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Abstract: The historical population of the Krummhörn region [1720-1850] in the northwest 

of Germany can be characterized as a non-industrialized, pre-capitalist agricultural society. 

Around 70 percent of the families had either no land or owned farms too small to ensure 

subsistence, and therefore worked on the big farms owned by the families of the economic 

upper class. The economic elite made up around 15 percent of the population, but they owned 

80 percent of the farm land. The remaining 15 percent of the population did not belong to the 

elite, but owned estates that were big enough to support their families, and were therefore 

economically independent. During the study period there were no famines or wars, and 

mortality, especially of infants, was very low compared to mortality in other German regions. 

Furthermore, the population was not naturally fertile. As there were on average only four to 

five births in complete families, the population was barely growing. In this paper, we 

investigate how the reproductive behavior of these families was affected by their social status 

and by short-term fluctuations in their socioeconomic conditions. Poisson and Cox regression 

models are used to analyze the age at first reproduction, fertility, the sex ratio of the offspring, 

sex-specific infant survival rates, and the number of children. In addition, we investigate how 

fluctuations in crop prices affected seasonal-specific infant mortality and fertility. We also 

include information about the seasonal climate that may had an effect on crop prices as well 

as on infant mortality via other pathways. 

In sum, we find that reproductive success (the number of children born and the number of 

children surviving to adulthood) was correlated with social rank. Individuals from high-

ranking families had more births and a higher number of surviving children. We also find that 

social strata-specific constraints were important factors: birth rank and sex-specific 

reproductive values affected both infant mortality and the female age at first marriage 

differently in the different social strata. High crop prices were associated with a rise in infant 

mortality in the autumn and the winter, which may have been a reflection of a tense situation 

among the landless. Meanwhile, warm or hot weather was associated with an increase in child 
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mortality in the summer, possibly because of the increased risk of infection with malaria, a 

common disease in the Krummhörn region at that time.  
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Introduction 

The concept of human behavioral ecology in the context of evolutionary anthropology 

predicts that selection will favor reproductive behavior that maximizes fitness (reproductive 

success) (Cronk 1991). For all mammals, including humans, their reproductive success and 

their life course are dependent on several intrinsic and extrinsic factors and constraints that 

mold trade-offs through interactions in a multidimensional ecological continuum. For species 

that live in social groups, reproductive behavior and decisions are always constrained by their 

social positions. This also holds true for humans in modern societies, as the socioeconomic 

conditions of families are often stable for many generations, especially in class-based 

societies or in environments in which social mobility is reduced. In contrast, in small-scale 

societies in which the division of labor is absent or is less developed, and in which economic 

power is not held by individuals (cf. egalitarian hunter-gatherer societies), it is less likely that 

the inter-family differences in socioeconomic conditions would be determined by the 

economic system (Borgerhoff Mulder et al. 2009). In non-egalitarian societies, however, the 

socioeconomic conditions of families greatly depend on their social stratus. For example, 

among the landless, the optimal reproductive behavior is expected to be fundamentally 

different from that of the rich (Pettay et al. 2007). In general, persistent social stratification 

and social-strata-specific reproductive behavior arise if wealth (e.g., land, money, company 

ownership, etc.) is heritable, and are reinforced if overproduction allows for an accumulation 

of wealth. These two trends are found in capitalist societies and their precursors. Therefore, 

even if members of different social strata are sharing the same geographical habitat (e.g., if 

agricultural workers are living on the farm of their employer), they are facing different social-

status-specific constraints. Hence, they should pursue different reproductive strategies in 

order to maximize their fitness/reproductive success.  

These different reproductive strategies might lead to the development of life history traits 

typical of people with a given social status, such as an average age at marriage or at the first 
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birth (Voland & Dunbar 1995), an average number of births and of surviving offspring 

(Störmer 2011), and an average per capita investment in each child, including differences in 

parental investment (cf. the Trivers-Willard hypothesis; Trivers & Willard 1973, Trivers, 

1974). In addition to observing variations in the general strategies pursued by members of 

different social strata, we may expect to see that certain environmental and economic factors 

trigger social-strata-specific responses and effects. For example, the poor may be expected to 

suffer when crop prices are high, as they may find it harder to purchase food. By contrast, the 

living conditions of the upper segments of the population may not be negatively affected by 

higher crop prices, and rich farmers and merchants could even benefit financially from high 

crop prices (a situation which is henceforth referred to as the “crisis winner scenario”). Other 

environmental factors are, however, assumed to have a more or less universal effect on 

members of all social strata. For example, in pre-industrial societies that lacked 

comprehensive medical care, mortality, especially among children, was mainly caused by 

epidemics (Kintner 1988). Therefore, we may expect to find that mortality risk did not vary 

substantially between the social strata, since the upper classes and their offspring were not 

invulnerable to common infectious diseases, like smallpox (e.g., D’Escheruy 1760) or 

measles. The marked mortality differential between the social strata is a phenomenon of 

modern times, and it was less pronounced or non-existent before the start of industrialization, 

especially in the countryside (Woods 2003). 

In this paper, we investigate how the reproductive behavior of families was affected by their 

social status and by their socioeconomic conditions. We use the historical population of the 

Krummhörn region in East Frisia (northwestern Germany) of the 18th and 19th centuries, 

which can be considered a non-egalitarian, pre-capitalist agricultural society (see below). We 

focus on two aspects. First, we investigate how land ownership affected the reproductive 

behavior of the families in a long-term perspective. We address two main questions. First, are 

there differences between the social strata in terms of reproductive parameters such as the 
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number of children born, the number of children surviving to adulthood, the length of inter-

birth intervals, infant mortality, the age at first marriage, and the sex ratio of offspring? 

Second, we are interested in finding out how dynamic economic processes affected the short-

term outcomes of the families depending on their strata. To do so, we investigate how 

changes in crop prices affected infant mortality and the length of inter-birth intervals. We also 

include data on climatic conditions in our models, as it cannot be ruled out that crop prices 

alone pick up unobserved characteristics which might also have had an effect on infant 

mortality.  

  

Hypotheses and Expectations 

1. Different social strata pursue different reproductive strategies  

We expect to find that wealth—or, more specifically, the extent of landownership, correlated 

with reproductive success. Families who owned farms large enough to allow for the 

production of agricultural commodities above the level of their personal requirements should 

have had more births and more children surviving to adulthood. Because the undivided land 

was bequeathed to a single son, while the other siblings were compensated (system of 

ultimogeniture, see Klindworth & Voland 1995), we expect to find that among landowners 

the reproductive value of the individual child, and, consequently, the expected amount of 

parental per capita investment (Trivers 1974) was highly dependent on the child’s sex 

(Trivers & Willard 1973) and on the number of elder brothers and sisters alive at his or her 

birth.  

Among the landless and families with subsistence-level production, we expect to find that the 

number of births, and, consequently, the number of adult children, were lower than the 

numbers among the economic upper class. However, we cannot immediately predict to what 

extent the reproductive value of the individual offspring among the landless was dependent on 

his or her sex and on the number of older male and female siblings, or to what extent the sex 
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of the child influenced the parental per capita investment. It might be argued that the 

reproductive value and the expected amount of parental per capita investment were affected 

by two opposing mechanisms that were not mutually exclusive. First, the labor provided by 

sons and daughters might be beneficial for the parental household. From this perspective, the 

children were acting as “helpers at the nest” (Crognier et al. 2001), regardless of whether they 

worked directly in the parental household (e.g., looking after younger siblings) or contributed 

to the household budget by earning wages. Assuming this was the case, we may expect to find 

that children were older at their first marriage, and that this family structure was especially 

beneficial for children who grew up with older siblings in the household. Later-born children 

benefitted from investments provided by both their parents and their elder siblings. In 

addition, some children of poor and low-ranking parents might have had the opportunity for 

upward social mobility. For example, daughters might have been able to marry a partner with 

a higher social status because their chances on the matrimonial market correlated with their 

reproductive body traits (Pawłowski 2000). In such cases, we would expect to see a lower age 

at first marriage among daughters, as female reproductive traits and age are negatively 

correlated.   

