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12 Abstract

13 Cousin marriage, a spousal union between close kin, occurs at high frequencies in many parts
14 of the world. The rates of cousin marriage in humans are concordant with empirical studies that
15 challenge the traditionally held view that reproduction with kin is generally avoided in animals.
16 Similarly, some theoretical models in animal behavior show that inbreeding avoidance is more
17 constrained than previously thought. Such studies highlight the importance of quantifying the
18 costs and benefits of reproduction among close kin over the whole life-course. Here, we use
19 genealogical data from two human populations with high frequencies of cousin marriage (the
20 Dogon from Mali, and the Ancien Régime nobility from Europe) to estimate these potential
21 costs and benefits. We compare age-specific fertility and survival curves, as well as the projected
22 growth rates, of sub-populations of each marriage type. Fitness costs of cousin marriage are
23 present in terms of reduced child survival (in both populations), while benefits exist as increased
24 fertility for men (in the Dogon) and for women (in the Ancien Régime nobility). We also find
25 some differences in the projected growth rates of lineages as a function of marriage type. Finally,
26 we discuss the trade-offs that might shape marriage decisions in different ecological conditions.
x 1 Introduction

28 Cousin marriage, a spousal union of individuals who share one or more grandparents, is prac-
20 ticed by more than 10% of the world’s population, and was even more widespread before the
30 demographic transition (Bittles and Black, 2010). Various medical studies have shown that re-
31 production among close kin can lead to potential reductions in fitness—often referred to in the
32 existing literature as inbreeding costs—including both lower fertility and lower offspring sur-
33 vival rates (Bittles and Neel, 1994). However, theoretical work has shown that the conditions
34 under which one should expect inbreeding avoidance are stricter than what is often assumed
35 (Bateson, 1978; Kokko and Ots, 2006). Moreover, recent empirical analyses have revealed ev-
36 idence of inbreeding tolerance, and even found some evidence of preferences for inbreeding in
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many animal species (Townsend et al., 2019; Nichols et al., 2014), challenging the widely held
view that animals avoid mating with kin (de Boer et al., 2021; Pike et al., 2021). These studies
highlight that the costs and benefits of reproductive strategies need to be considered jointly.
Both costs and benefits are likely to depend on local socio-ecological conditions. Here, we
draw on population projection models to quantify the life-history costs and benefits of cousin
marriage, and we speculate on how different social and ecological conditions might shape the
mating strategies that individuals deploy.

Several non-mutually exclusive hypotheses have been proposed to explain the potential
fitness costs and benefits of cousin marriage. They provide various explanations for how cousin
marriage, and a potential preference for it, might be maintained in a given population (Bailey
et al., 2014; Shenk et al., 2016). For an overview of these hypotheses, and the predicted life
history costs and benefits associated with each, see Table 1. Below, we provide a summary of
the literature:

1. The inbreeding cost hypothesis

When individuals reproduce with relatives, they often suffer a reduction in fertility, and
the survival of their offspring might be reduced—a phenomenon known as inbreeding de-
pression (Pike et al., 2021; Charlesworth and Willis, 2009). Reproduction among close
kin increases the chances that offspring are homozygous for deleterious recessive alleles.
Costs of inbreeding have been documented among many human and non-human popula-
tions. For example, in the United Kingdom, the increased homozygosity among children
born to cousins has been estimated to decrease their chances of having children up to
55% (Clark et al., 2019). This mechanism is expected to reduce the frequency of cousin
marriage, unless some other forces offset these costs.

2. The genetic/environmental rescue hypothesis
In populations where inbreeding is practiced, demographic or selective processes might
rapidly lead to a reduction of the frequency of deleterious alleles (Charlesworth and Willis,
2009; Hedrick and Garcia-Dorado, 2016). Alternatively, inbreeding costs are expected to
be reduced or absent under benign circumstances, either if the whole population does not
tend to experience harsh conditions (Kokko and Ots, 2006), or if related partners have
differential access to resources (Ihle et al., 2017).

3. The mate scarcity hypothesis
Cousin marriage might increase marriage opportunities (and therefore fertility) for indi-
viduals living in societies in which suitable partners are limited. In such cases, individuals
choosing cousins as partners, and foregoing the costs of migration to find a mate, might
benefit relative to individuals that spend more time on the mating market (Hoben et al.,
2016; Cavalli-Sforza et al., 2013). Marriage opportunities can also be increased through
marriage exchanges (Chagnon et al., 2017).

4. The kin benefits hypothesis

In certain circumstances, marriages between cousins might yield higher average repro-
ductive success than marriages between unrelated individuals, if they provide access to
kin-based wealth and alliances (Lévi-Strauss, 1971; Borgerhoff Mulder et al., 2009; Johow
et al., 2019). The benefits of kin marriage might include: enhanced resource defense,
increased access to inheritance, and the prevention of resource dilution. For example, in
some societies, marriage to a cousin could be the only way for women to avoid dowry pay-
ments or receive inheritance (Johow et al., 2019; Bahrami-Rad, 2021). Cousin marriage
might also improve cooperation with in-laws (Willfiihr et al., 2018), enhance intensive
kinship networks (Shenk et al., 2016), and promote nepotism (Akbari et al., 2019).

5. The immune-response benefits hypothesis
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In areas with high pathogen prevalence, offspring of consanguineous parents might have
higher survival rates, because reproduction among kin might preserve co-adapted gene
complexes that control immune responses to pathogens (Hoben et al., 2016).

The power of a specific hypothesis to explain the occurrence of cousin marriage in a specific
society depends on the local socio-ecological circumstances. A combination of any of these
hypotheses might apply in a given population. Costs and benefits might interplay in different
ways, leading to trade-offs that can be expressed at an individual, family, or population level.
The trade-offs between costs and benefits indicate whether cousin marriage could be considered
adaptive in a given population (Bolund, 2020).

Cousin marriage might entail different combinations of costs and benefits. First, there
might be no detectable costs or benefits of cousin marriage—e.g., if past or current condi-
tions remove the fitness consequences of this strategy (Kokko and Ots, 2006). Second, costs
might outweigh benefits in families practicing cousin marriage—e.g., if the cultural tradition
is continued for reasons other than fitness maximization (Shenk et al., 2016). Third, any po-
tential costs might be balanced by potential benefits in families practicing cousin marriage,
such that cousin marriage represents a viable mating strategy, which individuals might choose
according to their personal circumstances (e.g., depending on their access to heritable wealth;
Johow et al., 2019). Fourth, the benefits of cousin marriage might outweigh the costs, leading
the majority of individuals to seek cousin marriages; in such cases, the frequency of cousin
marriage in a population would be limited by the availability of suitable cousins as marriage
partners (Givens and Hirschman, 1994). For example, Helgason et al. (2008) found a positive
association between kinship and fertility, with a peak for third to fourth degree cousins, for
couples born between 1800 and 1965 in the Icelandic population. Fifth, there might be parent-
offspring conflicts when cousin marriages are arranged by parents. This can lead to direct costs
for (some of) the children who marry cousins and benefits for their parents who—thanks to
marriage exchanges—are more likely to find partners for all of their children, and therefore
have more grandchildren (Chagnon et al., 2017). Sixth, same-sex siblings might compete over
limited resources, such that cousin marriage might allow one sibling to have preferential ac-
cess to material wealth and to exclude other same-sex siblings from inheritance (Johow et al.,
2019). This could then lead to the exclusion of such siblings from the marriage market as
well, especially in populations where material resources are essential for marriage (Hrdy and
Judge, 1993). Seventh, cousin marriage might cause individuals of one sex to benefit, while
individuals of the other sex face fitness costs (Waser et al., 1986). We follow the definition
of Kokko and Jennions (2014), who state that sexual conflict occurs if the relative fitness of
individuals of sex X is increased through the use of a strategy that impacts the behavior of
sex Y at a fitness cost to sex Y. In the context of cousin marriage, a sexual conflict could, for
example, occur if men make agreements with their extended family to arrange the marriages
of their sisters or daughters in exchange for additional marriage opportunities for themselves
(Chagnon et al., 2017). In this scenario, men might stand to gain fitness benefits for themselves
while simultaneously burdening their female kin with fitness costs—costs that they would not
face if they had a free choice of partners.
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Table 1: Hypotheses and predictions (from research literature) for costs and benefits of

