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CHAPTER 1



Introduction

Patterns of fertility and mortality, as reflected by aggregate data, 
change through time in concert with both major historical events and 

more subtle influences. Fertility and mortality are lower now in western 
industrialized countries than in past agricultural societies. Because both 
fertility and mortality rates decreased during the nineteenth century in 
western Europe and North America, it is tempting to look for unitary 
causal relationships (cf. Coale and Watkins 1986). Yet this approach 
neglects the considerable variation in human fertility in pre-industrial 
societies around the globe and over time (for exceptions, see e.g. Campbell 
and Wood 1988). In many societies, there exists what one might call an 
ecology of fertility, as in other mammals. Further, the typical analysis of 
aggregate data does not tell us about individual variability in fertility 
patterns. If, in pre-industrial societies, age-specific fertility and mortality 
have ecological correlates, we expect that not all individuals will respond 
in similar ways to the same ecological conditions. Here, we want to 
analyze fertility, mortality, and migration patterns of individuals in nine
teenth-century Sweden, as that society entered the demographic transition, 
looking for variation in time and space, and for any ecological or resource 
correlates. To do this, we will use 19th century demographic data, with 
which we have all worked at various times (Lockridge 1983, Low 1989a, 
1990a, in press, Low and Clarke 1991a,b and Clarke and Low, in press), 
as well as examples from the literature. Here, we will refer to completed 
and published analyses on the four largest parishes from the Swedish 
Demographic DataBase files (see Low and Clarke 1991 a for descriptions): 
Gullholmen, a small island fishing parish on the southwest coast of 
Sweden, Locknevi (in Småland) and Tuna (in Medelpad) Parishes, in 
which agriculture, forestry, and some ironworking were the principal 
economic bases, and Nedertomeå in the far north on the Finnish border, 
in which agriculture was accomplished on marginal land.

In all other species there is an ecology of reproductive effort, and thus 
of fertility, broader than we usually recognize. There are innumerable 
examples of closely related species, or different populations of the same 
species, with different strategies of time to maturity (early versus late), 
degree of iteroparity (number of reproductive ”bouts” in the organism’s
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lifetime), clutch or litter size, and net fertility (e.g., TFR and NRR; see 
Palmore and Gardner 1983). Organisms have at their disposal at any 
moment some amount of calories to spend; at any moment they can incur 
risks. Those which allocate calories and risk optimally (and selective 
opti mality is definable a priori through examination of ecological circum
stances) survive and reproduce better than their competitors. Over time, 
the families of optimal strategists come to control more of the available 
resources, and they come to comprise a greater proportion of the popula
tion. Yet unalloyed fertility is seldom the winning strategy; investment in 
offspring, and the relative success of production versus investment, is a 
well-known constraint (Darwin 1871, Trivers 1972). For those interested 
in patterns of human reproduction and family life, the important point is 
that there are clear ecological correlations between reproductive patterns 
and resource richness, controllability and predictability, as well as the 
sources of juvenile mortality. Here we hope to:

[1] review the basic principles of an ecological approach to repro
duction (this chapter);

[2] analyze aggregate and individual reproductive patterns as they 
varied among parishes and through time in nineteenth century 
Sweden; examining specific questions on which classical and 
ecological demographic approaches converge and diverge (Chap
ters 2-6); and
[3] suggest how ecological and classical demographic approaches 
might combine to enhance our total understanding of familial and 
population patterns (Chapter 7).

Obviously, any consideration of individuals in one or a few populations 
can hardly be expected to solve theoretical issues on a grand scale. Yet 
nineteenth century Sweden represents an ideal opportunity to test major 
aspects of theoretical questions, and to compare differences among para
digms in predictions. During this period, Sweden moved from a largely 
agrarian economy, through protoindustrialization, to an industrialized 
export economy. Detailed demographic data are available; from the Swed
ish Demographic Database in Umeå, Sweden, linked family records allow 
detailed lineage analyses — making it possible to ask and answer ques
tions not tractable when only aggregate data exist.

To the objection that a behavioral ecological perspective ignores human 
learning and culture, and so constricts, rather than expands, treatment of
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human behavioral complexities, we reply that this is a caution of which 
we will be very aware at all times. Yet, the more we study the perspective 
and results of evolutionary and behavioral ecologists, the more we see that 
what they study is adaptive behavior in the organism, without worrying 
too much whether it is genetic, learned, contextual, whatever — i.e., what 
is important (as Darwin [1859] first noted) is that heritable variation exists, 
not exactly how inheritance is accomplished (see below). In such a flexible 
perspective, human learning and culture add, respectively, a further sort 
of learning and a new sort of constriction to the already broad set of 
considerations which, from an evolutionary perspective, go to make up 
adaptive behavior. We would argue that not only fertility, but other aspects 
of reproductive behavior, as well as mortality and migration, would profit 
from such a treatment.

A Behavioral Ecological Approach

We humans, for all our cultural complexity, must solve the same problems 
as other species to survive and reproduce. For behavioral ecologists, it has 
been useful to reduce the problems to a single one: optimal allocation of 
effort (calories and time spent, risks taken). Effort can be spent in different 
ways. Somatic effort (including many physiological homeostatic mech
anisms, eating, maintenance, growth) involves maintaining the body, or 
soma. Reproductive effort (Low 1978) can be divided into mating effort 
(e.g., working to gain resources or status, getting mates), and parental 
effort (feeding, nurturing, protecting, teaching offspring).

A behavioral ecological approach begins with the argument that beha
viors which become common and remain so are those that produce 
reproductive profit for their performers. At first glance, this would seem 
to invoke maximum (as opposed to optimal) fertility — yet even for 
non-human species, the world is often far more complex than one might 
at first imagine. In fact, ”most successful reproduction” does not necess
arily mean producing the most offspring, or even the most surviving 
offspring (e.g., Krebs and Davies 1984, Dawkins 1982, 1989, Williams 
1966, Daly and Wilson 1983). Consider: infanticide (Hausfater and Hrdy 
1984), lethal conflict (Shaw and Wong 1989, Daly and Wilson 1988), 
delayed reproduction, and sterility are all phenomena that at first glance 
look as though they should decrease, rather than increase, reproductive 
success — but further analysis makes it clear that, except for rare patho
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logies, these are found in specific ecological and social circumstances, 
and that their impact is an increased net reproductive success, measured 
as inclusive fitness (see Daly and Wilson 1983, Trivers 1985, Türke 1990).

Why might maximum fertility not be the optimal reproductive strategy? 
Each individual has reproductive interests, but these interests are shared 
by other individuals who share common genes — genes identical by 
descent — and thus several avenues are open to enhance net reproductive 
success (inclusive fitness maximization, or kin selection; Hamilton 1964, 
also Grafen i984). An individual may reproduce maximally, or may 
reproduce less if it can thereby sufficiently assist non-descendant relatives 
(e.g. nieces, siblings) who also tend to carry some genes identical by 
descent. Since the rules of inheritance are known, we can calculate the 
average number of genes likely to be shared by any two relatives. ”Al
truistic” behavior is expected to evolve when br/cd>l/r where r = degree 
of relatedness, br = benefit to the recipient, and cd = cost to the donor. 
Hence, Haldane’s perhaps apocryphal answer to the question of whether 
he would give his life for his brother: ”No, but for more than two brothers 
or eight cousins.”

Sometimes, then, an individual’s best reproductive strategy requires 
investment in existing individuals (own offspring or non-descendant 
relatives) rather than investment in self, or production of new offspring. 
Individuals (and their genetic lines), can also prosper through reciprocity 
— cooperation. Again, producing the maximum physiologically possible 
number of offspring is seldom the ”winning” reproductive strategy. Both 
direct (A gives to B, B returns to A) and indirect (A gives to B, B to C, 
and so on; individuals give and receive, but not in a 1:1 ratio) reciprocity 
occur only in long-lived, social species — species in which individuals 
recognize each other and are likely to interact repeatedly. Categorizing 
behavior appropriately, and more precisely than most of us do, is crucial 
to understanding how natural selection acts on behavior (Hamilton [1964], 
Dawkins [1982], and Alexander [1974, 1979] are cogent and useful). 
Helping kin and helping friends evolved, in an ultimate sense, because, 
under specific environmental conditions, they enhance inclusive fitness 
(i.e., the net result is reproductive profit).1 Proximate reasons for helping 
kin and friends may have included lowered parasite load (grooming), and 
pleasure; these may have varied in importance among species and popu
lations. Particularly when we examine such phenomena in human popu
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lations, we will learn about what people perceive as their (proximate) 
rewards.

Proximate and Ultimate Causes
”Why” questions have two principal forms in biology: It is useful to ask 
questions both about proximate triggers and ultimate selective causes, and 
it is important to understand that the two approaches are not alternatives, 
but complementary. Thus we can ask why helping kin and friends evolved 
on two complementary levels, and we can examine phenomena such as 
fertility decline on the same two levels. Proximate triggers of a behavior 
tell us about the impact of the environment (see below); the ultimate cause 
of a behavior’s evolution, in evolutionary terms, is always its impact on 
reproductive success and lineage persistence. Most demographic ap
proaches to causal analysis involve what evolutionary biologists term 
proximate triggers. For example, we may discover that, in a particular 
society, men who marry younger women have more children in their 
lifetimes than men who marry older women (e.g., Low 1989a,1990a). Yet 
this leaves the question of ”why” unanswered at another level. We can 
examine the particulars of reproductive performance (e.g., starting, stop
ping, spacing, how trends spread) without ever asking whether the par
ticular behaviors or trends, in specific environments, are advantageous or 
disadvantageous for their bearers, in terms of net lifetime reproductive 
success. To paraphrase Bateson (1982), we could take a piece of ma
chinery, animate or inanimate, and learn an enormous amount about 
exactly how it was assembled, and still not understand what it was for, or 
how the design had evolved. It is therefore important to distinguish 
proximate cues or triggers for behaviors from ultimate, selective, causes.2

It should be clear that this argument is based on the relative reproductive 
costs and benefits of individuals, and does not require that a specific gene 
be postulated for any behavior. Rather, we ask: Under what environmental 
conditions does a behavior arise, who does it, and what is its impact on 
inclusive fitness? Even in the case of many simple behaviors, selection 
has apparently operated on complexes of loci, many of which affect other 
behaviors. External environment, development, and genes interact in a 
complex way.3 This is almost certainly what Dobzhansky (1961) meant 
when he commented that ”inheritance is particulate, but development is 
unitary.” Just as many different external environmental cues can be the
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proximate triggers for a behavior (as daylength for migration, above), so 
also can many different internal mechanisms be called upon to create 
complex behavioral responses, including reproductive changes. Both 
kinds of ”why” answers are informative. Thus, lowered fertility could 
have a proximate ”cause” of later marriage age, and an ultimate selective 
cause of greater lineage success through fewer, better-invested children 
(see below; also Low and Clarke 1991a).

New Situations: Evolutionary Novelty

Whenever an evolutionary history of reproductive advantage to some 
behavior exists, and conditions change, there is a possibility for behavior 
to be driven by proximate cues (that in the past correlated with reproduc
tive advantage), even when the proximate cues are currently unhinged 
from the (past) functional advantage. This situation is most common with 
environmental changes that represent evolutionary novel events; human 
technological changes are an important source of such changes.

A caveat is important here, particularly in examining complex behaviors 
of social species. Because a trait exists, even if it has a current positive 
impact on fitness, does NOT necessarily mean that it is an adaptation 
(Williams 1966). It is an onerous task to demonstrate that any trait is an 
evolved adaptation: we must show that the trait not only correlates with 
some environmental condition, but is effectively ”designed” in response 
to that condition. We may see, particularly in highly developed social 
systems, non-evolved effects of behavior that had originally an entirely 
different function. In such cases, we are often asking not ”what is the 
evolutionary history?” of the trait, but rather ”what, if any, is the current 
utility?” in terms of inclusive fitness. In the case of resource/reproduction 
relationships, we must ask whether resource garnering confers a repro
ductive advantage (is adaptive, has current utility), and if not, why it 
exists.4

Sex Differences in Reproduction

While we often think of reproduction as a family affair, or as an emergent 
aggregate property, in fact, for biologists, how reproduction varies among 
individuals, and between the sexes, is important. Most other mammals are 
polygynous, and the return curves for effort expended differ for (usually
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male) mating effort and (usually female) parental effort, in ways that 
predict strong and widespread differences in male and female behavior 
(Figure 1-1; also Low 1989b, 1990b). While the average reproduction of 
males and females is identical in any population, the variance is not 
(Bateman 1948, Fisher 1958). More males than females fail to reproduce, 
and the most successful polygynous male produces many more offspring 
than the most successful female. Males must expend enormous effort as 
a fixed cost to get resources or status before they can get even a single 
mating (and thus offspring), but subsequent offspring may impose rela
tively little additional cost. Hence, much male striving is mating, rather 
than parental, effort; there are potentially very high reproductive returns, 
and high risks are acceptable. Usually these males pay costs of delayed 
reproduction (it is costly to attempt mating until a male is large enough 
and has sufficient resources to compete). Females in polygnous species 
have no trouble getting matings, but each offspring imposes a unit cost, 
so that the female return curve for her parental effort is linear for some 
portion, and levels off earlier than the male curve. Eventually females 
reach a limit (time expenditure? physiological?) such that further resour
ces cannot produce further successful offspring.

For males of many species, there is a clear link between resource control 
or dominance status and reproductive success. The distribution (specifi
cally economic defensibility), predictability, and richness of resources 
dictate the breeding system (cf. Emlen and Oring 1977, Clutton-Brock 
and Harvey 1976, 1977, Krebs and Davies 1984). In non-resource con
trolling systems, while no physical resource of value may be controlled, 
more dominant males tend to out-reproduce less dominant males (re
viewed by Dewsbury 1982). Though complexities are evident (Smuts 
1985, 1987), in primates for which studies have been done, high male 
dominance rank is associated with high male reproductive success (see 
review by Silk 1987:322), and males form coalitions to achieve high rank. 
For females in most mammalian species, no relationship is evident be
tween status and high reproductive success (cf. Dewsbury 1982, Gou- 
zoules et al. 1982). Subordinate females can be harassed by dominant 
matrilines, causing them to fail at reproduction, but the variance resulting 
does not reach the levels of variance for males. Thus, in non-human 
species, there are important sex differences in the effectiveness of resource 
acquisition and control, and the impact of resources on lifetime reproduc
tion. The question, then, is whether this is also true of human populations.
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Figure 1-1 Mating effort (courtship, displays, etc.), typical o f mammalian 
males, typically has a large fixed cost — males cannot get even a single 
mating without great investment. Additional matings may cost very little. 
Thus males must spend considerable effort even to get into the mating 
game, but because the cost per mating is small, ever larger amounts o f 
effort can be turned into reproductive success. Parental effort, typical o f 
females, typically results from the accumulation o f similar costs fo r each 
offspring. Thus, at some point, mammalian females, no matter how rich 
in the appropriate resources, may reach a limit to their successful produc
tion o f offspring.

Learning and Other Complexities

The patterns we discuss here — particularly variations in reproduction — 
are usually treated by demographers as socially transmitted, learned traits 
(e.g. Knodel 1986,1988,Livi-Bacci 1986, Anderson 1986), and historical 
and sociological evidence suggests that these are important, whatever 
genetic components might exist. Thus we learn something of the proxi
mate causes of observed behaviors (analogous to elucidating the role of 
daylength or hormone shifts in migration). But we can also ask whether 
these patterns have any impact on the relative success of the genetic 
lineages of different strategists (i.e. the current utility). Organisms with 
different environmental problems to ”solve” have very different predilec
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tions for learning quite different skills, and at different times in the life 
cycle; thus the existence of learning does not obviate the impact of 
selection. Knowing how much learning contributes to heritability tells us 
about environmental variance (what aspects of the environment are suffi
ciently unpredictable to make learning advantageous), and about what is 
selectively crucial (i.e. what is important to be able to learn), rather than 
about how much impact selection has.5 The more we study the perspective 
and results of evolutionary and behavioral ecologists, the more we see that 
what they study is adaptive behavior in the organism, without worrying 
too much whether it is genetic, learned, contextual, whatever — i.e., what 
is important (as Darwin [1859] first noted) is that heritable variation exists, 
not exactly how inheritance is accomplished (see below). In such a flexible 
perspective, human learning and culture add, respectively, a further sort 
of learning and a new sort of constriction to the already broad set of 
considerations which, from an evolutionary perspective, go to make up 
adaptive behavior. We would argue that not only fertility, but other aspects 
of reproductive behavior, as well as mortality and migration, would profit 
from such a treatment.6

The extent to which learning is a mechanism of information transfer 
tells us about how complicated the task is (what varies in the environment, 
what is predictable), rather than whether selection is important — though 
there exist well-known highly flexible and environment-responsive 
genetic mechanisms. While the elucidation of the variety of mechanisms 
is interesting and important, there is no functional distinction between 
”learned” and ”instinctive” — it is rather a matter of how much of the 
ontogeny, or development/practice of the behavior we see. With regard to 
the genetic coding involved, it is obvious that DO loops are cheaper 
programmatically than IF-THEN loops; and that programs that teach 
themselves are relatively expensive. Functionally, there is no difference, 
but as a matter of economics, one predicts the cheapest effective type of 
command in an effective program. Thus, the extent of learning in inter- 
generational transmission tells us about environmental predictability. A 
behavioral ecologist is most likely to ask questions about changes in net 
fertility and age-specific fertility in the context of resource ecology; a 
classical demographer is perhaps more likely to focus on how changes in 
these two variables are attained (e.g., changes in age at marriage, age at 
last birth, interbirth interval).
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Even some traits we think of as genetically determined, like sex, can in 
fact emerge as an interaction of genes and environment.7 If this is true, 
what of more complex behaviors? Ritchie’s (1990, 1991) studies of the 
behavioral ecology of ground squirrels are a good example. Given infor
mation about physiology and the environment (temperature, etc), one can 
predict an optimum (highest benefit/cost ratio) diet, with regard to the 
relative proportion of grasses versus herbs, for ground squirrels in differ
ent environments. Optimal foraging theory postulates that efficiency in 
foraging increases relative reproductive fitness. Often, that can be difficult 
to test; in this case, it has been tested and substantiated — optimal foragers 
have more babies than non-optimal foragers. Optimality in foraging is 
heritable: babies are more like their parents than others in the population. 
Learning is involved. Heritability is about 60% genetic; the other 40% of 
the parent-offspring correlation comes from babies foraging near their 
mother and learning what to eat (Ritchie 1991). The involvement of 
learning in transmission of the trait does not change the functionally 
important facts: that heritable variation exists; that one can predict, in a 
specific environment, which (learned as well as genetically transmitted) 
strategies ought to result in an increased reproductive fitness for their 
possessors, and increased proportion of the possessors in the population; 
and that one can test and falsify these predictions.

Alternate strategies among individuals, with complex learning, are the 
rule, rather than the exception — certainly among birds and mammals, 
and even in insects. If one follows the false dichotomy that learning 
somehow makes natural selection irrelevant, entire structures of thought 
are threatened when one finds out that learning and cultural transmission 
are important in chimpanzees, other primates, ground squirrels, various 
species of mammals, birds, amphibians, fish, invertebrates, including 
honeybees (in which different individuals, depending on their experience, 
learn to specialize on various flower species, thus becoming more effi
cient) and sweat bees. Natural selection is not something that acts on 
stereotypic behaviors for which we know a one allele-one behavior link 
— if it were, all the above species would be exempt.
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An Ecologist’s  Approach to the Demographic Transition 
in Sweden

Here, then, after describing the sample and measures used (Chapter 2), we 
want to examine variations in survivorship (Chapter 3), fertility (Chapters 
4 and 5), and migration (Chapter 6). How do these vary for men and 
women in different situations, in different times, and in different parishes? 
Then, in Chapter 7, we assess these patterns. We suggest that an ecological 
perspective may provide new insight into the extent to which variations 
in human reproductive behavior are representative examples of behavioral 
ecology. We are led by behavioral ecological theory to predict a number 
of general patterns. For example, we predict that men’s reproductive 
patterns should vary in concert with resource control to a much greater 
extent than women’s patterns, and that this variance between the sexes 
should be greatest when resources are abundant. When resources become 
constricted, we predict that reproductive responses should be uneven, both 
among families, and even within families. In a resource-constriction 
period, we might find very unequal investment in children within a family, 
with heightened investment in older (closer to successful reproduction) 
sons (whose success we predict to be more dependent on resources than 
daughters). We have published these hypotheses previously (Low 1989a, 
1990a, in press, Low and Clarke 1991a,b), and will review them as we 
consider variation in our sample.

Notes
1 In rare or occasional interactions, indirect reciprocity is extremely vulnerable 

to invasion by cheating, and individuals are predicted to mirror the behavior 
of other interactions in a ”tit-for-tat” manner (see Axelrod and Hamilton 1981 
on tit-for-tat as an evolutionarily stable strategy). When risks are high for 
behavior benefitting others, such behaviors are likely to occur only or primarily 
among kin.

2 To take a simple non-human example, if we ask why a bird migrates, one 
answer might be ”changing daylength causes hormonal changes, triggering 
migration.” If birds could be interviewed about intent, we might have another 
set of proximate causes. Elucidating the proximate cue, daylength, does not 
explain why individuals in this species migrate (as opposed to others that 
overwinter and do not migrate), why it is often true that not all individuals 
migrate, and why daylength (as opposed to temperature, some other cue, or a
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combination of cues) has become the trigger. The ultimate cause of migration 
is a seasonal better-versus-worse geographic shift in foraging and nesting 
areas; individuals who follow the better areas, shifting seasonally, leave more 
descendants than those who remain in one area. When daylength is a reliable 
predictor of these seasonal shifts, individuals who use it as a cue will fare better 
than those using some other proximate cue. The benefits and costs of migration 
may differ substantially for older, prime-age birds, compared to yearlings; in 
such cases, different categories of individuals are more or less likely to migrate. 
Similarly, for men and women of different ages and resource holding, the 
benefits and costs, in terms of inclusive fitness, may differ for the same 
reproductive behavior. Here, it is clear that behavioral ecologists, like demo
graphers, profit from disaggregating behavior patters in a population, though 
the particular focus may differ.

3 For many important behaviors, behavioral ecologists cannot specify the 
genetic loci involved (e.g. Grafen 1984); we study the correlations between 
the trait and environmental conditions. Often we can make powerful and 
unexpected predictions from these correlations, using selection theory. The 
elucidation of mechanisms enriches our understanding; what mechanisms are 
useful depends on what is most predictable in the external environment, and 
what internal devices already exist in the organism. When our primary concern 
is intervention (e.g., as in medicine or family planning) the particulars of 
mechanism become important. When we wish to understand the functional 
evolutionary response, the study of trait-environment correlations takes pre
cedence.

4 Consider a simple example. For omnivores, food sampling represents a risk 
(e.g., Freeland and Janzen 1974). It is common in many species both to sample 
new foods at a low level (if there are toxic effects, they will be likely to be 
minimal and simply unpleasant rather than lethal), and to use correlates in 
establishing preferences. Sweet foods are seldom harmful, and sour and bitter 
tastes are often correlated with the presence of harmful alkaloids; a preference 
for sweet tastes has become widespread in omnivores. In natural situations, it 
is difficult to obtain sufficient sugar, without other nutrients and fiber, to create 
obesity. Once we invented technologies for refining and concentrating sugar, 
we created foods that had enormous concentrations of sugar, breaking the link 
between sweet taste (the proximate cue) and good food source (resulting in 
enhanced nutritional status). But no organism evolves to have any awareness 
of ultimate selective relationships; proximate cues drive the system, and 
selection, as a passive sieve, operates. So, we retain a preference for sweet 
taste that is often currently counter-adaptive (health risks, and perhaps sexual 
selection). Thus, it is not only possible, but likely, that we will be able to 
identify numerous behaviors in humans, particularly in agricultural and indus
trial societies, that do not have current reproductive utility.
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5 For example, the strength of kin preferences (Hamilton 1964, above) should 
vary with specifiable environmental conditions. The particular mechanisms 
by which preferential treatment is accomplished are not specified, and in fact 
vary among animals, depending on how likely relatives are to live only 
together, or be among others. All sorts of placental mammals recognize their 
offspring —  the ones that do are species that hide their babies then return, or 
live in herds so that strange babies are liable to try to nurse. The mother appears 
to learn her offspring’s odor immediately after birth. Opossums, on the other 
hand, will accept any baby of approximately the right age —  but they are 
marsupials, and the babies at birth crawl up and attach permanently to a teat. 
What’s the chance of losing parental effort by giving it to a strange baby? This, 
of course argues that, over evolutionary time, such an event was so rare as to 
be exempt from selection.

