test for female 

intergenerational conflict effects on menopause, we never find a significantly faster 

progression for women living patrilocally. 

DISCUSSION 

Our results show no evidence for an earlier age at menopause for ancestrally 

patrilocal groups compared to matrilocal groups.  These findings do not support the female 

intergenerational conflict model wherein cultural institutions of postnuptial residence select 

for different ages at menopause. Nor does it support a more recent model of intragenomic 

conflict suggesting that age at menopause should be earlier in ancestrally matrilocal 

populations than ancestrally patrilocal ones (45). But the result is still consistent with one 

interpretation of the female intergenerational conflict model: that all humans share genes 



for similar ages at menopause because they all evolved in ancestrally patrilocal 

communities.  

Even if there have not been genetic changes across human populations affecting age 

at menopause, it is possible that women are able to facultatively adjust age at last birth 

more easily than age at menopause based on the degree of intergenerational conflict they 

face.  To test this, we ran a discrete-time event history analysis on the progression to last 

birth by both ethnic-group level and individual-level postmarital residence (see 

Supplementary Materials). However, we find no evidence that age at last birth is earlier for 

women who either live patrilocally or are from patrilocal ethnic groups. 

It is possible that natural selection has not had enough time to allow age at 

menopause to evolve by ethnic group.  However, recent evidence suggests that humans 

have experienced rapid recent genetic evolution within the last several thousand years (46) 

and age at menopause is projected to increase by one month per generation (47), arguably 

due to selection pressures (although intergenerational inheritance of lifestyle factors may 

also account for these changes), making plausible the assumption that age at menopause 

could have changed in our recent evolutionary history had there been strong enough 

selection pressures for it to do so.  An additional concern is that ethnic groups in our sample 

may not have been consistently matrilocal or patrilocal throughout their evolutionary past 

giving natural selection little opportunity to act. However, cultural phylogenetic analyses 

from Austronesia suggests that changes from ancestral matrilocality to patrilocality were 

likely maintained (as opposed to switching back and forth through time) (30).  Finally, high 

rates of inter-ethnic migration, especially between neighbouring Indonesian groups (48), 

may result in little associations between cultural institutions and genetic variants, but this 



should be of less concern for our deep evolutionary comparison of Chinese and non-Chinese 

Indonesians.   

A second possible reason why we failed to find an effect is the necessary 

simplification in coding postnuptial residence.  While we have defined groups as either 

female-dispersing or male-dispersing, these categories are not always clear cut. In some 

contexts, many couples may originate from the same village so that neither individual is 

dispersing to a new community. In some patrilocal or neolocal contexts, females may not 

disperse for several years after marriage or the birth of one or more children.  In our 

sample, three ethnic groups have an alternative postnuptial residence immediately 

following marriage. Javanese, Sumbawanese and Melayu ethnic groups practice 

matrilocality immediately following marriage.  Re-running the ethnic-group level 

progression to menopause with these groups coded as matrilocal shows that postnuptial 

residence is not a significant predictor of progression to menopause (see Supplementary 

Material Table S5), in contrast to our previous result where multilocal ethnic groups 

progressed significantly more slowly than matrilocal or patrilocal groups (Javanese and 

Sumbawense were coded as multilocal in our main analysis).  

 Thirdly, culture may alter the parameters of reproductive conflict between 

generations. The model of female intergenerational conflict predicts that mothers-in-law 

may terminate reproduction because of conflict with daughters-in-law. However, in 

contexts with extra-somatic wealth, parents may have considerable control over the 

reproductive behaviour of their offspring when the older generation controls the resources 

necessary for reproduction. In such contexts, intergenerational conflicts may be resolved in 

a coercive fashion favourable to parents because their investments are necessary for 



children to marry e.g. either because they arrange the marriage or provide resources for 

dowry or bride wealth.  In such cases, we would expect mothers-in-law to prevent their sons 

from marrying if they wish to continue reproducing and can foresee a reproductive conflict 

with future daughters-in-law.  This may mean that mothers-in-law actually win the conflict 

with a potential future daughter-in-law.  Additionally, cultural institutions and norms may 

be used to resolve these conflicts, as is suggested by ethnographic reports that many 

women terminate reproduction once a grandchild is born, although this varies by context 

(49). Ultimately, cultural adaptations may obviate the need for genetic solutions (50, 51). If 

women are adaptively terminating reproduction through cultural rather than biological 

means, we would expect age at last birth to be earlier in traditionally patrilocal communities 

and find no such effect (see Supplementary Materials). However, given that cultural norms 

can become decoupled from genetic fitness, they may no longer serve their original purpose 

and result in non-fitness maximizing behaviour.  The early age at which women have their 

last birth in this population (well before the biologically possible age at last reproduction) 

may be maladaptive and could explain why we do not find any association of age at last 

birth and postnuptial residence.  

