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SUMMARY 8 

Dispersal away from the place of birth shapes individual life courses and has effects on the demography of 9 
populations. Parental socioeconomic status (SES) might shape dispersal decisions of young individuals by 10 
providing resources that enable dispersal or philopatry. High familial wealth can allow young adults to remain 11 
in birth place or, in contrast, provide necessary resources to disperse. Using a large demographic dataset 12 
from Finland (1760-1969), we examined how parental SES influenced both the probability and distance of 13 
dispersal among young men and women over time. Individuals from high SES families were more likely to 14 
remain in their birth parishes than those from low SES background. Across the study period, both the 15 
likelihood and distance of dispersal increased, reflecting the broader societal transitions. Our findings 16 
highlight how socioeconomic resources and historical changes impact dispersal behavior, revealing 17 
disparities in how such changes affect young adults with differing access to parental resources.  18 

 19 
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INTRODUCTION  21 

Dispersal, defined here as movement of an individual from one location to another which has potential 22 
consequences for gene flow between populations,1 shapes individual’s life course and fitness outcomes, and 23 
has downstream effects on demography and genetic structure of populations.1,2 Similar to other species, 24 
human dispersal behavior varies considerably between and within populations. Humans disperse for several 25 
proximate reasons including, but not limited to, marriage (mate selection), education or for work opportunities 26 
(resources), and avoiding competition or increasing cooperation with kin or other individuals.3–7 Philopatry is 27 
the counterpart of dispersal and it can be used to refer to the individuals who stay in their natal (birth) areas, 28 
usually to reproduce.8 Internal migration is another well-established concept describing within-country 29 
movements of humans, and its underlying economic, social, environmental and political factors are closely 30 
aligned to what influences dispersal in humans. However, dispersal is a more specific term explaining the 31 
spreading of species from their birth location to a new area, often a one-time event, while internal migration is 32 
a human movement within a country that can be undertaken at different life course stages. In this study, we 33 
use the term ‘dispersal’ but utilize useful studies on internal migration and, specifically, the first independent 34 
moves of individuals away from parental home. 35 
 36 
Multiple studies have found that the propensity to disperse in humans is highest at the ages from around teen 37 
to late twenties.6,9,10 Dispersal of young adults differs from other age groups as it takes place during a phase 38 
marked by significant life changes related to physical maturation, as well as cognitive, social, and interpersonal 39 
developments.11 Despite the differences from other age groups, dispersal of young adults can be discussed 40 
from the perspective of general theoretical models of internal migration. The Push and Pull theory12 claims that 41 
migration is determined by the forces that induce people towards moving to a new geographical location. Push 42 
factors are conditions that can force people to leave their homes and are related to the place from which a 43 
person migrates (e.g. non-availability of opportunities, poverty, loss of wealth), while pull factors draw people 44 
towards certain locations because of the potential benefits at the new place (e.g. better job opportunities, 45 
working and living conditions, availability of land for agriculture, better education facilities). Neoclassical 46 
economic models of migration, in turn, view migration as an investment decision made by rational individuals 47 
who can estimate costs and returns of migration: Migration occurs when the expected returns (for example, 48 
higher lifetime earnings) exceed the costs of moving13,14. Most of the theories considering migration are mainly 49 
based on optimization strategy of individuals or families to balance the costs and benefits of migration15 which 50 
are not unlike the discussed costs (e.g. loss of familiarity to environment or sociality)16 and benefits (e.g. better 51 
resources, avoiding competition with kin)2 of dispersal.  52 
 53 
The life course perspective17 links leaving birthplace with life events marking the transition to adulthood, 54 
including the initiation of a working trajectory, securing livelihood, entering marriage and obtaining education 55 
which can all endorse dispersal9,18–20. Alternatively, staying in the birthplace (philopatry) might be beneficial, 56 
mostly because of location-specific capital21 i.e., familiarity with the birthplace environment and other 57 
individuals; staying can even increase investment in kin or cooperation with them.22–24 Individual level dispersal 58 
behavior, including the likelihood of dispersal and the distance travelled, can be affected by environmental 59 
(e.g. climate change, war)  and social factors (e.g. closeness to kin), individual characteristics (e.g. sex and 60 
age), or available resources (e.g. wealth, territory, food).4,5,7,25–29 In particular, research suggests that familial 61 
resources are an important factor affecting dispersal behavior.5,7,11,30  62 
 63 
Family wealth might either allow young people to stay in their birthplace or provide necessary resources for 64 
dispersal;31 lack of wealth might prevent dispersal if it has high costs,29,32 or force individuals to move 65 
elsewhere, as voluntary dispersal is often undertaken in search for better economic opportunities.30,33 66 
Numerous studies suggest that the socio-economic status of the family of origin plays a crucial role in dispersal, 67 
both historically and in contemporary times, albeit through varying mechanisms.7,11,30,31,33 For European 68 
societies of the past, higher socio-economic position—landownership— often tied people to a place.34 Farmers 69 
were found to remain in the family farm all their lives, especially eldest sons of a family as they were often the 70 
first in line to inherit the family farm,9,28,35–37 whereas children from laboring and middle-class families left their 71 
birthplace either to work as farmhands or to become domestic servants.34 Additionally, a study based on data 72 
from 1850-1913 Norway has found that higher parental wealth discouraged migration, both internal and 73 
international, compared to poorer families.37 Alternatively, parental income might serve as a significant material 74 
resource, which could help young adults to cover the expenses associated with migration or establishing a 75 
new household.11,38 Parental level of education is a modern indicator of family resources that relates to 76 
migration: Young adults whose parents are highly educated have a greater tendency to move to pursue higher 77 
education.39 78 
 79 
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Many Western societies have traditionally been patrilocal, meaning that paternal kin commonly lived nearby 80 
or in a same household with each other,36 wealth was passed on through male lineage, and therefore dispersal 81 
was often female-biased. Young women were more likely to move from the birthplace in general and more 82 
likely than men to move for marriage, suggesting that brides commonly moved to their future husband’s home, 83 
whereas men were more likely than women to move for work-related reasons.7,34 However, a study9 from UK 84 
between 1750 and 1994 found that the reasons for men and women moving have changed over time. After 85 
industrialization, from the mid-nineteenth century onward, women started to move for employment almost as 86 
often as men,9 perhaps reflecting the changing role of women in society.40 A study from twentieth-century 87 
America points to similar trends.41 However, women were still more likely to move for leave home for marriage 88 
than men at least in post-war Sweden.42 Importantly, it seems that moving long distances (versus moving from 89 
the birthplace but staying in the home region) was historically a male strategy which is also related to the 90 
search for employment,43 indicating that women would move shorter distances because of marriage related 91 
reasons. 92 
   93 
Large-scale shifts in society, i.e. in industrialization, urbanization, growing economy and demographic 94 
transition, can change dispersal behavior of individuals in a population. The frequency of dispersal has been 95 
found to increase in time, and the dispersal distances became greater after industrialization in many 96 
countries.44–48 In historical times (time before industrialization in European societies) the intensity of dispersal 97 
and the moving distance is assumed to be affected by family wealth, inheritance customs, household 98 
structures, marriage patterns, and ties between kin.49 Skilled workers and individuals from families of higher 99 
or middle occupational class, tended to move longer distances from the birthplace than unskilled workers, 100 
while the latter were more likely to move within the local labor market area.9,50 After industrialization, changes 101 
in these customs also shaped overall dispersal behavior. Nowadays, pursuing education is a prominent reason 102 
for dispersal20, especially long-distance migration among young adults that requires greater family 103 
resources.51,52 What unites the dispersal behavior nowadays and in the past is the importance of family 104 
resources available to young people, which is reflected in familial socioeconomic status (SES). Another 105 
potential factor of change that is perhaps closely linked to familial SES is familial obligation. In the 19th century 106 
and well into the early 20th century, familial obligations and controls were dominant in influencing transitions 107 
to adulthood, including leaving parental home, but the post-war era brought about changes from familial to 108 
non-familial dominance.3  109 
 110 
Exploring dispersal behavior and its determinants over time is critical for studies on life-history maximizing 111 
strategies (reproducing, survival of offspring),28 as well as for understanding the demographic and social 112 
transitions. 53 However, historical studies of the moves of young men and women from families with unequal 113 
access to resources in successive birth cohorts are relatively rare and focus on a limited number of countries 114 
(see Falkingham et al.40, and Pooley et al.9 for the UK; Kok et al.34, Paping54, and Sesma Carlos50 for the 115 
Netherlands; and Beise et al.7 for Germany). Additionally, relatively little research has been done on the 116 
distance young adults move even for the recent periods (for an example, see Pooley et al.9 , Leopold et al.55, 117 
Gillespie et al.52 ). The main reason for the scarcity of research on this topic and its geographic bias is limited 118 
availability of high-quality historical data.  119 
 120 
The aim of this study is to explore how natal socioeconomic status (parental SES) relates to probability of 121 
dispersal, here defined as leaving the birthplace (out of birth parish moves) and the dispersal distance – of 122 
young men and women between ages 15 and 35 years. We will also focus on changes in this relationship over 123 
time in Finland from 1760 to 1969, as the society undergoes demographic transition, urbanization, 124 
industrialization, shift from multigenerational patrilocal families to nuclear families, and other major societal 125 
transformations. By comparing men and women’s probability to disperse and dispersal distances in three 126 
different periods in Finland (1760-1809; 1810-1899; 1900-1969) and among representatives of differing natal 127 
socioeconomic status (SES groups: low (e.g. servants, dependent lodgers), middle (e.g. tenant farmers, 128 
craftsmen, small-land farmers), and high (e.g. landowners, clergy)), we assess how individual’s access to 129 
resources at young ages shapes dispersal patterns in different contexts. We fit generalized linear mixed model 130 
with binomial outcome of out of parish moves (dispersal = yes/no), explained by socioeconomic status, sex, 131 
and time, and we control for regional variation and parental clustering in a sample on 22,429 individuals. In 132 
another model we fit linear mixed-effect model with the response of dispersal distance (distance between the 133 
parish of origin and the first dispersal parish), explained by the same variables as in the first mentioned model 134 
but without control for regional variation, in a sample of 8439 individuals. 135 