2. The extent of landownership correlates with economic independence   

Due to unstable or extreme weather conditions (droughts, flooding), pest infestations, and 

other factors, the amount of available food among agricultural societies can fluctuate greatly 

over the years. A proxy that reflects food availability, at least to some extent, is the crop price, 

which is available for the Krummhörn region from 1771 until 1864 (see below). We expect to 

find that the crop price, as a measure of changes in living expenses (e.g., Galloway 1988), did 

not affect the families of the different social strata equally. The landless and small farmers 

should have been more negatively affected by high crop prices and poor harvests, and should 

have experienced increased child mortality and reduced fertility (longer inter-birth intervals). 

In contrast, families with farms that were productive enough to nourish the family even if the 
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harvests were bad may have avoided malnutrition, and may even have profited from the 

situation if they were able to sell their agricultural commodities at higher prices (the crisis 

winner scenario). 
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Material 

Study Population 

The data used in this study are based on family reconstitutions (see, for example, Voland 

2000 for a description of the methodology) from church records and tax rolls from the 

historical Krummhörn region. The Krummhörn was a small coastal region located in the far 

northwestern part of Germany, in East Frisia. During the 18th and 19th centuries, the 

Krummhörn comprised 32 parishes. To date, the life data of individuals from 30 of these 

parishes have been reconstructed and are available for this study (~33,000 families, or 74,000 

individuals). 

The Krummhörn had very fertile marsh soil. Most people made their living by farming and 

dairying, and the population did not suffer from severe famines during the study period. 

However, due to the geographical position of the region, there was little room for the 

population to expand. The settlement of the area had been completed in the late medieval 

period (Ohling 1963), and there was no significant population growth over the study period 

(Voland & Dunbar 1995). From an ecological perspective, the region can therefore be 

described as a saturated habitat in which the population faced a local resource competition 

scenario (Voland 1995). Because access to land was limited, a stratified social structure arose 

among the population of the Krummhörn. At the one extreme there was a social upper class 

made up of big farmers (farmers who owned more than 75 grasen; 1 gras = 0.36 hectare) and 

had both capital and status; while at the other end of the spectrum, there was a lower social 

class made up of small-scale farmers, tenants, craftsmen, and workers who were largely 

landless. About 70 percent of the families either had no land at all or owned farms too small 

to ensure subsistence, and therefore worked for the big farmers of the social upper class. 

Families who belonged to the economic elite of big farmers made about 15 percent of the 

population, but owned 80 percent of the farm land. The remaining 15 percent of the 
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population did not belong to the elite, but owned estates that were big enough to sustain their 

families, and were therefore economically independent.   

In this geographical and ecological context, the reproductive decisions of this population 

primarily relied on wealth preservation to avert the extinction of the family lineage (Voland & 

Dunbar 1995). Conventionally, a form of ultimogeniture was practiced in which the youngest 

son inherited the undivided farm from the father (Klindworth & Voland 1995). All of the 

other offspring had to be compensated, often with cash. Daughters could expect to receive 

half as much as a son. As a consequence, the Krummhörn population in general was 

characterized by a late age at first marriage/first birth and relatively small families, with late 

reproduction and low birth rates, especially among families of the social upper class. 

 

Crop prices 

The annual prices for four types of grain (rye, wheat, oats, barley) are available from 1771 to 

1863, and have been collected and adjusted for inflation and other changes in value by 

Oberschelp (1986). The data used in this paper are freely accessible at David S. Jacks’ 

homepage at the Simon Fraser University (http://www.sfu.ca/~djacks/data/prices/Germany/, 

see also Jacks 2004 & Jacks 2005). The annual crop prices for rye, oats, and barley were 

calculated from November’s and December’s average prices at the market in the town of 

Emden, which is just south of the Krummhörn region. November’s and December’s prices 

provide a good reflection of the annual crop yield, and are therefore suitable as a proxy for 

food supply. The price of wheat was taken from the market in the city of Norden, which is to 

the north of the region. All four types of grain were planted in the Krummhörn region, but rye 

was the most important grain (Oberschelp 1986). For this reason, we have chosen to use the 

rye prices only as the proxy for annual food supply. It is likely that rye was dominant in the 

Krummhörn region because the grain is relatively robust, and was therefore best suited to the 

often rough coastal weather conditions in the area (Ref xx).  

http://www.sfu.ca/~djacks/data/prices/Germany/
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Climate data 

As we mentioned above, the Krummhörn region had been saturated since the late medieval 

period. This went hand-in-hand with an intensive level of agricultural use of the countryside 

that unfortunately destroyed any natural climate records that might otherwise have been 

available. There are, for example, no terrestrial sediments from our period of study that 

remained untouched, and there are no trees left that are old enough to allow for a 

dendrochronological climate reconstruction. For this reason, we used the climate 

reconstruction for central Europe which has been compiled by Glaser and Riemann (2010) 

using several data sources. For our study, period monthly temperature indices are available. 

We used those indices to create seasonal indices and included them in the models that 

measure season-specific infant mortality (see the methods section).  
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Methods 

To study the impact of social status and changes in annual crop prices on reproductive 

behavior in the historical Krummhörn population, we included marriages between 1720 and 

1850. Before 1720 the data are often incomplete and biased, as most of the marriages that 

were recorded were of important and socially high-ranking individuals. After 1874, the 

church was no longer responsible for recording births and deaths, as this responsibility was 

transferred to the Standesämter by the (civil) administration of the German Reich. 

Unfortunately, the records of the Standesämter are not yet available. Furthermore, we have 

only included families whose reproductive histories are known; i.e., for whom there are 

reliable records on the beginning of the marriage (the exact date of marriage) and the end of 

the marriage (parents’ date of death1). In cases that fulfill these criteria, we can assume that 

all of the births of the family have been recorded in the church registers. Cases in which the 

number of births is incomplete might bias the results. 

The total number of children born to a family is dependent, among other factors, on paternal 

and maternal survival. A woman cannot fully exploit her reproductive potential if she (or her 

spouse) dies before she reaches menopause. For this reason, it is sometimes useful to compare 

specific characteristics (e.g., the number of births or the number of adult offspring, see below) 

only between families in which both spouses survived the wife’s 45th birthday, especially in 

contexts in which adult mortality was high. Such families are referred to as “complete” 

families in the following. 

We categorized the cases that remained after data selection into five groups based on their 

landownership status. Families who owned a piece of land larger than 75 grasen were 

classified as “large-scale farmers” (Beise 2001), families who owned between 10 and 75 

                                                 
1 It is not necessary to know the exact date of death of both parents to know the date of the end of a marriage. 

In some cases the surviving spouse left the study area, e.g. moved to his/her parental family who was living 
outside the Krummhörn region. In these cases the exact date of death of the surviving spouse is unknown. 
However, the criterion for a complete reproductive history is also fulfilled if date of death of one spouse is 
recorded and if it is known that the other survived that date.  
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grasen were assigned to the group of “mid-scale farmers,” while families who owned less 

than 10 grasen were categorized as “small famers.” Families who had no property were 

classified as “landless,” and families for whom the level of landownership was unknown were 

placed in the fifth group. 

 

Set of Analyses I – General differences between the social strata 

In investigating whether the landownership status affected infant mortality, fertility, and the 

children’s ages at first marriage, we used a number of different statistical methods (e.g., 

Poisson and Cox regression models) in order to control for observed confounding variables. 

We used Poisson regression models to estimate the total number of children born to families 

and the total number of children who survived to adulthood (their 15th birthday). In order to 

control for observed confounding variables, the Cox proportional hazard regression models 

(Cox 1972) were used to estimate infant mortality (from birth to one year old), the inter-birth 

intervals, and the girls’ and the boys’ ages at first marriage. In addition to the indicators for 

landownership status, we included the following covariates:  

- Mother’s and father’s ages at death 

- Child’s sex 

- Child’s birth cohort 

- Child’s birth season (meteorological) 

- Child’s birth rank (order)  

- Number of elder brothers and sisters alive at child’s birth 

- Maternal and paternal ages at child’s birth.  

Parental lifespan is inheritable to some extent (Gudmundsson et al. 2000), and it is known that 

child survival is often affected by sex and birth order (Rutstein 1984), as well as by the season 

of birth (Gagnon 2012). Because child mortality changed in the Krummhörn region over the 

time period studied, we included the birth cohort (coded in decades) in our models. Finally, 
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there is evidence that both the maternal (Myrskylä & Fenelon 2011) and the paternal (Zhu et 

al. 2008) ages at conception (based on their ages at the birth of the child) are associated with 

infant survival. 