cousin marriage.

Hypothesis

Description

Predictions

1. Inbreeding

Fitness costs
to accumulation

Lower fertility for cousin-married
than unrelated-married individuals.

within families.

costs of deleterious Lower child survival for cousin-born
alleles. than unrelated-born individuals.
. Same fertility for cousin-married
2. Genetic/ . . s
. No inbreeding costs, and unrelated-married individuals.
environmental . . .
rescle due to genetic rescue. Same survival for cousin-born
and unrelated-born individuals.
M tuniti .
/OTe oPbOTtIIties Lower age at first reproduction
3. Mate in societies . .
scarcit with limited for cousin-married than for
Y unrelated-married individuals.
partners.
Higher survival for cousin-born
Access to wealth, than for unrelated-born individuals.
4. Kin inheritance, And/or, higher survival and fertility,
benefits and alliances and lower age at first reproduction,

for cousin-married than for

unrelated-married individuals.

Preserving co-adapted gene

5.1
mune complexes that control

Higher survival for cousin-born

response . than for unrelated-born
benefits IS TESpOnse individuals.
to pathogens

126 1.1 Approach

127 A thorough evaluation of whether the proposed benefits of cousin marriage are sufficient to make
128 the practice adaptive in the long-term is still lacking. Previous studies have been somewhat
120 limited, by focusing on one hypothesis at a time, and testing each hypothesis with specific—
130 but limited—fitness proxies, or by focusing on short-term contexts only (Bailey et al., 2014;
131 Chagnon et al., 2017). Simple proxies of reproductive success, such as the number of offspring or
132 grand-offspring, can potentially indicate differences in fitness, but they cannot be used to infer
133 long-term fitness consequences, as they ignore variation in key aspects of fitness, such as survival
134 trajectories and fertility scheduling (Coulson et al., 2006). These short-term fitness proxies are
135 particularly limited in humans, because of our overlapping generations and flexible reproductive
136 scheduling (Westneat et al., 2010). In order to understand the long-term consequences of
137 mating strategies, such as cousin marriage, we need to consider the costs and benefits of the
138 strategy across all key phases of life-history, and then determine projected long-term population
130 dynamics (Kokko and Ots, 2006; Szulkin et al., 2013). Here, we use demographic methods and
140 age-structured statistical models, which allow us to jointly investigate the effects of cousin
141 marriage on both survival and fertility across the life course, and thus determine long-term
142 population dynamics (Caswell, 2000). This approach is readily applicable to data on cousin
143 marriage in humans, given the availability of demographic and genealogical records from many
144 populations. We expect the potential costs and benefits of cousin marriage to be population-
145 specific, because local conditions—such as resource availability or mating system—are likely to
146 shape life-history strategies.

147 ‘We focus here on two populations in which cousin-marriage is practiced at rates higher than
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148 what would be expected if individuals chose partners randomly. The first population studied

140 here are the Dogon from Mali. This population is endogamous, and the proportion of marriages
150 among first cousins (15%) is more than twice as large as what would be predicted from the
151 proportion of marriageable first cousins in each age group (Brown, 1993; Hajnal, 1963). Ma-
152 trilateral cross-cousin marriage (i.e., marriage between a focal male and his mother’s brother’s
153 daughter) is the traditional—and still most common—form of cousin marriage. However, pa-
154 trilateral parallel cousin marriage (i.e., marriage between a focal male and his father’s brother’s
155 daughter), and other forms of cousin marriage, began to increase in the twentieth century, af-
156 ter large-scale conversions to Islam occurred (Cazes, 2006). Cross-cousin marriage among the
157 Dogon is thought to be driven by the traditional matrilineal system of land inheritance (i.e.,
158 where inheritance goes to the sons of the sisters of a focal man) and by matrimonial exchanges
159 that enhance cooperation within lineages (Strassmann and Kurapati, 2016). Parallel cousin
160 marriage, in contrast, is thought to be driven by the more recent arrival of an Islamic patri-
161 lineal system of inheritance (Cazes, 2006). On the basis of these previous studies, we would
162 expect that cousin marriage in this population is potentially beneficial for males, with sons
163 trying to secure inheritance and keep it in the family by marrying their cousins.

164 The second population studied here are members of the Ancien Régime Western Euro-
165 pean nobility. This population is endogamous too, even if the population is not limited to
166 a small geographic region, because marriages were arranged only within nobility (Hurwich,
167 1998). Cousin marriage was present among the nobility in early modern Europe, especially in
168 royal dynasties, such as the Habsburgs. Starting from 500 a.d., the Roman Catholic Church
160 banned cousin marriage. However, papal dispensations were granted especially to nobility; af-
170 ter the Reformation, Protestant denominations accepted first-cousin marriage (Henrich, 2020).
171 Cousin marriage among the European nobility has been seen as an inward political alliance,
172 and a tool for territorial control, within dynasties. Most cousin marriages among royal dynas-
173 ties were among cross-cousins, reinforcing alliances made in earlier generations, with cases of
174 parallel cousin marriage sometimes occurring when daughters were the only living heirs (Flem-
175 ing, 1973). Additionally, cousin marriage among this limited set of individuals might provide
176 more secure prospects of marriage in contexts where the local pool of unrelated prospective
177 spouses was small (Bouchard, 1981). In the context of European nobility, cousin marriage
178 might have also allowed parents to avoid paying dowry for their children, and to keep their
179 daughters’ wealth in the family (Do et al., 2013; Bahrami-Rad, 2021). An alternative strategy
180 to cousin marriage in this population involved the arrangement of marriage between unrelated
181 individuals for the purposes of political alliance formation and territory acquisition. Research
182 indicates that inbreeding at the level of first cousin had an adverse effect (of about 12.3-17.8%)
183 on offspring survival in the Spanish branch of the Habsburg dynasty (Alvarez et al., 2009). As
184 such, we would expect that cousin marriage should deliver some kind of benefit to offset these
185 costs.