Finnish society provides an interesting case for exploring the relationship between natal socioeconomic status 136 
and dispersal over time. Finland has been keeping records of people’s lives in church registers—collected by 137 
the Lutheran Church in parishes—continuously since the 18th century, and by 1749 onwards it was legally 138 
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required in the whole country.56 Historically, Finland has been a poor agricultural and patriarchal society under 139 
the Swedish rule (years 1721 – 1809) and Russian rule (1809 - 1917)57 before gaining independence in 1917. 140 
The country had large gaps between the wealthy and the poor in the 19th century; most differences were 141 
observed between the estates and those outside any estate, and wealth was a determining factor of status 142 
and value of individuals.58,59 Finland had late urbanization and industrialization compared to other European 143 
countries; before the beginning of the 20th century 80% of the population was still active in the agrarian 144 
practices and lived in the countryside.35,60 Additionally, at the end of the 1800s there were laws that limited 145 
moving between parishes and prevented changing professions, impacting the possibilities of dispersal.59 146 
Exploring this topic in Finland will enrich our understanding of historical human dispersal that was based mainly 147 
on data from the UK, the Netherlands, America, Canada where urbanization and industrialization unfolded 148 
differently. 149 

 150 
Following the literature on dispersal, we test several hypotheses: 151 

H1) Dispersal probability and dispersal distances will increase over time, for all parental SES groups, 152 
and both men and women; 153 

H2) Familial resources (SES) will affect dispersal probability and dispersal distance differently in different 154 
time periods:  155 

a) Before industrialization: Individuals from low SES families will be more likely to disperse but 156 
move shorter distances than the representatives of the middle and high SES individuals,  157 
b) After industrialization: Individuals from the high and middle SES families will be as likely to move 158 
from the birthplace and disperse similar distances as the representatives of low SES individuals; 159 

H3) Women will be more likely to disperse than men, but men will move farther than women. 160 

 161 

RESULTS  162 

Dispersal probabilities 163 

Overall, dispersal probability changed through time and varied between different parental SES groups and 164 
sexes: The highest dispersal probabilities were observed in the latest time period, low and middle SES groups 165 
had the smallest change through time and they dispersed in most cases more than the high SES group, and 166 
women had higher dispersal probabilities than men (Figure 1, n = 22,429). We found statistically significant 167 
interaction effects between parental SES and time period (Χ2=88.43; df = 4, p-value < 0.0001; Table S1), and 168 
parental SES and sex (Χ2 = 7.47; df = 2; p-value = 0.0237; Table S1), but we found no statistically significant 169 
interaction between sex and time period (Χ2 = 0.39; df = 2; p-value = 0.8231; Table S1). The interactions show 170 
that the intensity of the difference in dispersal probability between men and women varied in each parental 171 
socioeconomic status group (Figure 1). Women were more likely to disperse than men across the observed 172 
time periods but the difference between the sexes varied depending on the parental SES group. Within low 173 
parental SES group, odds of dispersing were 42% higher for women compared to men in the same group 174 
(odds ratio = 1.42; SE = 0.163; z-ratio = 3.068; p-value = 0.0022) and within the high parental SES group the 175 
women’s odds of dispersing were 86% higher than men’s (odds ratio = 1.86; SE = 0.156; z-ratio = 7.34; p-176 
value <.0001). Women from the middle parental SES group had 54% higher odds of dispersal than men from 177 
the same group (odds ratio = 1.54; SE = 0.143; z-ratio = 4.67; p-value = <.0001). These differences did not 178 
change significantly through time, as there was no statistically significant interaction between sex and time 179 
period in our model (Table S1).  180 