6 As we noted, to test behavioral ecological hypotheses, the mechanism of 
inheritance need not be specified (genetic/cultural transmission), although the 
comparatively greater lability of cultural transmission compared to genetic 
transmission (new ideas as ”mutations” resulting in more rapid change in 
culturally transmitted traits) can certainly complicate matters (Cavalli-Sforza 
and Feldman 1981, Boyd and Richerson 1986, Flinn and Alexander 1982).

7 Traits show intergenerational correlations, but are not ”inherited” in the sense 
of being uninfluenced by environmental conditions. Consider eye color: blue 
eyes are not inherited, alleles are inherited, which under appropriate environ
mental conditions, will result in the development of blue eyes. All phenotypic 
traits, behaviors as well as muscle and bone, for example, are part of this 
process. No trait can be determined to be completely independent of genotype, 
and no trait is ”genetically determined” in the sense of being uninfluenced by 
environment, both physiological and external. Genes are simply chemicals that 
code for protein production or regulate the actions of other genes. But genes 
do not code directly for any trait —  genes do not work in the absence of 
environment. Even traits we tend to think of as ”genetically determined” are 
not, at least in the sense of being fixed by genotype: y-chromosomcs don’t 
necessarily result in phenotypic male, or xx genotypes in phenotypic female, 
mammals. In fact, there are species in which males and females are genetically 
identical, but sex is environmentally determined (e.g., Bull 1980), as well as 
species in which individuals are first female, then male, or vice versa (Robert
son 1972, Shapiro 1979,1980). When we consider complex behaviors, it is 
extremely important to remember this interdependence of genes and environ
ment.
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The Parishes, the Sample, 
and the Variables

Nineteenth Century Sweden.

Nineteenth century Sweden was largely agricultural, with emerging 
protoindustrialization (Mendels 1981): geographically scattered 

market activity which involved transforming raw materials into ”made” 
commodities, but with a large part of the labor force working part-time or 
at home. The family could function as a form of economic enterprise (see 
alsoFlandrin 1979, Habakkuk 1955). Such protoindustrialization tended 
to develop in regions combining an underemployed, land-poor population, 
with access to urban markets (e.g. Tilly 1978), and in Sweden is probably 
related to land enclosure and inheritance changes during the nineteenth 
century (Jörberg 1975). The economic changes have been characterized 
as drastic (Jörberg 1975). At the beginning of the 19th century, more than 
80% of Sweden’s population was employed in agriculture (Jörberg 1975), 
and agricultural production was barely enough to support the population; 
until 1830, Sweden depended largely on imported grain. By the latter half 
of the century, agricultural products (along with iron) followed timber as 
export products (Jörberg 1975). During the 1870s, economic expansion 
was considerable, with increased income, increased investment, and struc
tural changes in the market. Jörberg (1975) argues that the expansion in 
the production capacity of agriculture, to the point at which export was 
possible, led through a multiplier effect to more income in other sectors 
of industrial life, speeding up the demands at home for consumer goods, 
and increasing possibilities for loans on the foreign market.

By 1800, Sweden had a population of 2.3 million; by 1830, the popula
tion had increased by 23%, and from 1830-1860 population increased 
34% to a total of 3.9 million (Jörberg 1975). Land reform, economic 
changes, and rapid population growth combined to create great changes 
in people’s lives. These changes were far from uniform, however. Popu
lation growth was greatest in southern and western Sweden, and in 
Norrland, and lowest in eastern and central areas. Since the economic 
bases differed geographically too, and growth in those economic bases
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varied, it is no surprise that people’s reproductive lives might differ, and 
that changes in reproductive life might differ geographically also.

In Sweden, marriage followed the ”European” pattern, with women 
marrying for the first time in their early- to mid-twenties, and men in their 
late twenties. At marriage the new couple typically set up their own 
independent household; a relatively high proportion of individuals never 
married (Low 1989a, 1990a).

From 1686 to 1809 or 1810, the nobility practiced ”fideicommiss,” or 
male primogeniture, with the constraint that the eldest son must continue 
the practice (Malmström 1981, Inger 1980). Until 1845, sons inherited 
twice as much as daughters in cases of intestancy; after that date, daughters 
had equal inheritance rights, although sons had first choice of the land and 
goods which were to be their inheritance, and sons could purchase their 
sisters’ inheritance from them (Lo-Johansson 1981, Inger 1980). This 
meant that disputes occasionally arose over the value of the exchanged 
inheritance items; purchasing needed land from a sibling could prove 
economically onerous, but also siblings sometimes complained that they 
did not receive fair value (not uncommon elsewhere in Europe; see 
Habakkuk 1955). Even after the shift from fideicommiss, and even after 
legally equal inheritance rules for both sons and daughters, inheritance 
biased by birth order was often evident (see Gaunt 1987, Low 1989a, 
1990a), and a bias toward the first son was perhaps more evident in the 
northern areas. Legal agreements in which a father ceded his land to one 
(usually the eldest) of his sons before his death, typically in return for 
room, food, and certain other rights, were common. But as Gaunt (1987) 
notes, during the nineteenth century the payments delivered to the retiring 
father increased in size, and receiving a farm became an economic burden. 
Indeed, default was common (Gaunt 1977), and Gaunt (1983) cites 
contemporary jokes about arsenic as ”retirement medicine.” Thus, there 
probably existed some tension both within and between generations over 
resources.

Our analyses are based on data from the Swedish Demographic Data
base (SDD), Umeå University, Umeå, Sweden, which contains compu
terized demographic and historical data, derived from Lutheran Church 
examination registers, birth and baptismal registers, marriage registers, 
migration registers, and death/burial registers, for seven nineteenth-cen
tury Swedish parishes (Demographic Database, 1986: p. 5-9). The data 
were originally arranged to make it easy for individuals to trace their
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family lines, as well as to construct aggregate statistics. This makes it 
possible to do longitudinal analysis, similar to the Ortissippenbuch used 
by Knodel (1988). For reasons we explain below, although seven parishes 
are represented in the data, only four parishes, Nedertomeå, Tuna, Lock- 
nevi, and Gullholmen (Figure 2-1), had sample sizes sufficient for separ
ate analysis. These parishes vary in a number of ways relevant to our 
analyses, and description may help reflect variation in 19th century 
Sweden as well.

Nedertorneå. Nedertomeå, the most northern parish (Figure 2-1), was 
a farming parish; land was generally of poor quality. Hunting, fishing, and 
other subsistence activities supplemented agricultural production. 
Throughout the first half of the 19th century, the Finnish habit of feeding 
infants on cow’s milk rather than nursing was common (Brändström 
1984). This practice has been suggested to have negative impact on infant 
survival (Lithell 1982), and indeed, infant survivorship in Nedertomeå 
was lower than in the other three parishes (see Chapter 3). In the mid-nine
teenth century, the central Swedish government established a bureaucratic 
outpost in Haparanda, resulting in a more varied economic environment. 
The population of Nedertomeå rose steadily during the nineteenth century, 
from about 1600 to almost 4000 (unpublished statistics prepared by the 
SDD) (Figure 2-2a).

Tuna. Tuna Parish, in Medelpad (Figure 2-1), was largely a farming 
parish, though forest and mining industries were also present. As in 
Nedertomeå, most men had multiple sources of income. Many men 
worked in the iron foundry (Matfors Bruk) as well as in farming (Östergren 
1990). Tuna experienced rapid industrialization from 1850 onward (Nor
berg and Rolén 1979). Matfors Bruk closed in 1879, and reopened in the 
mid 1880s. Men’s survivorship varied with occupation (Sundin and Tede- 
brand 1981). Tuna parish may represent a median pattern for 19th century 
Sweden. The population of Tuna rose from approximately 1200 in the 
early 19th century to approximately 3300 in the late 19th century (unpub
lished statistics prepared by the SDD) (Figure 2-2a).

Locknevi. In Locknevi Parish, in Småland (Figure 2-1), the geography 
of the parish imposed constraints on farming (Gerger and Hoppe 1980): 
only in the central valley running from north to south were there fields of 
sufficient fertility for farming. A small iron-works in the southwestern part 
of the parish provided supplemental income for some farmers until the 
1880s. During the 19th century the population rose, then declined after
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Figure 2 -1 . The location o f the study parishes, chosen for ecological and 
economic diversity.
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Figure 2-2 b. Population density for the four parishes through the study 
period.
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1870 (unpublished statistics prepared by the SDD) (Figure 2-2a). Large 
property owners and upper middle class families appear to have led the 
out-migration (Low 1989a). At the beginning of this study, a few very 
large land-holdings existed in Locknevi, controlled by a small number of 
individuals. The amount of land under cultivation increased in the 19th 
century; however, land reforms and enclosure (see Gerger and Hoppe 
1980) created great changes. Much of the freeholders’ land was sub
divided, so that landholdings became progressively smaller, and some 
newly cultivated holdings were in agriculturally marginal land. Thus in 
Locknevi Parish during the period of this study, resource holdings shifted 
from being relatively uneven with some very large holdings to more even 
but more restricted holdings.

Gullholmen. Gullholmen is a tiny island parish (Figure 2-1), of only 7 
km2. Here, most people earned a livelihood by fishing, and the catches 
could vary considerably from year to year. The small population of 
Gullholmen rose steadily during the 19th century (unpublished statistics 
prepared by the SDD) but was always less than 1,000 individuals (Figure 
2-2a). Density was the highest of any parish (Figure 2-2b). In many ways, 
this parish is unique: its economic base, its density, the tendency of 
individuals to remain on the island.

Analyses

To chronicle the variation of reproductive and family patterns in time and 
space, and to test hypotheses about the impact of external conditions 
(economic conditions, temporal changes in harvests, etc) on individuals 
whose ability to withstand or profit from those changes might differ (e.g., 
with occupation, land ownership), we will analyze reproductive patterns 
at both aggregate and individual levels throughout the period of our study, 
for each of the parishes, as conditions changed.

Aggregate Data and Analyses. Yearly aggregate population data were 
available from 1821-1900 for Locknevi Parish, and for 1804-1896 for 
Tuna Parish, from the Swedish Demographic Database, Umeå University, 
Umeå, Sweden. From these we calculated crude birth, death, and marriage 
rates.

Individual Analyses. To follow the behavior of individuals in different 
families requires information on the relatedness of individuals through 
time. This comprises a family reconstitution approach, with all attendant
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strengths and weaknesses (e.g., Knodel 1988:4). Here, we have taken a 
conservative approach; for comparisons of lifetime fertility and family 
size, only individuals who remained in the parish throughout their life
times were included.

In order to maximize the size and continuity of lineage records, the 
sample comprised all men (n=791;Table 2-1) married between 1824 
(when the computerized records begin) and 1840 in the four parishes, and 
all their biological descendants (Table 2-1) up to the termination of records 
(1922 in Gullholmen, 1896 elsewhere). Biological descendants were 
defined as those whose parenthood, through birth or baptismal records, 
could be reliably established; it is thus a conservative estimate, since some 
records might be lost, and some fathers of illegitimate children might not 
acknowledge them.

Patterns varied among parishes in childhood survivorship, age at mar
riage, fertility, remarriage, and other important variables. Because of this, 
some analyses cannot be done for the combined sample. Only four 
parishes had sufficiently large samples to allow by-parish comparisons: 
Gullholmen, Locknevi, Tuna, and Nedertomeå. Interestingly, the number 
of ”founding” men in the first generation was actually smaller than in 
Svinnegam, Trosa, and Flennige; however, because individuals stayed in 
Gullholmen, rather than moving in and out (in some parishes many were 
migrant workers), the numbers of founders and descendants whose repro
ductive lives could be followed was greater than in those parishes.

Demographic Database Information. For all individuals in the 
sample, the following data were collected: sex; date of birth; legitimacy 
status; parity (birth order); father’s ”best” occupation; age at first mar
riage; occupation at marriage; number of marriages; ”best” occupation 
(for men) or spouse’s/father’s ”best” occupation (for married and unmar
ried women); number of children bom, dates of children’s births and 
deaths; date of death or loss of record; and type of record loss (e.g., death 
or migration out of the parish).

To reflect occupation, the approximately 10,000 occupational codes 
derived by Erik Söderlund (Swedish Demographic Database, Haparanda, 
Sweden) were clustered into five categories: upper middle class (UMC) 
(those with several servants, ownership of factories or large businesses, 
and/or large amounts of land); lower middle class (LMC) (e.g. small 
businessmen, artisans, professional soldiers, with one or a very few 
servants), bönder (farmers who owned their land), tor pare (farmed, had a
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long-term to lifetime interest in the land, but could not will it; cf. cottars); 
and proletariat (household servants, retired servants, indigent poor). In 
some parishes an additional category was present: the statare, or migrant 
workers. For this study, because these were few and only in certain 
parishes, they were lumped with the proletariat. These categories approxi
mate the standard classification for upper and lower middle class and 
farmers. For most studies (e.g. Eriksson and Rogers 1978, Broström et al. 
1983), the torpare are lumped in with statare and household servants as 
proletariat. Because we were specifically interested in any potential 
impacts of land use and land ownership, we separated the torpare. For 
most analyses, occupational class was treated as categorical (no assump
tion of ordinality was made), but for the assignment of ”best” occupation, 
the standard assumption was made: if a man was a torpare at one point in 
his life and bonde at another, his best occupation was considered as bonde.

Analyses included childhood (to age 15) and adult survivorship and 
mortality. Childhood measures were categorized by father’s occupation. 
Adults were defined as those individuals who survived past the age of 14 
years, whether the categorization was by father’s, own, or husband’s 
occupational status. Because the sample was structured as an initial cohort 
of married men and their descendants, intergenerational comparisons 
involving generation 1 were restricted to married men or individuals, as 
appropriate. In assessing reproductive measures, too, some analyses were 
restricted. For example, two new reproductive measures (below) were 
designed to reflect aspects of lifetime fertility. Individuals alive at the end 
of the period and not having completed their reproductive lives were 
excluded from such analyses.

Survivorship Analyses. For net comparisons of childhood survivorship 
(e.g., to compare within-family patterns for men of different occupations) 
the within-family survivorship rate to age ten was calculated. Originally 
we had hoped to follow this survivorship until establishment of an inde
pendent household, but children began to move outside the house, and 
sometimes outside the parish, between ages twelve and fourteen — 
generating a group of individuals neither known alive nor known dead. 
Thus age ten was chosen. Survivorship through time was analyzed using 
BMDP-1L (one independent variable) and BMDP-2L (Cox model with 
covariates) survivorship analyses. Sometimes differences are more pro
nounced early or late in life; both Wilcoxon and Savage results (BMDP- 
1L) are given. The generalized Wilcoxon (Breslow) test gives greater
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weight to events early in life; the generalized Savage test (Mantel-Cox) 
weights events more evenly (and thus may be influenced by differences 
at the end of the period, when fewer individuals remain). To examine 
multiple impacts on survivorship, the Cox (1972) proportional hazards 
model, which models death rates as log-linear functions of several covari- 
ates, was used. Because some variables (e.g., occupation) were likely to 
have very different impact on men versus women, some analyses were run 
separately for the two sexes; similarly in considering occupation, since 
some occupations did not exist in this sample in certain parishes, analyses 
were run for each parish separately.

Reproductive Measures. The standard measure of age-specific fer
tility, summarizing the reproduction of women in different age categories, 
was calculated. Total Fertility Rate, the sum of all age-specific fertility, 
and Net Reproductive Rate, the average contribution of women given 
fertility and mortality schedules, were also calculated (Palmore and Gard
ner 1983). Because these measures are based on mother ’s age at the child’s 
birth, and generation 1 contained only men, they were calculated for 
generations 2-4. Many studies focus on families to analyze fertility, but 
since remarriage and illegitimacy complicate these issues, and since we 
make different predictions for men and women, it is important to consider 
some aspects of reproduction separately for individuals of the two sexes.

Standard demographic measures are designed to allow predictions 
about populations; but because they are aggregate measures, they might 
vary depending on the relative representation of sub-groups, if sub-groups 
behave differently. Further, the strength of inter-group differences is 
difficult to assess, because intra-group variation is not reflected in the 
aggregate statistics. These measures are based on women. Any assump
tions for men or families ignore death, divorce, and remarriage.

Because the focus of this study is individual and familial patterns, new 
measures, reflecting variance and allowing for the testing of strength in 
inter-group differences, were used in addition to standard measures. In 
this study, we were able to measure for many individuals actual lifetime 
fertility (NBC: number of biological children, i.e. children bom to the 
individual). This measure is analogous to NRR, although based on indi
vidual patterns, and carrying a variance. In addition, the survivorship (S io) 
and mortality rates of the children within each family to age ten, and the 
resulting number of children alive at ages ten (RSio), were calculated. The 
measure RSio is a reflection of ”net success” for each family, the result of
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the interaction of other measures analyzed here: survival to maturity, 
probability of marrying, age at marriage, age at birth of first child, marital 
fertility rate, and childhood survivorship. It is thus a summary measure 
reflecting the net success of any family lineage in a given generation, as 
a function of the fertility and survivorship particular to that family.

Both NBC and RSio will tend to be somewhat lower than hypothetical 
measures such as TFR on the same population, because some individuals 
died before completing their full potential reproductive lifespans. If there 
is any difference in the reproductive patterns of people who leave the 
parish and those who stay, NBC and RSio will also differ from NRR. The 
individual family measures NBC and RSio were restricted to those adults 
living their lives within the parish. Age-specific fertility, NRR, and TFR 
do not require this restriction.

The new measures reflect somewhat different aspects of reproductive 
behavior, and can deepen our understanding when added to TFR and NRR. 
TFR is never assumed to be a very realistic reflection of population 
growth; it will always overestimate growth. NRR, by assigning average 
age-specific fertility and also average age-specific mortality for adult age 
classes, may come somewhat closer. Neither measure gives any reflection 
of variability within any class, as NBC and RSio do. Further, such 
variation can be important not only in comparing categories (age or 
occupation, for example) but also when the average behavior is not close 
to the modal behavior (i.e. when the distribution is skewed). Thus, in this 
study, when we simply compare parishes, the rank order of the parishes 
changes, depending on whether the standard or individually-based 
measures are used (Figure 2-3).

Because the new measures NBC and RSio are intended to reflect 
lifetime reproductive patterns at an individual level, those who migrated 
out of the parish and thus disappeared from the records were excluded as 
were those alive at the end of the sample period, but not having completed 
their reproduction. Thus a woman aged 30 at the end of the sample period, 
with two children, would be considered in age-specific fertility analyses, 
but not in calculation of NBC or RSio.

One’s perception of what happened in these parishes is dependent on 
the measures used to reflect patterns. The six reproductive measures 
presented in Figure 2-3 at first might seem to reflect the same information. 
However, they answer different parts of the question of what will happen 
to the population. TFR and NRR, based on the life table information (and
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therefore usable for aggregate data, but without information on variance), 
give the same rank order for the four parishes analyzed here: Nedertomeå 
has the highest TFR and NRR, followed by Tuna Parish, Gullholmen, and 
Locknevi. The fact that the NRR figures are much closer in value than the 
TFR figures (Figure 2-3) reflects a higher level of infant mortality in 
Nedertomeå.

The measures NBC and RSio, based on the actual lifetime fertilities of 
women (and therefore restricted), give a quite different picture (Figure
2-3). Two sets of these measures are presented; the first set includes all 
adult women, the second is restricted to only married women. The patterns 
shown by NBC and RS10 reflect the fact that the actual reproductive lives 
of individuals may differ substantially from the projections of aggregate 
measures. Reproductive patterns of individuals in different occupational 
categories may be quite different, and the reproductive patterns of those 
who migrate out of (or into) the parish may differ from those resident their 
entire lives.

When NBC is examined over all adult individuals, the rank order of the 
outcomes changes. Nedertomeå is first in TFR; other parishes are virtually 
tied. All parishes are very similar in NRR. Yet when the numbers of 
children bom to all adult women for whom there are full reproductive 
records are compared, Nedertomeå is first, followed by Tuna, Locknevi, 
then Gullholmen. Comparing children alive at age ten, Nedertomeå is tied 
with Tuna, followed closely by Locknevi. Gullholmen is almost equal to 
Tuna and Locknevi in the aggregate measures but is last in number of 
biological children and number of children successfully raised to age ten 
(RSio).

When NBC and RSio are computed for married individuals only, 
however, Gullholmen is no longer the lowest; it is second only to Neder
tomeå and the highest in RSio. This illustrates the difference in fertility 
levels of married and unmarried individuals, and further, the variation in 
this difference among the parishes. Rates of illegitimacy (Figure 2-4) 
varied from 1.3% (Gullholmen) to over 7% (Nedertomeå and Tuna). 
Because there was very little fertility outside marriage in Gullholmen, 
there is a large difference between the ranking of the parish between the 
two sets of NBC/RSio rankings. Infant and child mortality, and non-ran
dom patterns in movements into and out of the parish are not reflected in 
TFR and NRR, but in the differences between these measures and the new

33



<
C/)

er
LUQ.
LU
er3cn 
<
LU

4 0 0 0  -

2000  -

NEDERTONEÅ 

TUNA

GULLHOLMEN 

E l  LOCKNEVI

TFR ISRR NBC R S 1 0 NBCm R S 1 Om

REPRODUCTIVE MEASURE

Figure 2-3. The rankings o f the four largest parishes change, depending 
on which reproductive measure is used. TFR=total fertility rate,NRR=net 
reproductive rate, NBC-number of biological children (lifetime fertility, 
calculated individually), RSio-number of biological children (lifetime 
fertility, calculated individyally), RSio=number o f children sired alive at 
age ten. NBC=number o f biological children (lifetime fertility, calculated 
individually) for married individuals, RSiOm-number o f children sired 
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measures presented here. Which set of measures is appropriate depends 
on the question one wishes to ask.

M igration Analyses. Migration analyses were undertaken using an 
event history approach (Allison 1990). Hazard rates were determined for 
the population at risk by five-year intervals. A discrete time model was 
applied using logistic regression run under BMDP-LR. This technique 
allows both problems of censoring and time-varying explanatory variables 
to be addressed. In addition to explanatory variables related to individuals, 
the impact of time was also investigated in the model building process.

34



100

□  BETROTHAL 

0  ILLEGITIMATE 

■  LEGITIMATE

LOCKNEVI GULLHOLMEN TUNA NEDERTORNEÅ

PARISH

Figure 2-4. Rates of illegitimacy varied among the parishes.

Both lifetime interval and birth cohort representations of time were 
considered.

Land Ownership. Occupational status is only a crude reflection of 
actual resource possession, and no measure of income was available. 
Income was not taxed during the period of this study; individuals over 18, 
and not senile or incompetent paid a per capita tax, which appears from 
the records to be smaller for landowners, who owed the Crown other 
duties, than for others (Lext 1968). The per capita tax was a small amount 
for all individuals. A measure of actual resource control is desirable. 
Nineteenth century Sweden represents a land-based economy; land was 
the major resource. Land ownership, as well as the household composition 
and the per capita tax payment, was reflected in civil tax records, the 
mantalslängder. Amantal was a reflection of the amount of land required 
in any parish to make a family self-sufficient (Lext 1968). Although the 
criteria used to define a mantal are not clearly specified, within a parish, 
the mantal reflected a consistent land portion (Lext 1968). In Tuna parish, 
one hundred six individuals in this sample owned land; records were 
available for 1845-1875 from Dr. R. Östergren, University of Wisconsin.
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Analyses were done to determine whether occupational status and land 
ownership were correlated with the reproductive patterns of men and 
women. The effects of legitimacy and parity (birth order) were examined, 
since these, like occupational status, are likely to affect resource acquisi
tion and control. Land ownership data were available for Tuna Parish. 
Lineage data were used for resource-impact analyses; aggregate data were 
used for other problems.