186 The two populations described here have very different socio-ecological contexts (e.g., social
187 and mating systems). We therefore predict that men and women in these two societies will be
188 affected differently by cousin marriage. In typical cases of sexual conflict, the deviation from
189 optimal fitness that one sex imposes on the other is context-dependent (Kokko and Jennions,
190 2014). For both populations, we use genealogical data to compare age-specific life-history
101 estimates among individuals who are either in cousin marriages or in marriages to unrelated
102 individuals. We test the aforementioned hypotheses on the basis of the implications that
103 they have for life-history outcomes (Table 1). Specifically, we study how the probability of
104 child survival up to reproductive age, adult survival during reproductive ages, age at first
105 reproduction, and overall fertility covary with the practice of cousin marriage. We then use
196 these age-specific probabilities of survival and reproduction to perform population projections.
107 This allows us to estimate the projected growth rates of lineages practicing versus not practicing

)
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108 cousin marriage. We use these demographic measures to investigate the potential fitness trade-

100 offs entailed in cousin marriage in a given population. The population growth rate is frequently
200 used as the fitness measure of choice for age-structured populations (Jones, 2006). If the
201 population growth rate of lineages practicing cousin-marriage is similar to, or higher than, the
202 population growth rate of lineages not practicing cousin marriage, this would indicate that
203 the costs associated with cousin marriage are compensated for, or balanced by, benefits. In
204 contrasts, if the population growth rate of lineages practicing cousin-marriage is lower than
208 the population growth rate of lineages not practicing cousin marriage, this would indicate that
206 the costs associated with cousin marriage outweigh the benefits. Additionally, asymmetries
207 between sexes in age-specific probabilities of survival and reproduction in lineages practicing
208 cousin marriage might indicate sexual conflict connected to cousin marriage. The sensitivity of
200 the population growth rate to changes in survival and fertility represents the force of selection
210 on the phenotype (Jones, 2006). Accordingly, we also conduct a sensitivity analysis in each
211 population.

2 Methods

213 2.1 Data sources and ethnographic overview
214 2.1.1 Dogon from Mali
215 The first long-term demographic and genealogical dataset used in this study comes from a Do-
216 gon population in Mali. These data were collected by Marie-Helene Cazes (2016) and obtained
217 via the Kinsources archive: https://www.kinsources.net/kidarep/dataset-186-dogon-boni.
218 xhtml. This population is composed of isolated groups of Dogon, living in the semi-arid climate
210 of the southern Sahel in Mali, around the district of Boni. The population is spread across
220 15 villages, and 4 mountain settlements. The data were collected from 1975 to 1987, for the
221 purpose of demographic and genetic research, and contain records spanning a period from 1920
222 to 1987. This dataset includes information about 11,294 individuals, and 4,594 families, over 17
223 generations. It is an “exhaustive census” of the population; all living individuals in the popu-
224 lation were sampled and information about their family structure was recorded (Brown, 1993).
225 Around 15% of all marriages (and 19.5% of first marriages) in this sample are between first
226 cousins (Brown, 1993). About 45% of men in cousin-marriages were married to their mother’s
227 brother’s daughter (matrilateral cross-cousin), 28% to their father’s brother’s daughter (patri-
228 lateral parallel cousin), 20% to their father’s sister’s daughter (patrilateral cross-cousin), and
220 7% to their mother’s sister’s daughter (matrilateral parallel cousin). The majority of marriages
230 in this population are monogamous; however, non-sororal polygynous marriages are allowed in
231 Dogon culture and men have an average of 1.3 simultaneous wives (Brown, 1993). According
232 to Strassmann (2017), higher mortality for men than for women, urban migration, and age
233 difference between spouses (men marry at a later age), lead to a female-biased operational
234 sex ratio, that promotes polygyny among the Dogon. Successive remarriages are also common,
235 with men having an average of 2.7 total partners by the time they reach 45 years of age (Brown,
236 1993). Failure to marry appears very rare in this population (with only 1% of men and 0%
237 of women remaining unmarried to age 40) (Brown, 1993). Total life-time fertility is high (7.2
238 children per woman on average) and dependent on spousal number, especially for men. Mor-
230 tality, especially in infancy, is high as well, with up to 40% of children not reaching the age
240 of five in some periods (Brown, 1993). Males have a 10% higher mortality rate than females
241 during pre-reproductive ages (Brown, 1993).

6
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242 2.1.2 Ancien Régime from Western Europe

243 The second dataset used in this study is a genealogy of European nobility from Western
244 Europe (France, Italy, Germany, and the United Kingdom) between the 16th and the 18th
245 centuries (Public Domain, 2010), and was also provided by the Kinsources archive: https:
246 //www.kinsources.net/kidarep/dataset-53-ancien-regime.xhtml. The genealogy contains
247 all cognatic kin of Louis XVI and Marie Antoinette up to the 6th degree. The data have been
248 drawn from a variety of printed and online sources. The dataset includes information on about
2490 5,891 individuals, and 2,399 families, across 11 generations. About 4.1% of marriages in the
250 sample are between first cousins (2.2% cross-cousin marriages, 1.92% parallel cousin). Only
251 6% of individuals in this dataset who survived to adulthood do not appear as married. In
252 these data, 54% of marriages produced children, at an average rate of 3 children per couple.
253 Monogamy is predominant: 94% of married women, and 82% of married men, are married only
254 once (Public Domain, 2010).
285 2.2 Data analyses
256 We use the same statistical methods to analyze data from both Dogon and Ancien Régime popu-
257 lations. We estimate age-specific probabilities of survival and reproduction for sub-populations
258 of individuals (e.g., those in cousin marriages and those in marriages with unrelated part-
259 ners). Using these age-specific estimates, we build age-structured population projection mod-
260 els (Leslie, 1945). We observe and compare the demographic characteristics of different sub-
261 populations, and analyze the posterior distributions of the predicted long-term growth rates.
262 We perform the analyses using R (R Core Team, 2020) and Stan (Stan Development Team,
263 2021; Carpenter et al., 2017). All code needed to reproduce our analyses will be maintained
264 at: https://doi.org/10.17605/0SF.I0/DGUF5.
265 2.3 Data preparation and relatedness analyses
266 The Dogon and Ancien Régime databases each contain two data files. The first file contains
267 information at the individual level, and includes a unique ID, gender, birth date, and death
268 date, for each individual. The second file contains information at the family level, and includes
260 a household ID, mother ID, father ID, and child IDs, for each family. We create 12 sub-
270 populations of individuals: (1) women married to cousins; (2) women married to unrelated
271 partners; (3) women born to cousins; (4) women born to unrelated parents; (5) men married
272 to cousins; (6) men married to unrelated partners; (7) men born to cousins; (8) men born to
273 unrelated parents; (9) individuals, men or women, married to cousins; (10) individuals married
274 to unrelated partners; (11) individuals born to cousins; and, (12) individuals born to unrelated
275 parents. We test if individuals are in cousin marriages by assessing if individuals who are
276 partners have at least one grandparent in common. Individuals who are classified as “born to
277 cousins” have parents with at least one grandparent in common. Likewise, individuals who
278 are classified as “married to cousins” are those individuals who, in their lifetimes, have had
279 at least one partner with whom they have shared a grandparent. We excluded records from
280 individuals for whom all eight grandparents are unknown, because we could not accurately
281 classify their relatedness to other individuals. For the Dogon, we conducted a robustness check
282 by repeating the analyses and including only individuals for whom all eight grand-parents are
283 known (the results of this robustness check are consistent with those of the main analyses).
284 All of the “married” groups contain individuals who are married. The “born to” groups contain
285 individuals who might be unmarried, married to cousins, or married to unrelated individuals.
286 For each individual, we note the age of death (AOD), or, in the case of the Dogon, the age
287 of censoring (AOC), if they were still alive at the end of data collection. For each parent, we
7
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307
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311

assign an age-at-birth, for each of their offspring, by subtracting the offspring’s birth date from
the parent’s birth date. In the Ancien Régime database, we corrected 60 inconsistent dates of
birth and death, by cross-checking these data with other sources of information. In the Ancien
Régime database, we found around one thousand missing birth and death dates, and found
that they belonged mainly to individuals who died in infancy. These missing records might
bias estimates of age-specific survival and fertility, but this bias should not be dependent on
the type of marriage an individual is in. We discuss the possible inferential limitations imposed
on our study by these missing data in the Discussion section.