 Fourth, our analysis of whether age at menopause was correlated with individual-

level (rather than group-level) postmarital residence used a woman’s own postnuptial 

residence to predict her age at menopause. A more appropriate test of the 

intergenerational conflict model would be to use her children’s postmarital residence to 

predict her age at menopause; unfortunately we do not have enough data on children’s 

postnuptial residence to do this, and assumed instead that the woman’s own postmarital 

residence decisions would be correlated with those of her children.  This may not be an 



accurate assumption, and further analyses should be conducted to investigate whether 

children’s postnuptial residence influences progression to menopause.    

 Finally, the female intergenerational conflict model does not account for male 

intergenerational conflict. If we view female-dispersing groups as experiencing conflicts 

between fathers and sons instead of mothers-in-law and daughters-in-law, we would expect 

fathers to win conflicts over sons (if the father’s future children will be full siblings to the 

son), which complicates how couples resolve the conflict (15). It is possible that the gender 

that controls reproductive decision-making decides the resolution of the conflict.  

Alternatively, couples may make reproductive decisions together, in which case there may 

not be a clear winner to the conflict as both couples lose the same fitness on average if the 

other couple reproduces (again assuming that the man’s parents are producing a full 

sibling).   

  In summary, we find no evidence of earlier termination of reproduction in patrilocal 

communities compared to matrilocal ones.  This may suggest that the female 

intergenerational conflict model should be re-examined as an explanation for the evolution 

of menopause.  We are wary of using our analysis to be too critical of this model, as our 

results may be affected by data limitations or by cultural changes that affect our ability to 

detect intergenerational conflict, but we do note that this is the most direct empirical test of 

the female intergenerational conflict model to date. Additionally, there are theoretical 

concerns with the model given that it does not adequately incorporate intergenerational 

conflict among other individuals of the family, suggesting that a re-examination of the 

details of this model could be beneficial.  Despite finding no support for the specific 

predictions derived from the Cant and Johnstone model (11), our results do not imply that 



intergenerational conflict is unimportant. We find that women living in ancestrally multilocal 

groups progress to menopause at a slower rate than those from matrilocal and patrilocal 

groups (although these results are sensitive to when in the couple’s married life postnuptial 

residence codes for ethnic groups are assessed). While this may result from gene-culture co-

evolutionary processes, it is also possible that individuals facultatively adjust age at 

menopause based on perceptions of their ethnic group’s postmarital residence norms. 

Additionally, the causal direction may be reversed – between-group genetic differences in 

menopause may have influenced postmarital residence norms.  Regardless, this result can 

be interpreted in light of intergenerational conflict. When couples have a choice of where to 

live (as is the case with ambilocal postmarital residence), they may choose to live where 

there are more resources, which may result in reduced intergenerational conflict. Living 

separate from kin (as is the case with neolocal postmarital residence) may similarly reduce 

reproductive conflict.  The reduction of reproductive conflict may result in a later age of 

fertility cessation.  Further work could be conducted to test whether a later age at 

menopause in multilocal groups is a consistent finding in other parts of the world, and to 

explore its possible explanations.  
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Figure 1 Predicted hazard rate of progression to last menstruation based on random effects 

discrete-time event history analysis by ethnic level postmarital residence, plotted for the 

mean group at the means of covariates (see Supplementary Material Table S2 for full 

model).  Error bars represent 95% confidence intervals. (Online version in colour.) 

  



 

Figure 2 Group-level residuals from the null discrete-time event history model with ethnicity 

as a random effect for each ethnic group. Negative residuals indicate a slower progression 

to menopause than the mean group. Error bars represent 95% confidence intervals.   

  



 

Figure 3 Predicted hazard rate of progression to last menstruation based on discrete-time 

event history analysis for matched set of Chinese Indonesians and non-Chinese Indonesians, 

plotted at the means of covariates (see Supplementary Material Table S3 for full model). 

Error bars represent 95% confidence intervals. (Online version in colour.) 

  



 

Figure 4 Predicted hazard rate of progression to last menstruation based on random effects 

discrete-time event history analysis of individual- level postnuptial residence, with a random 

effect for ethnicity, plotted at the means of covariates (see Supplementary Material Table 

S4 for full model). Error bars represent 95% confidence intervals. (Online version in colour.) 