 

Set of Analyses II – Responses of the Social Strata to Changes in Crop Price between 1771 

& 1863 

To investigate whether the infant mortality rate and the length of inter-birth intervals 

responded to changes in crop prices, we again used proportional Cox regression models with 

the control covariates described above (except the parental age at death). We used the 

adjusted measure of the previous year’s crop prices to estimate the impact on the inter-birth 

intervals. In addition, we used stratified Cox models in which stratification was based on the 

family, such that the underlying baseline hazard was shared for all siblings from a given 

family. This model specification controlled for all of the time-invariant (fixed) parental 

characteristics shared among siblings (Allison 2009). 

Models that measure the impact of crop prices on infant mortality are not as easy to create as 

models that measure the inter-birth intervals. In addition to the well-documented stable 

factors that influence infant mortality, and for which we could control in our models, such as 

parental age at birth or birth rank (see the methods section), there are other factors that affect 

infant mortality, but which fluctuated significantly, such as pathogen load and parasite stress 

from the environment (Gagnon & Mazan 2009). These factors are associated with weather 

conditions (Gagnon 2012). For example, we may expect to find that the risk of contracting a 

contagious disease was generally lower during periods of dry and cold weather than in hot 

and humid conditions. Therefore, infant mortality was analyzed separately in the different 

seasons, and different versions of Cox regression models were formulated that included data 

on the seasonal temperature conditions alone, or on both the crop price and the temperature 

conditions. In those models that measured infant mortality in the winter, the spring, and the 
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summer, we used the rye price that was calculated from the average price in the autumn of the 

previous year. In the models that measured infant mortality in the autumn, the current rye 

price was used.  
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Results 

Analyses I – General differences between the social strata 

Descriptive statistics about the sample sizes and the other traits of interest (the average total 

number of births, the total number of adult children, the infant mortality rate, the girls’ and 

the boys’ ages at first marriage, the inter-birth intervals, the sex ratio at birth and at the first 

birthday) among the different social strata are given in Table 2.  

A simple Pearson correlation between the temperature conditions in the season before the 

harvest and the crop prices immediately after harvest showed that the seasonal temperatures 

only affected the wheat and (partly) the barley prices (see Table 1). Rye and oats do not seem 

to have been affected by the seasonal temperatures. Both types of grain are robust and easy to 

grow. 

The Poisson models which were used estimate the total number of births among the different 

social strata are given in Table 3. Mid-scale farmers did not differ substantially from large-

scale farmers. Landless families (coefficient = -0.179***) and families for whom the level of 

landownership was unknown (coefficient = -0.131**) gave birth to fewer children than large-

scale farming families. This was also observed if only complete families were included in the 

model (coefficients = -0.164** and -0.110*). Small farmers also tended to have fewer births 

than large-scale farmers (coefficient = -0.121+). The results of the Poisson models, which are 

given in Table 4, indicated that this lower level of fertility among small farming families, 

landless families, and families for whom the level of landownership was unknown resulted in 

fewer children who reached adulthood (>15 years). Small farmers (coefficient = -0.192*), 

landless families (coefficient = -0.252***), and families for whom the level of landownership 

was unknown (coefficient = -0.168**) had significantly fewer adult children than large-scale 

farmers. 

The results of the proportional hazard Cox regression models which estimate infant mortality 

are given in Table 5. The results of the model, which included both sexes, indicated that there 
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was no significant difference between the reference group (large-scale famers) and the other 

social strata. Only families among whom the level of landownership was unknown tended to 

have fewer dead infants than rich farmers. However, when the model used the infant mortality 

rate of small farmers instead of large-scale farmers as a reference, the results showed that 

landless families (hazard ratio = 0.744*) and families for whom the level of landownership 

was unknown (hazard ratio = 0.741*) exhibited lower infant mortality than the small farmers 

(full model not shown). Interestingly, there was a distinct sex-specific mortality among the 

social strata. Whereas mortality among the boys of mid-scale farmers was significantly lower 

than among the large-scale farmers (hazard ratio: 0.585*), mortality among the girls was 

significantly higher (hazard ratio: 1.605*). Moreover, the boys of landless families and of 

families for whom the level of landownership was unknown had lower mortality than large-

scale farmers (hazard ratios: 0.656* respectively 0.777+). 

The results of the proportional hazard Cox regression models which were used to estimate the 

length of inter-birth intervals and the boys’ and the girls’ ages at first marriage are given in 

Table 6. The inter-birth intervals among small farmers (hazard ratio = 0.883+), among the 

landless families (hazard ratio = 0.798***), and among the families for whom the level of 

landownership was unknown (hazard ratio = 0.833***) were longer than those of large-scale 

farmers. Daughters of landless (hazard ratio = 0.756**) and of families for whom the level of 

landownership was unknown (hazard ratio = 0.703***) were significantly older at their first 

marriage than daughters who were the offspring of large-scale farmers. In contrast, the 

average age at first marriage for sons did not vary according to social strata. 

 

Analyses II – Short-term responses of the social strata between 1771 & 1863 

The results of the proportional hazard Cox regression models which investigated whether the 

previous year’s crop price affected the inter-birth intervals among the different social strata 

are given in Table 7. The inter-birth intervals of small farmers and of families for whom the 
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level of landownership was unknown appear to have been affected by previous year’s crop 

prices (hazard ratios = 1.015* respectively 1.004**). However, these significant effects were 

not found if the model controlled for unobserved heterogeneity using fixed effects (hazard 

ratios = 1.004n.s. respectively 0.997n.s.). 

The results of the proportional hazard Cox regression model that was used to measure infant 

mortality risk in the springtime is given in Table 8. In both the models that controlled for 

child-specific characteristics only and the models that also included family-specific 

characteristics, the temperature index of the rye price was found to have had no significant 

effect on infant mortality risk. This was also the case for the models that were stratified by the 

parents’ marriage. 

The results for the models that calculated infant mortality risk in summertime are given in 

Table 9. In all of the models the temperature was found to have had a significant impact on 

infant mortality risk. Thus, warm summers increased infant mortality considerably. The rye 

price had a significant impact on infant mortality in the non-stratified model which only 

included child-specific control variables (hazard ratio = 1.010*). This significant relationship 

between the crop price and infant mortality was not found by the corresponding full model or 

by the models that were stratified by the parents’ marriage. 

The results of the proportional hazard Cox regression models that measure infant mortality 

risk in the autumn are given in Table 10. No significant impact of the temperature index on 

infant mortality risk was found in any of the models. However, the rye price was found to 

have been associated with an increase in infant mortality in both of the non-stratified models 

that controlled for child-specific as well as for family-specific characteristics (hazard ratios = 

1.021**). This significant relationship between the rye price and infant mortality in the 

autumn was also found by the stratified model that controlled for child-specific characteristics 

only (hazard ration = 1.017*), but not in the model that also included family-specific controls 

(hazard ratio = 1.018n.s.). 
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Comparable results were found by the proportional hazard Cox regression models that 

measured infant mortality risk in the wintertime (Table 11). Again, no significant impact of 

the temperature index on infant mortality was found, but the rye price was shown to have had 

a mortality-increasing effect in the models that were not stratified by the parents’ marriage 

(hazard ratios = 1.018*** respectively 1.023**). However, no significant relationship 

between rye price and infant mortality was found by the models that were stratified by the 

parents’ marriage (hazard ratios = 1.012n.s. respectively 1.018n.s.).  
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The following is a brief summary of the most important results: 

1) Large-scale farmers had more births and more children who survived to adulthood 

than landless families or families for whom the level of landownership was unknown. 

This was a result of significantly shorter inter-birth intervals, but not of lower infant 

mortality. 

2) There were differences in sex-specific infant mortality among the social strata. Male 

infants among the mid-scale farming families, the landless families, and the families 

for whom the level of landownership was unknown had lower mortality than the large-

scale famers. Girls born to mid-scale farmers had higher mortality than those born to 

large-scale farmers.  

3) Girls who were born to large-scale farmers were significantly younger at their first 

marriage. 

4) Temperature appears to have had a direct impact on infant survival in summer, but not 

in other seasons. 