2.4 Survival and fertility estimation

To estimate age-specific survival and fertility curves, we built Bernoulli models in Stan (Car-
penter et al., 2017), using a Gaussian Process approach to model random effects on each age
category. This approach allows us to estimate the functions that link survival and age, as well
as fertility and age, without knowing a priori what shape these functions have.

If individual ¢ is a woman, we define Y[; o) to be a binary variable indicating if she produced
a daughter at age a. Likewise, if individual ¢ is a man, we define Y}; ) to be a binary variable
indicating if he produced a son at age a. We then model these fertility outcomes as:

Y[i,a] ~ Bernoulli(e[i,a]) (1)

where 0[; 4] is the probability that individual ¢ produces an offspring at age a. We model 0[; 4
as a function of random effects:

logit(0};,0) = t + 07Y(q) (2)

where:

p ~ Normal(0, 4) (3)

o is a scalar, and  comes from a multivariate normal distribution:
v~ MultivariateNormal((O, ...,0), p) (4)
We then model the correlation matrix, p, using a Gaussian process approach:

Pla) = Bexp(—¢DF, 1) (5)

where Dy, ) is the normalized distance between age categories a and b, 8 is the maximal
correlation (when the distance between age categories is 0), and finally ¢ is a parameter which
controls the rate of decay of correlation with distance between age categories.

To complete the model, we put weak priors on the top-level parameters:

o ~ Exponential(1) (6)
B ~ Beta(10, 2) (7)
¢ ~ Exponential(1) (8)

‘We fit this model independently to different subsets of data (e.g., males in cousin marriages).
The survival model is of the same form as the fertility model, but the variable Y}; , is replaced
with the variable S|; o, which defines if individual ¢ survived age a.

From each model, we extract the posterior distributions of all parameters and use them to
reconstruct all relevant survival and fertility curves. Child survival is defined as the cumulative
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312 survival probability up to the earliest age of observed reproduction (i.e., age 12). Adult survival

313 is defined as the cumulative survival probability across reproductive ages in each population
314 (i.e., ages 12-60). Overall fertility is defined as the sum of age-specific fertility across repro-
315 ductive ages. The age at first reproduction is defined to be the first age when the expected
316 number of births exceeds 0.5.
317 2.5 Population projections
318 We use the estimated age-specific survival probabilities and fertility rates to construct deter-
310 ministic Leslie matrices, which are used to conduct population projections (Leslie, 1945). For
320 the one-sex analyses, we construct the Leslie matrices as arrays containing age-specific fertility
321 rates in the top row, age-specific survival probabilities on the sub-diagonal, and zeros else-
322 where (Jones, 2006; Caswell, 2000). For the two-sex analyses, we assemble the Leslie matrices
323 described above to build a two-sex matrix, which is composed of four blocks (see details in:
324 Gerber and White, 2014; Abaitey and Oduro, 2017). We first build Leslie matrices where we
325 define parameters on the basis of birth, to explore projected population growth rates for the
326 various sub-populations under investigation here. These matrices use the survival estimates
327 of, for example, women born to cousins, and the fertility estimates of women born to cousins.
328 Additionally, we build Leslie matrices where we define parameters on the basis of both birth
320 and marriage. These Leslie matrices use, for example, survival estimates for individuals whose
330 parents are cousins and fertility estimates from individuals who are married to cousins. These
331 mixed matrices are aimed at creating more “realistic” sub-populations and imply the assump-
332 tion that cousin marriage is heritable in the lineage and that individuals whose parents are
333 cousins marry cousins.
334 For each of the Leslie matrices, at each MCMC sample, we calculate the dominant eigenvalue
335 of the matrix. We then visualize the posterior distribution of the dominant eigenvalue, in
336 order to represent our uncertainty in these estimates. The dominant eigenvalue represents
337 the asymptotic growth rate of the population—i.e., the rate at which the population grows
338 exponentially after reaching the stable age distribution (Jones, 2006). Using the popdemo
330 package in R (Stott et al., 2012), we estimate the distribution of eigenvalue sensitivities for
340 survival and fertility. These are linear estimates of the change in population growth rate given
341 a perturbation in survival or fertility (i.e., they represent the partial derivative of the population
342 growth rate with respect to different input parameters; Jones, 2006).
343 2.6 Results computation
344 For each trait of interest, we compute the contrast (i.e., the difference) between the posterior
345 probability distributions of the relevant sub-populations. Specifically, we use the rethinking
346 package in R (McElreath, 2020) to compute and analyze the mean and the compatibility
347 intervals of the posterior distributions (89% PI), as well as the fraction of the posterior above
348 and below zero. We define P to be the integral between zero and infinity of the distribution
349 of the contrast. As such, P = 0.95 indicates that 95% of the posterior density is above zero,
350 while P = 0.5 indicates that exactly half of the posterior density is above zero. Values of
351 P close to one or zero (i.e., P > 0.95 or P < 0.05) are indicative of stronger certainty for a
352 non-zero effect, while values near 0.5 indicate that the compared sub-populations have similar
353 estimates. We perform comparisons as a function of the marriage type of an individual, or of
354 the marriage type of an individual’s parents. Additional comparisons of fertility and age at first
355 reproduction between born and married sub-populations (e.g., women born to cousins versus
356 women married to cousins) are presented in the Supplementary Materials. All comparisons are
357 between same-sex sub-populations.
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Figure 1: Posterior probabilities of cumulative survival (y axis) for each age of life (x axis) for female
(left panels) and male (right panels) Dogon (frame a) and Ancien Régime (frame b) individuals.
Estimates for the offspring of cousins are colored brown and estimates for the offspring of unrelated
parents are colored blue. The bands represent 90% compatibility intervals. Fitness costs in survival,
especially in early ages, are particularly visible in female Dogon individuals.