 181 

Parental SES had a statistically significant interaction with the time period variable similarly for both men and 182 
women (Table S1), indicating that dispersal behavior changed within and between the SES groups over time 183 
(Figure 1). Comparison between the parental SES groups shows that individuals in low SES group had the 184 
highest probability to move in each time period compared to the other SES groups. For example, in the 1900-185 
1969 time period men from low SES families had 2.26 higher odds of dispersal than men from high SES 186 
families, and women from low SES families had 1.74 higher odds of dispersal than women from high SES 187 
families respectively (Table S2). The middle SES group had lower dispersal probabilities than the low SES 188 
group for men and women similarly in all time periods, and in the 1760-1809 and 1810-1899 periods the 189 
probability of dispersal was significantly higher than the high SES group’s (Figure 1; Table S2). However, in 190 
1900-1969, middle SES women were not more likely to disperse than high SES women but for men there was 191 
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a statistically significant difference between the groups (Figure 1, Table S2). All odds ratios of dispersal 192 
probabilities between the parental SES groups are found in Supplementary Table S2. 193 

The probability to disperse was stable over time for both low SES men and women (Figure 1, Table S3). The 194 
high SES group had the strongest increase in their dispersal probability through time for men and women 195 
similarly. For example, the odds of dispersal in 1900-1969 compared to 1970-1809 time period were 9.58 times 196 
higher for men and 9.99 times for women (Figure 1, Table S3). The middle SES group did increase their 197 
dispersal probability from 1760-1809 time period to 1810-1899 but then it stayed the same during the 1900-198 
1969 time period (Figure 1; Table S3). All odds ratios of dispersal probabilities between the three time periods 199 
are presented in Supplementary Table S3. 200 

Dispersal distance   201 

Overall, men had in most cases longer dispersal distances than women in both time periods (1760-1809 time 202 
period was excluded due to low sample size) and all SES groups (Figure 2, n = 8439). Men and women differed 203 
in moving distances depending on parental SES and the difference changed through time, as a statistically 204 
significant three-way interaction between sex, SES, and time period suggested (Χ2 = 6.88, df = 2, p-value = 205 
0.0321; Table S4). First, by comparing men and women within the same SES groups, we found that men 206 
moved on average farther away from the birthplace than women in most SES groups and in both time periods 207 
(Figure 2; Table S5). There were exceptions: men and women had similar dispersal distances in the low 208 
parental SES group in the 1810-1899 time period (z-ratio = -0.074, SE = 0.049, p-value = 0.9413; Table S5), 209 
and there was no statistically significant difference between men and women of middle SES group in the 1900-210 
1969 time period (z-ratio = 1.066, SE = 0.047, p-value = 0.1522; Figure 2; Table S5). The biggest difference 211 
was between high SES group men and women in 1900-1969, when for men the predicted average moving 212 
distance was 73.3 km while it equaled 64.3 km for women (Z ratio=4.455; SE = 0.060, p-value<.0001; Figure 213 
2; Table S5). All pairwise comparisons in dispersal distance between men and women are presented in 214 
supplementary Table S5.  215 

 216 

Second, there were also differences in moving distances between the SES groups within each time period, 217 
and they varied between men and women (Figure 2; Table S6). All pairwise differences of the dispersal 218 
distances between SES groups in both time periods are presented in Table S6. In 1810-1899, both men and 219 
women from middle parental SES group had the shortest average moving distance (Figure 2, Table S6). In 220 
this period, women from low SES group moved the farthest and each SES group differed from one another 221 
(Table S6). For men, only the middle SES group differed from other groups in the moving distance, i.e. low 222 
and high SES individuals moved similar distances (Table S6, Figure 2). In 1900-1969, men from middle SES 223 
group still dispersed shortest distances, while high SES group dispersed longest distances (Figure 2). Women 224 
from low and middle SES groups dispersed similarly but women from high SES group dispersed farther than 225 
women from the other groups (Figure 2; Table S6).  226 

Third, the average dispersal distance of all parental SES groups increased from the 1810-1899 time period to 227 
1900-1969 period for both men and women (Figure 2; Table S7). Women from the low parental SES group 228 
had the smallest increase of distance dispersed through time, and high and middle SES groups had similar 229 
increases (Figure 2). However, the representatives of low SES group women still increased their average 230 
predicted distance from 42.2 km (SE=±1.61km) to 53.6 km (SE = ±2.20km; Table S8.). Conversely for men, 231 
the low and middle SES groups had similar increase in time, and high SES group demonstrated even more 232 
intense growth in dispersal distances (Figure 2): from 41.7 km (SE = ±1.45km) to 73.3 km (SE = ± 3.17km; 233 
Table S8). All pairwise comparisons of changes in dispersal distance for men and women between time 234 
periods can be found in Supplementary Table S7 and all predicted distances for each variable grouping can 235 
be found in Supplementary Table S8. 236 

DISCUSSION 237 

We assessed how parental socioeconomic status affected dispersal probabilities and dispersal distances of 238 
young men and women, as well as how these relations changed over time in Finland between 1760 and 1969. 239 
This study utilized accurate individual level data collected from church records that originated from parishes of 240 
four major regions of the country. Overall, we found that dispersal behavior (probability of dispersal, as well as 241 
moving distance) increased over time for both men and women. We also found that dispersal is more likely 242 
when young individuals do not have plentiful early life resources, and that women disperse more often than 243 
men, but shorter distances. The intensity of the changes in dispersal probabilities and distances varies 244 
between the parental SES groups. Our results of dispersal behavior at young age are in line with similar studies 245 
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on 19th century Europe (e.g., 7,34). Using a genealogical dataset allows us to compare individuals across time 246 
and space in Finland. Generally, approaches that trace lineages from the present back into history 247 
(ascendants) may lose or underrepresent some childless relatives in the lineage, and also descendant data—248 
which trace individuals forward in time across multiple generations—may suffer from missing information, 249 
potentially introducing bias.61 In contrast to most descendant datasets, which are often limited in size and 250 
restricted to small areas or parishes, our dataset is large, spans multiple areas and parishes across Finland 251 
and is unlikely to have underrepresentation of migrants with no children, as all descendants have been followed 252 
from birth parish registers (to their destination registers) regardless of whether they had children or not. 253 
Therefore, our detailed and comprehensive data from Finland’s church register enables us to reveal more 254 
nuances about dispersal behavior from the historical perspective and timely changes better than previous 255 
studies.  256 