Commodity Costs. Climate and weather are obvious influences on 
agricultural resources (e.g., crop productivity), but their interpretation can 
be complex (e.g. LaDurie 1971, Utterström 1955). Local climate and crop 
production records are not reliably available for the period we consider. 
Jörberg (1972), however, compiled substantial data on crop and com
modity market prices in Sweden, and found that crop prices co-varied with 
productivity. Jörberg (1972) also summarized yearly costs by Lan 
(=county; 24 in Sweden) for staple items, as well as day-wage units 
required to purchase important commodities. These offer a closer approxi
mation to regional and temporal variation in living costs. Jörberg found 
that food costs comprised the majority of household budgets (83.3%; 
Jörberg 1972 II: 182), and also that different commodities fluctuated 
independently in price.

Several factors complicate the use of these data. Costs and availability 
were influenced by international import regulations and trade patterns 
within the country. Further, local crop failures which show correlations to 
people’s reproductive lives at the local parish level (e.g. 1840s in Lock- 
nevi; Low 1989a), are not always reflected in regional crop prices or 
cost-of-living indices. Finally, the impact of cost changes may differ for 
richer versus poorer individuals, or for landowners versus day laborers, 
for example. Thus, neither crop yields nor prices offer a complete measure 
of ”better” versus ”worse” periods and places for all individuals (see also 
Wrigley 1983). Further, cost-of-living indices based upon a set ”market 
basket” do not account for substitution of commodities. It is likely that 
people consumed locally fresh and cheap goods, so that no single cost 
index is appropriate.

Jörberg’s (1972 II: 350) yearly cost-of-living indices are not available 
regionally for the period of our study, but he does provide five-year 
average regional comparisons of the cost of food relative to its cost in 
1860. These costs represented 96% of the budget in Kalmar Lan (including 
Locknevi Parish) from 1805-1869, and 98% of the budget from 1865-
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1914 (Jörberg 1972 II: 353); in Västernorrland (including Tuna Parish) 
they represented 86% of the budget from 1805-1869, and 76% of the 
budget from 1865-1914 (Jörberg 1972II: 355).

Even at the regional level, such cost-of-living measures require caution. 
In parishes such as Locknevi in which migrant workers are an important 
part of the economy, the relevance of day-wage levels depends on how 
many days laborers worked in a year (Jörberg II: 344). In Tuna, the diverse, 
mixed economy allowed many non-market alternatives to supplement day 
wages: barter, hunting, fishing (hence food costs as measured by Jörberg 
comprised a smaller percentage of the budget). It is very difficult to 
measure all sources of income and resource acquisition in such environ
ments. Thus, we expect stronger correlations of reproductive patterns with 
wages or purchasing power in Locknevi than in Tuna. Finally, under the 
same prevailing economic conditions, some individuals may experience 
an economic improvement while others suffer hardships (e.g. as purchas
ing power declines).

Wages for day work were affected both by the number of available 
workers and the demand for laborers (Jörberg II: 336). During the two 
periods when real wages fell, 1780-1800 and 1820-1840, there was a 
great increase in agricultural employment in Sweden. Number of farm 
hands and sons working for fathers increased from 180,000 in the 1770s 
to 235,000 in 1800, and to more than 300,000 in 1840. Production 
increased, real wages fell, and economic conditions for laborers declined, 
while conditions improved for farmers producing for the market (Jörberg 
II: 343).

Given the above caveats, we analyzed several measures: day-wage units 
required to buy a hectoliter of rye, a kilo of butter, and a hectoliter of dried 
fish (items not substituted for each other, though estimated by Jörberg 
(1972) to comprise only about 35% of his cost-of-living index) (Figure
2-5); county-specific 5-year average costs relative to 1860 (Low and 
Clarke 1991b). We also compared the responses of individuals in different 
parishes (Figure 2-6).

Other Statistical Considerations. Statistical analyses were done using 
the MIDAS and BMDP statistical packages on the Michigan Terminal 
System. For analysis of marital and occupational patterns, the sample was 
restricted to individuals surviving past age 15, in order to separate the 
effects of childhood mortality from effects of occupational status, age at 
marriage, and other adult measures.
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Analysis of variance was restricted to problems (e.g. survivorship rate 
within the family) for which data were continuous and normally dis
tributed (Conover, 1980). Although ANOVAs are typically used for ana
lysis of number of children, the distribution is clearly non-normal (i.e., 
many more families have one child than have the maximum number), so 
the Kruskal-Wallis statistic (Conover, 1980) was calculated. An alpha 
level of significance of 0.05 was applied throughout.
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Survivorship

Resources can clearly affect an individual’s ability to survive, and 
survival is clearly necessary to establish a family and continue a 

family lineage. In this chapter we examine patterns of survivorship in a 
number of ways: overall survivorship of children within the family to age 
ten (a contribution to RSio, or net family size); and the actual pattern of 
survivorship for boys and girls to age fifteen, men versus women, men 
and women by marital status, and men within each parish by occupational 
status. For comparisons between the sexes (restricted to generations 2 and 
greater), or comparisons by marital status or occupation, survival analysis 
(BMDP: 1L) was used. Sometimes differences are more pronounced early 
or late in life. Both generalized Wilcoxon (Breslow) and Savage (Mantel- 
Cox) results are given. The generalized Wilcoxon (Breslow) test gives 
greater weight to events early in life; the generalized Savage test (Man- 
tel-Cox) weights events more evenly (and thus may be influenced by 
differences at the end of the period, when fewer individuals remain). For 
comparing the net reproductive success (RSio) of different categories, the 
contribution of within-family survivorship (S10), as well as fertility (NBC) 
was assessed.

Survivorship of Children

Several factors seem likely to influence children’s survivorship: geo
graphic and historical variation in risks, variation in families’ abilities to 
protect children (e.g. by fathers’ occupation), and other particulars about 
family life (e.g. Johansson’s [1984] suggestion that daughters of land
owners might be neglected, because daughters are seen as less valuable 
than sons in landed families).

Parish Differences. Among the parishes, survivorship of children dif
fered dramatically (Figure 3-1), from over 80% surviving to age fifteen 
(in Gullholmen and Locknevi parishes) to just over 55% surviving to age 
fifteen (in Nedertomeå parish). The low survivorship in Nedertomeå was 
probably related to the habit of feeding children cow’s milk, which, in the 
absence of refrigeration, was often contaminated. In the 1840s, the central 
Swedish government sent relatively high-ranking civil servants to live and
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Figure 3-1. Survivorship o f children from birth to age 15 differed signifi
cantly among the parishes, with low survivorship inNedertorneå probably 
reflecting the fact that many children were not breast-fed.

work in Haparanda in Nedertomeå, and sent also a medical doctor to 
accompany them (see Brändström 1984). The doctor, appalled at the low 
infant survivorship, initiated a campaign to promote breast-feeding.

Within-Family Survivorship Rates: NBC and RSio. When using 
individual-based measures such as NBC (number of biological children 
bom) and RS io to compare the behavior of men and women, it is important 
to know not only about the survivorship of children in the aggregate, but 
also within the families of individuals. Children’s survivorship varied 
among the parishes and, in some parishes, among fathers’ occupations 
(Figure 3-2), as well as between the sexes (below).

Figure 3-2 summarizes the within-family survivorship rates for children 
of men of different status, and women married to men of different status, 
by parish. In Locknevi in generation 1, the children of statare/proletarian 
men survived less well to age 10 than children of men of other occupa-
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tions; in the second generation survivorship varied (Figure 3-2). In Tuna, 
overall, children of farmers and upper-middle class men survived best 
(Low 1990a), but the pattern varied between generations 1 and 2 (Figure
3-2). In Gullholmen, survivorship within the family did not vary with 
occupational status in the first generation (Low and Clarke 1991a; 
p=0.21), but the relationship was marginally significant in generations 2-4 
(Low and Clarke 199 la; p=0.056). Within-family survivorship was higher 
for bönder in generations 2-4 (Figure 3-2). In Nedertomeå, the change in 
within-family survivorship between generations 1 and 2 reflects the fact 
that the doctor in Haparanda worked with richer, rather than poorer, 
families. Thus, there is a greater difference in survivorship with occupa
tional class in generation 2 (Figure 3-2). Because he worked principally 
in the town of Haparanda, and principally with upper- middle class 
families, it is those families and their servants who had most access to his 
information. Thus, both occupational status and family residence were 
major factors in changes in survivorship (Brändström 1984). However, in 
our sample, we have only the occupational status. Thus, for this sample, 
in generation 1 we see low and relatively even survivorship among 
families of different occupational status; in generation 2 we see higher 
survivorship of children in upper-middle class families. Since adult fer
tility varied among occupations and between generations also (see Figure
4-2), this difference in survivorship did not result in a significant impact 
of net fertility by occupation for adults from generation 1 to generation 2.

Sex Differences in Survivorship. In most mammals, raising sons is a 
risky business: males cost more physiologically than females (are carried 
longer in utero, are larger at birth, nurse more frequently and drink more 
in each nursing bout, are weaned later). More males typically die during 
the period of parental care (e.g., LeBoeuf and Reiter 1988). This greater 
cost may even influence the probability of conception of each sex, 
dependent on the mother’s condition (Trivers and Willard 1973; see 
Chapter 5). United Nations (1962) data (reviewed in Johansson 1984, her 
Figure 1) also show this pattern. Thus, even though Stolnitz (1956) argued 
that it was ”typical” to find that females died at higher rates than males 
before the 1920s, we may need more careful review.

In our sample, too, girls tended to survive better than boys in three of 
the four parishes (Figure 3-3). In Nedertomeå (p=0.02) and Tuna (p=0.04) 
parishes, the differences were significant (Figure 3-3); in Gullholmen, the 
differences were only marginally significant (p=0.10; Figure 3-3). In
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to each adult surviving to age ten) differed not only among parishes, but 
within some parishes, among occupations, and between generations.
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Locknevi Parish, the survivorship patterns and rates were almost identical 
for boys and girls (p=0.94; Figure 3-3).

Johansson (1984), working with aggregate national data, found ”excess 
female mortality” (female survivorship lower than male) from the 1870s 
for children 10-14, and from the 1880s for children 5-9. She argued that 
this represented ”deferred infanticide” practiced in commercial agricultu
ral regions, where girls were perceived to be less valuable than boys. 
Voland (1984) similarly found that the daughters of farmers died at a 
slightly higher rate (13.6%) than farmer’s sons (12.6%); in the first year 
of life, when parental care is most important, Voland found that the 
differences were greater (22.9% versus 16.2%). The similar survivorship 
of boys and girls (with no male advantage in the first year) in Locknevi is 
the closest we come to seeing such a pattern; interestingly, Johansson 
(1984: Table IV) found Kalmar (which includes Locknevi) to have one of 
the lowest differentials in mortality.

Since Johansson attributed the differential to the perceived value of 
children of the two sexes in particular economies (agricultural and indus
trialized), we examined the survivorship of children by sex for families of 
different occupational status in Locknevi. If deferred infanticide were 
apparent, it should be most likely in the children of land-based families. 
For sons and daughters of bönder and torpare, both agricultural occupa
tions, there was also no significant difference in survivorship between the 
sexes (see also Low 1989a; p=0.79). When survivorship from birth to age 
15 is examined for the sons and daughters of bönder and torpare (Figure
3-3), no clear evidence of neglect of daughters emerges. In Locknevi and 
Gullholmen, neither sons’ nor daughters’ survivorship changes when 
compared to those of sons and daughters in families of all occupations. In 
Nedertomeå, sons of bönder and torpare survived slightly but not signi-

Figure 3-3. In Gullholmen, Tuna, and Nedertorneå parishes, boys sur
vived less well at all ages to age 15, in a pattern typical o f mammals. In 
Locknevi, there was no difference in boys' versus girls' survivorship. Even 
when the survivorship o f the sons versus daughters o f bönder and torpare 
are compared, the patterns do not shift to clear evidence o f female neglect, 
contra Johansson (1984). See text for further explanation.

47



ficantly less well than sons overall; similarly daughters between ages 2.5 
and ten survived slightly (but not significantly) less well than daughters 
overall. In Tuna parish, both sons and daughters of bönder and torpare 
survived better than sons and daughters overall. In all four parishes, while 
the general pattern did not change (i.e. except in Locknevi, daughters of 
bönder and torpare survived better than sons of bönder and torpare), there 
remained no significance to the patterns; we suspect this is a problem of 
sample sizes.

Voland (1984) found that daughters of landowners fared less well than 
sons in the first year of life in a German population. When the suvivorship 
of sons versus daughter of bönder and torpare is compared, daughters 
survive slightly better to age 1 year in Nedertomeå (n=979, Wil- 
coxon/Breslow=3.35, d.f.=l, p=0.067), but there is no significant dif
ference in any other parish (Locknevi n=1155, Wilcoxon/Breslow=0.95, 
d.f.=l, p=0.33; Gullholmen n=472, Wilcoxon/Breslow=0.77, d.f.= l, 
p=0.38; Tuna n=870, Wilcoxon/Breslow=1.43, d.f.= l, p=0.23). In all of 
these, girls survived slightly but not significantly better than boys, but 
sample sizes are small. Perhaps, in view of the general pattern of greater 
dependent male mortality among mammals, the pattern in the first year of 
life, and later in Locknevi could represent a mild case of neglect of 
daughters, but we have no conclusive evidence. Fridlizius (1988) also has 
found no support, with broader data, for Johansson’s suggestion, and, as 
Wall (1981) notes, inference of neglect from mortality data is difficult.

Adult Survivorship

In the entire sample, of the 3765 individuals reaching age fifteen, 
women survived longer than men and these differences were most pro
nounced in later life (Figure 3-4a; n=3765; W=3.2, p=0.07; S=9.1, 
p=0.003). Again, this pattern is typical for most human societies, and for 
populations of most other mammals (e.g., LeBoeuf and Reiter 1988, 
Clutton-Brock et al 1986). For adults of each sex, patterns varied among 
parishes, and within each sex, other factors were important — marital 
status for women, and marital and occupational status for men.

Parish Differences: Men. Men’s survivorship varied among the four 
largest parishes (Figure 3-5a; n=2192, W=20.9, p=0.0001; S=26.3, p 
<0.00001). From ages 15-25, no differences existed in men’s survivorship 
among parishes (Figure 3-5a). No significant differences existed in men’s
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survivorship throughout life when Locknevi and Tuna parishes are com
pared (Figure 3-5a). Early in life, survivorship was lowest among men in 
Gullholmen (perhaps related to ocean fishing as a principal occupation); 
after about age fifty, men in Nedertomeå survived less well than men on 
other parishes.

M en’s M arital Status. In this analysis, because generation 1 comprised 
married men, and a bias could thus have been introduced, the analysis was 
restricted to later generations. Of the 1875 males reaching age 15, married 
men survived significantly better than unmarried men, both early and late 
in life (n=1875, W=87.6, pcO.OOOOl; S=76.0, pcO.OOOOl). Fridlizius 
(1988) in a broader sample, also found that unmarried men survived less 
well than all other categories. We are tempted to relate this to the risk-tak
ing of male mammals (usually in the context of sexual selection), which 
results in males surviving less well than females, sometimes by striking 
amounts.

M en’s Occupations. Some occupational statuses were missing from 
various parishes (e.g., Table 6-2), and men’s survivorship varied among 
parishes; thus the impact of occupation was restricted to by-parish ana
lyses (Figure 3-6). Men’s survivorship by occupation has been reported 
elsewhere for Tuna (Low 1990a) and Locknevi (Low 1989a) parishes. In 
Tuna, no occupational differences in survivorship were apparent before 
age 55 (Low 1990a, p=0.21), but by age 55, bönder and torpare (land- 
based occupations; men unlikely to work in the factories) survived better 
than lower-middle class and proletarian men (Low 1990a, p= 0.005). In 
Locknevi, no differences in men’s survivorship were apparent with occu
pation (Low 1989a). In Gullholmen, in which as we have noted, there was 
little range in men’s resource control, there were also no significant 
differences in survivorship between lower-middle class and bönder 
(Figure 3-6; n=220, d .f=1; W=0.1, p=0.99; S=0.009, p=0.92). In Neder
tomeå, torpare survived better than men in other occupations both early 
and late in life; other occupations showed little differences until about age 
50, after which bönder survived better than other occupations (n=422, 
W=8.9, p=0.03; S=1L6, p=0.009).

Parish Differences: Women. Women’s survivorship, like men’s, varied 
significantly among parishes (Figure 3-5b). Differences were slight until 
approximately age 35; then women in Nedertomeå survived less well than 
in all other parishes (Figure 3-5b; n=1629, W=16.1, p=0.001; S=25.6, p 
<0.00001).
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Figure 3-6. The effect o f mens occupations on survivorship varied among 
the parishes. In Gullholmen and Locknevi, there were no significant 
differences with occupation. In contrast, men o f different occupations 
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ces more pronounced later in life.
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Women’s M arital Status. In all parishes, married women survived 
better than unmarried women (Figure 3-4b). Fridlizius (1988) found also 
that unmarried women survived less well than either married women or 
married men. This seems counter-intuitive, given the fact that childbirth 
is an identifiably important cause of death in many nineteenth-century 
societies, including Sweden (e.g. Högberg 1985). In three of the parishes, 
the differences may not be so extreme as they appear, because of social 
factors that influence the sample. Much out-migration by women is for 
purposes of marriage — they marry men in other parishes, and the 
marriage may well take place in the man’s parish. Thus the censoring of 
unmarried women can be extreme (in Tuna and Locknevi parishes, over 
90% of ”unmarried” women, who may later have married, were censored 
because they left they parish while alive and unmarried). The death of one 
woman, when the remaining sample is very small, makes a relatively 
greater impact on the per cent surviving, and may exaggerate the differen
ces.

Husband’s Occupations, Women in nineteenth century Sweden too 
seldom retained ”own” occupations to analyze survivorship in this way 
(see Chapter 2). However, there remains the possibility that women 
married to men of different occupations might be exposed, just as their 
husbands, to differential risks. In none of the parishes, however, were there 
significant differences in women’s survivorship, early or late in life, 
related to their husband’s occupations.

Adult Survivorship: Overview. To understand these diverse patterns 
better, Cox proportional hazards models with covariates were run. In the 
full model (sex, occupation or husband’s occupation, marital status, and 
parish as covariates; global X2=94.2, d.f =6, pcO.OOOOl), marital status 
(coef/S.E=7.8, exp=2.42) was most important — married individuals 
tended to live longer than unmarried; followed by sex (coef/S.E=-2.7, 
exp=0.74). Adult survivorship was significantly lower in Nedertomeå 
than in other parishes (coef/S.E=-3.29, exp=l .61). Stepwise analyses were 
run separately for men and for women. The results were consistent 
between the sexes. For men (global X2=59.9, d.f.=2, p< 0.00001), marital 
status (improvement X2=46.7. p< 0.0001) was most important. Occupa
tional status (improvement X =0, p< 0.98) was not. Men’s survivorship 
was significantly lower in Nedertomeå than in all other parishes (improve
ment X2=14.4, p< 0.0001). For women, also, marital status was most 
important (improvement X2=46.7, p< 0.0001). Again, women’s survivor
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ship was lower in Nedertomeå than in other parishes (improvement 
X2=14.21, p< 0.0002), and husband’s occupation was unimportant (im
provement X2=0, p< 0.46) Because this model does not treat marital status 
as a time-dependent variable, there is a possibility of intrinsic bias — those 
who die at early ages (e.g., 15-20, when few people marry) are obviously 
not able to marry, those who marry clearly survived. However, even when 
the analyses are run only with men or women over 20, to eliminate those 
who might die before the age of marriage, marital status is still the most 
important factor for men (global X2= 43.9, d.f.=2, p< 0.00001; improve
ment X2=34.8, p< 0.00001). For women, living in Nedertomeå had the 
greatest impact (global X = 32.6, d.f.=2, p< 0.00001; improvement 
X2=14.02, p< 0.0002), with marital status next most important (improve
ment X2=6.25, p.<02). Thus, throughout life, married individuals of both 
sexes tended to survive better than unmarried individuals (Figure 3-4; cf. 
Fridlizius 1988) In all analyses, women’s survivorship was less complete
ly ”explained” than men’s, suggesting, perhaps, a role for childbirth in 
women’s risks of dying (also see Högberg 1985).
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Men’s Reproduction

It may seem artificial to separate our consideration of men’s and 
women’s reproduction. Indeed, if we were obligately monogamous — 

if there were no divorce or remarriage — we could study the ecology of 
reproduction in either males or females, and generalize without worry. 
However, in humans and in other species, there is a difference in the 
ecology of reproduction of males and females (e.g. Low 1989b). The 
behavioral ecology of other mammals, and of pre-industrial societies, lead 
to some general predictions about sexual dimorphism in resources and 
reproductive patterns in a society such this one (Introduction). If resource 
control varies among men (e.g., with occupation or land ownership), and 
reproductive value (Fisher 1958) varies among women (with age), then 
non-random patterns of association are likely to result — and the sexes 
are likely to have rather different reproductive patterns (Low 1989a, 
1990a, Low and Clarke 1991a). Thus, here we analyze men’s and 
women’s reproduction separately, for the impact of resource control 
(predicted for men) and reproductive value (predicted for women).

The original cohort was one of men married 1824-1840; thus all men 
in generation 1 were married. Men in generations 2-4 were bom into the 
sample (Table 2-1). Thus, some comparisons were restricted to all married 
men (which could include men from generation 1), or to all men bom or 
reaching adulthood (restricted to later generations). In this study, 1745 
males lived to be at least 15 years old. Of these, 1435 married, at an 
average age of 27.5 years. For men, occupational status and/or land 
ownership were likely to be the most important predictors of reproductive 
behavior (Low 1989a,1990b, Low and Clarke 1991a). Aggregate analyses 
also suggest that fertility followed economic conditions (Low and Clarke 
1991b). Similarly, Wrigley and Schofield (1981) noted that marriage rates 
and fertility in England followed agricultural and economic conditions to 
some extent.

Resource-holding men in all parishes married younger women than 
non-resource holding men (Low and Clarke 1991a; p=0.009). The dif
ference is not simply linear: upper-middle class men married women 24.5 
years old on average, LMC men married women 25.0 years old, bönder 
married women 25.7 years old, torpare married women 26.9 years old,
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statare and proletariat married women 25.5 years (Low and Clarke 1991a; 
p=0.0007). The fact that torpare married older women is intriguing in light 
of Drake’s (1969) report of torpare during the same historical period in 
Norway explicitly stating that they sought older women as wives, women 
who had accumulated household goods and acquired the skills for mana
ging households. Similarly, Mitterauer and Sieder (1982) found that 
journeymen occasionally married the widows of their tradesmasters in 
Austria. Thus, while we predict women to marry at younger ages than men 
in general (Low in press), men with considerable resources can marry 
women with high reproductive value, while men with few resources may 
explicitly trade reproductive value for economic value in a wife (Low in 
press, Voland and Engel 1990; also see Hughes 1986). This is further 
reflected by the contemporary view that daughters of upper-middle class 
men were considered women (marriageable) at eighteen years, while 
daughters of poorer men were not considered marriageable until years 
later, in their mid-to-late twenties (Drake 1969).

Resources also influenced at least the recording, if not the conception, 
of illegitimate children (Figure 4-1). Of all children bom, the proportion 
of higher occupational status fathers was higher for legitimate children 
than for illegitimate children. Of illegitimate children for whom the 
father’s identity was known, none were fathered by upper-middle class 
men, and more than half of the acknowledged fathers were statare or 
proletarian men (Figure 4-1).

Comparing spousal ages in men’s first and second marriages, the mean 
difference in ages increased: for men married more than once, the age 
difference in the first marriage was +0.45 years, while the age difference 
in the second marriage was -10.6 years (Low and Clarke 1991a; p< 
0.0004). That is, when men remarried, they tended to marry not women 
of their own age, but younger women (again, of higher reproductive 
value). This undoubtedly contributed to the greater fertility of men’s 
second marriages, compared to women’s (Chapter 5). Upper-middle class 
men, lower-middle class men, and bönder tended to remarry more than 
torpare, statare, and proletarian men, although this varied among parishes.