5) High rye prices increased infant mortality in the autumn and in the winter. This was 

not observed when the models controlled for unobserved family characteristics shared 

by siblings (or when the models were stratified by the parents’ marriage). 
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Discussion 

This study investigated how social status affected both reproduction and child survival in the 

historical population of the Krummhörn region. The general, long-term reproductive behavior 

of the different social strata (Set of Analyses I), as well as the short-term effects of crop prices 

and climate conditions on infant mortality and inter-birth intervals, were analyzed (Set of 

Analyses II). 

Set of Analyses I – General Differences between the Social Strata 

In 1720-1870, the Krummhörn region was an example of a pre-industrial, agricultural society 

which was, in contrast to many other parts of Germany of that time period, not naturally 

fertile (Beise & Voland 2008). If the family size calculation is based exclusively on complete 

families, the greatest number of births is observed among the large-scale farmers (6.521 ± 

2.783), and the lowest number of birth is seen among the small-scale farmers (5.029 ± 2.952) 

(Table 2). Even the relatively high mean number of births among the large-scale farmers is 

not as has high as would be typical for a naturally fertile population. One reason for this low 

reproductive rate was the relatively high age at first marriage. Girls were on average 26.536 ± 

5.049 years at their first marriage (Table 2), and 99 percent of the women who married at least 

once gave birth to their last child before the age of 47.771. The majority, however, stopped 

long before that age. Among the women who survived their 45th birthdays the average age at 

their last childbirth was 37.529 ± 5.639 (median age: 38.795). This means that a typical 

woman of the Krummhörn region had a rather short fertile period in her marriage. Together 

with relatively long inter-birth intervals (2.677 ± 1.364; Table 2), it is easy to see why the 

average family had only four to five births. We argue that this practice of family limitation 

was a (functional) response to the limited expansion opportunities. This constraint was shared 

by all of the social strata. As we mentioned in the description of the study population, the 

Krummhörn region had been saturated since the late medieval period. 
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Nevertheless, the reproduction rates of the different social strata were not equal. As we 

expected to find and as was demonstrated using earlier versions of the Krummhörn database 

which contained substantially fewer parishes and individuals (Voland 1988, 1990, Voland & 

Dunbar 1995; Klindworth & Voland 1995), large and mid-scale farmers were able to convert 

their landownership into reproductive success. They had more births (Table 3) as a 

consequence of their lower inter-birth intervals (Table 5) relative to the birth intervals of 

small farmers, landless families, and families for whom the level of landownership was 

unknown. This finding is in line with those of other studies on both historical and 

contemporary populations which also showed a positive correlation between the extent of 

landownership and reproductive success (Flinn 1986; Strassman 1997; Borgerhoff Mulder 

1987, 1988, 1990, 1995, 1996; Low 1991; Low & Clark 1992; Boone 1986). Thus, our results 

on reproductive success match the predictions outlined in Hypothesis 1.  

However, in contrast to our assumptions in Hypothesis 1, we found that overall infant 

mortality was not affected significantly by parental social status. The higher fertility of large-

scale and mid-scale farmers resulted in more children surviving to adulthood. It might appear 

counterintuitive that parental social status did not affect infant mortality in a non-egalitarian 

economic society, but there are at least three explanations for this finding. First, as we 

mentioned above, the population of the Krummhörn region did not experience any severe 

period of malnutrition or famines during the study period. This was reflected in the fact that 

infant mortality was low among all social strata (mean 0.125 ± 0.331; Table 2) in the region 

relative to other parts of Germany during that time period. However, the infant mortality rate 

in the Krummhörn region was typical for rural Frisia. Van Poppel and colleagues (2005) have 

estimated similar infant mortality rates for 19th-century West Frisia, which is located in the 

Netherlands. This suggests that food availability was sufficient during the nursing period for 

women of all social strata. The power of this explanation attempt will be picked up below, 

when the effects of short-term economic fluctuations are discussed. Second, in rural, pre-
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industrial societies in which there was no comprehensive medical care, mortality was highly 

associated with epidemics, which might have affected the social strata more or less equally 

(e.g., D’Escheruy 1760 for smallpox). We tested whether life expectancy above the age of 15 

was affected by the social stratus and found no significant differences (data not shown). This 

finding also supports the hypothesis that while the various strata experienced different social 

conditions, they had the same mortality regime. Third, it might have been the case that the 

better living conditions the infants of large-scale and mid-scale farmers presumably 

experienced were offset by opposing effects. For example, the children of large-scale and 

mid-scale farmers may have benefited from good living conditions related to the social status 

of their parents, but they may also have been negatively affected by the significantly lower 

inter-birth intervals, which can increase infant mortality (Alam 1995).  

From a behavioral ecological perspective, the reproductive value (Fisher 1930) of a child is 

mainly based on the child’s anticipated ability to successfully reproduce or to start his or her 

own family. The child who was considered most likely to reproduce would therefore have 

received more parental care and support than his or her siblings. In addition, children may 

have had a certain value for their parents if their labor or material contributions (wages) could 

substantially increase their parents’ reproductive success. Parents therefore might have—

either temporarily or continuously—exploited one or more of the older offspring, making 

them so-called “helpers at the nest” (Crognier et al. 2001). The intensity of the exploitation 

might have ranged from a short time span in which the (grown-up) child was forced to delay 

marriage in order to support the parental family, up to a permanent suppression of the child’s 

reproduction (Voland 1998). These scenarios might be interpreted as a special case of the 

parent-offspring conflict (Trivers 1974). Whether and how adult children were forced by their 

parents to act as “helpers at the nest” and how the parents manipulated their children’s own 

reproduction was dependent, in addition other factors, on two main traits: the sex of the 

offspring, and the number of surviving elder siblings. From a naïve evolutionary perspective, 
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we may assume that the families of higher social rank would have invested more in their male 

than in their female offspring (Trivers & Willard 1973). Against this theoretical background, 

it appears counterintuitive that large-scale farmers had fewer boys (Table 2), and that these 

boys had higher infant mortality rates than boys born to other social strata (Table 5). 

Nevertheless, we argue that this finding is in line with an evolutionary perspective on human 

reproductive behavior. The higher mortality among boys born to families of high social rank 

was caused by a reproductive constraint due to the inheritance system of the Krummhörn 

region, which substantially decreased the reproductive value of sons among the elite. Due to 

ultimogeniture and the compensation requirements to other siblings, large-scale farmers 

risked social decline in the next generation if they produced too many adult male offspring. 

Voland & Dunbar (1995) showed using an earlier version of the Krummhörn database that 

among the elite, a male infant’s mortality risk increased significantly based on the number of 

elder brothers who were alive at his birth. In other words, the number of elder brothers alive 

was related to the intensity with which the parents cared for their newborn son. 

The concepts of an offspring’s reproductive value and an offspring’s potential use as “helper 

at the nest” can also be used to explain why girls born to landless and to families for whom 

the level of landownership was unknown were significantly older at their first marriage (Table 

6). In most agricultural societies, older daughters were more likely to be charged with the task 

of caring for their younger siblings, whereas boys were generally assigned tasks like 

fieldwork, which take place outside of the household. For the families who were not wealthy 

enough to employ a nanny, the first-born daughters were enormously helpful in performing 

household tasks and in caring for their younger siblings. The situation was quite different 

when the family had property and employees who worked in the household. Among large-

scale farmers, the labor of daughters was less needed in the household, which may be one of 

the reasons why they were allowed to leave the family earlier than daughters of lower social 

strata. This interpretation is consistent with the findings of a study by Beise and Voland 
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(2008), which showed that there was an enhanced sibling competition to become married 

among the daughters of the landless in the Krummhörn region. In addition, we investigated 

whether the daughters of landless families were more likely to marry up (data not shown). 

The fraction of daughters of landless families who married a landowning man (5.4%; N=62) 

was equal to the fraction of landless sons who married a landowning woman (N=57). Hence, 

we did not find evidence for a general trend of landless daughters marrying up. This in turn 

suggests that it was unlikely that the daughters of landless families were able to trade their 

reproductive merits for upward social mobility.  