Long-distance, out of parish migrations were not common in pre-industrial European societies but shorter, 257 
within parish migrations were more frequent;62,63 however, after industrialization all types of migrations 258 
increased greatly in Europe.64 Accordingly, we found that overall dispersal probability and dispersal distance 259 
increased through time in Finland as we hypothesized, most likely because the environment (society, 260 
infrastructure, and culture) had vastly changed in the observed 200 years.47,57,60 These findings were expected 261 
as our first hypothesis predicted; before industrialization, moving was more difficult and costlier (e.g. less roads 262 
and railways, laws against free moving), the job opportunities were limited and shifting from one job to another 263 
was difficult, and the social classes had big differences.57,59,65 After industrialization, dispersal behavior 264 
changed in multiple fronts in Finland; occupations in industrial and urban related jobs increased, women gained 265 
more rights and therefore they had more possibilities at the labor market, and pursuing education became 266 
more accessible for everyone;59 i.e. the environment became more favorable for dispersal. However, we found 267 
that the dispersal probability and distance changed slightly differently for each parental SES group through 268 
time. 269 

Depending on the environment, available parental resources in early adulthood can either help with necessary 270 
costs of dispersal or provide opportunity for staying near parents (e.g. Kok30, Aassve et al.33). In line with our 271 
second hypothesis, we found that the association between parental resources (SES) and dispersal probability 272 
varied between time periods. Individuals from both high and middle SES families increased their dispersal 273 
probability over time in our sample. Individuals of the low SES group, on the other hand, had no change in 274 
their dispersal probabilities over time. However, we are cautious to draw conclusions about the changes 275 
between 1760-1809 and 1810-1899 time periods due to a quite small sample size in the first mentioned period. 276 
Additionally, low SES group had a higher probability of dispersal than the representatives of the other groups 277 
over all three observation periods, even though they had fewer resources. Therefore, young individuals without 278 
substantial family wealth most likely had the highest pressure of acquiring work anywhere they could find it30 , 279 
and the expected resource benefits from work might exceed the costs of moving as the neoclassical economic 280 
model theorizes.13,14 281 

Moving away from home could have helped low SES individuals to secure resources for themselves (and even 282 
possibly for parents) but it could have caused them to forgo the benefits of living near family, e.g. help from 283 
parent with childcare,66 and the familiarity with the natal environment 21,22. Even the Push and Pull theory claims 284 
that poverty is one of the pushing factors that influence migration.12 Perhaps individuals form low SES families 285 
are more prone to the unfavorable conditions of the home parish that are pushing individuals away to new 286 
location, even though they would have to deal with the costs of leaving their familiar birth parish. For example, 287 
in a Chinese population with multiple kinship systems and residence patterns, especially women, who had 288 
migrated away from natal location for marriage had increased workload and decreased kin relations compared 289 
to those that could stay in their own birth places.67 This could indicate that similarly in our case in historical 290 
Finland, dispersal was avoided when possible due to its high costs, and mostly occurred when there were no 291 
other choices. It might explain why individuals from the higher SES families were more able to stay near their 292 
birth places to use these kin benefits and parental resources. On the other hand, Towner (1999)29 hypothesized 293 
that individuals from poorer families had lower dispersal probabilities than middle class individuals because 294 
they could not afford moving away due to high costs of dispersal. However, this was not the case in our study, 295 
and the predicted dispersal probabilities of the low SES group were on average 71% in women and 63% in 296 
men in the 1810-1899 period. Alternatively, individuals from high SES families had fairly low predicted dispersal 297 
probabilities before industrialization; for example, overall only 35% of women and 23% of men from high SES 298 
families were predicted to disperse during the 1810-1899 period. This finding strengthens the conclusion that 299 
in pre-industrial Finland philopatry was the desired choice when resources were available from a young 300 
age.22,24  301 

We also found that high SES group had the greatest change in their dispersal probability over time, men and 302 
women had almost 10 times higher odds of dispersal in the 1900-1969 period compared to the first period 303 
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(1760-1809). Additionally, in the pre-industrial period (1810-1899) men born to high SES families dispersed as 304 
far away as the low SES individuals, whereas women from low SES families moved farther than the high and 305 
middle SES women. This could be explained by motives for dispersal.68 As we discussed earlier, philopatry 306 
might have been the more beneficial choice in pre-industrial times. Therefore, perhaps when dispersing, 307 
women ought to move as close to their home parish as possible in order to gain some of the benefits what kin 308 
could provide, even if they had to leave their birth parish, which might have been easier for women in middle 309 
and high SES families. In contrast, dispersing men from high SES families might have had the knowledge and 310 
resources to acquire work farther away as was hypothesized in another study.9 In comparison, men from 311 
poorer backgrounds might have had less control over where they could move. Our results therefore suggest 312 
that the representatives of high SES group had fewer reasons for leaving their birth parish, but when they did, 313 
resources might have helped with the costs of long-distance migrations.  314 

After industrialization, dispersal might have become a better option for children of the wealthier families too. 315 
Advances in education or structure of working cultures, i.e. jobs that came with industrialization and 316 
urbanization provided opportunities for a lot of people to move to cities.60 For example, improved education for 317 
all income classes and sexes could have changed the premise of dispersal for everyone. However, pursuing 318 
education was more likely the choice for children of wealthier and more educated parents,39 as education and 319 
employment have been found to be common reasons for long-distance migrations, and that people with high 320 
income tend to move more often and longer distances because of employment.68 Perhaps after 321 
industrialization, the benefits from philopatry were no longer the “optimal” choice, and dispersing provided 322 
better opportunities than staying for everyone. In our results, the dispersal probability of individuals from the 323 
middle SES group was between the other two groups through time, however, they more closely resembled the 324 
low SES group than the high SES group. Therefore, individuals from the middle SES group should reflect both 325 
of these groups; some might have had the need to move for work and some were able to stay due to their 326 
parents’ resources. The individuals from middle SES families also dispersed the shortest distances, which 327 
could indicate having a possibility or wanting to stay near family.  328 

As high SES individuals increased their dispersal probability towards modern period, the gap in dispersal 329 
probability between individuals from higher and lower SES families narrowed over time. Additionally, in the 330 
later time period of our study, all SES groups increased their average dispersal distances, and both men and 331 
women in high SES group dispersed farther than the other groups. The changes in infrastructure such as 332 
railways and road networks most likely enlarged the distance that individuals were able to travel. Here the 333 
effect of resources most likely came in handy since travelling to urban areas or traveling for educational 334 
purposes required financial support which could be received from parents.39 The large-scale shifts in Finnish 335 
society after industrialization are reflected in our results about changes in internal migration over time: high 336 
and middle SES individuals were affected more by the environmental changes and they increased their 337 
dispersal probability and moving distance, but among low SES individuals, dispersal might have been a 338 
compulsory phase in life and that is why they had the smallest change in dispersal over time. 339 