Whenever sufficient variation in resource base existed, men’s reproduc
tive success correlated with resources. Patterns varied between the first 
and second generations (Low 1989a, 1990b, Low and Clarke 1991a), 
among parishes, and even among decades of marriage within the second 
generation. Thus we examine the four largest parishes separately.
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Figure 4-1. O f men identified as the fathers o f illegitimate children, more 
than half were statare and proletarian men, suggesting a possible class 
bias in the reporting o f paternity.

Nedertorneå

Men’s own best occupation was associated with differential likelihood of 
marrying for males surviving to age fifteen and entering the period of 
potential reproduction (Low and Clarke 1991a; p=0.004) (generations 
2-4). For men living their entire life in the parish, 36% of statare and 
proletarian men married, compared to 57% of UMC, 44% of LMC, 57% 
of bönder and 44% of tor pare. The interaction of resources and reproduc
tive patterns appears complex, influenced by at least two sorts of historical 
particulars. First, the occupational status measure shows a great range, but 
this is due to an action by the central Swedish government early in the 
nineteenth century in moving upper-level civil servants to the outpost 
town of Haparanda, to shore up the local economy (e.g., Brändström
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1984), and the reproductive patterns of local families and immigrant 
families are not separable in these data. Second, survivorship of infants 
was low, due to the habit of feeding infants cows’ milk (which often was 
contaminated) rather than breast-feeding them (Brändström 1984). In the 
1840s, a doctor came to Haparanda, beginning a campaign to re-institute 
breast feeding. Because he worked mainly with upper-middle class 
families and in the town of Haparanda rather than the surrounding country
side, there is great variation in interbirth intervals, survivorship, and thus 
fertility and family size that is tied to location, class, and time — not 
analyzable in this study. Thus, we found no significant differences in either 
fertility (NBC: p=0.72) or children alive at age ten (RS io: p=0.89) (Figure 
4-2). Brändström (1984), who was able to partition the effects of residence 
as well as class, found significant fertility and survivorship differences 
with class, and with residence (town versus countryside). Neither Bränd
ström nor we were able to examine any relationships with land ownership 
and fertility. Figure 4-2 reflect some of the impacts of the doctor’s efforts, 
although it cannot separate town from countryside: in generation 1, NBC 
(lifetime fertility) is considerably higher than RSio (lifetime family size 
reflected by number of children alive at age ten) for all classes; in 
generation 2, upper- and lower-middle class men’s children survived 
much better.

Married men had significantly more (acknowledged) children than 
unmarried men, and significantly more children surviving to age ten 
(NBC: p=< 0.00001; RSio: p< 0.00001). Men of different occupations 
married at different ages (Low and Clarke 1991a; p=.01): upper middle 
class men (30.0) and statare and proletarian men (27.6) tended to marry 
later than lower middle class men (25.8), bönder (26.1), and torpare 
(26.0). This pattem was pronounced in the first generation (Low and 
Clarke 1991a; p=0.003), but only marginally significant in the second 
generation (Low and Clarke 1991a; p=0.13). Men who married early 
tended to have more children than men who married later, though there 
was considerable variation (Low and Clarke 1991a; p=0.04).

Remarriage was important to men’s lifetime reproduction; men who 
were married more than once (n=53; maximum number of marriages=3) 
had more children (Low and Clarke 1991a; p=0.0001) and a marginally 
significant trend toward more children surviving to age ten (Low and 
Clarke 1991a; p=0.09) than men married only once. Most likely to marry 
more than once were torpare (9/47; 19.1%) and bönder (23/139; 16.6%).
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Sons of proletarian (x=24.8 years) and lower middle class men (x=24.9) 
tended to marry earlier than sons of farmers‘x=25.6) and torpare (x=26.8) 
(ANOVA, n=241, F=3.0, p=0.02). No patterns were apparent between a 
man’s father’s class and the man’s lifetime fertility (Low and Clarke 
1991a; NBC: p=0.73; RSio: p=0.70).

A number of reproductive patterns changed significantly between the 
first generation in the sample (ancestral cohort) and all subsequent gener
ations. Class differences in age at marriage and number of fertile years 
existed in both the first and subsequent generations, but the pattern was 
different. In the first generation, there was no significant difference in the 
number of children bom (Low and Clarke 1991a; p=0.73) or alive at age 
ten (Low and Clarke 1991a; p=0.56) for men of different occupational 
status; in generation 2, torpare had the most children (Low and Clarke 
1991a; NBC: p=0.002; RSio : p=0.02).

Tuna

In Tuna Parish, men’s occupations did not affect their probability of 
getting married (Low 1990a). Sons of men of different occupations were 
differentially likely to marry (Low in press). Men who married had much 
higher fertility than men who did not marry (Low in press). Men who were 
married more than once (n=23; maximum number of marriages=3) had 
the same number of children but more children surviving to age ten than 
men married only once (Low in press). Farmers were most likely to marry 
more than once (12/165; 7.3%), and this fact may be related to the division 
of labor and distribution of jobs to be done on any successful farm (also 
see Land Ownership below).

Men married for the first time at 26.7± 4.5 years (Low 1990a). Men in 
the ancestral cohort, married between 1824-1840, married slightly later 
than their male descendants (Table 2-1; also see Low 1990a). Class 
differences in age at marriage existed in the second generation but not in 
the first. Men’s age at marriage in later generations ranged from an average 
of 25.1 for torpare, to 27.2 for farmers. The later age at marriage for 
farmers may be related to the time needed to acquire land. Neither men’s 
own occupations nor their fathers’ occupations affected their age at 
marriage. For most men, age at marriage was not related to lifetime 
fertility, but for farmers, the earlier they married, the more children they 
had (Low 1990a). Men of different occupational status were likely to
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marry women of different ages. Upper middle class men tended to marry 
the youngest women (23 ±1.4 years [n=2]), proletariat the next youngest 
(24.7 ±  4.2 [n=83]), and torpare the oldest women (27.3 ±  5.4 [n=79]) 
(Low 1990a).

Men of different occupations in Tuna did not differ in their lifetime 
fertility (Figure 4-2). Within-family survivorship, the proportion of child
ren bom in each family surviving to age ten, varied with men’s occupa
tional status (Low 1990a, Chapter 3).

Marital family size in Tuna Parish did not change from generation 1 to 
generation 2 (Low 1990a). Further, marital fertility and family size 
changed in different ways for men of different occupational status (Low 
1990a): marital fertility for LMC men increased slightly (p=0.08), but 
survivorship decreased between generations, resulting in approximately 
the same number of children alive at age ten. Bönder and torpare fertility 
and children alive at age ten declined non-significantly. Proletariat fertility 
and children alive at age ten both declined but survivorship improved, 
although none of these differences were significant. Thus, the crude 
measure of occupational status, while related to certain reproductive 
behaviors, did not predict either fertility or the number of children alive 
at age ten in either generation 1 or 2.

Land Ownership and M en’s Reproduction: Tuna. In this sample, 
104/602 men in Tuna owned land; their holdings ranged from 100.9 to
610.5 hundredths of a mantal (x=256). Because of the timing of the 
sample, it is important to establish whether any bias exists: were older 
men, or men in the first generation, more likely both to have accumulated 
land and to have completed families? However, mantal did not change 
between generations one and two (Low 1990a; p=0.91), and there was no 
relationship between a man’s year of birth and his average mantal (Low 
1990a; p=0.89). Thus there is no biasing correlation between age or 
generation and land accumulation (cf. Gaunitz 1979; Easterlin, Alter, and 
Condran 1978).

Men of all occupational statuses except proletariat owned land, although 
the majority (81/106; 76%) were categorized as bönder, or farmers (Figure
4-3). Men categorized as bönder, not surprisingly, owned significantly 
more land than men of other occupational statuses (Low 1990a). Of the 
landowners that were of the occupational class bönder, those owning more 
than the average amount of land had more children and more children 
surviving to age ten (Low 1990a; NBC: p=0.008; RSio: p=0.003).
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When all adult men who were resident in Tuna parish for their adult 
lives are compared, landowners had more children bom and more children 
alive at age ten than non-landowners (Figure 4-4; also Low 1990a). 
Further, their reproductive success varied less than that of non-landowners 
(Low and Clarke 1991b). This difference in fertility arose from several 
proximate causes. Landowning men were likelier to marry than non-lan
downing men; 95% of men in generation 2 who owned land married, 
compared to 35% of men who did not own land (Low 1990a). Even when 
only marital fertility is compared, the difference persists: landowners had 
more children and more children surviving to age ten than non-landowners 
(Low 1990a). Landowning men married slightly but not significantly later 
than non-landowners. Land ownership here is not identical to the occupa
tion of farmer (Figure 4-3; farmers do marry later than other occupations). 
Landowning men married relatively younger women: landowners married
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Figure 4-3. Men o f all occupations owned land.
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Figure 4-4. In Tuna Parish, mens reproduction varied, depending on 
whether they owned land, and whether they owned more or less than the 
median amount.
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women 2.6±2.9 years younger than themselves, while non-landowners 
married women 0.86±2.2 years younger than themselves (Low in press). 
Thus landowning men married women with approximately two more 
fertile years. There was no difference in the interbirth intervals (Low 
1990a, Low and Clarke 1991a) of children bom to landowning versus 
non-landowning men (cf. Cain 1985).

Men who owned land tended to be earlier in the birth order than 
non-landowners (Low 1990a). Twenty-seven second-generation land
owners had fathers also in the mantalslängd\ 24 of the fathers were bönder, 
one upper middle class, and two lower middle class. For this subsample, 
the more land a father owned, the more land his son was likely to own 
(Figure 4-5). In 24 of these 27 families, the landowning son had at least 
one brother. Nineteen families were represented by the 24 men. In 12/19
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Figure 4-5. The amount of land a man owned was correlated to the amount 
his father owned.
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families (63%), either the first-born son alone owned land (n=10), or the 
first-born son died in childhood, and the earliest-born surviving son owned 
land (n=2). In four families (21%), the first-bom and later sons owned 
land. In three families (16%), only a later-bom son with adult brothers 
owned land, but in one of these families, the oldest son died at age 32, 
which, while adult, was before most men gained land.

In this sample, then, landowning men with more than one son distributed 
their resources unevenly among their sons, favoring first-born sons (Low 
1990a). The reproductive impacts of resource-holding continued into the 
next generation. When adult land-owning versus non-landowning sons of 
landowning fathers are compared, several patterns are evident. Landown
ing sons, who tended to be first-bom, were far more likely to remain in 
the parish for their entire life and had more children and more children
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surviving to age ten than their non-landowning brothers (Figure 4-6; Low 
1990a).

In both generations, large landowners had higher fertility than small 
landowners. In the first generation, landless men followed large land
owners in marital fertility and children surviving to age ten, while small 
landowners had the lowest fertility and the fewest children alive at age 
ten. It is interesting to speculate whether this difference between the two 
generations could be related to the presence of job opportunities at Matfors 
Bruk (which closed for a few years in 1879) for landless men early in the 
period. In the second generation, men who owned more than the average 
amount of land still had the highest marital fertility, followed by small 
landowners, then landless men.

Locknevi

In Locknevi in generations 2-4, best occupation was associated with 
differential likelihood of marrying for males surviving to age fifteen and 
entering the period of potential reproduction. Seventy-four per cent of 
statare and proletarian men living their entire life in the parish failed to 
marry, compared to 20% of lower middle class men. Married men had 
significantly more (acknowledged) children than unmarried men and 
significantly more children surviving to age ten (Low 1989a). Men who 
were married more than once (n=25; maximum number of marriages=4) 
had more children and more children surviving to age ten than men 
married only once (Low 1989a). Most likely to marry more than once were 
torpare (9/79; 10.2%) and upper middle class men (1/4; 25%).

Sons of proletarian men tended to marry earlier (x=22.0 years) than sons 
of farmers (x=27.5), torpare (x=25.75), or lower middle class men (Low 
1989a). Men’s own occupation and age at marriage varied between 
generations (Low 1989). The age at which men first married was not 
related to lifetime fertility, whether the analysis was done for all men, or 
whether men of different occupational statuses were analyzed separately 
(Low 1989a). No patterns were apparent between a man’s father’s class 
and the man’s lifetime fertility (Low 1989a).

Men in the Locknevi ancestral cohort married at a slightly older age 
(28.7^9.1) than their male descendants (lumping all classes; Low 1989a). 
Class differences in age at marriage existed in the descendant generations; 
no class differences were evident in generation 1 (Low 1989a). Torpare
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and statare/proletariat men married earlier in the descendant generations 
than in the initial cohort. Class differences in number of fertile years 
existed in the first, but not subsequent, years (Low 1989a).

In generation 1, both the number of children bom during a man’s 
lifetime and the number of those children surviving to age ten varied 
significantly with a man’s best occupational status: both decreased with 
status (Figure 4-2). In generations two and three, NBC varied non-linear- 
ly, and RSio showed only a non-significant trend (Low 1989a). These 
changes are related to land tenure changes (see Chapter 2): at the begin
ning of this study, a few wealthy men owned large manors. During the 
period of this study, upper-middle class families moved out of the parish 
(see Figure 4-2), marginal land was brought into cultivation, and the size 
of land parcels decreased (cf. Gerger and Hoppe 1980). Thus variation in 
both resources controlled and reproductive patterns decreased in Locknevi 
from generation 1 to generation 2. Survivorship within the family also 
varied with occupational status in the first generation (though the relation
ship w'as only marginally significant), but not in generations 2-4 (Low 
1989a). Within-family survivorship was lowest for statare/proletariat 
families in generation 1, but increased in generations 2-4. No married 
upper middle class men remained in the sample in generation 2. Fertility 
fell for lower middle class men; latare/proletariat fertility remained low 
(Low 1989a).

Gullholmen

Men’s occupational status was significantly related to their probability of 
marrying (n=206, d.f.=l, X2=4.46, p=0.035); there was a trend for lower 
middle class men to marry slightly more, and bönder to marry slightly 
less, than expected. In Gullholmen, relatively little variation existed in 
resources controlled; upper middle class (n=3) and statare/proletariat 
(n=3) were excluded from analysis. In this parish, as others, marriage was 
important to lifetime reproduction. Married men had significantly more 
(acknowledged) children than unmarried men, and significantly more 
children surviving to age ten (NBC: n=219, KW=128.8, d.f.= l, p=< 
0.00001; RSio: n=219, KW=125.8, d.f.=l, p <0.00001).

70



A man’s father’s occupation was not related to his age at marriage (Low 
and Clarke 1991a; p=.14). Men married at approximately 27 years; there 
was no difference between generation 1 and subsequent generations. In 
generation 1, there was no pattern to a man’s occupational status and his 
age at marriage (Low and Clarke 1991a; p=0.50); in generations 2-4, LMC 
men tended to marry slightly later than bönder (Low and Clarke 1991a; 
p=0.09) The age at which men first married was related to lifetime fertility, 
in contrast to other parishes (Low and Clarke 1991a; NBC: p=.002; RSio: 
p=0.0003). Remarriage was not important to men’s lifetime reproduction; 
only five men married more than once (maximum number of mar
riages^). Four of these five men were bönder.

In generation 1, a man’s occupation was related to the number of 
children bom during his lifetime (Low and Clarke 1991a; p=0.04), but not 
the number of those children surviving to age ten (Low and Clarke 1991a; 
p=0.15) (Figure 4-2). In generations 2-4, no differences were apparent 
(Low and Clarke 1991a; NBC: p=0.33; RSio: p=0.45).
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Women’s Reproduction

Of the 3867 women bom in this sample, 1930 remained in the sample 
to age 15. For 1037 women complete reproductive histories were 

available. For these women, the average lifetime fertility (NBC) was 2.82 
+ 2.92 (range 0-20); the number of children alive at age ten (family size; 
RSio) was 1.74 + 2.19 (0-14). Seven hundred sixty women had at least 
one child; the family size for these women averaged 3.85 ±  2.77 (1-14). 
Patterns varied among parishes somewhat (Table 2-1).

Seven hundred thirty nine women married, at ages ranging from 16 to 
54 (x=24.96 ±  4.94). This represents 71% of the women for whom 
reproductive histories were available. Six hundred and thirty married 
women had at least one child. Fertility was much higher for married than 
unmarried women. Of 1135 births, 726 were legitimate, 360 illegitimate, 
and 49 during the period of betrothal. Married women averaged 4±2.9 
children bom and 2.5±2.3 children alive at age 10, compared to 0.7±1.4 
bom and 0.3±1.0 alive at ten for women who did not marry (NBC: n= 1037, 
KW=437.4, p< 0.00001; RSio: n=1037, KW=306.9, p< 0.00001). This 
represents the effect of illegitimacy rates (Figure 2-4) that ranged from 
1.3% (Gullholmen) to over 7% (Nedertomeå and Tuna). Patterns varied 
among the parishes.

Nedertorneå

The total fertility rate for Nedertomeå parish, based on all women in the 
sample (thus excluding generation 1) was 5092 births per 1000 women 
(Low and Clarke 1991a); this is relatively high (cf. Lockridge 1983). The 
net reproductive rate was 1354, considerably lower. Family size, as 
measured by NBC, declined over the study period, although RSio did not 
(Low and Clarke 1991a; also see Figure 5-1). As fertility declined, 
survival increased, perhaps related to the historical particulars (see Bros
tröm et al. 1983, Brändström 1984). This result indicates the importance 
of using measures such as NBC and RS io in addition to standard measures 
such as TFR, especially if the focus of interest is on the family un it.

Sixty-four per cent (343/537) of the women surviving past age fifteen 
in this sample failed to marry while in the parish. Women’s age at marriage
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Figure 5-1. In the four largest study parishes a number o f patterns were 
evident in womens reproductive patterns. Age-specific fertility, while 
perhaps depressed at very young ages by the late age at marriage, was 
nonetheless not closely related to age at marriage (e.g.,Locknevi Parish). 
Reproductive value (Fisher 1958) may set limits on the age at marriage 
for older women; only four per cent o f women married after the peak o f 
reproductive value. See text for further explanation.
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and age-specific fertility is summarized in Figure 5-1; these data were 
also reported in Low and Clarke 1991a, but there, the fertility was births 
per thousand women per 5-year (rather than 1-year) period. Nedertomeå 
had the highest peak age-specific fertility of the four parishes. Interesting
ly, in all parishes, age-specific fertility appears to peak later than marital 
age-specific fertility calculated from aggregate data by Hofsten and 
Lundström (1976).

Women’s likelihood of marriage was related to their father’s occupa
tional status (Low and Clarke 1991a). Daughters of upper middle class 
men (7/18; 44%) and bönder (67/178; 44%) were most likely to marry. 
Women who married earlier had more children than those who married 
later (Low and Clarke 1991a; p=0.0001). Women’s age at marriage did 
not differ with occupational status of either father (p=.47) or husband 
(p=.47) (Low and Clarke 1991a).

Women’s lifetime production of children and number of children alive 
at age ten were related to their father’s occupation (Low and Clarke 
1991a; NBC:p=0.02; RSio: p=0.03), ranging from bonder's daughters 
(NBC=4.55) to daughters of torpare (NBC=2.1). However, women’s 
lifetime reproduction was not related to their husband’s occupation (Low 
and Clarke 1991a; NBC: p=0.82; RSio: p=0.85). The reasons behind this 
trend remain unclear. Seventeen women married more than once in this 
sample; as we would predict, the number of marriages did not appear to 
influence a woman’s lifetime fertility (Low and Clarke 1991a; p=0.89) or 
number of children surviving to age ten (Low and Clarke 1991a; p=0.69).

Tuna

The total fertility rate for Tuna parish was 3881 births per 1000 women, 
roughly comparable to Lockridge’s (1983) figure of 3423/1000 for 1855 
in nearby Hälsinglands Norra. The net reproductive rate was 1350. Marital 
fertility, as shown by NBC and RS io, did not decline sharply over the study 
period (Low 1990a, Low and Clarke 1991a), unlike aggregate data (Hof
sten and Lundström 1976).

The nuptiality rate for women was 64% when calculated for all women 
over fifteen years old alive in the parish at any time. This is rather high 
(cf Lockridge 1983, who reported nuptiality rates from 43%-53% in a 
number of Swedish deaneries). Because this sample was a cohort rather 
than a time-specific sample across the parish, we calculated nuptiality at
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five-year intervals over the entire sample period, using only women over 
fifteen and resident in the parish at that time. Calculated this way, the 
nuptiality rate, although it reaches 62% (1875), is stabilized at 55-60%. 
Of women who lived their entire lives in the parish, 54.3% married.

For women, unlike men, no pattern was apparent in likelihood of 
marriage and father’s occupational status (Low 1990a, Low and Clarke 
1991a). Women’s lifetime production of children and number of children 
alive at age ten were not related to their father’s occupation (Low and 
Clarke 1991a; NBC: p=0.58; RSio: p=0.25) or their husband’s occupation 
(Low and Clarke 1991a; NBC: p=0.83; RSio: p=0.76). Only four women 
married more than once (maximum=2) and remarriage did not influence 
lifetime fertility (Low in press). Women’s age-specific fertility (Figure
5-1) is lower than figures from aggregate data (cf. Lockridge 1983, 
Hofsten and Lundström 1976). Rogers’ (1980) analysis of cohort data for 
women bom in 1804-1805 and 1834-1835 also found low age-specific 
marital fertility, and was able to infer family planning behavior.

Locknevi

The total fertility rate was 3786 births per 1000 women, a median value 
for this period (Lockridge 1983). The net reproductive rate was 1254, 
considerably lower. Marital fertility was reduced by the 1860s in Locknevi 
(Low 1989a). NBC and RSio declined significantly over the study period 
(Low and Clarke 1991a). In 1841-1850, few couples married, and these 
couples had few children (Low 1989a). This decade was a period of hard 
climatic conditions (Utterström 1957 II: pp. 442-3), with several seasons 
having significant crop failures followed by harsh winters.

Sixty-one per cent (262/430) of the women surviving past age fifteen in 
this sample failed to marry while in the parish. The difference in age 
between marriage and peak fertility is greatest for Locknevi (Figure 5-1) 
among the four parishes studied (see Knodel 1988 regarding the usual 
correlation between age of marriage and peak fertility). The delayed 
fertility in Locknevi may be a reflection of resource constriction. Fertility 
eventually reaches a peak level approximately equal to that in Tuna Parish 
but is achieved about four years later.

No pattern was apparent in women’s likelihood of marriage and father’s 
occupational status (Low 1989a). Women who married earlier were some
what more likely to have more children than those who married later.

77



Women’s age at marriage did not differ with occupational status of either 
father or husband (Low 1989a). Further, women’s lifetime production of 
children and number of children alive at age ten were not related to their 
father’s or their husband’s occupation (Low 1989a). Only four women 
married more than once; the number of marriages did not appear to 
influence a woman’s lifetime fertility or number of children surviving to 
age ten (Low 1989a).

Gullholmen

The total fertility rate for Gullholmen Parish, based on all women in the 
sample (thus excluding generation 1) was 3,864 births per 1000 women; 
this is a median value for this period (Lockridge 1983). The net reproduc
tive rate was 1322. Family size decreased over the study period, from 
about 5.5 children bom to each family in generation 1 to about 4.2 in 
generations 2-4 (Low and Clarke 1991a). Thus marital fertility was 
reduced by the 1860s in Gullholmen. The number of children surviving 
to age 10 (RSio) did not show a significant decline, however (Low and 
Clarke 1991a).

Fifty-eight per cent (146/253) of the women surviving past age fifteen 
in this sample failed to marry while in the parish. Women married 
relatively late in Gullholmen (Figure 5-1). No pattem was apparent in 
women’s likelihood of marriage and father’s occupational status (Low and 
Clarke 1991a; p=0.59). Women who married earlier had more children 
than those who married later (Low and Clarke 1991a; p=0.002). Women’s 
age at marriage did not differ with occupation of husband (p=.83), but did 
differ with father’s occupational status (p=0.001; Low and Clarke 1991a). 
However, this was due to two daughters of proletariat men who married 
at age 36; daughters of all other occupations married at approximately 
26.6 years. Women’s lifetime production of children and number of 
children alive at age ten were not related to their father’s occupation (Low 
and Clarke 1991a; NBC: p=0.21; RSio: p=0.18). In contrast to patterns in 
other parishes, women’s reproduction did show a marginally significant 
pattem with their husband’s occupation (NBC: p=0.06; RSio: p=0.13). 
Only two women married twice in this sample; each had two children.
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Reproductive Value and Women’s  Patterns

For all resource measures computed, differences in the resources control
led by the fathers and husbands of women in this sample did not signifi
cantly influence the reproductive patterns, either net or rate, of women. 
More interesting patterns emerge, however, when women’s patterns are 
examined in a behavioral ecological context. Fisher’s (1958) concept of 
reproductive value was used by Keyfitz (1985: 142-161) to make pre
dictions about migration, contraception, and population growth; it is also 
useful in understanding trends in marriage age and remarriage rates. 
Reproductive value, derived from age-specific fertility and mortality 
rates, is defined as the probable number of daughters a female will have 
in the rest of her life (although, like the computation of mx, calculations 
are sometimes for daughters, and sometimes for offspring). It thus encom
passes age-specific fertility and survivorship functions.