In summary, the members of the various social strata pursued different strategies, which can 

in turn be interpreted as a response to the different constraints that prevailed in the respective 

social strata. The elite were able to produce more offspring than the lower social strata as a 

result of lower inter-birth intervals, even though there was economic pressure to have a 

smaller number of sons. The landless delayed the marriage of their daughters, most likely in 

order to keep them for a certain time as helpers in the household. 
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Set of Analyses II - Responses of the Social Strata to Changes in Crop Price between 1771 

& 1863 

Interestingly, the crop price was estimated to have had only a small effect on fertility and on 

inter-birth intervals (Table 7). We found that there was a negative relationship between the 

previous year’s rye price and the length of inter-birth intervals among small farmers and 

families for whom the level of landownership was unknown. But this result was not found if 

the models controlled for unobserved family characteristics shared among siblings. 

Obviously, it was family membership (shared biogenetic factors and shared living conditions 

within the household) that predicted the survival of the infants, and there was no general 

relationship between the rye price and fertility. However, the results did not indicate that the 

fertility of all of the families (among small farmers and families for whom the level of 

landownership was unknown) was unaffected by high crop prices. It is possible that there was 

a certain amount of heterogeneity among the households within the individual social strata. 

For example, the fertility of some of the small farmers may have been affected by the crop 

price, while the fertility of others was not. Unfortunately, the study design did not allow us to 

test this hypothesis. 

Our failure to find a relationship between fertility and the crop price was inconsistent with the 

results of other studies on historical populations, which showed that the crop price had a clear 

impact on both mortality (Fogel 1986) and fertility, especially among landless and poor 

families (Bengtsson & Dribe 2006 for a historical population in southern Sweden; Galloway 

1986 for an urban population in pre-revolutionary France). However, this finding is in line 

with the results of a recent study on a historical Finnish dataset, which also found that the 

associations between crop yields and mortality or fecundity were generally weak (Hayward et 

al. 2012). Moreover, a recent study by Amialchuk & Dimitrova (2012), who analyzed 

deliberate birth spacing among 14 parishes from the 18th and 19th centuries, reached a similar 
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conclusion. Amialchuk and Dimitrova (2012) found that crop prices in Germany did not 

significantly affect birth spacing before 1800.  

As we explained in the methods section, there are good reasons to analyze infant mortality 

season-specifically if the effect of the crop price is being investigated. The models revealed 

that the seasonal temperature index had an impact on infant mortality in the summer (Table 

9), but not in the other seasons. This infant death-increasing effect was also seen in the fixed-

effect full model which controlled for unobserved characteristics that were shared among 

siblings. This means that warm summers affected infant mortality among all of the families. 

In contrast, the high rye prices increased infant mortality in the autumn and in the winter 

(Tables 10 & 11). However, the fixed-effect full models revealed that the rye price did not 

affect infant mortality when the models controlled for unobserved heterogeneity shared 

among siblings. As we mentioned above, this could indicate that the rye price had no effect at 

all, and/or that the families responded very heterogeneously; e.g., infant mortality risk in the 

autumn and in the winter was affected by the rye price in some families, but it was not in 

other families. Assuming that there was a certain relationship between the crop price and 

infant survival, it is reasonable that the effects would have shown up only in the autumn and 

the wintertime. Growing during these seasons was impossible, and the whole population 

relied on the crop supply stored mainly by the large-scale farmers. Families that were able to 

fill their own storage were less affected by high crop prices, but those who were not were 

totally dependent on the market. This also could have contributed to the observed inter-family 

heterogeneity, and it might explain why no significant relationship between the rye price and 

infant mortality was found in the stratified models. Our study design did not allow us to test 

this hypothesis: thus, even if it is reasonable, this interpretation is rather speculative. 

In addition, we had expected to find that the high crop prices affected the social strata 

differently. Unfortunately, the sample size did not allow us to split into both the social strata 

and the season. Due to this data limitation, we were not able to investigate whether season-
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specific infant mortality was affected by the rye price. We tested whether infant mortality 

among the social strata was generally affected by the rye price (data not shown). We found 

that infant mortality increased if rye prices were high only among families for whom the level 

of landownership was unknown (hazard ratio = 0.010+). The same result was found when the 

model controlled for unobserved characteristics (hazard ratio = 0.015+). However, as was 

stated above, such a study design is problematic, as it neglects the fact that infant mortality is 

a highly dynamic phenomenon. 

The finding that warm summers were associated with an increase infant mortality is likely 

attributable to increased infection risk. Because the Krummhörn was a coastal region, warm 

temperatures were generally associated with humid climate conditions. As disease-causing 

bacteria are viable outside of the human body and viruses are infectious for longer under these 

conditions, the infection rates were higher during these periods. While it was not possible to 

identify the most common type of disease, the Krummhörn region was highly infested with 

malaria during the study period (Dalitz 2005, Harcken-Junior 2004). The developmental cycle 

of the Anopheles mosquito shortens significantly in warm summers, and this mosquito has 

been found to have caused an epidemic in the southern coastal region of the North Sea 

(Martini 1952). For some summers, such as in 1826, it was reported that every second child 

showed symptoms of malaria (Martini 1937). 

 

In sum, we interpret our results as providing support for the assumption that members of the 

different social strata did not respond substantially differently to short-term economic 

fluctuations. One reason for this result might be that, because the overall living conditions in 

the Krummhörn region were good, changes in the rye price would not have had any major 

effects. However, as was shown in the Set of Analyses I, there were different stable 

constraints among the various social strata which resulted in different reproductive behavior. 
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In addition, there is reason to believe that there was a certain degree of inter-family 

heterogeneity in the region.  
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Figure 1 – The annual prices for rye from 1771 until 1863, adjusted for inflation and other changes in 
value, which are available for statistical analysis.  
 
 
 
 

 
Figure 1 – Overview of the two sets of analyses used in this study and the associated analyses.  
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Table 1 – Pearson correlations between the seasonal climate indices and the annual crop prices 
(collected in the autumn) for four types of grain.  
Pearson Correlation     

Temperature index Wheat Rye Barley Oat 

Winter -0.258* -0.111 -0.083 -0.159 

Spring -0.320** -0.158 -0.220* -0.142 

Summer -0.170 -0.095 -0.032 0.058 

Autumn -0.251* -0.063 -0.027 -0.073 
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Table 2 – Descriptive statistics for the reproductive parameters of the different social strata in the Krummhörn population. 

 
 

 All Families 
 

Complete Families 
Total Number of Births 

 
Total Number of adult 

children 
Total Number of Births 

 
Total Number of adult 

children 

Social category N 
families 

N  
births MEAN SD N 

adults MEAN SD N 
families 

N 
births MEAN SD N 

adults MEAN SD 

large-scale farmers 391 2,081 5.322 2.809 1,098 2.808 1.981 96 626 6.521 2.783 350 3.646 1.936 
mid-scale farmers 376 1,882 5.005 2.669 922 2.452 1.769 69 431 6.246 2.659 230 3.333 1.804 
small-scale farmers 373 1,747 4.684 2.625 784 2.102 1.680 68 342 5.029 2.952 180 2.647 1.600 
landless 1,292 5,909 4.574 2.511 2,672 2.068 1.676 247 1,261 5.105 2.479 695 2.813 1.798 
unknown 3,026 13,176 4.354 2.450 6,538 2.161 1.714 790 4,029 5.1 2.447 2,254 2.853 1.779 
Total 5,458 24,795 4.543 2.534 12,014 2.201 1.737 1,270 6,689 5.267 2.555 3,709 2.920 1.801 
 
 

  Infant Mortality Age at 1st Marriage 
(girls) 

Age at 1st Marriage 
(boys) 

Inter-birth intervals 
 

Sex ratio at birth Sex ratio at 1st birthday 

Social category  N MEAN SD N MEAN SD N MEAN SD N MEAN SD N boys N girls ratio N boys N girls ratio 
large-scale farmers  1,979 0.140 0.348 447 25.353 5.589 325 30.351 7.259 1,610 2.423 1.201 1,046 1,035 1.011 838 863 0.971 
mid-scale farmers  1,802 0.135 0.342 335 25.358 5.954 300 29.747 6.440 1,455 2.524 1.294 1,019 863 1.181 842 716 1.176 
small-scale farmers  1,645 0.140 0.347 325 25.849 5.100 235 29.434 5.931 1,338 2.680 1.360 901 846 1.065 704 710 0.992 
landless  5,597 0.123 0.328 958 26.548 4.804 960 28.103 5.205 4,472 2.744 1.447 3,027 2,882 1.050 2,488 2,422 1.027 
unknown  12,560 0.120 0.325 2,006 27.102 5.513 1,804 29.019 5.647 9,787 2.710 1.355 6,716 6,160 1.090 5,538 5,510 1.005 
Total  23,583 0.125 0.331 4,071 26.536 5.409 3,624 28.983 5.821 18,662 2.677 1.364 12,709 12,086 1.052 10,410 10,221 1.018 
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Table 3 – Results of the Poisson regression model estimating the total number of births among 
families of the different social strata. 
 All Families Complete Families 