Some of our results could be explained by the differential inheritance patterns and access to resources of men 340 
and women in different time periods.35,36 As our third hypothesis indicated, we found that women had higher 341 
dispersal probabilities than men, which is a common trend existing in patriarchal societies.5,7,26 Interestingly, 342 
men and women from low SES families had the smallest difference between their dispersal behavior, whereas 343 
sex differences were largest among high SES men and women. One of the main reasons for the smaller sex 344 
differences in low SES families might be that men and women with fewer familial resources are under the 345 
same pressure to secure work and living for themselves, which might include moving away from their family. 346 
In turn, high familial wealth might affect the dispersal decision more for men than for women; men from high 347 
SES families were most likely in good position for inheritance or for gaining other resources near or with their 348 
family encouraging them staying near their birthplace (e.g. 9,28), whereas women from high SES families might 349 
not have had similar opportunities for inheritance as their male counterparts even though women in Finland 350 
had better opportunities for at least some inheritance from parents, sometimes firstborn women could bring 351 
her husband to family home and that way inherit parental home.35  352 

In our population, children of farmers, landowners and crofters belonged to the middle or high SES groups 353 
which were more likely to stay than individuals from the low SES group, suggesting that inheritance practices 354 
can affect dispersal probability. Similarly, previous studies have found that assets and land tied especially 355 
eldest sons to their natal sites.7,34 Oldest sons of landowners were usually first in line to inherit family farms 356 
and assets, and therefore dispersing away from family would not be beneficial or possible for them. 357 
Sometimes, parental wealth was distributed to multiple sons or even daughters. Daughters might have 358 
inherited wealth also in other ways than land, which did not tie them to their family farm35. Nitsch et al. (2016)28 359 
previously studied the effect of siblings, birth order and SES on dispersal away from natal community in the 360 
Finnish population, finding that sons inheriting landowning from parents were more likely to stay than other 361 
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sons of the same families, but birth order did not affect dispersal in landless families. Our results suggest that 362 
women from high SES families were more likely to stay in their birth parish than women from low SES families. 363 
The women from higher SES families might have had better chances of marrying within their birth parish than 364 
women from poorer families, whom might have had to move to another parish to marry. Therefore, perhaps 365 
rather than staying due to inheritance, women from high SES families might have benefitted from staying in 366 
their birth parishes and being near their families in other ways as well (location-specific capital: cooperation 367 
with kin, familiarity with the environment etc.).  368 

Another common reason for the detected female biased dispersal is that women usually moved to their 369 
spouse’s home for marriage, and they still are more likely to move even in the modern society,69 whereas men 370 
could have moved more in search for work and resources so they would be able to provide for their family. 371 
Although there are sex differences in dispersal behavior across all SES groups, both sexes from low SES 372 
families might have had the highest pressure to leave their birth parishes. In general, men moved longer 373 
distances than women in the SES groups and through time, but in both men and women, dispersal distances 374 
increased with time. The increased moving distance across time for women could be explained by their 375 
changing role in the society, which was discussed earlier. In addition to traditional marriage-related moves to 376 
nearby parishes, women might have started to move elsewhere for education and work-related reasons more 377 
often. It is, however, noteworthy to emphasize that many factors contribute to the observed sex differences in 378 
dispersal. As women’s rights improved and other major societal changes advanced over time, the sex-specific 379 
motives for dispersal could have changed as well. For example, instead of moving for marriage, female 380 
migration could be prompted by new educational and professional opportunities that women did not have 381 
previously.70 Lento (1951)59 noted that the share of women in Finland increased in all economic sectors at the 382 
end of 1800s and early 1900s, and therefore increasing dispersal in search for jobs became more common for 383 
women as well. And still, when a study looked at couple’s moving distances in a modern setting, women moved 384 
farther away and more often to their spouse than men did.69 They were also more likely to move to the man’s 385 
home at the start of their co-residence, indicating that even after major societal changes women were still more 386 
influenced by affiliation when moving. In this light, the consistent sex differences in dispersal shown by our 387 
study are not surprising.  388 

We tracked changes in dispersal from 1760s to 1960s, presenting results for the longest period of observation 389 
to-date. This observation window was rich for societal transitions that created interesting environments for 390 
internal migration, and finding empirical differences between our three time points, once again highlighting the 391 
importance of context in shaping human behavior. We provide new insights into studies of long-term change 392 
in migration patterns in Finland, the country known for late urbanization and industrialization compared to other 393 
European countries. Finding similarities in changes in dispersal after urbanization and industrialization 394 
between Finland and other countries stresses the relevance of previous theoretical explanations of historical 395 
trends in internal migration. We also explored the interaction between sex and family resources in the changes 396 
in dispersal over time which allowed us getting a more nuanced picture for both the probability and the distance 397 
of moves. Focusing on parental SES as a factor of dispersal enabled us to contribute to the discussion on the 398 
importance of accounting for the “linked lives” principle—in case of our study, the role of parents—in explaining 399 
human behavior over their life courses. Although over the last decades there has been a lot of studies done 400 
about the timing of leaving the parental home, very little is known about the moving distance of young adults 401 
when they transition to independence. Therefore, our study provides new insights on the individual 402 
characteristics and contexts that are associated with both the dispersal probability as well as the tendency to 403 
move close or far from birthplace during young adulthood, a life stage that is characterized by transition to 404 
adulthood but individuals still highly dependent on parental resources through times and societies.  405 

Limitations of the study  406 

Our analytical division of the time periods is coarse, and future research could employ a cohort perspective to 407 
the analyses in order to draw a more detailed picture of changes in dispersal behavior over our uniquely long 408 
period of observation. We only explored dispersal on individual level without focusing on families; some of 409 
moves in our data could have been undertaken by whole families. Future research could focus on examining 410 
whether the representatives of some families were more likely to leave the birthplace, what characteristics of 411 
the family beyond the SES were associated with dispersal of multiple family members, whether the same 412 
familial characteristics were important over time, and how death of a parent influenced dispersal for different 413 
SES groups. Future studies could also focus on own SES of individuals and compare it with parental SES for 414 
those who left the birthplace and those who did not. Also, we could have utilized the socioeconomic 415 
classification tool called Historical International Standard Classification of Occupations (HISCO)71 to classify 416 
our SES variable; doing so could have facilitated harmonization with data from other countries and enabled 417 
international comparisons. However, historical Finland was a poor agrarian society with very few educated or 418 
schooled people. Although these skilled and educated individuals had a high status in society, social status in 419 
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historical Finland was mostly defined by landownership. Therefore, our classification better describes the 420 
socioeconomic differences in our study system. Some of our limitations stem from the absence of data on the 421 
motives of leaving the birthplace. It would be valuable to analyze how the reasons for moving changed for men 422 
and women and for the representatives of SES groups; in this study we could only speculate about the 423 
motivation. 424 

It is worth considering that in Western European countries, life-cycle service (on farms or as domestic servants 425 
in urban places) was commonly performed by young, single people, suggesting that there were many circular 426 
migrations during youth in the past30,34 while during the industrialization period these trends changed. 72 427 
Looking at the sequence of moves rather than focusing on first moves from the birth parishes as it was done 428 
in our research would enrich our understanding of societal transformation of Finland from 1760 to 1969 1969 429 
and should be explored in future studies. Our study is based on Finnish data, but our hypotheses and 430 
interpretations were formulated using the models of internal migration and results of previous research from 431 
various countries. Although the results are generally in line with previous studies from Europe and North 432 
America, the explanations for them are not always clear and the results are not easily generalizable for other 433 
contexts. There is a growing number of digitalized individual-level historical records that should be harmonized 434 
to test the universality of theoretical models explaining internal migration, including dispersal, and making 435 
formal international comparisons. Constructing and using such data would enable researchers delve deeply 436 
into the structural differences between Finland and other societies and enhance the theoretical depth of the 437 
discussion. 438 