Although reproduction was overwhelmingly within marriage in this 
sample, women’s ages at marriage and age-specific fertility are not tightly 
linked (Low and Clarke, 1991a). If women’s reproductive value is import
ant biologically in mate choice (though it need not have any perceived 
importance to people themselves), several, patterns follow (Low in press): 
women should tend to marry for the first time at younger ages than men; 
marriage rates for women should fall quickly as reproductive value 
declines; fewer widows than widowers should remarry, and women should 
remarry at younger ages than men, the difference in age between spouses 
should increase in second and subsequent marriages, as men marry 
younger (higher reproductive value) women, and the fertility of men’s 
second marriages should be greater than the fertility of women’s second 
marriages, as they marry relatively younger women in second and sub
sequent marriages. If reproductive value, linked to age, is important for 
women, while resource control is more important than age for men, 
women’s reproduction is likely to correlate less well than men’s with 
wealth, power, or status. Instead, even in a cultural milieu such as 19th 
century Sweden, in which marriage ages are late, and divorce and remar
riage are low, women who marry earlier are likely to have higher lifetime 
fertility than women who marry later, and death and men’s remarriage will 
dilute correlations between spouses.

Women married earlier than men (Low in press; 25.0 ±  0.2 years versus
27.5 ±  0.2 years, p.< 00001), and only 4% of women married after the
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peak of reproductive value (Low in press; peak age at marriage is indicated 
in Figure 5-1). Women who married earlier, not surprisingly, tended to 
have more children during their lifetimes than women who married later 
(Low and Clarke 1991a, Low in press); i.e., their reproductive value fell 
with age, and when marriage is important to realized fertility, age at 
marriage then becomes important. Marriage patterns certainly can in
fluence reproductive value, but do not determine it: reproductive value 
derives from age-specific fertility and mortality patterns (lxmx in life 
tables), and age-specific fertility and mortality are not closely linked to 
marriage patterns in this sample (Figure 5-1; also Low 1989a, 1990b, Low 
and Clarke 1991).
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children (no NBC) increased after ages 36-40. Women married before age 
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The per cent of childless marriages increased sharply for women mar
ried after age 35 (Figure 5-2). However, it is of interest that childhood 
survivorship for children bom to very young and older mothers results in 
a somewhat different pattem for the per cent of marriages resulting in no 
children surviving to age 10 (Figure 5-2); survivorship is lower among 
children bom to mothers less than 20 years old, and relatively better for 
children bom to mothers over 35. Thus women who married earlier, while 
they produced more children in their lives, tended to have somewhat lower 
survivorship rates of their children than women who married later (Low 
in press; p=0.09); the principal difference arose from lower survivorship 
of children bom to women aged 20 or younger (Figure 5-2).

Women tended to have their first child shortly after marriage (Low in 
press; p=0.00001). For women whose first child was bom within marriage, 
the average interval between marriage and birth was 1.67 ±  1.86 years; 
that is, conception occurred in the first nine months. However, this patterns 
showed considerable variance; for example, in Locknevi, most women 
married in their early twenties, while age-specific fertility peaked in the 
mid-thirties (Low 1989a, Low and Clarke 1991).
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Figure 5-3. Women whose first child was illegitimate tended to marry for  
the first time at older ages (see especially ages 31 and older) than women 
whose first child was born within wedlock.
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Women with average inter-birth intervals less than 2 years, as expected, 
tended to have more children than women with longer inter-birth intervals 
(Low in press; NBC: p< 0.00001; RSio: p< 0.001). Short inter-birth 
intervals, however, may have had impact on the survivorship of children. 
Children bom two years or less apart tended to survive less well (57% 
surviving to age ten) than those bom two or more years apart (Low in 
press; 61%, p< 0.04).

Illegitimacy had important impacts for the mothers of illegitimate 
children (Figure 5-3). Women whose first child was illegitimate (average 
age at first birth=22.7 years versus age at first birth for other women =25.9 
years) married for the first time later than other women: 33.2 years versus 
24.2 years (Low in press; p< 0.00001), and had fewer children in their 
lives (4.9 versus 6.6; p< 0.00001).

Women’s  versus Men’s  Reproductive Patterns

Some major reproductive patterns (average number of children, within- 
family survivorship rates) are, of course, constrained to be similar when 
women’s and men’s lives are compared. Others, like the age of marriage, 
variance in reproductive success, and the rate and impact of remarriage, 
are not. The age of marriage for men was greater than that for women 
(Low in press).

Women’s age at marriage also varied less than men’s; this may also be 
related to the concept of reproductive value. While women’s ages at 
marriage varied among parishes, and was not tightly linked to age-specific 
fertility (Figure 5-1, Low in press, Low and Clarke 1991), marriages 
appeared to be constrained by the peak of reproductive value: only 4% of 
women’s first marriages occurred after the peak of reproductive value 
(Low and Clarke 1991a). That is, if a woman did not marry by the age of 
peak reproductive value (remarkably consistent among parishes despite 
variation in several important patterns; Low and Clarke 1991a), she was 
unlikely to marry.

Widows commonly remarry far less frequently than widowers, with no 
obvious demographic or economic explanation. Three hundred and 
seventy three men (26%) lost their wives; 131 of these (35%) remarried. 
One hundred forty two women (19%) were widowed; thirty-one of these 
women (22%) remarried. Others (e.g. Knodel and Lynch 1985) have found 
similar patterns, but found them puzzling, for women’s economic value,
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like men’s, does not decline with age — however, women’s reproductive 
value does decline. Women remarried at earlier ages than men (Low in 
press; x female = 36.3 ±1.91 years versus x male= 40.7 ±1.13 years), and 
women’s probability of remarriage declined with age (see also Glick and 
Lin 1986, Hill and Low in press).

For men, but not women, remarriage had important impacts on fertility, 
as a result of decline in fecundability — reflected in reproductive value. 
For the 131 men who married two or more times, the average number of 
children bom in the first marriage was 3.0 ±  .25 (range 0-10), and the 
average number bom in second and subsequent marriages was 2.94 ± .28 
(0-12). Men who remarried thus had significantly more children (Low in 
press; p< 0.00001) and children surviving to age ten (Low in press; p< 
00001) than men who married only once. Of the 31 women who remarried, 
the average number of children bom in their first marriage was 3.61 ±_56 
(range 0-9); the average number of children bom in second marriages was 
1.13 ±  .28 (0-4). The number of times a woman married was unrelated 
either to children bom (p=0.16) or children surviving to age ten (Low in 
press; p=0.68).

Forty-four per cent of second marriages were childless for women, 
while only 21% of second and subsequent marriages were childless for 
men. Thus, women lost their spouses less frequently than men, but they 
remarried much less frequently than men, and their second marriages were 
less fecund. Because of women’s declining reproductive value, remarriage 
had less impact on women’s fertility than on men’s.

For men, resources were important in reproductive patterns (above, Low 
1989a, 1990b, Low and Clarke 1991a), while for women, age at marriage 
was the most important determinant of lifetime reproduction, and this 
showed no significant patterns with father’s or husband’s resources (Low 
1989a, 1990b, Low and Clarke 1991a), because of death and remarriage 
patterns. Men with resources tended to marry younger women, and thus 
gain reproductively, but women who married early, even if to lower-status 
men, also showed higher fertility.

Sex Ratio and Mother’s  Age

In many (principally polygynous) species, including humans, male off
spring are more expensive to raise than female offspring (e.g. Trivers and 
Willard 1973, Daly and Wilson 1983): they are carried longer in utero,
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they are larger at birth, they nurse more and more frequently, and they are 
weaned later. Although many human societies, particularly nation-states, 
are currently monogamous (at least nominally, if not biologically), there 
is little doubt that the evolutionary history of humans is that of polygyny, 
and male children do tend to be carried slightly longer than females, and 
weigh more at birth. Trivers and Willard (1973) argued that in polygynous 
species under such conditions, females in good nutritional condition, and 
younger females (presumably because they are in prime condition), should 
be likelier to bear sons than daughters. Thus, pregnancies following 
closely upon one another are predicted to be less likely to result in sons 
(cf Clutton-Brock et al. 1982,1986).

Any age-based version of the Trivers-Willard argument hinges on the 
probable decline in mother’s physiological condition (resources available 
to rear a successful offspring) with age. In non-human species, and in 
many non-technological societies and developing countries, this is appro
priate. Whenever the nutritional condition of mothers does not decline 
with age, a male bias might be found in older mothers. In fact, if a female’s 
condition is good, a male bias is predicted to be profitable as a woman 
nears the end of her reproduction — to invest more heavily, with a greater 
potential reproductive profit if successful. That is, in iteroparous species, 
as the individual nears the end of reproduction, the more investment 
should be put into each reproductive bout — to make sons.

The overall sex ratio of children bom to the women in this sample was 
4035:3867 (1.04:1), typical of the slight male bias seen at birth in most 
societies. For births for which the sex of the child and the mother’s age 
were known (n=1927), there is a trend towards older mothers giving birth 
to sons, and younger mothers giving birth to daughters (Figure 5-4). 
Mothers less than 25 years old showed a sex ratio in their births of 89:100, 
mothers 25-34 showed a ratio of 96:1, while mothers aged 35 and older 
showed a birth sex ratio of 120:1 (Low in press). Thus, there is evidence 
of a sex-ratio bias towards sons with increasing age, making it unlikely 
that older mothers were in poorer physiological condition.

Offspring Sex and Inter-birth Interval

In polygynous mammals, not only do male offspring typically cost more 
to raise than female offspring, but later reproductive success varies more 
for sons than daughters, and the most successful sons may have an order
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Figure 5-4. Older women tended to have a greater proportion o f sons than 
younger women, although considerable variation existed.

of magnitude more offspring than the most successful daughters. Not only 
mother’s condition as it varies with age might matter (above), but the 
differential physiological costs of sons versus daughters might also in
fluence inter-birth intervals.

Most mammals for which these calculations are made are seasonal 
breeders (e.g., red deer and elephant seals); thus the birth of a son, for 
example, means a more frequent ”miss” in conception the following year. 
Human females, however, are fertile throughout the year. For humans, it 
may be important to distinguish between the costs imposed by nursing 
(which would increase the time after a birth of the costly sex) and the

85



costs during gestation (which, if high, make the conception of the more 
expensive sex likelier to be delayed, and would increase the time before 
conception of the costly sex). This interaction, we suspect, makes it more 
difficult to separate effects: does a son make any conception less likely 
for a longer period? If so, sons should be followed by longer intervals. 
Does likelihood of conception of a (costly) son vary with a mother’s 
condition? If the latter, sons should be bom after longer intervals. In either 
case, boy-boy intervals should be longest.

Demographic explanations of variability in interbirth intervals tend to 
focus on parental preferences for one sex (e.g., Knodel 1988). For 
example, if parents are seeking to have a son, it is argued, they will try to 
conceive again quickly after the birth of a daughter. In this case, the birth 
interval after sons should be longest, regardless of the sex of the next child.

Considering only inter-birth intervals for which both the focal and 
previous child lived to be at least one year (n=1029), the average inter
birth interval was long (34.31 ±  20.07 months). The longest interbirth

INTERBIRTH INTERVAL (MONTHS)

Figure 5-5. The interbirth interval was greatest between boys born in 
succession. Statistically, the sex o f the previous child (not the current 
child), and the interaction between the sex o f the current and previous 
child were significant. See text for further discussion.
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intervals were boy-boy (Figure 5-5). Sons tended to be bom after intervals 
longer than three years (Low in press; p=0.03). If the previous child was 
a boy, the intervals to the current child were 32.4 months (girl) or 36.2 
months (boy); if the previous child was a girl, the intervals to the current 
child were 33.9 months (girl) or 34.1 months (boy). The sex of the previous 
child has no effect, suggesting that differences in interval do not simply 
reflect the cost of nursing a previous child (p=0.40). The sex of the current 
child (p=0.031) and the interaction (p=0.016) are more important (Low in 
press). Thus it does appear that the greater physiological costs of carrying 
and rearing boys is reflected in inter-birth intervals; it is not, apparently, 
simply the costs of nursing sons, but it seems possible that mother’s 
condition may influence the probability of conceiving a son.

Parity, Mother’s  Age, and Inter-birth Interval

Demographers, anthropologists, and biologists are also interested in inter
birth intervals as they affect lifetime fertility (e.g. Blurton Jones 1986, 
1987, Blurton Jones and Sibley 1978 on optimality of birth spacing) and 
parental choices (e.g. Knodel 1988 on starting, spacing, and stopping 
behavior). Other things being equal, women who begin reproduction 
earlier will either have more children, with similar inter-birth intervals, 
than other women, or will have longer inter-birth intervals (cf. Knodel 
1988:326). The greater a woman’s age at birth of her first child, then, the 
shorter IB Is will tend to be for any given lifetime fertility. Given the limits 
imposed on women’s fertility by menopause, the greater the number of 
confinements, the shorter inter-birth intervals will tend to be. As women 
age and their fecundability declines, the longer IBIs should be. The greater 
the cost of each child to the mother (a cost with ecological correlates), and 
the longer the period over which that cost is extracted (e.g. Türke 1989, 
Blurton Jones 1986, 1987, 1989), the longer inter-birth intervals should 
be. If coital frequency declines with length of marriage or age, this could 
lengthen IBI. Finally, if there is any attempt by mothers in pre-contracep
tive societies to stop having children as they reach ”desired” numbers, 
with some consequent failures, the inter-birth interval preceding the last 
child should be greater than previous intervals (e.g. Knodel 1988:323). 
Because several of these factors co-vary, analysis can be difficult, and 
many analyses do not take mother’s age into account.
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Inter-birth intervals varied among parishes (Low in press; means: Lock- 
nevi 36.1 months; Gullholmen 32.0; Nedertomeå 27.2; Tuna 36.5; p< 
0.00001). Thus, analyses were done for each parish, using order of child, 
mother’s age, total number of confinements of the mother, whether the 
child was a last birth or not, and interactions. In no case was the total 
number of confinements or last child-versus-not a significant factor (per 
cent variance explained, other factors held constant, ranged from .01% to 
.5%; p values ranged from 0.26 to 0.96; Low in press). Mother’s age at 
the child’s birth was important in all parishes except Gullholmen; in 
Gullholmen, the age at marriage is late (above) and the sample is small, 
so little variation in mother’s age exists (Low in press). Birth order of the 
child and the interaction of order and mother’s age was important in all 
parishes except Nedertomeå. In Nedertomeå, relationships were quite 
weak; infant mortality was high there, and IBI tended to vary simply with 
whether the previous child lived or not, swamping other effects. When 
only cases in which both the previous and current child lived to be at least 
a year old were considered in Nedertomeå, the explanatory power of the 
model was improved, though no single factor was relatively so important 
as in other parishes (Low in press).

Thus, at least in this sample, factors such as total number of mother’s 
confinements and whether the child was a last child or not, which frequent
ly seem to correlate with length of inter-birth interval, probably do so 
simply because they co-vary with mother’s age.

Number and Sex of Siblings

The size of a family and the sex of (potentially competitive or dependent) 
siblings might be expected to influence men’s and women’s ability to 
marry at appropriate times somewhat differently. That is, as shown above 
and elsewhere (Low 1989a, 1990a), earlier-born sons are likelier to inherit 
land and other resources, and men with resources are likelier to raise larger 
families successfully. Thus brothers may represent a competitive in
fluence for men. On the other hand, birth order does not influence lifetime 
fertility for daughters, but daughters are more likely than sons to be drawn 
into caring for siblings at the expense of their own direct reproduction, so 
that both brothers and sisters may cost a woman (see Low in press).

Both men’s and women’s lifetime reproduction (NBC) decreased as 
their number of siblings increased (Figure 5-6). However, the pattern



varied for the two sexes. The number of brothers (p=0.009) mattered for 
men, as did the interaction between number of brothers and number of 
siblings (p=0.001); the number of siblings (p=0.31) did not. The more 
brothers in the family, the lower men’s lifetime reproduction. For women, 
the number of siblings (p=0.028) was significant, but number of brothers 
was not (p=0.28). Thus, these data are consistent with the possibility that 
brothers represent resource competitors for men (there is a depressive 
effect of very large families as well), and that as total sibship size increases 
for women, they are more likely to be drawn into caring for their siblings 
(regardless of sex), at some cost to their own reproduction. Although older 
daughters seem likelier to be affected by having to care for siblings, in this 
sample, there was no pattern to probability of marrying, or lifetime
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Figure 5-6. The lifetime reproduction o f both men and women appeared 
to be sensitive to the number o f brothers (men) or the number o f siblings 
(women).
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fertility, with earlier- versus later-born daughters in large families. It is 
unclear why a large number of siblings seems to depress a woman’s 
lifetime reproduction. It would be interesting to examine patterns of 
dowry; perhaps women with large numbers of siblings, both brothers who 
get the choice of inheritance, and sisters who compete for dowry portions, 
get as a result smaller dowries and are less likely to marry. Insufficient 
data to solve this exist in this study.
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CHAPTER 6



Migration

Introduction

he comparative ecology of migration behavior has been more thor
oughly explored in non-human species than in human populations. If 

there are ecological or resource correlates to migration probability, it is 
important to identify them, in order to put complex human migration 
decisions at the individual and family level into a broader environmental 
context, and to eventually provide predictive capabilities for use in sup
plying social/humanitarian services and policy development. In addition, 
the use of these detailed human demographic data may allow levels of 
analysis which have been impossible in other species. Analysis of how 
migration behaviors vary in time and space within human populations may 
lend insight into the variance of such behaviors in other species (Baker 
1981).

Background

Behavioral ecologists, human demographers, geographers, and sociolog
ists have all studied migration; each discipline has much to contribute to 
further understanding, in part because their foci of study have differed. 
For instance, study of marriage migration may address social and geo
graphic mobility (Norton 1979, Norberg andRolén 1979, Coleman 1984), 
whereas studies of mating systems and dispersal in non-human species are 
likely to ask questions about mate competition and inbreeding (Baker 
1978, Shields 1987, Greenwood 1983). Ecologists may study geographic 
movement patterns in terms of energy expenditure and optimal foraging 
models. Geographers examine the movement patterns of humans in terms 
of the attractiveness of destination areas (”place-utility”). In general, there 
is a common interest in the patterns of the phenomena; however, while 
social scientists tend to focus on the ”proximate” causes and immediate 
impact of migration decisions, ecologists are interested in the ”ultimate” 
causes and effect on individual and lineage reproductive success.

Migration is a risk-inherent behavior. Animal studies have shown that 
predation rates are typically higher for new immigrants (e.g. Cowan 
1983). Yet migration is common, implying that it is often tied to reproduc-
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tive success and that, on average, the benefits outweigh the costs of 
migration for those who undertake it. The utility of an ecological approach 
lies in its potential to provide a theoretical basis for predicting migration 
patterns, such as, when migration levels will increase or decrease, and who 
in the population will be affected. Sex, age, pairbond status, birth order, 
and direct resource control are each likely to play a role in determining 
the probability of out-migration in non-humans. These factors are likely 
to interact in a way that is dependent on the general life-history strategy 
of the species and the particular physical and social environment of the 
individual animal. Human analogues, if not homologues, to these factors 
certainly exist.

In non-human species, there is a notable tendency for dispersal to occur 
just before first reproduction (Baker 1978). This is referred to as ”natal 
dispersal” and tends to be more extensive than ”breeding dispersal,” 
movement between reproductive sites (Greenwood 1983). Baker (1978) 
provides a review of theories regarding the linkage of dispersal to pre-re- 
productive age (e.g. reduced competition for resources, high reproductive 
value for colonization) and concludes that any evaluation of the advant
ages of dispersal at any age must compare the value of the current 
environment to the value of a new environment, considering the costs 
involved with dispersal. The advantages of philopatry (remaining in the 
home area) may outweigh the costs of moving except in deteriorating 
environments. Costs of extreme inbreeding may favor some degree of 
dispersal, though the conditions under which this level of inbreeding 
occurs are debated (Greenwood 1980). Parallel arguments are valid, but 
largely untested, for human migration. Here we discuss resource control 
and mating systems to indicate how these factors influence the values of 
current vs. new environments and how those values are likely to vary with 
the sex of an individual.

Natal dispersal is predominantly female-biased among birds and male- 
biased among mammals.1 This difference is of considerable interest with 
regard to acquisition and control of resources (e.g. Emlen and Oring 
1977). Greenwood (1980) linked sex biases in migration to types of 
mating systems. Which sex disperses further/more frequently would be 
influenced by sex differences in the degree and method of competition for 
critical resources, including mates. Greenwood (1980) noted that most 
mammals are polygynous (male variance in reproductive success exceeds 
female variance in reproductive success; often males mate concurrently
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with several females, while many other males go unmated). Females 
responding to resource distribution may aggregate to take advantage of 
social benefits of kin groups or prime nesting territories. When females 
clump together spatially or temporally, males attempt to defend groups of 
females. Borgia (1979) refers to this behavior as ”mate defense” strategy. 
Subordinate males (often younger and of later birth order) are likely to be 
excluded from matings in their natal areas and their dispersal may increase 
their probability of mating success. In addition, males may reduce their 
level of inbreeding through dispersal. Prairie deer mice illustrate this 
pattern, with a higher proportion of males than females leaving their home 
range (Greenwood 1983).

In contrast, the resource-defense mating system found in many mono
gamous birds, and some polygynous mammals, correlates with female- 
biased migration (Greenwood 1980). Here, males compete for territories 
that attract mates. In this case, familiarity with an environment and, in 
some species, associations with related males for coalitions are advant
ageous and male philopatry is common. Dispersing females benefit from 
exploring for the best possible resources to be found, or the best male to 
be found, in as far as resource control reflects male quality. An example 
of this pattern is the Florida scrub jay, in which the males may remain in 
their natal territory for three to four years acting as non-breeding helpers 
(Woolfenden 1975, Woolfenden and Fitzpatrick 1978). A large percentage 
of these males either inherit their natal territory or acquire one nearby. 
Females usually leave the territory at a younger age. Thus at a broad level, 
both male- and female-biased dispersal may be explained by the nature of 
resource defense and the mating systems which dominate.

Humans exist over a very wide range of ecological and social environ
ments; if migration is influenced by the ecology of resources and repro
duction, it should not be surprising that in some cases males will be found 
to predominate in migration and, in other situations, females. How well 
do the conclusions of Greenwood (1980, 1983) explain sex bias patterns 
in human groups? Human marriage systems (the analogue of mating 
systems in other species) vary from relatively monogamous to distinctly 
polygynous (e.g. Murdock 1967, 1981, Rinn and Low 1986). Most 
societies (83 per cent) for which data exist are polygynous (Murdock 
1967, 1981).

In general, human males, like males of other polygynous species, 
compete for resources; despite all cultural variation, this is an effective
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and widespread strategy for acquiring mates (e.g. Betzig 1986, Hill 1984, 
Flinn and Low 1986, Low 1990b). Importantly, resources are often 
inherited. Perhaps no other species exhibits the degree of resource transfer 
that can take place through inheritance within human families. Inheritance 
is frequently biased by legitimacy, birth order and sex, with earlier bom 
sons tending to inherit the greatest proportion of the resources. This pattem 
tends to persist even where more equal distribution is stipulated by law 
(Strömholm 1981). Hartung (1982) found striking biases favoring males 
in inheritance within polygynous marital systems.