358 3 Results

350 In the following sub-sections, we first describe the results for survival and fertility functions, and
360 then investigate projected growth rates and sensitivities. In Tables 2 (Dogon) and 3 (Ancien
361 Régime), we present a summary of the results of the estimated mean and the fraction of the
362 posterior above zero (P). Full results, including a larger set of analyses, are provided in the
363 Supplementary Materials, Tables S1-S32. Outcomes not presented in the figures in the main
364 manuscript are provided in the Supplementary Materials, Figures S1-S5.
365 3.1 Contrasts in child and adult survival
366 3.1.1 Dogon
367 Individuals born to cousins are less likely to survive to reproductive age (i.e., 12 years old)
368 compared to individuals born to unrelated parents. This effect is slightly stronger for female
369 children (where the expected difference in survival probability is: -0.06, P = 0.00), than male
370 children (where the expected difference in survival probability is: -0.04, P = 0.02). See Figure 1.
371 Women born to cousins are also less likely to survive as adults (i.e., during their reproductive
372 ages 12-60, where the expected difference in survival probability is: -0.10, P = 0.01). Men
373 married to cousins are slightly more likely to survive as adults than men married to unrelated
374 partners (expected difference in survival probability is: 0.04, P = 0.75). Women married to
375 cousins have similar adult survival probabilities as women married to unrelated partners.
376 3.1.2 Ancien Régime
377 Male individuals born to cousins are less likely to survive up to 12 years old compared to male
378 individuals born to unrelated parents (i.e., the expected difference in survival probability is:
379 -0.06, P = 0.09). In contrast, female individuals born to cousins have the same child survival
380 probability as female individuals born to unrelated parents. However, female individuals born
381 to cousins have a lower survival probability as adults than female individuals born to unrelated
10
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Figure 2: Expected number of children (y axis) for each age of life (x axis) for female (left panels)
and male individuals (right panels) who are married to cousins (brown) and married to unrelated
partners (blue). The bands represent 90% compatibility intervals. These curves reflect the expected
number of same-sex children (daughters of women and sons of men) produced by individuals. Men’s
reproductive careers in the Dogon (frame a) begin later than women'’s, and their fertility is slightly
higher because of polygyny (as estimates exclude unmarried individuals). In the Dogon, men
married to cousins have slightly higher fertility than men married to unrelated partners. In the
Ancien Régime (frame b), men married to cousins have slightly lower fertility than men married to
unrelated partners.

382 parents (expected difference: -0.07, P = 0.12). See Figure 1. Both women and men married to
383 cousins have the same adult survival probabilities as their unrelated counterparts.
38 3.2 Contrasts in fertility: total fertility and age at first repro-
385 duction
386 3.2.1 Dogon
387 Total fertility is slightly lower for women born to cousins than for women born to unrelated
388 parents (expected difference: -0.17, P = 0.16), but higher for men born to cousins than for men
389 born to unrelated parents (expected difference: 0.28, P = 0.88). See Figure S1. Total fertility
390 is higher for men married to cousins than for men married to unrelated partners (expected
301 difference: 0.39, P = 0.99). We find no reliable differences in women’s fertility as a function
302 of marriage type (Figure 2). Both women and men born to cousins have the same age at first
303 reproduction as women and men born to unrelated parents. Age at first reproduction is lower
304 (i.e., earlier) both for men married to cousins compared to men married to unrelated partners
305 (expected difference: -0.95, P = 0.00), as well as for women married to cousins compared to
306 women married to unrelated partners (expected difference: -0.88, P = 0.00).
307 3.2.2 Ancien Régime
308 Both women and men born to cousins have similar total fertility as their counterparts who are
390 born to unrelated parents (Figure S2). However, total fertility is slightly lower for men married
400 to cousins than for men married to unrelated partners (expected difference: -0.21, P = 0.2).
401 See Figure 2. We find no other differences in women’s fertility as a function of marriage type.
402 For both women and men, age at first reproduction is earlier for those born to cousins than
403 for those born to unrelated parents (expected difference for women: -1.69, P = 0.09; expected
11
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difference for men: -3.58, P = 0.01). Age at first reproduction is also earlier for women married
to cousins than for women married to unrelated partners (expected difference: -1.17, P = 0.08).
We find no differences in men’s age at first reproduction as a function of marriage type.

3.3 Contrasts in growth rates and sensitivities
3.3.1 Dogon

For the base model, we construct Leslie matrices using the survival estimates of, for example,
women born to cousins, and the fertility estimates of women born to cousins. The projected
growth rate of such a hypothetical population of women practicing cousin marriage is lower
than the projected growth rate of a hypothetical population of women not practicing it (ex-
pected difference: -0.008, P = 0.0003). Similarly, such estimates are slightly lower for a
hypothetical population of men practicing cousin marriage than men not practicing cousin
marriage (expected difference: -0.0012, P = 0.2620). For the two-sex model integrating both
males and females, the growth rate is lower for the hypothetical population practicing cousin
marriage than for the hypothetical population not practicing it (expected difference: -0.0037,
P = 0.0252). See Figure S3. The sensitivities of the population growth rate to changes in
fertility are very slightly lower for the hypothetical sub-population of men practicing cousin
marriage than for men not practicing it. We find no differences in women’s fertility sensitivities
or in women’s or men’s survival sensitivities.

Additionally, we construct Leslie matrices where we define parameters on the basis of both
birth and marriage (e.g., with survival estimates coming from individuals whose parents are
cousins and fertility estimates coming from individuals who are married to cousins). The
projected growth rate of such a hypothetical population of women practicing cousin marriage
is lower than the projected growth rate of a hypothetical population of women not practicing
it (expected difference -0.0043, P = 0.0163). The projected growth rate of such a hypothetical
population of men practicing cousin marriage is the same as the projected growth rate of a
hypothetical population of men not practicing it. The projected growth rate of a hypothetical
population of women and men practicing cousin marriage is lower than the projected growth
rate of a hypothetical population of women and men not practicing it (expected difference
-0.0022, P = 0.0797). See Figure 3. The sensitivities of the population growth rate to changes
in fertility from this set of Leslie matrices are very slightly lower for the hypothetical sub-
population of men practicing cousin marriage than for men not practicing it. We find no
differences in the fertility sensitivities of women (Figure 4) and in the survival sensitivities of
men (Figure S5). Women in lineages practicing cousin marriage have slightly higher survival
sensitivity in early ages (Figure S5).

3.3.2 Ancien Régime

For the Ancien Régime population, in all the base models defining parameters on the basis of
birth, the projected growth rate for a hypothetical population practicing cousin marriage and
a hypothetical population not practicing it are similar (Figure S4). In this set of models, we
find no differences in the fertility and survival sensitivities of the projected population growth
rate.

In the set of models where we define parameters on the basis of both birth and marriage, the
projected growth rate of a hypothetical population of men practicing cousin marriage is lower
than the projected growth rate of a population of men not practicing it (expected difference
-0.0051, P = 0.086). We find no differences in projected growth rates between hypothetical
populations of women practicing versus not practicing cousin marriage (Figure 3). In the
two-sex model, we also find no differences. The sensitivities of the population growth rate to
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changes in fertility are slightly higher for the hypothetical sub-population of men practicing
cousin marriage than for men not practicing it. We find no differences in the fertility sensitivities
of women (Figure 4), and we find no differences in the survival sensitivities of women and men
(Figure S5).