Another limitation of our study is that we did not consider environmental factors of migration which can relate 439 
to economic, political, social and demographic context or affect migration decisions directly. The environment 440 
drives migration through mechanisms characterized as the availability and reliability of ecosystem services 441 
and exposure to hazard. 73 One example of environmental factors is climate change. As time goes by, the 442 
trend of population migration caused by climate change is expected to intensify. However, there is no evidence 443 
that there is within country or even out of country migration in Finland due to climate change74. Importantly, 444 
although we speculate about the major role of industrialization and urbanization in changes in dispersal 445 
behavior, we did not rule out the interference of other historical events (e.g. Finland's independence and World 446 
War II). We admit that multiple factors likely acted together. Future studies should focus on estimating the 447 
effect of the key events in the history of Finland on dispersal. 448 

Last, our dispersal distance was calculated based on the coordinates of the parish church, which theoretically 449 
might overlook the differences in actual residence. However, according to Niedomysl et al.75, who compared 450 
the actual distances, with the distances between different regional centroids, the distances inferred from 451 
municipal area centroids are acceptably accurate estimates. Since parish areas are very similar to 452 
municipalities, our proxy can be considered reliable. 453 

 454 

RESOURCE AVAILABILITY 455 

Lead contact  456 

• Requests for further information and resources should be directed to and will be fulfilled by the lead 457 
contact, Jenni Kauppi (jenni.j.kauppi@utu.fi). 458 

Materials availability 459 

• This study did not generate new unique reagents. 460 

Data and code availability 461 

• Pseudonymized data reported in this paper will be shared by the lead contact upon request.  462 

• Any additional information required to reanalyse the data reported in this paper is available from the lead 463 
contact upon request. 464 

• All original code is available in this paper’s supplemental information. 465 
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FIGURE TITLES AND LEGENDS 484 

Figure 1. The predicted probabilities of dispersal by parental SES group, and sex over time. The figure represents 485 
two-way interaction of time and family SES group, separately for men and women as women have often higher dispersal 486 
probabilities than men. Each parental SES group is represented by their own color and shape with error bars (±95% 487 
confidence interval). The lines between the same SES group represent the change from one time period to another.  488 

Figure 2. The predicted dispersal distances by parental SES group and sex over time. The figure represents three-489 
way interaction of sex, time and family SES group, but men and women are separated to own figures for clarity. Each 490 
parental SES group is represented by their own color and shape with error bars (±95% confidence interval). The lines 491 
between the same SES group represent the change of dispersal distance from one time period to another.  492 

 493 

STAR★METHODS 494 

KEY RESOURCES TABLE 495 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Deposited data 

Data used in this study Available through the 
lead contact 

Jenni Kauppi 
jenni.j.kauppi@utu.fi 

Software and algorithms 

R version 4.4.2 R Core Team80 https://cran.r-
project.org/  

Code used in this study Supplementary 
material 

Supplementary 
material: R code 

 496 

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS 497 

Omitted as our study does not involve biological models. 498 

METHDOD DETAILS 499 

The Finnish population  500 
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The 18th and 19th century Finland was a so-called estate society in which individuals were classified into estates 501 
and social status was inherited from parents. Belonging to an estate determined individual’s social position in 502 
the society, and the wealthiest had special rights compared to others. Majority of the population (70%) were 503 
outside the special rights and had no constitutional rights of any kind; in Finland the estates were nobility, 504 
clergy, bourgeoisie and peasantry. An example of groups outside the estates are such as landless peasants, 505 
farmhands and other servants, and “parasites” who lived in miserable conditions and often worked for food 506 
(examples of low SES group). The wealthiest (examples of high SES group) of the population were the nobility 507 
– only a few percent of the population – who lived in manors with servants, the clergy who were educated and 508 
literate, and landowners who owned and farmed their own lands. Others belong to somewhere in between 509 
these two (however not everyone had rights); peasants (small or mediate landowners) those who farmed 510 
smaller lands and had some rights (compared to crofters) owned their lands and farms, were self-sufficient 511 
and got their income from those lands, few were bourgeoisie in the cities and had rights for trading, also tenant 512 
farmers (landless who rented farming lands), artisans and workers (examples of middle SES group). However, 513 
multiple changes were happening at the end of the 1800s which resulted in transformation of the society.58  514 

In the late 19th century, the industrialization in Finland was in progress and caused social and economic 515 
changes in the country, especially the Second Industrial Revolution at the end of 1800s. Additionally, there 516 
was national awakening (“kansallinen herääminen” in Finnish) in 1860s and 1870s when the economy 517 
prospered, forest industry developed greatly and transport connections improved.59,65 In the end of 19th century 518 
the society transformed from an estate society, in which individual’s rights were determined by their estate, to 519 
a class society in which instead of inheriting status from parents, earning wealth became more important. 520 
However, Finland was an agrarian society for long after industrialization had begun; in 1918 70% of the 521 
population was working in agriculture and still 57% by 1940.60 Finland then slowly changed into a civil society 522 
towards the 1900s when more schools and libraries were built, a Finnish speaking civil-society developed, and 523 
more Finnish newspapers were created.65 The laws which limited the moving between parishes were also lifted 524 
at the end of the 1800s, which opened more possibilities for dispersal. At the same time, the inequality between 525 
wealthy and poor had increased and income differences were exceptionally high.58 Additionally, other specific 526 
events happened at different time periods, such as legal changes in women’s position (right for equal 527 
inheritance in 1878, voting rights in 1917), the famine in the years 1867-68, gaining independence in 1917, 528 
and different wars in each time period e.g. civil war and the Second World war, had a substantial influence on 529 
the Finnish society. All these events created different environments for people and could transform dispersal 530 
behavior over time. It remains unknown how availability of resources functioned for men and women making 531 
their locational choices in different periods of time in Finland. 532 