    
N families 2,041 1,266 
LR chi2 853.11 521.06 
Prob > chi2 0.0000 0.0000 
Pseudo R2 0.0896 0.0877 

Social category     

(1) large-scale farmers (REF) 1 1 

(2) mid-scale farmers -0.076 -0.013 

(3) small-scale farmers -0.096+ -0.121+ 

(4) landless -0.179*** -0.164** 

(5) unknown -0.131** -0.110* 

Control variables     
Mother’s age at death 0.008*** 0.000 
Father’s age at death 0.006*** 0.000 
Mother’s age at marriage -0.047*** -0.052*** 
Father’s age at marriage -0.015*** -0.011** 
Mother’s birth cohort 0.003 0.018 
Father’s birth cohort -0.013 -0.031 
Constant 2.623*** 3.670*** 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
 

 

 

Table 4 – Results of the Poisson regression model estimating the total number of adult children 
(>15 years) among families of the different social strata.  
 All Families Complete Families 

    
N families 2,041 1,266 
LR chi2 727.09 325.00 
Prob > chi2 0.0000 0.0000 
Pseudo R2 0.0915 0.0654 

Social category     

(1) large-scale farmers (REF) 1 1 

(2) mid-scale farmers -0.105 -0.046 

(3) small-scale farmers -0.192* -0.171+ 

(4) landless -0.252*** -0.184** 

(5) unknown -0.168** -0.116+ 

Control variables     
Mother’s age at death 0.013*** 0.005*** 
Father’s age at death 0.009*** 0.003+ 
Mother’s age at marriage -0.056*** -0.058*** 
Father’s age at marriage -0.014** -0.010+ 
Mother’s birth cohort -0.046 0.038 
Father’s birth cohort 0.042 -0.029 
constant 1.632*** 2.581*** 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
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Table 5 – Results of the Cox proportional hazard regression modeling infant child mortality (during the 
first year of life), inter-birth intervals and girls’ and boys’ ages at first marriage. 

Mortality  
Infant 

Mortality 
Male Infant 
Mortality 

Female Infant 
Mortality 

N individuals 9,018 4,614 4,405 
N deaths 1,008 558 450 

Social category       

(1) large-scale farmers (REF) 1 1 1 

(2) mid-scale farmers 0.918 0.585* 1.605* 
(3) small-scale farmers 1.113 1.000 1.275 
(4) landless 0.828 0.656* 1.092 
(5) unknown 0.825+ 0.777+ 0.878 
Control variables       
Mother’s age at death 0.994** 0.993** 0.995* 
Father’s age at death 0.996+ 0.999 0.991* 
Sex (female) 0.847** - - 
Birth cohort 0.944*** 0.928*** 0.967+ 
Birth Season       
>winter (Dec – Feb) (REF) 1 1 1 
>spring (Mar – May) 0.857+ 0.836 0.892 
>summer (Jun – Aug) 0.929 0.830 1.053 
>autumn (Sep –Nov) 0.827* 0.748* 0.938 
Birth rank 1.084** 1.079* 1.088 
Number of elder sisters alive at birth       
>0 (REF) 1  1 
>1 0.883 0.914 0.847 
>2 0.807+ 0.954 0.655* 
>3+ 0.697* 0.786 0.616* 
Number of elder brothers alive at birth       
>0 (REF) 1  1 
>1 0.922 0.934 0.910 
>2 0.815+ 0.772 0.889 
>3+ 0.673* 0.660+ 0.686 
Maternal age at birth       
>14 – 19 1.337 1.187 1.411 
>19 – 25  1.059 1.185 0.909 
>25 – 35 (REF) 1   
>35 – 45 1.135 1.120 1.143 
>+45 1.425 1.612 1.283 
Paternal age at birth       
>14 – 19 1.834 0.000 7.530* 
>19 – 25  1.193 1.079 1.370 
>25 – 35 (REF) 1 1 1 
>35 – 45 1.017 0.998 1.040 
>45 – 60 0.954 0.966 0.939 
>+60 0.578 0.573 0.598 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Variable not included  
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Table 6 – Results of the Cox proportional hazard regression modeling infant child mortality (during the 
first year of life), inter-birth intervals and girls’ and boys’ ages at first marriage. 

Mortality  
Inter-birth  
Intervals 

Age at 1st marriage 
(girls) 

Age at 1st marriage 
(boys) 

N individuals 7,255 2,137 1,867 

Social category       

(1) large-scale farmers (REF) 1 1 1 

(2) mid-scale farmers 0.983 0.956 1.012 
(3) small-scale farmers 0.883+ 0.964 0.993 
(4) landless 0.798*** 0.756** 1.174 
(5) unknown 0.833*** 0.703*** 1.070 
Control variables       
Mother’s age at death 0.999 0.994*** 0.997* 
Father’s age at death 0.999 0.996* 0.996* 
Sex (female) 0.986 - - 
Birth cohort 0.984** 1.000 1.035** 
Birth Season       
>winter (Dec – Feb) (REF) 1 1 1 
>spring (Mar – May) 0.965 1.104+ 1.048 
>summer (Jun – Aug) 0.940+ 1.154* 0.995 
>autumn (Sep –Nov) 0.909** 1.139* 0.931 
Birth rank 1.159*** 0.971 1.034 
Number of elder sisters alive at birth       
>0 (REF) 1 1 1 
>1 0.835*** 1.106+ 0.902 
>2 0.816*** 1.127 0.871 
>3+ 0.864** 1.009 0.925 
Number of elder brothers alive at birth       
>0 (REF) 1 1 1 
>1 0.848*** 0.957 0.932 
>2 0.811*** 1.152+ 0.873 
>3+ 0.899+ 0.878 0.790+ 
Maternal age at birth       
>14 – 19 1.468 0.915 3.193** 
>19 – 25  1.984*** 1.058 0.955 
>25 – 35 (REF) 1 1 1 
>35 – 45 0.547*** 1.002 1.051 
>+45 0.237*** 1.346 1.300 
Paternal age at birth       
>14 – 19 7.844* - 0.520 
>19 – 25  1.883*** 0.984 1.148 
>25 – 35 (REF) 1 1 1 
>35 – 45 0.688*** 0.988 0.880* 
>45 – 60 0.572*** 0.978 0.789* 
>+60 0.692* 1.443 0.885 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Variable not included  
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Table 7 – Results of the Cox proportional hazard regression modeling the inter-birth intervals of 
large-scale farmers, farmers, small farmers, landless, and unknown based on previous year’s crop 
prizes. Type I models (Normal) are standard Cox proportional hazard regression models; the models 
of type II (FE) are fixed-effects Cox proportional hazard regression models which control for 
unobserved family characteristics with fixed effects for the marriage. 