Men Women Women and men
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Figure 3: Projected growth rates are shown here using the density (y-axes) of the posterior distri-
bution of the estimated dominant eigenvalue (x-axes). Estimates for the Ancien Régime appear in
the top set of rows, and estimates for the Dogon appear in the bottom set of rows. Each estimate
represents the projected growth rate of a hypothetical sub-population of men (left column), women
(central column), or men and women together (right column) from the Leslie matrices where we
define parameters on the basis of both birth and marriage. Survival rates are from individuals
who are born to cousins (or born to unrelated parents) and fertility rates are from individuals who
are married to cousins (or married to unrelated partners). In the Dogon, the growth rate of a
hypothetical population of women practicing cousin marriage is slightly lower than the growth rate
of a hypothetical population of women not practicing it. For Dogon men in hypothetical lineages
practicing cousin marriage, there are no overall fitness consequences compared to men in hypo-
thetical lineages not practicing cousin marriage. In the Ancien Régime, hypothetical lineages of
men practicing cousin marriage have a lower growth rate than hypothetical lineages of men not
practicing it. However, no differences in lineage growth rate are observed for women.
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Figure 4: Sensitivity of the projected lineage growth rate to changes in fertility (on the y-axis) for
each reproductive age (on the x-axis) for both Dogon (bottom row) and Ancien Régime (upper
row) populations. Estimates for men are plotted in the left column and estimates for women are
plotted in the right column. Estimates for those practicing cousin marriage are plotted in black
and estimates for those not practicing it are plotted in yellow. The shaded regions represent the
90% compatibility intervals.
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4 Discussion

4.1 Overview

The application of demographic methods to data from the Dogon and Ancien Régime pop-
ulations allows us to estimate the fitness costs and benefits associated with cousin marriage.
The costs associated with cousin marriage are more visible in the Dogon, and are particularly
striking in the reduced childhood survival probabilities for individuals born to cousin-married
parents. These findings recapitulate the findings of a large number of studies suggesting that
there are fitness costs when close kin reproduce, in line with the inbreeding costs hypothesis
from biology (Bittles and Neel, 1994). In terms of fitness benefits, we find, in the Dogon, in-
creased fertility and lower ages of first reproduction and, in the Ancien Régime nobility, lower
age at first reproduction among individuals married to cousins. These findings are compatible
with the idea that fitness benefits accrue through improved chances of marriage, as predicted
by the mate scarcity hypothesis, and through improved access to resources, as predicted by the
kin benefits hypothesis. Importantly, in both the Dogon and Ancien Régime populations, the
costs of cousin marriage are predominantly carried by one sex, while the benefits are mainly
gained by the other sex. Interestingly, the sex that benefits from cousin marriage differs across
these populations. In each population, the allocation of costs and benefits between the sexes
indicates potential sexual conflict. The expression of sexual conflict in these two populations
seems to be dependent on the marriage system of each.

Because we observe evidence of fitness costs to cousin marriage, in terms of survival, while
simultaneously failing to find large differences in projected growth rates, our results suggest
that there may be trade-offs, such that fitness benefits in terms of fertility might be mitigated
by increased mortality costs. However, the compensation of costs seems to be incomplete in
the Dogon, as the projected growth rates of lineages practicing cousin marriage appear to be
slightly lower than the projected growth rates of lineages not practicing cousin marriage.

4.2 Life-history trade-offs in cousin marriage
4.2.1 Dogon

Among the Dogon, the life-history consequences associated with cousin marriage are limited,
but detectable. It is notable that many Dogon individuals who are not married to first cousins
are nevertheless married to slightly more distant relatives, due to endogamy (Brown, 1993).
Fitness costs appear to be mainly carried by women, while fitness benefits are mainly gained
by men (consistent with the sexual conflict hypothesis).

The main fitness costs associated with cousin marriage in the Dogon are lower offspring
survival and, to a lesser extent, lower fertility. We found that, for the Dogon, both sons
and daughters born to cousins have lower chances to survive to reproductive age than sons
and daughters born to unrelated parents. It is unlikely that these fitness costs are linked
to lower socio-economic status of families practicing cousin marriage, because we do observe
fitness benefits that presumably reflect higher resource access in these families (see below)
(Strassmann, 2017). A possible explanation for the overall reduced offspring survival in cousin-
married families could be the biological consequences of mating with kin, which could also
explain why women born to parents who are cousins have lower fertility than women born to
unrelated parents. In addition, children born in families practicing cousin marriage might also
have higher mortality if they have more siblings, particularly in polygynous families, because,
among the Dogon, an increase in the ratio of children to adults in a family appears associated
with increased child mortality (Strassmann, 2017). Even though sons and daughters of cousins
have roughly equal survival rates, the survival costs of cousin marriage appear most pronounced
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500 among female offspring of cousin-married couples. This is because daughters of unrelated

501 parents show reliably higher rates of survival than sons of unrelated parents. The difference in
502 survival between daughters and sons in families not practicing cousin marriage (see also, Brown,
503 1993) seems not to be due to less childcare given to sons than to daughters (Strassmann, 2017),
504 but potentially reflects the higher physiological growth costs and higher vulnerability of sons
505 (Wells, 2000; Helle et al., 2002; Clutton-Brock et al., 1981). The sex-bias in survival might
506 disappear in cousin-married families because offspring mortality reaches a ceiling.
507 As for the potential benefits of cousin marriage, men married to cousins show slightly higher
508 fertility and earlier ages at first reproduction compared to men married to unrelated partners.
500 The traditional matrilateral cross-cousin marriage system of the Dogon reinforces the tradi-
510 tional matrilineal system of inheritance, while the newer Islamic patrilateral parallel-cousin
511 marriage system reinforces the recently imported patrilineal system of inheritance (Cazes,
512 2006). In Dogon society, the first marriage of each man is decided on by the head of the
513 family and is preferentially arranged to a cousin, whereas the following wives are freely cho-
514 sen by the husband (Cazes, 2006). The earlier age at first reproduction for cousin-married
515 individuals (especially males) points to the possibility that cousin marriage eases the problem
516 of finding a mate in this population (as predicted by the mate scarcity hypothesis). In addi-
517 tion, by arranging a marriage between his daughter and his sister’s son, a man can indirectly
518 pass on his wealth to his own grandchildren, without violating traditional inheritance norms.
510 Cousin marriage can also establish family ties, which are an important factor in cooperation,
520 land defense, and cultivation among Dogon (Strassmann and Kurapati, 2016). Such access
521 to resources might increase the reproductive success of men in multiple ways (as predicted
522 by the kin benefits hypothesis). There could be an influence of increased resource access on
523 the physiology of men and their children (Borgerhoff Mulder and Beheim, 2011). In addition,
524 young Dogon men might have to migrate for periods of up to 2—-3 years to find temporary jobs,
525 delaying their marriages (Brown, 1993). This migration might not be needed for men who have
526 access to inheritance.
527 The benefits in fertility could also result from higher chances of polygyny or serial monogamy
528 for wealthy men. In an additional analysis (see details in the Supplementary Materials, tables
520 S15-S16), we find that both Dogon men and women who have been married to a cousin at least
530 once have more partners in their life than men and women who were only married to unrelated
531 partners (2.4 partners on average for cousin-married men versus 2.1 for unrelated-married men,
532 expected difference for men: 0.29, P = 1; 1.8 partners on average for cousin-married women
533 versus 1.6 for unrelated-married women, expected difference for women: 0.22, P = 1). Our
534 data do not allow us to distinguish between simultaneous and sequential partners. However,
535 polygyny in Dogon is facilitated by land acquisition and increases men’s reproductive success
536 (Strassmann, 2003). In this society, polygyny is driven by an excess of women relative to men
537 on the marriage market (Strassmann, 2000), which limits opportunities for women to choose
538 a monogamous partner or to remarry. These imbalances might shape sexual conflicts in the
530 context of cousin marriage. Men might use the inheritance they gain by marrying a cousin to
540 attract other wives, possibly unrelated ones. Women married to cousins might also experience
541 the fitness costs that may be connected to polygyny in this population (Strassmann, 2017).
542 Our population projection results provide some support for the sexual conflict hypothesis.
543 The projected growth rate is lower for lineages of women practicing cousin marriage than for
544 lineages of women not practicing cousin marriage. In contrast, lineages of men practicing cousin
545 marriage have similar growth rates to lineages of men not practicing it. These asymmetries in
546 fitness between men and women in the Dogon population might be paired with asymmetries
547 also within families, between siblings, and between parents and children. The potential sexual
548 conflict we detected in both populations is often also associated with family conflicts (Lessells,
549 2012), because it can lead to competition between siblings over resources, parental investment,
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550 and marriage partners. Since the number of cousins in a family is limited, and polygyny in the