Church books  533 

Finland has comprehensive long-term demographic information about its population, because the Lutheran 534 
Church had collected data from all individuals in their parishes into church registers, which has been legally 535 
required since 1749 onwards in the whole country.56 The dataset (n = 98,135) used in this study has been 536 
collected from these church records by a team of professional genealogists who constructed it from 537 
approximately 700 randomly selected founding mothers and 700 founding fathers and their lineages across 538 
time. The family lineages of this study originate from eight parishes in four major regions in the 18 th century: 539 
Southwest Finland: Hiittinen, Rymättylä, and Kustavi; Pirkanmaa region: Ikaalinen and Tyrvää; Northern 540 
Ostrobothnia: Pulkkila; and Karelian parts: Jaakkima and Rautu. These data contain information such as 541 
individuals’ birthdays, all marriage information (dates and spouses), all children, date of death, and records of 542 
all movements (see e.g., 28,70,76,77). In Finland, each parish maintained records of incoming and outgoing 543 
individual movements (“Book of Migrations”) which include information on date of move and its destination and 544 
origin parish. Therefore, we were able to follow our focal individuals from birth parish records to the destination 545 
records and record all of their life events regardless of location. Some individuals may have been censored 546 
due to missing parish records for certain locations or years, migration out of the study area (e.g., to another 547 
country), or unavailability of records at the time of data collection. These cases have been included in our 548 
analyses as censored individuals using their last date of known appearance.  549 

QUANTIFICATION AND STATISTICAL ANALYSIS 550 

To test our hypotheses concerning dispersal, we utilized a sample of 22,429 individuals for whom we had 551 
information on sex (men and women, deducted from names in the church records), parental socioeconomic 552 
status (high, middle, and low), birth region (4 different areas), dispersal parish, and time of birth and dispersal 553 
(in the years between 1760-1960; STAR Table A). The dispersal variable was determined as here as leaving 554 
the birth parish and coded as binomial variable between the age of 15-35 (dispersal = 1) or staying in the birth 555 
parish (dispersal = 0) if there was no record of moving or the recorded move occurred within birth parish. This 556 
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was done by comparing the birth parish name to the name of the dispersal parish recorded, i.e. if the parish 557 
names were different to each other dispersal was classified as “1”. Those who had no written record of 558 
dispersal parish must have had their life history followed at least to the age of 35 years to be included in the 559 
sample, to ensure the missing record of dispersal parish was not in fact missing data but rather that there was 560 
no record because the person did not leave their birth parish.  We were interested in early adulthood dispersal, 561 
and most dispersal away from birth parish happened before the age of 35 (Figure S1), explaining the cut-off 562 
ages for dispersal. We only had records of out of parish movements not out of home moves, therefore 563 
individuals might have moved away from their families within the parish but this did not count to us as dispersal 564 
is this study setting. We also excluded all dispersal information of Karelians that were evacuated during World 565 
War II, during the years between 1939 and 1945 (n excluded = 1631), to exclude any effects that the forced 566 
migration might have on our analyses. A flowchart of this study (Figure S2) illustrates the final sample size and 567 
the number of observations excluded due to missing values in any of these variables. 568 

The parental socioeconomic status (SES group, low middle, high) for each individual was determined by their 569 
father’s socioeconomic status —if an individual's father’s SES was missing, we used the mother’s SES— when 570 
the parent was around 30 years old, which reflected their wealth and educational status in the society. The 571 
father’s SES was used in 95% of cases, as during the period covered by our study the father’s occupation and 572 
social status were typically the primary determinants of the family’s socioeconomic position in the society. The 573 
parental SES included three categories: high, middle, and low. These categories were manually coded based 574 
on the parents’ occupation and educational level reflecting achieved status in the society at the time. The high 575 
SES group includes wealthy (e.g. landowners) and educated individuals (e.g. clergy, few nobility), the middle 576 
SES group includes individuals with the average income (e.g. tenant farmers, craftsmen, small-land farmers), 577 
and the low SES are represented by the poor and less educated (e.g. servants, dependent lodgers). The 578 
categorization was performed to account for possible comparison of occupations and statuses between times; 579 
as the society changed, the sorting changed as well. Thus, the historical part (before 1850) reflects mostly 580 
landownership, while the modern part (after 1850) reflects education and labor workers (see Salonen et al. 581 
(2024)78 who has used this categorization before). We utilized the SES of an individual’s parent when the 582 
parent was 30 years old, instead of the main persons’ own status, as the explanatory variable because we 583 
were interested in the role of resources available to individuals when leaving the birthplace. The three-level 584 
categorization captures important differences between the groups that might influence lifetime successes in 585 
survival and reproduction.  586 

STAR Table A. The sample sizes of each time period and parent’s SES of men and women (n = 22,429). Percentages 587 
are for dispersal (no/yes) for each SES group by sex. 588 

 589 

Mother’s unique identification code (ID) was used to take into account potential family clustering of individuals 590 
(siblings from same family). Considering that in Finland, similar to other countries, regional development has 591 
progressed unevenly,79 we took into account potential regional differences in dispersal. The regions were 592 
divided into four larger groups based on birth region: Northern (includes: Kainuu, Central Ostrobothnia, 593 
Lapland, Ostrobothnia, North Ostrobothnia), Central (includes: Eastern Uusimaa, Kanta-Häme, Central 594 
Finland, Pirkanmaa, Päijät-Häme, Uusimaa), Southwest (includes: Åland Islands, Satakunta, Southwest 595 
Finland) and Eastern Finland (includes: South Karelia, South Savo, Ingria, Karelia, Kymenlaakso, North 596 
Karelia, North Savo, North Russia).  597 

Three time periods were selected due to their clear societal and environmental characteristics during the 18 th 598 
and the 20th centuries in Finland. The first period (from 1760 to 1809) represents the time before The Finnish 599 
War, which was fought between the Kingdom of Sweden (of which Finland was part of) and the Russian 600 

 Women Men 

  Dispersal n (%) 

Time period Parental SES  no yes no yes 

1760-1809 Low 11 (32.4%) 23 (67.6%) 6 (33.3%) 12 (66.7%) 

Middle 40 (62.5%) 24 (37.5%) 34 (66.7%) 17 (33.3%) 

High 295 (79.3%) 77 (20.7%) 329 (83.9%) 63 (16.1%) 

1810-1899 Low 370 (34.8%) 694 (65.2%) 399 (41.3%) 566 (58.7%) 

Middle 1133 (44.9%) 1393 (55.1%) 1245 (51.9%) 1155 (48.1%) 

High 1852 (58.8%) 1299 (41.2%) 2068 (68.0%) 972 (32.0%) 

1900-1969 Low 368 (37.5%) 613 (62.5%) 410 (44.4%) 514 (55.6%) 

Middle 852 (47.6%) 937 (52.4%) 961 (54.8%) 792 (45.2%) 

High 669 (47.0%) 754 (53.0%) 830 (56.0%) 652 (44.0%) 
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Empire. The war ended in 1809 and Finland became an autonomous Grand Duchy of Finland within the 601 
Russian Empire (the second period: from 1810 to 1899). The third period (from 1900 to 1969) starts at the 602 
beginning of the 1900s because at the end of the 1800s industrialization and transition to a class society had 603 
begun, and in 1917 Finland gained independence from Russia. We assigned individuals into three time periods 604 
based on their dispersal year. For example, if an individual dispersed in 1850, they were assigned to the 1810-605 
1899 period. We calculated a comparable year for those who did not disperse to categorize them into the three 606 
time periods, i.e. for those who stayed in their natal parish, the calculations were based on the average age of 607 
dispersal, which was 23 years for women and 25 years old for men. Therefore, the time period for individuals 608 
who did not move was determined based on the year they were 23 years (women) or 25 years (men) old.  609 