Mortality  
Large-scale 

farmers 
Farmers 

 
Small Farmers 

 
Landless Unknown 

 

 Normal FE Normal FE Normal FE Normal FE Normal FE 

N inter-birth intervals 401 401 269 269 257 257 778 778 3163 3163 
N strata (families)           
Variable of interest           
Previous year’s crop prize 1.009+ 1.002 0.994 0.985 1.015* 1.004 0.998 0.993 1.004** 0.997 
Control variables           
Birth cohort 0.989 0.530* 0.989 0.649 1.017 0.951 0.977 0.497** 0.973** 0.592*** 
Birth Season           
>winter (Dec – Feb) (REF) 1 1 1 1 1 1 1 1 1 1 
>spring (Mar – May) 1.030 1.032 1.203 1.290 0.618* 0.662 1.006 0.706+ 0.942 0.939 
>summer (Jun – Aug) 0.804 0.763 0.925 0.752 0.818 0.705 0.970 0.614* 0.902* 0.873 
>autumn (Sep –Nov) 0.858 0.816 0.669* 0.662 0.813 1.096 1.060 0.734+ 0.901* 0.790** 
Birth rank 1.139** 1.111 0.946 0.704 1.198*** 0.925 1.033 1.051 1.090*** 1.082+ 
Next elder sibling alive? (yes) 0.744* 0.814 0.364*** 0.185*** 0.445*** 0.254*** 0.443*** 0.282*** 0.547*** 0.444*** 
Number of elder sisters alive at 
birth           

>0 (REF) 1 1 1 1 1 1 1 1 1 1 
>1 0.735* 0.635+ 1.351 0.854 0.832 1.248 1.130 1.164 1.059 0.990 
>2 0.693* 0.536+ 1.575+ 0.667 0.809 1.078 1.392* 1.242 1.182* 0.873 
>3+ 0.845 0.768 2.570** 0.921 0.837 1.521 1.680* 1.158 1.367** 0.901 
Number of elder brothers alive at 
birth           

>0 (REF) 1 1 1 1 1 1 1 1 1 1 
>1 1.026 0.869 0.932 1.338 0.689* 0.673 1.143 1.075 0.984 0.961 
>2 0.765 0.357** 1.469 1.403 0.604* 0.326* 1.275+ 0.735 1.063 0.895 
>3+ 0.820 0.508 1.728+ 1.244 0.728 1.171 1.829** 0.808 1.314** 0.908 
Maternal age at birth           
>14 – 19         0.755 1.269 
>19 – 25  2.014** 1.869+ 3.193*** 2.018 2.229** 2.259 3.197*** 2.570* 1.696*** 1.622** 
>25 – 35 (REF) 1 1 1 1 1 1 1 1 1 1 
>35 – 45 0.523*** 0.936 0.539** 0.933 0.374*** 0.761 0.554*** 0.820 0.548*** 0.656*** 
>+45   4.210 84.649** 0.213* 0.000 0.293** 1.438 0.247*** 0.242*** 
Paternal age at birth           
>14 – 19 - - - - - - - - - - 

>19 – 25  1.263 0.290 0.933 1.73 
E+16 2.459+ 1.05* 

E+14 1.493 2.806 1.735*** 1.866* 

>25 – 35 (REF) 1 1 1 1 1 1 1 1 1 1 
>35 – 45 0.757* 0.816 0.821 1.476 0.590** 0.491+ 0.570*** 0.471** 0.654*** 0.697*** 
>45 – 60 0.698* 0.462 0.861 2.855 0.699+ 0.252+ 0.603*** 0.223** 0.521*** 0.457*** 
>+60 1.088 1.258 0.488+ 1.097 4.779** - 1.097 0.000 0.375** 0.104** 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Variable not included  
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Table 8 – Results of the Cox proportional hazard regression modeling the infant mortality in the 
springtime between 1772 & 1864, dependent on the actual springtime temperature index and the 
last autumn’s crop prizes. The type I models (Normal) are standard Cox proportional hazard 
regression models; the models of type II (FE) are fixed-effects Cox proportional hazard regression 
models which control for unobserved family characteristics with fixed effects for the marriage. 

Mortality  
Temp. alone; 
Child-spec. controls 

Temp. & rye price; 
Child-spec. controls 

Temp. alone; 
Full model 

Temp. & rye price; 
Full model 

 Normal FE Normal FE Normal FE Normal FE 

N individuals 20,475 20,475 20,475 20,475 9,518 9,518 9,518 9,518 
N dead 349 349 349 349 163 163 163 163 
N strata (families) - 6,335 - 6,335 - 2,422 - 2,422 
Variable of interest         
Spring’s temperature index 0.939 0.976 0.941 0.981 1.012 0.926 1.015 0.917 
rye prize (last autumn) - - 1.002 1.005 - - 1.004 0.992 
Control variables (child-specific)         
Child’s age at March 1st         
> less than 28 days 1 1 1 1 1 1 1 1 
>between 28 and 100 days 1.094 1.026 1.093 1.020 1.018 0.696 1.017 0.701 
>between 101 and 200 days 0.535*** 0.550** 0.535*** 0.548** 0.541** 0.588+ 0.541** 0.586+ 
>between 201 and 365 days 0.546** 0.442** 0.545** 0.440** 0.554* 0.369* 0.553* 0.372* 
Sex (female) 0.758* 0.693* 0.757* 0.692* 0.603** 0.485** 0.603** 0.489** 
Birth cohort 1.023 1.165 1.023 1.162 1.094* 1.254 1.094* 1.218 
Control variables (family-specific)         

Birth rank     1.045 0.366*** 1.043 0.371*** 
 

N elder sisters alive at birth          
>0 (REF)     1  1 1 
>1     0.738 3.906** 0.742 3.968** 
>2     0.669 17.016*** 0.673 16.905*** 
>3+     0.641 36.169*** 0.649 35.776*** 
N elder brothers alive at birth         
>0 (REF)     1  1 1 
>1     1.072 12.167*** 1.075 12.546*** 
>2     0.936 73.871*** 0.941 76.192*** 

>3+     0.532 330.284**
* 0.536 330.721*** 

Maternal age at birth         
>14 – 19     2.126 3.720 2.110 4.848 
>19 – 25      1.130 1.020 1.126 1.044 
>25 – 35 (REF)      1 1 1 
>35 – 45     1.390 1.650 1.387 1.669 
>+45     0.933 0.000 0.934 0.000 
Paternal age at birth         
>14 – 19     0.000 - 0.000 - 
>19 – 25      0.771 0.989 0.771 1.016 
>25 – 35 (REF)      1 1 1 
>35 – 45     0.933 1.128 0.933 1.130 
>45 – 60     1.027 3.683 1.025 3.573 
>+60     1.399 3.1E+15 1.392 1.2E+18 
Socioeconomic status         
> Large-scale farmer     1 - 1 - 
> Mid-scale farmer     0.445 - 0.446 - 
> Small-scale farmer     0.374+ - 0.376+ - 
> Landless     0.716 - 0.715 - 
> Unkown     0.564* - 0.566* - 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Not included because covariate is missing, constant or linearly dependent 
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Table 9 – Results of the Cox proportional hazard regression modeling the infant mortality in 
summertime between 1772 & 1864, dependent on the actual springtime temperature index and the 
last autumn’s crop prize. The type I models (normal) are standard Cox proportional hazard 
regression models; Models of type II (FE) are fixed-effects Cox proportional hazard regression models 
which control for unobserved family characteristics with fixed effects for the marriage. 