551 Dogon is strictly non-sororal (Strassmann and Kurapati, 2016), when a Dogon woman marries
552 a cousin, her sisters will need to find a mate somewhere else, and this task can take some time.
553 Moreover, marriage exchanges in the Dogon happen more often between villages than between
554 families (Brown, 1993), so it is unlikely that a cousin marriage of one sibling implies increased
555 chances of marriage for the other siblings. Asymmetries in the age at first reproduction be-
556 tween those sub-populations practicing cousin marriage, and those not practicing it, might be
557 consistent with this scenario.
558 We were limited in assessing whether cousin marriage might be associated with a conflict
559 between parents and offspring over marriage arrangements. As cousin marriages in the Dogon
560 are mostly arranged by parents (Strassmann, 2003), we could expect that parents make ar-
561 rangements that provide themselves with fitness benefits. In an additional analysis (see details
562 in the Supplementary Materials, tables S13-S14), we find that both women and men who have
563 at least one child married to a cousin have more grandchildren than women and men whose
564 children only married unrelated partners, even when accounting for the number of children
565 they themselves have (for a given number of children, individuals with a child married to a
566 cousin have on average about twice as many grandchildren; for example, men with five children
567 have on average 1.02 more grandchildren per child, P = 1, and women on average have 1.30
568 more grandchildren per child, P = 1). These results could be connected to the aforementioned
560 sibling competition in families practicing cousin marriage: children (especially sons) who marry
570 a cousin could compensate with their higher fertility for the potentially lower fertility of their
571 siblings. However, we cannot draw definitive conclusions on whether this indeed represents
572 parent-offspring conflict. We do not know whether parents make marriage arrangements that
573 are optimal for each of their children given the available partners. Moreover, these additional
574 models only focus on fertility, while our analyses indicated that cousin-married individuals
575 differ in other important parameters (e.g., offspring survival rates) from unrelated-married in-
576 dividuals. Further research would be required to specifically investigate the potential fitness
577 asymmetries that are expected under parent-offspring conflict.
578 Overall, hypothetical lineages—composed of women and men born to and married to
579 cousins—that represent families practicing cousin marriage have slightly lower growth rates
580 than families not practicing cousin marriage. This reduced overall fitness is likely a conse-
581 quence of sexual conflict (Rankin et al., 2011) and fitness costs that are not fully compensated
582 by benefits. It is unclear if cousin marriage might have previously been adaptive in the Dogon.
583 It is hard to draw conclusions from current data, because changes in the social and marriage
584 systems of the Dogon arising from Islamization might have affected the costs and benefits of
585 cousin marriage.
586 4.2.2 Ancien Régime
587 In the Ancien Régime nobility, the life-history consequences of cousin marriage are less striking;:
588 differences between lineages practicing cousin marriage and those not practicing it are more
580 limited than what we observe in the Dogon. The genetic load of the population could be lower
590 because of the lower overall frequency of marriages between relatives (Charlesworth and Willis,
501 2009) or the more benign environment that a high social status may provide. In such contexts,
592 inbreeding costs may not be as visible. The benefits of cousin marriage in this population
503 are more limited too: other marriage strategies, such as marriage exchanges with unrelated
594 dynasties abroad, might give equal benefits in terms of mate access without generating costs.
595 Yet, among the Ancien Régime nobility, we can detect some differences in key demographic
596 characteristics. Here, fitness costs are mainly carried by men and fitness benefits are mainly
597 gained by women. Sons born to parents who are cousins are less likely to survive to reproduc-
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508 tive age than sons born to unrelated parents. This difference is not visible for daughters. The

599 biological effects of mating with kin might have had an impact on the survival of boys more
600 than on the survival of girls, because of a change in the causes of infant deaths (from external
601 to perinatal), that particularly affected the more vulnerable male offspring during this period
602 (Drevenstedt et al., 2008). Alternatively, the lower survival of male offspring in families prac-
603 ticing cousin marriage could be due to differential parental investment. Families that practice
604 cousin marriage and strict marriage arrangements might also practice primogeniture and invest
605 less in younger sons (Hrdy and Judge, 1993).

606 Women married to cousins show similar fertility, and an earlier age at first reproduction,
607 than women who marry unrelated partners. Men married to cousins show slightly lower total
608 fertility than men married to unrelated partners. Even by remarrying, men seem not to com-
609 pletely offset the fertility cost of cousin marriage. An additional analysis (see details in the
610 Supplementary Materials, tables S31-S32) shows that men married to cousins have a slightly
611 higher chance of remarriage than men married to unrelated partners, whereas women married
612 to cousins have a similar chance of remarriage as women married to unrelated partners (1.74
613 partners on average for cousin-married men versus 1.43 for unrelated-married men, expected
614 difference for men: 0.31, P = 0.96; 1.14 partners on average for cousin-married women ver-
615 sus 1.07 for unrelated-married women, expected difference for women: 0.07, P = 0.68). Our
616 demographic approach does account for the total number of children men have with all their
617 wives though. We cannot exclude the possibility that men might offset fertility costs through
618 illegitimate children: the rate of illegitimate births in European countries in the covered period
610 ranged from 1 to 6% (Brée, 2014; Muir, 2018). However, it is probably just as likely that men
620 married to unrelated partners had illegitimate children at similar rates.