All analyses were carried out with R version 4.1.3.80 In our analyses, we used a generalized linear mixed-610 
effects model (GLMM, ‘glmer’ from lme4 package; 81) to explored the factors associated with dispersal 611 
probability which was coded as a binary variable (1 = leaving, 0 = staying). The predictors used include sex, 612 
parental SES, time period, as well as an interaction between parental SES and time period (to test if dispersal 613 
probability changes differently with time in different parental SES groups), parental SES and sex (to test if men 614 
and women have different dispersal probabilities depending on their parental SES), and sex and time period 615 
(to investigate if possible difference of men and women’s dispersal probability changes in time). Three-way 616 
interaction between the variables was removed from the final model, because, according to the likelihood ratio 617 
test (‘lrtest’ from lmtest package82), there was no statistically significant difference between reduced model and 618 
full model (LogLik = -13764, Chi-square: 1.975, p-value 0.740). The model accounts for potential regional 619 
variation and familial clustering by incorporating random variables of region and mother's ID. We used the 620 
binomial family with a logit link function to accommodate the binary nature of the outcome. The optimization 621 
process (using ‘allFit’ function from lme4 package selecting the best optimizer i.e. highest log-likelihood and 622 
no convergence warnings) resulting in 'bobyqa' optimizer within the ‘glmerControl’ framework. We examined 623 
our predictors for multicollinearity using generalized variance inflation factors (GVIF) which was done with ‘vif’ 624 
function from the package car83. All adjusted GVIF1/(2*Df) values were below the conventional thresholds, 625 
indicating no problematic collinearity. Also, residual diagnostics were evaluated using DHARMa84 package, 626 
with ‘simulateResiduals’ function where the QQ plots show approximate adherence to the expected 1:1 line. 627 
A minor overdispersion of value 1.023 indicate negligible overdispersion. To assess the significance of the 628 
fixed effects in our model, we utilized the ‘Anova’ function from the package car.’85 Specifically, we used the 629 
Type III Wald χ² Test to evaluate the importance of each predictor variable while accounting for the random 630 
effects structure introduced by regional and family variations. Comparisons and estimated marginal means 631 
were computed using the emmeans package86 to examine pairwise differences between levels of categorical 632 
predictors. All plots were created with ggplot2 package. 87 633 

To further investigate dispersal behavior, we focused on the moving distances for those who had moved away 634 
from their birth parish (n = 8439, dispersal = 1, STAR Table B). In these analyses, we only included the time 635 
periods 1810-1899 and 1900-1969, because of the small sample size of dispersing individuals in 1760-1809, 636 
impacting the reliability of analyses. The distance from the birth parish to the dispersal parish was computed 637 
using the coordinates of the parish’s church, i.e. from coordinates of birth parish church to coordinates of 638 
dispersal parish church. In case where there were multiple churches, the coordinates of the main church were 639 
used because most villagers resided close to this site. Finland’s parish names88 generally correspond to the 640 
names of the municipalities in which they are located and therefore we are able to get the church’s coordinated 641 
based on the name of the parish. Out of country moves were removed from this sample, as we could not 642 
reliably calculate the distance to other countries, and we were mostly interested in how far individuals 643 
dispersed within the country borders. Distances were calculated by using geosphere package 89 in R version 644 
4.1.3.80 and computing the great-circle distance of two coordinate points. True distances by road routes were 645 
not used because of the absence of accurate coordinates of the individual homes in the mentioned time 646 
periods. However, because all distances were created consistently, we could get comparable results. Region 647 
was not included as a random effect in this model, as our continuous response variable (dispersal distance) 648 
already captures spatial variation. Including region led to convergence issues due to collinearity with dispersal 649 
distance. The model accounts for potential familial clustering by incorporating random variable of mother's ID. 650 
A flowchart of this study (Figure S2). shows the final sample size and the number of excluded observations 651 
based on missing values on any of these variables. 652 

  653 
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STAR Table B. The average dispersal distance for men and women through time and by SES (n = 8439). The sample 654 
sizes, the average moving distances, the standard errors, and the shortest and the longest distances are given for men 655 
and women separately in each category 656 

 

Time 
period SES Sample size 

Average 
distance 
moved (km) 

Standard 
error 

Range of 
distance 
moved (km) 

Women 
 

1810-1899 Low 620 68 3.4 2.5 – 545  
Middle 1180 48 1.7 2.5 – 603  
High 1085 54 1.9 6.5 – 506  

1900-1969 Low 539 78 3.7 6.5 – 720  
Middle 817 85 3.1 2.5 – 720  
High 661 100 4.3 6.5 – 766  

Men 1810-1899 Low 470 66 3.4 2.5 – 507  
Middle 941 55 2.2 5.5 – 540  
High 711 63 2.7 6.5 – 505  

1900-1969 Low 398 106 5.7 1.4 – 683  
Middle 545 99 4.6 1.4 – 918  
High 472 123 5.5 6.5 – 586  

      
 657 

We used a linear mixed-effect model (LMM, R lme4 package, with ‘lmer’ function81) to test the hypotheses 658 
related to dispersal distances. In the model we included as explanatory variables sex, time period, parental 659 
SES, all possible two-way interactions and sex * time period * parental SES-interaction (to test if dispersal 660 
distances of men and women change with time in different parental SES groups), and the random term of 661 
mother’s ID (to account for familial variation). The response variable was the distance between birth parish 662 
and dispersal parish which was transformed into logarithmic values because of a right skew of our distance 663 
data. The logarithmic values followed a normal distribution. The optimization process (using ‘allFit’ function 664 
from lme4 package selecting the best optimizer i.e. highest log-likelihood and no convergence warnings) 665 
resulting in the default “nloptwrap” optimizer within the ‘lmerControl’ framework. We examined our predictors 666 
for multicollinearity using generalized variance inflation factors (GVIF) which was done with ‘vif’ function from 667 
the package car83. All adjusted GVIF1/(2*Df) values were below the conventional thresholds, indicating no 668 
problematic collinearity. Also, normality of residuals war checked by examining residual plots and QQ plots 669 
which indicated normality and homoscedasticity. Estimates of differences in dispersal distance between the 670 
SES, time and sex, were computed with emmeans package,86 using pairwise comparisons of different groups. 671 
To assess the significance of the fixed effects in our model, we utilized the ‘Anova’ function from the car 672 
package.85 Specifically, we used the Type III Wald χ² Test to evaluate the importance of each predictor variable 673 
while accounting for the random effect.  674 
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Highlights 

- Overall dispersal distances increased over time for young men and women 

 

- Young adults from low socioeconomic status always had high dispersal probabilities 

 

- Individuals from higher SES families had steep increase in dispersal over time 
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