The first challenge to understanding human migration then lies in the 
identification of ecological correlates that will allow one to predict for a 
given environment, who will be likely to migrate, when their migration 
will occur, and the impact migration will have on their future reproductive 
success. In Chapter 2, we have described some of the relevant features for 
the four largest parishes. In all four of these parishes in the nineteenth 
century, forestry, agriculture, mining, and fishing were the mainstays of 
life. Modem technological advances in these industries were only just 
beginning to take place. People’s lives were closely tied to the physical 
resources that were present in the region (Thomas 1941). In general, much 
of Sweden has a harsh climate for agriculture; rocky soils, short growing 
seasons, and cool summer temperatures severely limit production. By the 
nineteenth century, socially-imposed monogamy (Alexander et al. 1979) 
was the rule in western Europe. Monogamy prevailed in Sweden during 
these times; few men married more than once in their life (though, even 
here, men who remarried had demonstrably greater access to resources), 
as did even fewer women (Low 1989a, 1990a, Lockridge 1983).

Knowing even this much about the nature of the environment, one can 
make general predictions regarding the influence of resources on migra
tion behavior. The Swedish population of the nineteenth century appears 
to be analogous to monogamous, resource-defending non-human species. 
Using the generalizations suggested by Greenwood (1980), we might 
expect to see dispersal by both sexes, but with a female bias (more females 
in a population migrating than males). Male dispersal should be inversely 
related to ability to acquire vital resources.

We examined the migration behavior of all biological descendants of 
men married between 1824 (when the computerized records begin) and 
1840 in the four parishes, up to the termination of records (1922 in 
Gullholmen, 1896 elsewhere) (see Chapter 2). A person could be ”lost”
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from the data in one of three ways; by being alive at the end of the record 
period (see above for termination dates), by dying within the parish during 
the period, or by moving out of the parish during the period. This ”loss” 
status, and date of death or migration, was available in the data. Migrants 
were defined as those individuals who left their parish of birth and were 
therefore not represented in the parish sample for their complete lifetime. 
Once a person left, they were effectively lost from this study. We further 
excluded individuals for whom sex, year of birth, year of death (for those 
known to have died in the parish), birth order, legitimacy status, migration 
status, or father’s occupational class was unknown. For all who migrated, 
year of migration was known. The resulting sample included 4,990 people 
bom from 1795 through 1900.

We used father’s occupational status as a measure of individuals’ ability 
to access resources. Father’s occupational class was used, instead of own 
occupational class, for two reasons: first, in Sweden during the 1800s, 
women were considered to hold no occupation other than daughter or wife. 
Their position in the community was defined by the status of their father, 
and subsequently their spouse; second, since the focus here is on natal 
dispersal, father’s occupation was likely to have had a greater influence 
on resource access early in life, even for men, than was an individual’s 
own eventual occupation. The ”best” occupation a father obtained in life 
was used in the analysis (see Chapter 2).

Event History Analysis
We used an event history approach to migration analysis because the 
phenomenon is characterized by two features — censoring (loss of indi
viduals from the study) and time-varying explanatory variables — that 
create problems for more standard statistical procedures (Allison 1982, 
1990). Migration was considered to be an unrepeated event of a single 
kind (Clarke and Low in press).2

Phase I Analysis. First, hazard rates (the probability that an individual 
will migrate at a particular time given that the individual is at risk) were 
determined for the population by five-year intervals. In this step, time is 
the only variable considered to influence migration events. In computing 
migration hazard rates, we first developed a risk set, those individuals at 
risk of migration at each point in time (based on a combined dataset 
representing individuals in the four parishes of Locknevi, Gullholmen,
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Life-Segment #  Migrating #  Dying #  Living #  At Risk
Estimated 

H azard Rate

0-4 232 1029 207 4990 0.047

5-9 127 177 210 3522 0.036

10-14 87 58 170 3008 0.029

15-19 255 50 182 2693 0.095

20-24 314 54 143 2206 0.142

25-29 221 65 128 1695 0.130

30-34 101 47 111 1281 0.079

35-39 51 28 111 1022 0.050

40-44 36 30 95 832 0.043

>44 44 464 163 __
Total 1,468 1,821 1,701 21,249

Grand Total 1,468 + 1,821 + 1,701 = 4,990

Table 6—1. Migration hazard rates for the combined four parish sample.

Nedertomeå, and Tuna). Individuals are represented once in each age 
category that they were alive and present in, resulting in 21,249 cases. 
Note that the number at risk in each succeeding interval is equal to the 
number at risk in the previous interval minus the number in that previous 
interval migrating, dying, and left alive at the end of the sample period - 
the three forms of censorship present in the study (Table 6-1). The result 
is that individuals in the population, though they may be censored in one 
of three ways, can each contribute to the sample the number of person- 
years they are at risk of migration. In using this technique, we assume that 
hazard rate varies by discrete time interval but that it is the same for all 
individuals within an interval. This rate is computed by dividing the 
number of migration events by the number of individuals at risk. Though 
time is the only explicit variable used in this approach, we did analyze 
each sex, and each parish separately by subdividing the dataset. The results 
of this approach are given below.

Phase II Analysis. Second, logistic regression, run under BMDP-LR, 
was used to build models incorporating explanatory variables in addition 
to time. The risk set developed for the Phase I Analysis is also used as 
input to BMDP-LR. We chose to use logistic regression rather than 
proportional hazards models because information on migration status of 
individuals was available only on a yearly basis (discrete rather than
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Parish Total

Sex Birth Order Legitimacy

Female Male 1 2-4 5-15 Leg. Illeg.

Locknevi 1,534 778 756 336 799 399 1527 7

Gullholmen 438 199 239 96 204 138 437 1

Nedertorneå 1,921 976 945 270 802 849 1871 50

Tuna 1,097 560 537 274 585 238 1074 23

Total 4,990 2,513 2,477 976 2,390 1,624 4.909 81

Table 6-2. Distribution o f individuals among categories by parish.

continuous time intervals) and because time-varying explanatory vari
ables are much easier to incorporate into logistic regression than propor
tional hazards models. In developing logistic regression models, we 
assumed that marital status and whether or not a person bore children 
while in the parish were the only variables whose value might change over 
the individual’s life-time (time-varying variables). Time-constant vari
ables considered included sex, parish, birth order, legitimacy status, and 
father’s occupational class. Although the occupational class of an individ
ual’s father, might have changed values, it was treated as constant. Table 
6-2 describes the number of individuals in the sample falling into time- 
constant variable categories by parish.

We ran a series of models using the combined data set representing the 
four parishes of Locknevi, Gullholmen, Nedertomeå, and Tuna. After 
modeling the effect of other explanatory variables, we re-introduced time 
as a variable. First, time as represented by five-year life-time segments 
was added to the developed logistic regression model. Second, historic 
time as represented by birth-cohorts was added. The result is a model 
migration hazard which incorporates variables relating to individuals, to 
time of life, and to historic time. We next sorted the data to include only 
adult age intervals, segregated the sample by parish and sex, and further 
examined the influence of explanatory variables.

Phase III Analysis. Parish priests recorded the movement of a resident 
as a migration only if they moved outside the administrative parish 
boundary. Because migration was defined using parish boundaries instead 
of distance moved, the physical size of a parish could influence the 
apparent rate of migration, with larger parishes recording relatively fewer
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Father’s Class Birth Cohort

UMC LMC Bonder Torpare Stat/Pro
1795-
1820

1821-
1846

1847-
1872

1873-
1900

23 166 761 408 176 10 541 549 434

2 119 307 0 10 0 83 130 225

53 229 612 335 692 12 560 605 744

8 85 480 211 313 10 402 365 320

86 599 2,160 954 1,191 32 1,586 1,649 1,723

migrations, assuming similar parish shapes. Since the sizes of the four 
parishes studied varied greatly (Locknevi = 148 sq km, Gullholmen = 7 
sq km, Nedcrtorncå = 384 sq km, Tuna = 187 sq km), this type of bias was 
possible. Therefore as a final analysis, to investigate the influence of 
parish size, we standardized resulting parish migration rates by multi
plying each rate by the percentage of 150 sq km that the parish represented. 
For example, the area of Locknevi is equal to 98.7 per cent of a 150 sq km 
standard and its hazard rates were multiplied by 0.987. Results of this 
standardization are given below.

Phase I Analysis: Migration Hazard Rates

Hazard rates for 5 year age intervals using pooled data from the four 
parishes arc given in Table 6-1 (Clarke and Low Under review). These 
hazard rates are graphed in Figure 6-1. The hazard rate of migration 
increases up to a peak hazard at ages 20-24, with a sharp increase in hazard 
from the 10-14 year interval to the 15-19 year interval. Hazard rates were 
also computed by sex and by parish (Figures 6-2 and 6-3). Men and 
women showed the same general hazard pattern over lifetime; however, 
women had a sharper increase in hazard rate after the 3rd age interval 
(10-14 years). Women also had higher hazard rates at each age interval, 
up to age 35, than did men.

When analyzed by parish, the migration hazard rates for each parish 
reflect the same general pattern: hazard rates increased up to ages 20-29. 
There were however, very different hazard levels among parishes. Lock
nevi had the highest migration hazard and Gullholmen the lowest. Initial
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Figure 6-1. Migration hazard rates for the combined four parish sample. 
Rates rise sharply at the age o f reproductive maturity, peaking by age 
20-24.

Figure 6-2. Migration hazard rates by sex. Though males and females 
showed the same general hazard pattern, young women showed a sharper 
increase in hazard and had higher hazard levels up to age 35.
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Figure 6-3. Migration hazard rates by parish. Hazard rates for each 
parish had the same general pattern, increasing to ages 20-29. The level 
o f hazard varied among parishes.
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Figure 6-4. Migration hazard rates among parishes by sex. In each parish, 
women showed higher peak rates than men.
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rates in Tuna parish were higher than in Nedertorneå, but did not reach as 
high a peak. Hazard rates among the parishes by sex reflected the above 
patterns as well (Figure 6-4). In each parish, women showed higher peak 
rates than men. In Gullholmen, women had a rate more than double that 
of men.

Phase II Analysis: Logistic Regression Models

The hazard rates shown in Table 6-1 assume that time is the only variable 
that influences migration events. However, disaggregation of the data by 
parish and sex showed that these variables influence hazard rate as well

M odel Number: 

Explanatory Variable

1

C oef/Se@

2

C oef/S e

3

C oef/S e

4

C oef/S e

5

C oef/S e

6

C oef/S e

7

Coef/'Sc cCoef

Sex (M ale)**
Fem ale 5.06* 4.98* 4.87* 5.17* 5.14* 5.26* 5.31* 1.35

Parish (Locknevi)**
Gullhomen -11.73* -11.79* -9.11* -9.83* -3.10* -4.10* -4.70* 0.03
Nedertorneå -15.01* -15.05* -9.00* -9.10* -7.28* -7.36* -6.16* 0.25
Tuna -10.67* -10.98* -7.13* -7.39* -4.13* -4.17* -3.84* 0.42

Father’sClass (Bonder)**
UM C 3.67* 3.68* 2.00* 1.98* 1.98* 2.34* 2.46* 2.08
LMC 5.50* 5.56* 2.77* 3.10* 3.06* 2.78* 2.67* 1.43
Torpare 3.36* 3.33* 3.30* 3.67* 3.62* 3.54* 3.51* 1.40
Stat/Pro 7.59* 7.63* 4.24* 5.08* 4.97* 4.81* 4.75* 1.88

Marital Status
(Unmarried)**

Married -0.14

Children (None)**
One or More -0.84

Birth Order (1st)**
2nd-4th 0.31
5th-15th 1.23

Legitimacy (Legit.)**
Illegitimate 0.16

Parish* Father’s C lass#

(Lock* Bonder)**

Nedertorneå LMC 2.12* 2.10* 2.19* 2.31* 2.41* 1.71

Life Segment (0.4)**
5-9 -2.35* -2.22* -2.14* -2.12* 0.72
10-14 -3.81* -3.09* -2.95* -2.90* 0.61
15-19 8.29* 4.89* 5.14* 5.20* 2.01
20-24 14.25* 9.35* 9.66* 9.68* 3.60
25-29 12.46* 7.47* 7.85* 7.91* 3.26
30-34 5.55* 2.88* 3.32* 3.44* 1.93
35-39 1.35 0.01 0.39 0.52
40-44 0.44 0.86 1.29 1.44

Table 6-3. Logistic regression analysis o f migration hazard in adult 
population by parish and sex.
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(Figures 6-2 to 6-4) (Clarke and Low Under review). Therefore, to 
examine more formally the importance of a variety of correlates on 
migration events, we developed a series of logistic regression models with 
the migration event as the dependent variable. BMDP-LR automatically 
creates dummy variables for each level of categorical variables used. 
Resulting coefficients indicate the difference in the logit (log-odds) of 
migrating for the dummy variable relative to the logit of migration for the 
reference level of the variable. The results of a series of seven logistic 
models are presented in Table 6-3 (reference classes for dummy variables 
are indicated).

Model 1 included the following explanatory variables: sex, parish, 
father’s class, marital status, presence/absence of children, birth order, and 
legitimacy status. In this specific model, sex, parish and father’s class each 
had a significant effect on the migration hazard rate. Migration hazard for 
women was found to be positive relative to men and Locknevi had the

M odel Number: 

Explanatory Variable

1

C oef/S e®

2

C ocf/Se

3

C oef/S e

4

C oef/S e

5

C oef/S e C oef/S e

7

C oef/S e c Coef

Parish* Life Seg.#

(Lock* 0-4) * *

Gullholmen 20-24 2.22* 2.15* 2.12* 4.94
Gullholmen 25-29 2.50* 2.41* 2.46* 6.47
G ullholmen 30-34 2.11* 2.03* 2.17* 5.84
Gullholmen 35-39 2.02* 1.95 2.10* 6.35
Nedertornca 15-19 2.94* 2.96* 2.39* 1.74
Nedertornea 20-24 1.88 1.96* 1.04
Nedertornca 25-30 1.95 2.03* 0.95
Nedertornea 40-44 -1.80 -1.77 -2.16* 0.19

Cohort (1847-1872)**
1795-1820 -1.75 -1.66
1821-1841) -2.95* -2.92* 0.77
1873-1900 1.38 1.19

Parish* C ohort#

(Lock* 1847-1872)**

Gullholmen 1873-1900 2.82* 2.65
Ncdertorneå 1873-1900 -2.73* 0.53

Constant -29.54 -40.77 -36.73 -31.10 -25.57 -23.72 -22.32

Log-likelihood -5011.96 -5014.86 -5004.32 -4744.35 -4707.94 -4698.90 -4677.20

df 13 8 20 28 52 55 64

* Significant at 0.05 level.

** Reference level for dummy variables.

(a Coefficient/Standard Error.

#  Significant levels of interaction are reported.

Table 6-3. (continued)
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highest level of migration hazard; as was also revealed by the simple 
hazard analyses presented in Figures 6-1 through 6-3. The impact of 
father’s class was positive for each class relative to bönder, or land-owning 
farmer. The remaining variables - marital status, children, birth order, and 
legitimacy - did not significantly influence migration hazard. It is not 
surprising that marital status and presence/absence of children did not 
influence the hazard rate, as these variables can only take on positive 
values for adults and this dataset included individuals of all ages (results 
of models limited to adults are presented later). Model 2 included only 
those variables found to have a significant effect in Model 1. The Models 
[1 (all variables) and 2 (only variables significant in Model 1)] were 
compared using twice the positive difference of the log-likelihood values 
of the models. This statistic has an asymptotic X2 distribution. No signi
ficant difference was found between Model 1 and Model 2 (X2=5.80, 
df=5, p 0.30). Model 2 was used for further investigation of the influence 
of interaction terms and other types of explanatory variables. First, two 
way interaction terms were tested. The only interaction which created a 
significant difference between models was that of parish and father’s class, 
resulting in Model 3 (X2=21.08, df=12, p< 0.05).

Next, time was added as an explanatory variable to the logistic regres
sion. In Model 4, the variable life-segment is composed of five-year 
periods, beginning at age 0-4 and continuing through age 4044. This 
period of life included over ninety-five per cent of the migrations which 
took place in the sample of individuals. The effect of time is evaluated 
relative to the first age period, 0-4 years. The addition of time as a variable 
significantly altered the model (X2=519.94, df=8, p< 0.00005) and the 
results reflect the pattem displayed in Figure 6-1. Hazard rate first falls 
relative to age interval 0-4 and then significantly increases from age 
interval 15-19 up to age interval 35-39; again, as also illustrated by the 
values presented in the simple time hazard analysis in Table 6-1. The 
inclusion of time into the model did not significantly alter the values of 
other coefficients. Interactions between parish and life-segment were 
added in Model 5, significantly altering the model relative to Model 4 
(X2=72.82, df=24, p< 0.00005).

In Model 6, yet another aspect of time, birth cohort, was incorporated 
into the model. The time period of births was divided into four intervals; 
1795-1820,1821-1846,1847-1872, and 1873-19004. The third interval, 
1847-1872, was used as the dummy variable reference level. It had both
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a sufficient number of births for analysis and represents what has been 
identified as the historical beginning of an increase in emigration rates 
from Sweden (Hofsten and Lundström 1976). The addition of birth cohort 
variable in Model 6 significantly improved the model (X2=18.08, df=3, 
p< 0.00005) and indicated that a significant increase in migration hazard 
occurred between the periods of 1821-1846 and 1847-1872. The increase 
between 1847-1872 and 1873-1900 was not significant for the combined 
four parish sample. Model 7, which adds the interaction between parish 
and cohort was a significant improvement over Model 6; (X2=43.40, df=9, 
p< 0.00005) and is shown with a column of values for e00̂ , the relative 
hazard for the groups corresponding to values of the dummy variable, 
controlling for other variables. For example, this column indicates that 
females had a 35 per cent greater hazard of migrating than did males and 
the hazard of migrating in Gullholmen was only 3 per cent of that in 
Locknevi.

The sample was next sorted by sex and parish and the influence of 
explanatory variables on the adult population (age 15 and older) was 
examined, again using logistic regression. Table 6-4 summarizes the 
results and indicates a loss of significance for the effect of father’s class 
in many cases (probably due in part to reduced sample sizes). However, 
where significance occurred, it remained positive relative to the reference 
class of bönder. In Gullholmen, there were no individuals whose father’s 
class was torpare, and no women in Gullholmen had fathers in the UMC. 
Marriage, when effect on migration status was significant, had a negative 
influence, e.g. for men and women in Locknevi and for women in Tuna. 
The presence of children also had a negative effect on likelihood of 
migration when it was significant (women in Gullholmen and Nedertor- 
neå). Falling into the second category of birth order (2nd - 4th bom) did 
not significantly influence hazard rate; however being bom 5th - 15th did 
have a significant, positive effect on migration for men and women in 
Locknevi and women in Nedertomeå. Illegitimacy had a positive in
fluence in the only case of significance, men in Gullholmen (i.e., illegit
imate men had a higher rate of migration).

Phase III Analysis: Parish Size

To examine the importance of parish area, hazard rates were adjusted 
relative to a standard parish area of 150 sq km (Figure 6-5) (Clarke and
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Figure 6-5. Migration hazard rates standardized to equal parish size o f 
150 sq kilometers. Standardization results in greater variation in hazard 
levels among parishes (see Figure 5). Gullholmen s level falls dramati
cally, while Nedertorneå takes on rates greater than Locknevi.

Low in press). Comparing Figures 6-3 and 6-5, it can be seen that parish 
size influences hazard levels. However, standardization results in even 
greater variation in hazard levels among the parishes. Gullholmen’s level 
falls dramatically, while Nedertorneå takes on rates greater than Locknevi. 
While the computation of exact levels of migration hazard is subject to 
variation in parish size and shape, these results strongly suggest that 
Locknevi and Nedertorneå had much higher levels of migration risk than 
did Gullholmen. Tuna’s level fell between the extremes.

Discussion: What Influences Migration?

Gross differences in resource availability among parishes appear to have 
set the overall level of dispersal which took place in each of these four 
parishes (Clarke and Low in press). Though Gullholmen had the highest 
population density (Figure 2-2b), it had extremely low migration levels, 
suggesting that the sea represented a vast (if unpredictable) resource
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which effectively lowered population density (see Low and Clarke 
1991a). Historical accounts also indicate that some inhabitants of Gull- 
holmen owned land on the mainland, outside the administrative boun
daries of the parish. Nedertomeå’s high migration level may reflect the 
harsh conditions of the far northern climate and the low carrying capacity 
of the land. Survivorship of children in Nedertomeå was lower than in the 
other parishes studied (see Chapter 3, Figure 3-3); perhaps a result of the 
harshness of the environment, but also possibly related to a tendency not 
to breastfeed babies (Chapter 2). Locknevi went through a severe resource 
constriction during this time accompanied by land-reform measures which 
reduced farm sizes (Low 1989a). Rising population levels outstripped the 
narrow valley’s available agricultural land. Tuna experienced more rapid 
industrialization during this period; however, it was marked by the open
ing, closing, and then later, re-opening of an iron foundry, Matfors Bruk 
(Low 1990a). Though migration episodes followed the changing indus
trial climate to some extent (Low and Clarke 1991b: Figure 2), the 
presence of industry may have effectively increased the ”carrying capac
ity” of the region and helped to moderate migration levels in Tuna relative 
to Locknevi and Nedertomeå.

Additional variables also seem to have played a role in setting migration 
behavior of the inhabitants. First, there is a clear pattem of migration 
hazard over the lifetime of individuals which holds across parishes and 
sex. Hazard rates rose sharply at the age of reproductive maturity. In 
proximate terms, this movement may represent short-term labor migration 
and, primarily in the case of women, marriage migration to the home of 
the spouse. The migration hazard levels for the lowest and highest age 
intervals shown in Figures 6-3 and 6-5 reflect the level of migration which 
occurs after the age of first reproduction (children moving with one or 
both parents), a post-marital level of migration. There may be a low level 
of post-marital migration included within the hazard levels of the young 
adults; however, this group is primarily pre-reproductive, as indicated by 
the negative influence of marriage and children on migration hazard in the 
logistic models for the adult sample.

Within this general pattern, there are also striking differences between 
the hazard rates of the sexes. The fact that hazard increase was consistently 
sharper for females and reached higher levels suggests that there are 
sex-based differences in the ultimate causes of migration. In Gullholmen, 
where resources may have been sufficient enough to keep migration levels
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quite low for men, the peak hazard rates for women were almost as high 
at those in Tuna. For both men and women, where marriage and the 
presence of children were found to have a significant impact on hazard 
rates, the effect was negative. This may reflect a condition of reduced 
mobility when a commitment to family is involved, but may also reflect 
less profit to migration in these instances if the establishment of family is 
an ultimate cause of migration.

Children of men of all other classes were more likely to migrate than 
were those of bönder, land-owning farmers. If migration, particularly for 
men, plays a role in acquisition of resources, then it would be expected 
that the lower economic classes of torpare and statfare/proletariat would 
be motivated to migrate if by doing so they could increase their prospects. 
The statare represent ”migrant workers.” One might argue that since they 
are migrant workers, that it should be no surprise that they move. This 
leaves unanswered why/how they became migrant workers; it seems that 
their position on the bottom of the economic ladder leaves them little 
choice. Eriksson and Rogers (1978) found that statare often moved for 
the precise purpose of finding better farm working conditions. The upper 
classes, which instigated the development of the statare system, gave as 
one stated goal the desire to increase the number of low-scale workers. 
Given the extremely difficult conditions under which statare lived, it is 
not surprising that Eriksson and Rogers (1978) found that in fact, fertility 
levels of statare fell instead of increasing over time.

Why do the UMC and LMC move more than the bönderl The presence 
of these classes increased the migration rate in Locknevi and Nedertomeå 
(Table 6-4), the two parishes with the highest hazard rates, and the parishes 
for which we know resources were generally limiting. Perhaps at a certain 
level of deterioration in an overall resource base, it becomes beneficial for 
almost everyone to move if they can. That is, the influence of father’s class 
loses some of its discriminating power when conditions become too bad. 
In these cases, the upper classes may have resources that are more 
economically liquid than land and can be converted to ”purchase” a better 
life elsewhere. Land may serve moderately well as a resource in good 
times and very well as an insurance against absolute ruin in bad times, but 
in bad times, land may inhibit success relative to the more flexible 
resources available to the upper classes5. It is interesting to note that the 
survivorship of children in Nedertomeå was not only lower than in other 
parishes, but was lowest on its farms (Figure 3-3); related perhaps to both
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the physical and cultural environment (see Chapter 2 and Chapter 3). The 
upper classes may not only have resources which could be more easily 
converted to currency, but may possess more ”mobile” trades and skills. 
It would be interesting to compare the eventual success of upper class 
migrants to that of the non-migrating bönder.