621 As for the benefits of cousin marriage, in a society where monogamy is the rule, and marrying
622 a non-noble individual is not an option (Hurwich, 1998), marrying a cousin could make the
623 task of finding a partner easier for women (as predicted by the mate scarcity hypothesis). In
624 this population, the problem of finding a mate is in fact related to social structure. Among
625 the nobility, marriages were under parental control (Tulchin, 2013), and cousin marriages in
626 particular were mostly arranged by parents (Goody, 1983). Marriages of daughters were costly
627 under a dowry system (Goody, 1983). The possibility of avoiding dowry payments and keeping
628 resources in the family could act as an incentive for noble parents to arrange marriages within
629 the family, rather than with unrelated dynasties. This selection pressure could, in turn, lead
630 to lower ages at first marriage if cousins are scarce. Since cousin marriage allowed parents to
631 marry more daughters, and intermarriages among related families could be frequent (Alvarez
632 et al., 2009), we can speculate that, at a family level, cousin marriage could reduce sibling
633 competition, especially among sisters. Interestingly, unlike women, men married to cousins do
634 not show earlier ages at first reproduction compared to their counterparts, while men born to
635 cousins do show earlier ages at first reproduction compared to men born to unrelated parents.
636 This discrepancy in age at first marriage between “married to cousin” and “born to cousin”
637 groups is not well understood, but may reflect secular changes not well captured by our model.
638 Parent-offspring conflict might also be linked to the patterns of cousin marriage among the
639 Ancien Régime. In an additional analysis (see details in the Supplementary Materials, tables
640 S29-S30), we observe that both men and women who have at least one child married to a cousin
641 also have more grandchildren than individuals who do not have children married to a cousin
642 (for a given number of children, individuals with a child married to a cousin have on average
643 about 1.2 as many grandchildren; for example, men with five children have on average 0.76 more
644 grandchildren per child than men who do not have any child married to a cousin (P = 1) and
645 who have the same number of children; women who have at least one child married to a cousin
646 have an average of 0.67 more grandchildren per child than women who do not have any child
647 married to a cousin (P = 1) and who have the same number of children). This suggests that,
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among the Ancien Régime nobility, parents might benefit from arranging a cousin marriage
by having more of their children married. However, the same caveats mentioned above for the
Dogon also apply here, and analyses that specifically target asymmetries in fitness within and
between families would be needed to study this topic in more detail.

4.3 The potential advantages and limitations of demographic
approaches to understanding the prevalence of cousin marriage

One limitation of our empirical approach is that it requires individuals to be classified into dis-
crete populations for the purposes of estimating survival and fertility functions. Such classifica-
tions are obviously oversimplifications, and individuals can change marriage status over time.
In order to gain some degree of empirical tractability, we classified individuals as cousin-married
if they had been married to a cousin at least once (regardless of their other marriages). There-
fore, the offspring counts of a small subset of multiply-married individuals may include children
sired by unrelated partners. Further research would be needed to determine if cousin-married
individuals compensate for inbreeding costs by subsequently marrying unrelated individuals.

An additional problem with classifying individuals into groups solely on the basis of marriage
type, is that this approach does not reveal the underlying fitness trade-offs within families
(Chagnon et al., 2017). Our supplemental analyses, however, give some insights into the costs
and benefits for parents and siblings of cousin-married couples. It would be interesting to
further investigate possible asymmetries in fitness between same-sex and different-sex siblings,
especially in regards to the chances of (cousin) marriage. Moreover, more work is needed to
determine the preferred marriage strategies of the siblings of cousin-married individuals.

Furthermore, the simplistic population-level demographic approaches that we use here are
only designed to estimate simple differences in projected population growth rate as a function
of marriage system. These models, however, can be extended to link the potential drivers of
cousin marriage (e.g., inheritance and wealth considerations) to survival and fertility functions,
and then to resulting lineage growth rate differences. Such approaches would be complementary
to those that use individual-level information directly (Johow et al., 2019; Shenk et al., 2016).

Another question we did not address is whether cousin marriage may be a bet-hedging
strategy, where, despite producing a lower growth rate over short intervals of time, cousin
marriage carries adaptive benefits in terms of reduced variance in fitness in the long-run. Such
a bet-hedging strategy could be selected for because it increases geometric mean fitness across
generations (Starrfelt and Kokko, 2012). This could be relevant in the Dogon case, where
periodic droughts and other environmental changes can have rare but extreme effects on fertility
and survival (Brown, 1993). A stochastic population projection model, where rates of survival
and fertility are allowed to change at each time interval, could address this issue (e.g., as in
Puleston et al., 2014). Such an empirical analysis, however, would require even longer-term
samples than those we relied on here.

Empirical estimation of demographic effects requires systematic data, both in terms of
breadth (complete or at least systematic sampling of individuals) and depth (long temporal
periods of observation). Inferences from limited, non-systematically collected samples are likely
to be non-representative. Comparative datasets, which include both cousin-married and non-
cousin-married individuals, and deploy whole-population censuses over multiple generations are
rare. In this respect, the Dogon and Ancien Régime databases are some of the best available
data sources. Nevertheless, the low sample size of individuals born or married to cousins limits
our ability to draw hard conclusions about the potential adaptiveness of cousin marriage.
Another issue impacting our analyses is that there are some missing birth and death dates for
individuals who died in infancy, especially in the Ancien Régime database (see Methods). Since
our survival and fertility estimation procedures are age-specific, we may therefore underestimate
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fertility and overestimate childhood survival rates.

4.4 Conclusion

Despite the aforementioned limitations, the analyses presented here show that population pro-
jection approaches, which account for between-marriage-system differences in survival and fer-
tility across the whole life-span, can usefully represent the adaptive consequences of cousin
marriage. Our analyses indicate possible trade-offs between fitness costs and benefits in con-
nection to cousin marriage, and give insights into the mechanisms shaping these trade-offs in
two human populations. We find evidence of inbreeding costs—mainly in offspring survival
during childhood—in both sexes, in both populations. We also find some benefits of cousin
marriage, mainly in fertility and age at first reproduction. Our results are consistent with the
kin benefits hypothesis and the mate scarcity hypothesis. Due to data limitations, we did not
directly investigate the possible origins of these benefits, but our methods can in principle be
extended to measure the relationship between survival, fertility, and various covariate measures,
like material wealth.

Our findings also give insights into how the potential benefits of cousin marriage are linked
to specific socio-ecological conditions. We find that fertility benefits are mainly gained by men
in the Dogon and by women in the Ancien Régime nobility. This indicates that, in these two
populations, men and women are affected differently by cousin marriage, and thus possibly have
different motivations for pursuing the strategy. Dogon men, who live in a society permitting
polygyny which has various rules for male inheritance, can use cousin marriage to successfully
compete in a difficult marriage market. By encouraging cousin marriage, Dogon lineages can
preserve inherited land holdings, minimize out-migration of men, and facilitate earlier mar-
riages and even polygamous unions. In contrast, women in the Ancien Régime, who live in a
monogamous society characterized by dowry payments, can use cousin marriage to minimize
the costs of marriages. Analyses at the population-level reveal asymmetries in fitness between
the sexes and between marriage-type groups. Age-structured models give a multifaceted picture
of fitness costs and benefits. Distinguishing between survival in childhood and adulthood has
helped us disentangle inbreeding costs and possible fitness benefits. The combined analysis of
key life history traits, along with assessment of the long-term dynamics implied by differences
in projected growth rates for lineages practicing different marriage strategies, gives insight
as to whether a strategy with potential fitness costs—e.g., cousin marriage—can nevertheless
serve an adaptive function. More broadly, given the increasing availability of genealogical data
from various human populations, demographic analyses like those presented here can provide
insights into the origins and maintenance of various behaviors.
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