Mortality  
Temp. alone; 
Child-spec. controls 

Temp. & rye price; 
Child-spec. controls 

Temp. alone; 
Full model 

Temp. & rye price; 
Full model 

 Normal FE Normal FE Normal FE Normal FE 

N individuals 20,245 20,245 20,245 20,245 9396 9396 9396 9396 
N dead 345 345 345 345 151 151 151 151 
N strata (families) - 6,319 - 6,319 - 2,407 - 2,407 
Variable of interest         
Summer’s temperature index 1.137*** 1.118* 1.139*** 1.118* 1.112* 1.208* 1.118* 1.208* 
rye prize (last autumn) - - 1.010* 1.003 - - 1.011 1.005 
Control variables (child-specific)         
Child’s age at March 1st         
> less than 28 days      1 1 1 
>between 28 and 100 days 1.068 1.156 1.068 1.156 1.255 1.316 1.252 1.332 
>between 101 and 200 days 0.666** 0.866 0.663** 0.863 0.950 1.053 0.944 1.047 
>between 201 and 365 days 0.471*** 0.613* 0.471*** 0.612* 0.508* 0.684 0.507* 0.682 
Sex (female) 1.000 1.140 1.000 1.142 0.923 1.562 0.925 1.553 
Birth cohort 0.975 1.272+ 0.975 1.260+ 1.066+ 1.173 1.064 1.162 
Control variables (family-specific)         
Birth rank     1.219** 0.518*** 1.215** 0.516*** 
N elder sisters alive at birth         
>0 (REF)     1 1 1 1 
>1     0.778 4.446*** 0.789 4.505*** 
>2     0.330 12.241*** 0.335** 12.474*** 
>3+     0.250 22.675*** 0.259** 23.041*** 
N elder brothers alive at birth         
>0 (REF)     1 1 1 1 
>1     0.786 3.222** 0.790 3.255** 
>2     0.322 3.065+ 0.328** 3.083+ 
>3+     0.628 20.990*** 0.635 21.489*** 
Maternal age at birth         
>14 – 19     1.956 0.674 1.943 0.713 
>19 – 25      0.827 0.526 0.822 0.532 
>25 – 35 (REF)     1 1 1 1 
>35 – 45     0.956 1.623 0.951 1.617 
>+45     0.575 12.057 0.594 12.530 
Paternal age at birth         
>14 – 19     0.000 - 0.000 1.000 
>19 – 25      0.870 1.112 0.867 1.113 
>25 – 35 (REF)     1 1 1 1 
>35 – 45     0.834 0.680 0.837 0.675 
>45 – 60     1.132 1.833 1.125 1.822 
>+60     1.295 - 1.298 1.000 
Socioeconomic status         
> Large-scale farmer     1 - 1 - 
> Mid-scale farmer     2.607+ - 2.635+ - 
> Small-scale farmer     2.227 - 2.283 - 
> Landless     1.154 - 1.154 - 
> Unkown     1.617 - 1.647 - 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Not included because covariate is missing, constant or linearly dependent 



43 
 

Table 10 – Results of the Cox proportional hazard regression modeling infant mortality in the 
autumn time between 1771 & 1863, dependent on the actual summertime temperature index and 
this autumn’s crop prize. The type I models (normal) are standard Cox proportional hazard 
regression models; the models of type II (FE) are fixed-effects Cox proportional hazard regression 
models which control for unobserved family characteristics with fixed effects for the marriage. 

Mortality  
Temp. alone; 
Child-spec. controls 

Temp. & rye price; 
Child-spec. controls 

Temp. alone; 
Full model 

Temp. & rye price; 
Full model 

 Normal FE Normal FE Normal FE Normal FE 

N individuals 19,926 19,926 19,926 19,926 9,342 9,342 9,342 9,342 
N dead 329 329 329 329 155 155 155 155 
N strata (families) - 6,272 - 6,272 - 2,405 - 2,405 
Variable of interest         
Autumn’s temperature index 1.055 1.012 1.039 0.998 1.000 0.952 0.980 0.946 
rye prize (this autumn) - - 1.021*** 1.017*   1.021** 1.018 
Control variables (child-specific)         
Child’s age at March 1st         
> less than 28 days     1 1 1 1 
>between 28 and 100 days 1.055 1.445+ 1.053 1.392 1.332 1.322 1.305 1.250 
>between 101 and 200 days 0.618** 0.964 0.616** 0.935 0.801 0.778 0.795 0.753 
>between 201 and 365 days 0.551*** 0.780 0.545*** 0.769 0.670+ 0.574 0.665+ 0.565 
Sex (female) 0.791* 0.821 0.793* 0.833 0.861 0.816 0.864 0.830 
Birth cohort 0.930** 0.947 0.927** 0.923 0.998 1.003 0.991 1.004 
Control variables (family-specific)         
Birth rank     1.255*** 0.605** 1.255*** 0.616** 
N elder sisters alive at birth         
>0 (REF)     1 1 1 1 
>1     0.783 2.740** 0.794 2.703** 
>2     0.383** 5.986** 0.381** 5.600** 
>3+     0.476+ 56.758*** 0.498+ 54.957*** 
N elder brothers alive at birth         
>0 (REF)      1 1 1 
>1     0.479** 2.423* 0.480** 2.397* 
>2     0.442** 8.664*** 0.441** 8.566*** 
>3+     0.258** 10.391** 0.261** 9.968** 
Maternal age at birth         
>14 – 19     1.624 1.313 1.510 0.957 
>19 – 25      0.970 1.254 0.957 1.245 
>25 – 35 (REF)     1 1 1 1 
>35 – 45     1.312 0.802 1.296 0.755 
>+45     2.237 4.923 2.348 6.844 
Paternal age at birth         
>14 – 19     0.000 1.000 0.000 1.000 
>19 – 25      1.373 1.555 1.356 1.544 
>25 – 35 (REF)       1 1 
>35 – 45     0.849 1.439 0.846 1.454 
>45 – 60     0.340* 1.275 0.335** 1.176 
>+60     1.173 8.72E+14 1.158 4.24E+16 
Socioeconomic status         
> Large-scale farmer     1 - 1 - 
> Mid-scale farmer     0.917 - 0.913 - 
> Small-scale farmer     0.654 - 0.680 - 
> Landless     1.234 - 1.226 - 
> Unkown     0.737 - 0.762 - 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Not included because covariate is missing, constant or linearly dependent 
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Table 11 – Results of the Cox proportional hazard regression modeling infant mortality in the 
wintertime between 1771 & 1863, dependent on the actual wintertime temperature index and the 
last autumn’s crop prizes. The type I models (normal) are standard Cox proportional hazard 
regression models; the models of type II (FE) are fixed-effects Cox proportional hazard regression 
models which control for unobserved family characteristics with fixed effects for the marriage. 

Mortality  
Temp. alone; 
Child-spec. controls 

Temp. & rye price; 
Child-spec. controls 

Temp. alone; 
Full model 

Temp. & rye price; 
Full model 

 Normal FE Normal FE Normal FE Normal FE 

N individuals 20,310 20,310 20,310 20,310 9,519 9,519 9,519 9,519 
N dead 321 321 321 321 138 138 138 138 
N strata (families) - 6,299 - 6,299 - 2,424 - 2,424 
Variable of interest         
Winter’s temperature index 1.045 1.094 1.039 1.092 1.045 0.984 1.038 0.981 
rye prize (last autumn)   1.018*** 1.012 - - 1.023** 1.018 
Control variables (child-specific)         
Child’s age at March 1st         
> less than 28 days     1 1 1 1 
>between 28 and 100 days 0.876 0.893 0.876 0.872 0.911 0.837 0.912 0.821 
>between 101 and 200 days 0.659** 0.785 0.659** 0.782 0.683 0.842 0.672 0.817 
>between 201 and 365 days 0.620** 0.704+ 0.620** 0.700+ 0.708 0.799 0.707 0.785 
Sex (female) 0.991 0.960 0.991 0.968 0.802 0.724 0.801 0.716 
Birth cohort 0.910*** 0.993 0.910*** 0.970 1.001 0.860 1.001 0.851 
Control variables (family-specific)         
Birth rank     1.164* 0.497*** 1.156* 0.495*** 
N elder sisters alive at birth         
>0 (REF)        1 
>1     0.636* 2.902** 0.650+ 2.854** 
>2     0.435* 4.619* 0.446* 4.481* 
>3+     0.403* 12.661** 0.430+ 12.592** 
N elder brothers alive at birth         
>0 (REF)       1 1 
>1     0.680+ 2.143+ 0.685+ 1.928 
>2     0.775 8.652** 0.793 7.763** 
>3+     0.474+ 27.490*** 0.490 25.469*** 
Maternal age at birth         
>14 – 19     2.191 1.548 2.036 1.177 
>19 – 25      1.150 0.756 1.132 0.718 
>25 – 35 (REF)      1 1 1 
>35 – 45     0.788 1.190 0.785 1.199 
>+45     1.372 12.039 1.452 11.291 
Paternal age at birth         
>14 – 19     14.805** 1.42E+16 16.266** 2.27E+15 
>19 – 25      0.647 0.345 0.637 0.318 
>25 – 35 (REF)     1  1 1 
>35 – 45     1.327 1.632 1.328 1.744 
>45 – 60     1.283 4.708+ 1.260 5.028+ 
>+60     3.708+ 13.046 3.647+ 15.984 
Socioeconomic status         
> Large-scale farmer     1 - 1 - 
> Mid-scale farmer     1.236 - 1.236 - 
> Small-scale farmer     1.201 - 1.265 - 
> Landless     0.778 - 0.778 - 
> Unkown     0.874 - 0.909 - 
*** p < 0.001; ** p < 0.01; * p < 0.05; + p < 0.1 
- – Not included because covariate is missing, constant or linearly dependent 