Illegitimacy rates were very low during this period in Sweden and in 
the four parishes studied (Table 6-2). If illegitimacy in some way reduces 
a person’s ability to acquire resources, it might be expected that they 
would tend to out-migrate. The infrequent occurrence of illegitimacy may 
explain in part the lack of significance found in the logistic regression 
models (both overall population and adult population). Gullholmen was 
the only parish in which illegitimacy resulted in a significant influence on 
migration; however there was only one illegitimate individual in the parish 
so this result is not meaningful. Low (1989a) found that in Locknevi, the 
mothers of most illegitimate children moved when their children were 
young. If this is a general pattern, few illegitimate adults remain in their 
home parishes.

The fact that the influence of birth order became significant and positive 
in large families suggests that later bom children in these families did not 
equally share in family resources. Significant results were found in 
Locknevi and Nedertomeå, parishes with high rates of migration, but it is 
also interesting to note that even in Gullholmen there is a relatively high, 
positive (though not significant) influence of large family size on the 
out-migration of males.

Just as an individual’s age had an influence on migration rates, so did 
the historic time into which people were bom. By the mid-1880s, emigra
tion rates were increasing dramatically in Sweden (Hofsten and Lund
ström 1976). This national-level increase was also found for the parishes 
studied here. Its impact is evident even though migration events were not 
separately analyzed as to local and internal vs external migration. Long
term changes in migration levels may be influenced by underlying 
changes in available resources (through effects of climate, crop disease, 
etc), as they might be in other species. In humans, however, the role that 
communication plays in reinforcing migration flows (Norman and Run- 
blom 1988, Östergren 1988) is undoubtedly greater than in other species.

This study is limited by the fact that only the first migration event in a 
person’s life was considered. In fact, many people migrated more than 
once and may have migrated back into their home parish. We do not know
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if, where, and to whom they married, nor whether they successfully 
reproduced. To more conclusively evaluate the causes and reproductive 
consequences of migration, information in needed on the complete repro
ductive lives of migrants and non-migrants. In addition, to evaluate the 
role of factors such as inbreeding avoidance, information on the flow of 
migrants into as well as out of the parishes is required. This level of 
information is now available for a five parish, contiguous area in the 
Skellefteå region of northern Sweden, through a Demographic Database 
dataset, which we plan to use to further investigate migration behavior.

Migration rates appear to be a function of the resource level of the 
surrounding environment, and are modified by one’s age, sex, and ability 
to acquire resources within the setting. Migration rates also differ with 
restrictions and opportunities that vary over historic time. Further analysis 
of migration events as repeatable events of multiple kinds (local, internal, 
external) may reveal more information regarding the complexity of this 
behavior. At this stage of analysis, some patterns are already clear: 
children of farmers are less likely to migrate than others, migration is 
greatest for pre-reproductive individuals, and the labor and marriage-mi- 
gration (primarily of women) in which they take part, are both resource- 
oriented. Perhaps unique to the human species, those of highest resource 
holding potential may have an advantage in being able to move, through 
use of fluid, convertible resources, when to their benefit.

Notes

1 We will use the terms migration and dispersal interchangeably to refer to the 
specific phenomenon of natal dispersal.

2 We only had information on the first migration of individuals and though we 
did have information as to various categories of migration, we chose to begin 
with a simplified analysis and treat all migrations as a single type of event 
behavior.

3 Allison (1990) discusses the the problems associated with drawing inferences 
based on apparent declines in hazard rates. As time proceeds, individuals with 
high hazard potential migrate, leaving a risk set composed o f individuals with 
lower and lower risk of migration. This makes it difficult to distinguish hazard 
rates which are genuinely declining with time from variation in hazard rates 
among individuals. Although, the slight increases in hazard rates for the last 
age intervals suggest that the declines observed in previous intervals are real,
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focus here will be on differences in the increasing portion of the hazard rates 
series.

4 Though the original sample included people bom into the 1920s in Gullhol- 
men, information regarding some aspects of their lives, such as legitimacy, are 
omitted from the dataset for purposes of privacy. Thus, people bom after 1900 
were excluded from the sample due to incomplete information.

5 To assess the impact of dispersal on reproductive success, one must be able to 
follow the complete reproductive lives o f individuals. While this was im
possible for migrants in the current data, a new dataset available from the 
Swedish Demographic Database will allow this more indepth analysis.
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CHAPTER 7



Variation in Time and Space: 
An Ecological Demography

In analyzing these data from nineteenth century Sweden, we have 
crossed several disciplinary boundaries, and perhaps to the dismay of 

some, have derived new hypotheses, hybridizing data and theory from 
several fields. Yet the time seems ripe to us for just such a merging. 
Biologists, as well as demographers and anthropologists, are interested in 
lifetime reproductive patterns of humans, in sex differences, and in 
ecological correlates of behavior. The questions asked are likely to diverge 
somewhat, because the underlying paradigms differ significantly.

Classical demographers are interested in patterns of populations, and in 
disaggregating information to understand those patterns. Human society 
and variations in fertility may seem relatively uninteresting until that 
society enters the early stages of the fertility transition— i.e., the transition 
to controlled fertility within marriage — sometime in the 19th through 
20th centuries.1 Clearly, this overstates the unity of demographic ap
proaches. Yet recent syntheses (e.g., Coale and Watkins 1986, Coleman 
and Schofield 1986) reinforce the perception that many demographers in 
fact do concentrate on ”the” demographic transition and its correlates. 
This rather instrumental approach to the history of human fertility, in 
which the significant variation is between societies which did not control 
marital fertility, and those which came to do so, encounters in the evidence 
repeated anomalies which suggest that variations in human fertility before, 
during, and perhaps even after the transition to lower marital fertility, 
could tell us a larger story, one of human adaptive responses to ecological 
variations. Thus, one of the problems with Coale and Trussell’s (1974, 
1978) m is that many pre-transition societies have marital fertilities whose 
age-specific patterns vary from m = -1.0 to m = 0.5 — in the latter case, 
making these societies very difficult to distinguish from ones well into the 
fertility transition.2

Anomalies of other types exist as well, including questions such as why 
widows seem not to remarry, while widowers do — from a classic 
demographic or economic perspective, there is no reason to expect any 
divergence (e.g. Knodel and Lynch 1985). In fact, men’s and women’s
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reproductive patterns diverge in other ways also, ways which we argue 
are consistent with the behavioral ecology of reproduction in mammals, 
but which are simply oddities from a classical demographic perspective 
(Chapter 5). At the level of aggregate data, too, there are problematic 
variations in time and space; for example, classic demographic theory 
looks for mortality decline followed by fertility decline — but patterns 
appear to vary, and are reversible in many cases. A major problem in 
synthesizing theory of demographic principles in a way that allows us to 
make testable predictions arises out of the fact that demographic correlates 
seem to vary in time and space far more than one would hope if the 
correlations represented truly universal principles. Thus, industrialization 
and decline of fertility correlated in Europe in the nineteenth century; 
today, in many lesser-developed countries, we see industrialization with 
only occasional fertility decline, despite concentrated efforts by govern
ments and agencies to make available information, and in some cases even 
to changes people’s costs and benefits, for fertility control. We also see 
the reverse pattern (e.g. Knodel et al. 1990) — fertility decline preceding 
significant industrialization. We suggest that an ecological perspective 
may provide new insight into at least some of these apparent anomalies.

One could dismiss such anomalies with remarks about variations in 
illegitimate fertility and nuptiality, variations in the nutrition and disease 
environment, and so forth. To many, such variations create unfortunate 
”noise”; yet this variation is, to some demographers, to some anthropo
logists, and above all to behavioral and evolutionary ecologists, important 
information about a rich world of ecological and resource variation, and 
correlated human reproductive responses — an ecological demography. 
It also speaks of a fertility transition which, in the short run, is predicted 
to be locally variable and even reversible. This world of reproductive 
responses, we argue, existed in considerable richness in all societies before 
and during the fertility transition, and the muted chorus of its variations 
can still be heard in post-transition societies, despite the tremendous 
damping of marital fertility and the corresponding loss of variation. Here, 
we have begun to explore the extent to which human responses in one 
population, considered in their broadest context, follow the same selective 
rules as populations of other species in their reproductive responses to 
ecological conditions — the extent to which human reproductive behavior 
is representative of behavioral ecology.
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Human Reproduction: Merging Perspectives

For a number of important population and family patterns, classic demo
graphic theory and behavioral ecology make similar (but often not ident
ical) predictions, although for different theoretical reasons, and with 
different predictions about the efficiency of specific kinds of interven
tions. This represents convergence from different bodies of theory, work
ing at very different levels (proximate versus ultimate costs and benefits). 
For example, economic demographers have a good idea of the ways in 
which market prices in market economies can influence marriage and birth 
rates, as well as death rates (e.g., Wrigley and Schofield 1981). Even crime 
rates in some cases seem to follow economic trends (e.g., Sundin 1976).

Ecological approaches make some additional predictions: that individ
ual and family patterns should not be uniform in their response to resource 
changes, but that better-off individuals should suffer less reproductive 
constraint as a result of economic constraint. Individuals might be better 
off because they owned land (Low 1990a, Low and Clarke 199la,b), or 
because they owned other resources or had higher-status or more stable 
occupation (Low 1989a, Low and Clarke 1991a,b), or even simply be
cause they were first-born in a family, and therefore had higher reproduc
tive value to the parents (e.g. Fisher 1958, Keyfitz 1985). Variation among 
individuals is key. Thus, while at the aggregate level, both paradigms 
converge in predicting lowered fertility (and decreased patterns leading 
to fertility, such as marriage rates) and increased out-migration rates, 
behavioral ecology diverges somewhat in predicting that specific ca
tegories of individuals should be more affected.

Other predictions from classic demographic theory are troublesome (for 
populations seem to vary more than one would hope), and empirically we 
see patterns of interest for which demographic and other bodies of theory 
cannot make predictions. Our analysis of these Swedish parishes high
lights the divergence of predictions from evolutionary versus demo
graphic theory and new predictions from behavioral and evolutionary 
ecology. Because of these convergences and new predictions it seems 
useful to continue exploring, from an evolutionary perspective, individual 
and familial patterns that give rise to population phenomena.
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Diversity in Human Fertility: ”Natural” Fertility and 
Population ”Regulation”

Those demographers most concerned with pattern in the demographic 
transition tend to assume that ”natural” (maximum) fertility is influenced 
principally by conscious fertility decisions. Hence demographers’ use of 
Coale and Trussell’s (1974, 1978) m to compare, not just the shape of 
age-specific fertility, but any society’s net fertility to the fertility of the 
Hutterites— as if there were a single, ”natural” (maximal) human fertility. 
Interestingly, ecologists tried a very similar strategy, working for some 
years to defined ”r,” the intrinsic rate of increase typical for each species. 
Yet the computation of a single r to represent the ”natural” intrinsic rate 
of increase was not productive, because natural fertility in fact responds, 
through a variety of proximate mechanisms, to ecological conditions. 
Human fertility also seems to respond to ecological conditions, not only 
to conscious decisions. Clearly traditional societies vary in fertility pat
terns with ecological conditions (see below). It may be that other ap
proaches are more productive in analyzing human fertility than the 
assumption of a single ”natural” fertility, or the assumption of population 
benefit (see critique by Hawkes and Chamov 1988). Consideration of 
reproductive costs and benefits (e.g. Blurton Jones 1986,1987) may allow 
us to make more accurate, more specific, and more testable predictions.

Viewed in an evolutionary perspective, many diverse patterns of fer
tility, of starting, stopping, and spacing children, may become under
standable not as non-optimum-because-not-maximum fertility patterns, 
but as well-tuned adaptive responses to environmental conditions that 
vary among societies and across time. For example, the work reviewed in 
Chapter 5 suggests that maternal strategies are extremely well-tuned, and 
very responsive to the constraint that investment in one child may come 
at the expense of a mother’s ability to invest in other children. That is, 
closely spaced pregnancies, when nutrition or other factors are limiting, 
may result in lowered lifetime reproduction, compared to pregnancies 
spread more distantly in time. !Kung women have inter-birth intervals of 
about four years (Blurton Jones and Sibley 1978), which at first glance 
seems far longer than physiologically required. But !Kung women may 
depend on bush foods, which means that in their harsh environment they 
must walk far carrying their child on their back. Because predators are 
prevalent, !Kung women may carry their children at least occasionally for
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up to six years. Blurton Jones found that, using a model of ”backload” 
(weight of child plus foraged material), he could predict quite accurately 
inter-birth intervals and mortality patterns. Ten specific predictions were 
substantiated. !Kung women living in compounds, not dependent on bush 
foods, showed quite different schedules of births. Thus, the number of 
successful descendants was maximized not by maximizing births, but by 
responding to the interaction of production of a new child versus the cost 
of such production on the survivorship of other children.

These patterns are profitably analyzed with a cost-benefit approach, 
using reproductive as well as economic currencies. Some economic 
approaches to demographic problems (e.g. Caldwell 1976, 1982, 1983, 
Handwerker 1986a,b) argue that children can be a net, proximate econ
omic gain for parents in pre-industrial and pre-demographic transition 
societies. So far, all analyses of actual data suggest that the real situation 
is considerably more complex (see Türke 1989,1990) but that children’s 
labor is never sufficient to result in a net caloric/economic gain to parents 
(e.g. Blurton Jones 1986, 1987, 1989, Türke 1985, 1988, Hawkes et al. 
1987). Parents provide for their children, even in societies in which 
children provide some work. Even grandparents provide for their grand
children (e.g. Türke 1985,1988, Türke and Betzig 1985). Kin do help each 
other, and kin-helping tends to be preferential according to degree of 
relatedness, as Hamilton (1964) predicted (e.g., Hames 1988, Hawkes et 
al. 1987, Betzig 1988a,b).

Both economic and Darwinian approaches to fertility in response to 
costs and benefits recognize that social and economic success are import
ant goals affecting reproductive decisions. But those who do not specify 
such goals as proximate goals that have, over evolutionary time, correlated 
with enhanced reproductive success, make quite different predictions 
from Darwinians: for example, that it is most rational to produce maximal 
number of children in traditional societies (e.g. Handwerker 1986a). An 
evolutionary approach argues that fertility schedules should respond to 
ecological conditions (e.g. Blurton Jones 1986,1987,1989).

One salient example of the ways in which demographers and ecological 
demographers differ is the well-known ”replacement” phenomenon 
(Figure 7-1). Demographers tend to argue that in many situations there is 
a mental construct known as the ”target family size,” and that, when one 
infant dies, it may quickly be replaced by another after an unusually short 
interval as couples strive to keep on track toward the targeted fertility (e.g.
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Knodel 1988). Non-human examples suggest that there are situations in 
which other considerations are most important. Fertility and infant mor
tality often co-vary, and interbirth interval is typically shorter after mis
carriage or infant death. These correlations give no clue as to cause, but 
individual data allow another test. If parents were in fact trying to replace 
lost infants, then those individuals with lower within-family rates of 
survivorship should also show the highest fertility in order to reach the 
desired family size (Figure 7-lb; NBC number of biological children 
determined to be bom to the individual [Low 1989a] and survivorship 
should co-vary). If, however, there is no such attempt, there should be 
instead, for any given fertility, a relationship between survivorship rate 
and resulting number of children alive at age ten (Figure 7- la; RS io [Low 
1989a] and survivorship should co-vary). Low (in press) has found that, 
for a sample including these two parishes, fertility is unrelated to survi
vorship; rather, there is a strong, positive relationship between survivor
ship and the number of children alive at age ten. There was no evidence 
of replacement attempts.

Population ”Regulation ” We recently heard an eminent demographer 
suggest that ecologists see populations as limited, while demographers do 
not. Examination of the ecological literature will reveal that this is no 
longer so. Reliance on simplistic models of logistic growth and Lotka- 
Volterra predator/prey oscillations have been in question since the defini
tive work of Gause (1934). Botkin (1990) provides an excellent review of 
the history of population ”regulation” theory in ecology and its eventual 
demise in the 1970s. Ecologists and demographers diverge on occasion 
regarding the probable outcome of familial responses when seen in 
population perspective. As a result of individual and familial patterns, we 
do expect to see population patterns — growth in resource-rich times and 
places, stagnation in resource-constricted situations (e.g., Thomas 1941, 
Lee 1989). Yet it would be a critical mistake to think of these responses 
as simply ”population” responses (also see Hawkes and Chamov 1988). 
As Botkin (1990: p. 36-37) points out, there are two serious shortcomings 
of the logistic equation approach to population response. First, all individ
uals are viewed as equal; ”assumed to contribute equally to reproduction, 
mortality, and growth, and to reduce the available resources by exactly the 
same amount.” Second, the environment is not an explicit factor in the 
equation; all required resources are assumed to be available at a constant 
rate. It is precisely this variation among individuals and in available
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Figure 7-1 a. I f  there are no attempts to replace children who die, the 
number o f children alive at age ten (RSio) is a dependent variable, 
resulting, from the particularfertillity (NBC) and survivorship (Sio) rates.

resources that we must now examine in order to understand population 
patterns.

Because kin selection involves individuals other than direct lineal 
descendants, and reciprocity may involve completely unrelated individ
uals, it was tempting for biologists to think of selection acting strongly on 
groups, treating individuals as identical and without conflicts of interest, 
without specifying relationships among individuals, or the impact of 
behaviors on individual inclusive fitness. For example, Wynne-Edwards 
(1962) and others hoped to find the answer to limited population fluctua
tions of many species in terms of group benefit: that is, individuals were 
thought to behave in ways that, while costing each individual reproduc- 
tively, helped maintain the population below the carrying capacity, thus 
allowing the population to persist through time.

Such an approach has a serious failing: it should be obvious even from 
the brief description in Chapter 1 that selection does not favor individuals 
who act for the benefit of a group of non-relatives at the expense of their 
own inclusive fitness; only behaviors which enhance reproductive success
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Figure 7-1 b. I f  parents attempt to replace children who die, fertility 
becomes dependent on the survivorship rate (Sjo) and the particular target 
family size (desired RSio).

(such as behaviors which are selfish, parental, reciprocal, or nepotistic, 
and therefore enhance inclusive fitness), can evolve by natural selection. 
The obvious outcome to such a strategy is that the ”genetic altruists” (those 
who, to their cost and others’ benefit, restrict or cease reproduction) 
decline in the population, being steadily replaced by individuals that 
behave to their own reproductive benefit. Darwin (1859:260) himself 
recognized this problem when he stated that ”if it could be proved that any 
species does something for the sole good of another species, my theory is 
annihilated, for such could not have evolved by natural selection.” This is 
so basic to natural selection theory that Alexander (1979) extended 
Darwin’s challenge to individuals and not just species. Thus, if the good 
of the group were at stake, there would be nothing in Caldwell’s 
(1982:152) discussion of pre- and post-transition societies having ”aims” 
to preclude those aims being accomplished by a widespread infertility —
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he acknowledges that post-transition societies ”do not favor childless
ness,” yet from a population point of view, nothing would inhibit even 
enforced infertility. Situations in which the costs are paid by individuals 
other than those gaining the rewards are unstable in nature as well as in 
politics.

Sometimes, the group may appear to benefit as a result of the cumulative 
selection on individuals (e.g. Williams 1966: a herd of deer may be fleet, 
but only as an incidental side effect of selection on each individual deer 
for escaping predators — that is, we see a herd of fleet deer, rather than a 
fleet herd of deer). Some anthropologists appear to assume still that 
populations are ”regulated” in some way (e.g., see discussion in Viazzo 
1990), so that population numbers are constrained; for example, argu
ments that hunter-gatherer populations are limited because insufficient 
food can be gathered to allow population growth (Howell 1986). There 
are two sorts of difficulties with such arguments: evidential, and logical. 
Such arguments rely on an assumption that hunter-gatherers cannot ac
quire sufficient calories to become fat. Recent research (e.g. Hames 1988) 
has shown strong evidence to the contrary: in fact, most hunter-gatherers 
spend little time actually getting food, and could eat more if they wished. 
The real reason they don’t gather more appears to have to do with the costs 
and benefits of further hunting and gathering. When opportunities for 
trade, storage, and political advantage from giving food arise, more is 
accumulated (see Low 1989c). When such opportunities are lacking, there 
is simply no advantage to gathering more. The logical difficulties with 
such arguments are those of any argument relying on selection at the group 
level. If the ”population” regulated family fertility for the sake of popula
tion benefit, the system would be extremely unstable. ”Cheaters” who 
raised their family fertility at the expense of other families would profit 
(cf. Wiens 1965).

Interestingly, Wynne-Edwards (1962) argued that all species except 
humans were group-selected, because human populations seemed to him 
not to be ”regulated.” He said this because even when he was writing, the 
conflicts between individual profit and group good were already clear. In 
fact, humans alone may show any possibility of group selection at all. 
Laws, for example, are inflictions of constraint on individual behavior by 
coalitions of others in the group (Alexander 1987); and it is not uncommon 
to find that families of different religious backgrounds show very different 
fertility behavior in the same circumstances. However, an important

124



distinction exists. We are not suggesting that human populations are, as 
Wynne-Edwards argued for populations of other species, unitary entities 
which respond to anything.

To the contrary, we suggest that when populations appear to respond to 
resource fluctuations, for example, it is as an emergent phenomenon, the 
result of one of two possibilities: the cumulative effect of individuals 
optimizing their own costs and benefits (individual selection, common in 
other species), or the coercion or constraint of some individuals by other 
individuals or coalitions (sometimes also called group selection). Often it 
is not clear w'hich sort of mechanism is seen to be working. Wrigley (1978) 
speaks of ”unconscious rationality” in fertility which is mediated through 
group influence on individual behavior, of family limitation in France as 
a ”variant form of the classic prudential system of maintaining an equili
brium between population and resources” (Wrigley 1985a), and of ”popu
lation homeostasis by the social regulation of marriage” (Wrigley 1985b; 
also seeOhlin 1961, Dupåquier 1972, Schofield 1976).

Caution is important; there is little evidence that we can, without 
influencing people’s costs and benefits, count on individuals substantially 
altering their behavior simply for societal benefit, and very different 
predictions emerge when population effects are an emergent property 
(arising from [1] the cumulation of many families, differing in their 
resources, attempting to optimize fertility versus [2] coercion from legal 
or religious inculcation), versus responding uniformly (again a parallel 
between ecological and demographic work in the question of whether 
populations can be modeled as comprising many identical individuals). 
We suspect many demographers intuitively grasp this difference, but 
making it explicit may help clarify analyses. Thus, here we are arguing 
that most often population ”regulation” is likely to be almost universally 
the incidental outcome of individuals responding to available resources, 
whether consciously or not. Population policies do, in fact, represent a real 
group-level selection, cases in which individuals’ costs and benefits are 
circumscribed by the will of a larger coalition. The extent to which such 
restrictions for the good of the group impose costly constraints on indi
vidual optimization, we suspect, predicts the extent to which individuals 
will resist them (see also Schnaiberg and Reed 1974, who argue that the 
distribution of wealth is the key to family planning policies).

We suggest that it would be rewarding to explore empirically when 
fertility shifts arise from ’ordinary’ selection— when, for example, having
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fewer children results in more living descendants for individuals, versus 
really group-imposed fertility shifts. The latter may be few and far 
between, but they may well exist (e.g., China’s ”one child” policy). The 
two sorts of fertility responses are functionally quite different.

Resource Decline and the Demographic Transition. Lesthaeghe and 
Wilson (1986) argue that while secularization of attitudes may be an 
important proximate (sensu Williams 1966) trigger to changes in fertility, 
only measures that treat the variation in both resource control and fertility 
across populations will answer whether constriction of resources is a 
necessary correlate of fertility decline. We found that in both Locknevi 
and Tuna parishes, men’s fertility was related to measures of resources, 
though different measures were important in the two parishes (Low 1989a, 
1990a, Low and Clarke 199la,b). In Nedertomeå, Brändström (1984) 
found that fertility and infant survivorship and fertility were related to 
occupational status, as well as residence (town versus countryside). In 
Gullholmen, the economic base (fishing) fluctuated unpredictably, and we 
found (Low and Clarke 1991a) little variation in either occupation status 
or fertility and family size. Lockridge (1983), in a broader study of the 
fertility transition in Sweden, found that trends in family size, in areas like 
üsunda, and Hälsinglands Norra Härad, were reversible and appeared 
linked to economic conditions. In other areas, like Hedemora, Lockridge 
found evidence of fertility decline with no evidence of resource constric
tion, and no later increase. It may be worthwhile examining the interface 
of population growth and environmental conditions through analysis of 
individual family patterns.

Livi-Bacci (1986) and others have argued that fertility declines are 
typically led by households of prominent or high-status individuals, while 
Lesthaeghe and Wilson (1986) proposed that economic factors influence 
fertility shifts. Though they restricted their argument to considerations of 
mode of production (i.e. labor-intensive farm production), their argument 
may be extended to the question of resource level and type (e.g. Low 
1989a). In Locknevi, high-status individuals had larger families in the first 
generation (although the sample size is small); in the second generation, 
family sizes were more even across occupational status. Migration levels 
were high in Locknevi over the period, with men whose fathers were in 
the lower-middle class and men and women whose fathers were torpare 
were significantly more likely to migrate than those bönder (Chapter 6). 
This out-migration coincided with the breaking up of land parcels into
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more numerous parcels of smaller size (Low 1989a). In the other parishes, 
we had neither evidence of resource constriction, nor evidence of de
creased family size over the period our data covered in the 19th century 
(1824-1896).

Sex Differences in Reproduction: Resource Versus 
Reproductive Value

As we noted above (Chapter 4), if humans were obligately monogamous 
— if there were no divorce or remarriage, we could study the ecology of 
reproduction in either males or females, and generalize without worry. 
However, in humans as well as other mammals, the ecology of reproduc
tion differs in males and females (e.g. Low 1989b). The behavioral 
ecology of other mammals, and of pre-industrial societies, lead to some 
general predictions about sexual dimorphism in resources and reproduc
tive patterns in a society such as 19th century Sweden. If resource control 
varies among men (e.g., with occupation or land ownership), and repro
ductive value (Fisher 1958) varies among women (with age), then non- 
random patterns of association are likely to result — and the sexes are 
likely to have rather different reproductive patterns.

Fisher’s (1958) concept of reproductive value (see Chapter 5) encom
passes age-specific fertility and survivorship functions. Women’s ages at 
marriage and age-specific fertility were not tightly linked (Chapter 5, Low 
and Clarke, 1991a, Low in press). The patterns we found (women mar
rying for the first time at younger ages than men; marriage rates for women 
falling quickly as reproductive value declines; fewer widows than wido
wers remarrying, and women remarrying at younger ages than men, with 
a consequent increase the difference in spousal ages in second and 
subsequent marriages, as men marry younger [higher reproductive value] 
women) suggest that women’s reproductive value is important biologi
cally in mate choice, though of course it need not have any perceived 
importance to people themselves.

Further, the patterns we found (Chapters 4 and 5) make sense if 
reproductive value, linked to age, is important for women, while resource 
control is more important than age for men, women’s reproduction is 
likely to correlate less well than men’s with wealth, power, or status. Even 
19th century Sweden, in which marriage ages were late, and divorce and 
remarriage rates were low, women who married earlier were likely to have
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higher lifetime fertility than women who married later, and death and 
men’s remarriage diluted correlations between spouses.

In all of the parishes, richer men tended to marry younger (higher 
reproductive value) women than poorer men, and have larger families 
(Chapter 4). In Gullholmen Parish, a fishing parish in which fish catches 
varied greatly from year, we found no really rich or really poor individuals 
— and little variation in reproductive patterns. In Tuna Parish, men’s best 
occupation was associated with differential likelihood of marrying; mar
ried men had significantly more (acknowledged) children than unmarried 
men, and significantly more children surviving to age ten. In Tuna, 
landowners were more likely to marry than non-landowners, and they 
married younger women . Men who owned land had more children than 
men who did not own land; in part this was due to the higher probability 
of marrying for landowners, but comparisons of married men sustained 
this pattern.

These patterns are consistent with the behavioral ecological hypothesis 
that resources contribute to reproductive success (Low 1989a, 1990a, in 
press), but not consistent with the demographic children-as-resources/pro- 
ducers hypothesis (Hammel et al.. 1983, Johansson 1987 and others). If 
children were perceived by parents as producers in agricultural work, not 
only land owners but land workers (e.g. torpare, statare) should have 
larger families; this was not true (Chapter 4). Landowners had larger 
families no matter what the economic times; and landowners’ family size 
showed less variance than that of non-landowners (Low and Clarke 1991 a; 
see also Cain 1985, Mclnnis 1977, Pfister 1988, Hayami 1980, Voland 
1990). Perhaps land ownership provided a buffer against hard times.

In Tuna, men who owned large amounts of land often had landless sons 
as well as sons who also owned land. Earlier-born sons were most likely 
to remain in the parish, to own land as adults, to marry, and to have more 
children than their later-born, landless brothers (Chapter 4; also see Boone 
1986, about similar problems of unequal investment in, and success of, 
sons of wealthy medieval Portuguese families). Thus, reproductive dif
ferences were associated with parity (birth order) for men.

Widows, Widowers, and Remarriage. In many societies, though the 
pattern can be slightly modified by the operant sex ratio (Imhof 1981), a 
strong pattem exists: widows commonly remarry far less frequently than 
widowers (e.g., Bideau 1980, Wolf 1981, ükerman 1981, Cabourdin 1981, 
Imhof 1981, Corsini 1981, Bideau and Perrenoud 1981); widows with
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dependent children remarry at an even lower rate (e.g., Griffith 1980, 
Bideau 1980, Corsini 1981, Bideau and Perrenoud 1981); and widows 
commonly do not remarry at all when they are older (e.g., Cabourdin 
1981). Though there is no no obvious demographic or economic explana
tion (e.g. Knodel and Lynch 1985), for such patterns, they are predicted 
by a behavioral ecological approach, for while women’s economic value, 
like men’s, does not decline with age, women’s reproductive value does, 
and the investment by men in adopted children is predicted to be far from 
universal. We found (Chapter 5) that more men than women remarried, 
women remarried at earlier ages than men, and women’s probability of 
remarriage declined with age (see also Glick and Lin 1986, Hill and Low 
in press).

Sex Ratio and Interbirth  Interval. Demographers (e.g. Knodel 1988) 
have suggested that if families are attempting to have sons, that the birth 
of a daughter may result in earlier resumption of trying for another child, 
while the birth of a son may result in care and attention, and avoidance of 
a new pregnancy for a longer period. Interestingly, behavioral ecology 
also makes predictions about the effect of offspring sex on inter-birth 
interval, although obviously conscious decision is not suggested as part 
of the process. In polygynous mammals, not only do male offspring 
typically cost more energetically to raise than female offspring, but later 
reproductive success varies more for sons than daughters, and the most 
successful sons may have an order of magnitude more offspring than the 
most successful daughters (e.g, Clutton-Brock et al. 1982,1986, LeBoeuf 
and Reitter 1988). This differential physiological costs of sons versus 
daughters might influence inter-birth intervals.

For humans, it may be important to distinguish between the costs 
imposed by nursing (which would increase the time after a birth of the 
costly sex) and the costs during gestation (which, if high, make the 
conception of the more expensive sex likelier to be delayed, and would 
increase the time before conception of the costly sex). We found (Chapter 
5) that, considering only inter-birth intervals for which both the focal and 
previous child lived to be at least one year, the longest interbirth intervals 
were boy-boy. Sons tended to be bom after intervals longer than three 
years. The sex of the previous child had no effect, suggesting that differen
ces in interval do not simply reflect the cost of nursing a previous child, 
or a parental preference (Knodel 1988). The sex of the current child and 
the interaction were both significant (Chapter 5; also see Low in press).
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Thus it does appear that the greater physiological costs of carrying and 
rearing boys is reflected in inter-birth intervals; it is not, apparently, simply 
the costs of nursing sons, but it seems possible that mother’s condition 
may influence the probability of conceiving a son.

Resources and Survivorship

In all parishes except Locknevi (Chapter 3), daughters survived better than 
sons to age 15. While this is consistent with the evolutionary evidence 
from other mammals (males are more expensive to raise, and typically 
survive less well than females during the period of dependency), they do 
not repeat Johansson’s (1984) findings that daughters were less valued 
than sons in agricultural regimes. Even when we analyzed the survival of 
sons and daughter only of bönder and tor pare, we could not duplicate her 
results. In Locknevi, however, sons and daughters survived equally well; 
this is of particular interest because other factors suggest that Locknevi 
was entering a period of resource constriction during the time of this study. 
In all parishes, adult women survived better than men (again, typical of 
mammalian patterns), and within each sex, married individuals survived 
better than unmarried individuals. In Nedertomeå and Tuna parishes, 
some occupations for men appeared riskier than others.

Resources and Migration

Gross differences in resource availability among parishes appears to have 
set the overall level of dispersal which took place in each of the four 
parishes we examined (Chapter 6). Other variables also played important 
roles. A clear pattern of migration hazard over the lifetime of individuals 
held across parishes and sex; hazard rates rose sharply at the age of 
reproductive maturity. Within this general pattern, there were also striking 
differences between the hazard rates of the sexes. Hazard increase was 
consistently sharper for females and reached higher levels. Children of 
men of all other classes were more likely to migrate than were those of 
bönder, land-owning farmers. The influence of birth order became signi
ficant and positive in large families, suggesting that later bom children in 
these families did not equally share in family resources. Historic time was 
also significant. The parishes studied here reflected the same increases in
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emigration after the mid-1880’s which are known to have occurred on a 
national scale.

Mortality and Fertility Patterns in the Demographic 
Transition

As Knodel (1986) has pointed out, the classic demographic transition 
model gives central importance to correlations in fertility and mortality; 
the question is whether fertility decline occurs in the context of mortality 
decline/survivorship increase (also Livi-Bacci 1986). In Tuna Parish, we 
saw no decline in fertility during the study period; this is of particular 
interest since economic conditions appeared to improve during the period, 
in contrast to Locknevi Parish (see also Lockridge 1983 on the local 
temporal variation in the demographic transition in Sweden). In Locknevi, 
overall survivorship of infants and children up to age ten actually de
creased slightly during the study. Fertility first decreased, then increased. 
Further, survivorship increased markedly among children of proletariat, 
whose fertility did not decrease, while both fertility and survivorship 
decreased among the lower middle class. The sample sizes in this study 
are small, but the results suggest that breaking down samples appropriate
ly may shed light on the actual relationship at the micro level.

Resources, Fertility and Investment: An Ecology of the 
Family

Considerable attention has been paid in the demographic and sociological 
literature to what we would call the proximate correlates of fertility and 
mortality patterns: how was some pattern, or shift, achieved? Was nup
tiality, marital fertility, marriage age, or interbirth interval, involved? Here 
we have concentrated on another level of the problem. Not only humans, 
but all living organisms, must solve the problems of resource acquisition 
and use for survival and reproduction. Contrary to what many non-biolo
gists might imagine, maximization of fertility seldom results in maximum 
net lifetime reproduction (lifetime family size). Rather, there are correla
tions between external factors such as richness of available resources, 
predictability of resources, and variance among individuals in ability to 
acquire resources, and patterns of fertility, mortality, and migration. Many 
different sorts of mechanisms can facilitate the relationships, though in
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non-humans, conscious decisions are not considered — that is, while 
conscious decisions can be an important proximate mediator, there is no 
justification whatever for considering it the only ”cause” of changes in 
fertility. We argue that the ecology of reproduction should result, for 
humans as for other species, in a flexible set of reproductive responses, in 
which age-specific fertility, age at first and last births, and inter-birth 
intervals show correlations with external resource conditions.

Our results (also see Türke 1989, 1990, Low 1989a, 1990a,b) suggest 
that, at least in some situations, when resource differentials are great, men 
can use them to increase their lifetime fertility to a much greater extent 
than can women. When resources become constricted, as in Locknevi, 
family reproductive differentials are likely to disappear. Others have 
found this generally to be true. Individual patterns in such important items 
as age of marriage typically vary with resources (e.g., Wall 1984, Sharpe 
1990, Cain 1985, Mclnnis 1977, Pfister 1988, Thompson and Britton 
1980, Hayami 1980, Schultz 1982, Symons 1974). Families may respond 
quite differently to such influences as market shifts, depending on their 
own resource bases (e.g., Galloway 1986, Schultz 1985), treat their 
children quite differently (e.g., Mitterauer and Sieder 1982:110); even 
aggregate data tend to reflect resource influences, as individuals make 
decisions (e.g., Thomas 1941, Wrigley 1983a,b).

The extent to which we can predict such shifts as a result of economic 
conditions or purchasing power will depend on a number of factors, but 
especially how much parental investment assists individual children and 
whether individuals are wage- or market-dependent. For example, if there 
is considerable migration from urban to rural areas, with subsistence 
farming (lowered dependence on market economies), we may not see a 
fertility decline in rural areas. Similarly, Andorka (1978) and Cain (1981) 
noted that great individual investment in children (with attendant costs to 
the number) were pointless if no substantial market existed for more 
highly educated individuals. Resource differentials, opportunities for 
better-educated children, and migration patterns in lesser-developed na
tions are important. In LDCs, we may find that as resources begin to 
decrease, the risks of migration will be perceived as less onerous. We 
expect migration to increase if it can offer individuals an alternative to 
decreasing fertility. Little is known about the fertility patterns of migrants 
(cf. Easterlin et al. 1978).
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We know, however, that resource constriction is not the only force that 
can favor fertility decline, and we know that in some cases, an apparent 
increase in available resources correlates with fertility decline (e.g. Tai
wan: Hermalin 1978). Is there a more general pattern? Perhaps the relative 
costs and benefits of children themselves are influential (e.g. Easterlin 
1978, Becker and Barro 1988, Türke 1989). Low and Clarke (1991b) 
summarize two contrasting sets of possible relationships. Sometimes 
ecological externalities are such that resources may allow enhanced 
fertility (for some men), but resources are relatively ineffective in lower
ing children’s mortality or enhancing their competitive success (e.g., in 
getting married and starting a family). Such conditions obtain in many 
traditional societies, and, we suspect, in a good many pre- and protoindus
trial societies. Among the Turkmen, for example, Irons (1979) found that 
richer men had significantly higher lifetime fertility than poorer men. 
Among the Meru of Kenya, men with more resources could afford more 
wives (Fadiman 1982). Even among the Yanomamö, who have little in the 
way of heritable resources, and who have been widely viewed as an 
extremely egalitarian society, reproductive success varies greatly, and is 
correlated with a man’s status (Chagnon, 1979, 1982,1988). Borgerhoff 
Mulder (1988) found that the brideprice required for a woman was directly 
related to her reproductive value, so that richer men could afford younger 
wives with more reproductive potential. However, in none of these cases 
was there evidence of a correlation between children’s survival and 
father’s resources. Under such conditions, men’s efforts are predicted to 
be directed toward resource acquisition for enhanced fertility.

Under conditions in which increased investment in individual children 
enhances their ability to survive and reproduce, net lineage success can 
be enhanced by shifting more resources into investment in children 
(education, savings, health insurance, resource gifts, etc.; see Low and 
Clarke 1991b). Such a shift might accompany some sorts of industrializ
ation, but not necessarily all (see below). Unless there is a net increase in 
total resources, the allocation of available resources must be into fewer 
children (Becker and Lewis 1974, Farooq and DeGraff 1988).

This ecological approach to fertility has many similarities to various 
”individual decision” and ”proximate variables” demographic models 
(e.g., Becker 1960, Becker and Lewis 1973, Easterlin 1978, Tilly 1978, 
Bongaarts 1978, 1982, Lindert 1978, Symons 1974) (see also review by 
Farooq and DeGraff 1988), and to Mosk’s (1983) ”leveraging” approach
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to fertility. All have two important characteristics: not all individuals are 
assumed to be uniform, and there is an explicit trade-off between quantity 
and ”quality” of children. Such models have had a varied fate in the 
literature. Our point here is that, if we consider not only fiduciary, but 
other currencies such as reproductive value, previously perplexing fer
tility patterns of some societies may be rendered understandable; that is, 
the perceived non-generality of some of the above models may be attri
butable not to flaws in the postulated relationships, but to the difficulties 
in trying to explain patterns partly based on reproductive currency ”deci
sions” by considering only monetary currencies. An additional advantage, 
perhaps, is the insight that such models may, in fact, be very general, 
affecting all sexually-reproducing organisms, and not particular to one or 
another society, or one or another currency.

An analogous body of theory exists in behavioral and evolutionary 
ecology. Mac Arthur and Wilson (1967:145-150), in examining the role of 
conspecific competition (in the context of island biogeography), noted a 
potent change in the direction of natural selection, depending on the 
density of conspecific competitors. They argued that, when the density of 
conspecific competitors was low, selection favored ”productivity,” and 
that competitive efficiency of offspring was relatively unimportant to their 
eventual success. Under such circumstances, parents should simply 
maximize number of offspring produced. As the environment filled up 
with competitors (a comparatively dramatic process on small islands), 
selection favored the production of more competitive (better nourished, 
better taught) offspring — at the cost of number of offspring; parents 
should shunt resources into offspring investment, even at the expense of 
offspring numbers — net lifetime reproduction was enhanced not by high 
fertility, but by lowered fertility — producing fewer but better-invested 
offspring. They named these two conditions ”r” and ”K” selection, after 
the areas of the logistic curve at which we would predict these conditions 
to be manifested. Pianka (1970) noted some correlates of r- and K-selec- 
tion, and something of an ecological fad followed, with wide mis-use of 
the theory, so that whole species were sometimes described as r- or 
K-selected, muddling the important central question: how does the advant
age to parents o f better invested, highly competitive, versus more numer
ous, offspring compare? Darwin (18711: 319) himself found this question 
central:
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The only check to a continued augmentation of fertility in each 
organism seems to be either the expenditure of more power and the 
greater risks run by the parents that produce a more numerous 
progeny, or the contingency of very numerous eggs and young 
being produced of smaller size, or less vigorous, or subsequently 
not so well nourished.

In other species, the ecological and life-history responses to this selec
tion are relatively simple. For example, small organisms, with high or 
uncertain adult mortality (and thus uncertain ability to give effective 
parental care), are likely to produce larger number of offspring than those 
in which adults are relatively safe and long-lived. Those with ”safe” 
parents and uncertain food supplies, in which parental teaching affects 
offspring effectiveness (e.g., vertebrate predators), have fewer offspring 
than those in which parental investment is relatively ineffective.

These simple patterns are of relatively little help to us here. But let us 
examine the considerable diversity among human societies — within a 
single species, which in fact is closer to MacArthur and Wilson’s original 
argument than across-species comparisons. In many traditional societies, 
with little or no medical facilities, fertility is by far the strongest correlate 
of net lifetime reproductive success, and in such societies, men typically 
strive for resources and status, using these directly in reproductive ways 
(above, also Low 1989b); in fact, the training of boys in these societies is 
related to their potential reproductive gains from striving (Low 1990b). 
On the other hand, complexities in either the ecological or social environ
ment which result in increased effectiveness o f parental investment, should 
result in more investment, at the expense o f fertility itself The degree of 
this shift should correlate with resource richness — if resource richness 
also increases as the importance of investment increases, the negative 
impact on fertility will be moderate; if resource richness decreases as the 
importance of investment increases, the negative impact on fertility will 
be severe. Similarly Türke (1989) has argued that, as family and kinship 
networks are weakened (e.g. by spatial disruption), fertility will fall. In 
these cases, older children and non-descendant relatives comprise a re
source — nepotistic effort; when that resource declines, fertility is likely 
to fall.

Such an ecological approach counters the classic demographic view that 
the main contribution from the field of biology to an understanding of
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fertility is a physiological one. Thus, while using Hutterite fertility as a 
benchmark against which fertility of other societies may be measured 
(Coale and TrusselTs m, for example) can be extremely useful, it makes 
no sense whatever to call it ”natural (biological) fertility,” and in fact, 
some demographers (e.g. Wrigley 1978:148, Campbell and Wood 1988) 
are explicit in recognizing that fertility varies even among pre-industrial 
societies. It may be as close as humans can come to maximum possible 
physiological fertility when a variety of ecological constraints are 
removed (though it’s well to keep in mind the problems ecologists have 
had in exactly parallel calculations of r) However, most traditional so
cieties probably fit better the term ”natural”; most such societies have far 
lower fertility than the Hutterites, and they also show interesting variation 
in fertility with ecological conditions.

Studies of populations at a less aggregate level have shown that male 
fertility may actually increase with income within socio-economic groups 
(above). For women, the conflict between investment capability and 
fertility may be even sharper than for men, even in traditional societies 
(e.g. the IKung women above). When monetary resources become central 
to children’s success, women may shift from traditional maternal invest
ment patterns to market employment, typically with additional negative 
impact on fertility (Farooq and DeGraff 1988).3

How robust are such patterns? General trends suggest that across 
modem populations, as resource levels increase (e.g. as measured by 
GNP), fertility levels decrease. It seems to us important to ask, in each 
case, whether a child’s eventual effectiveness in obtaining resources 
requires more (especially monetary) investment by parents in individual 
children; when it does, we predict fertility decline (Knodel et al. 1990), 
but when it does not (proto-industrialized and other labor markets using 
unskilled labor), fertility decline is not expected. Thus, we suggest that 
the general pattern should resemble this: [1] across countries, or when 
considering women’s individual fertilities, as resources (GNP or earned 
individual income for women) increase, fertility should decline; within 
societies or social groups; [2] when men’s fertility is considered, as 
resources increase, fertility should increase (Low and Clarke 1991b).

These correlations highlight an important complication. Because per
ception of resources may vary for families of different status, and even of 
different background (do current resources represent an increase or a 
decrease?), we may not always see well-tuned responses that agree with
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external assessment of resources. Sometimes, for example, a superficial 
examination suggests that men’s fertility decreases with wealth, even 
within a society. Johnson and Lean (1985) review relevant studies, which 
suggest that couples assess their income relative both to their parents 
income in the previous generation and to others in their social-economic 
group (Low and Clarke 199 lb). Similarly, Freedman and Thornton (1982) 
have shown that in the United States, families make deliberate decisions 
about family size in response to their judgement of available resources, 
and that, when deliberately chosen family sizes are considered, there is a 
correlation between income and family size. When accidental pregnancies 
are considered, the picture becomes less clear. Studies suggest that when 
income is judged as favorable relative to others, fertility is increased (e.g., 
Türke 1990).

These findings suggest that investment level required to produce suc
cessful offspring varies with environment. If poorer parents cannot sub
stantially enhance their childrens’ success, then we might expect a more 
”Mediterranean” form of investment, with larger families, concentration 
of resources in one or a few children, with others living with the family 
or leaving early. Couples at the high end of the socioeconomic ”ladder” 
may do better by investing more per child to allow them to be competitive 
with their peers (e.g. education, clothing, status acquisitions). The re
quired investment may limit the number of children they can afford. 
Within sub-groups, however, those with more than sufficient resources 
may be able to support additional children and still have all be adequately 
invested.

The demand for children has been suggested to be driven in large part 
by a perceived flow of wealth from children to parents and in particular 
by a desire for old age insurance. Often, the suggestion is that in agricul
tural areas, children have higher value than in urban or industrialized areas 
(e.g., Cain 1982, 1983, Hammel et al. 1983). Actual data do not always 
support this hypothesis (e.g., Gaunt 1977, 1983, Smith 1981). Türke 
(1989) reviews the literature on this subject and provides evidence, 
including his study of the populations of Ifaluk and Yap, that suggests that 
while children may help defray some of their costs, they nonetheless 
represent a net economic cost to parents throughout their lives, in societies 
with all sorts of resource bases (e.g., hunter-gatherers, agriculturalists). 
Thus actual net wealth flows are unlikely to be ”up,” counter to Caldwell 
(1982). When children can aid in their own support, of course, parents
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may be able use children’s efforts to offset some of the costs of reproduc
tion. In the United States, for instance, industrialization provided a large 
employment source for children, prior to the establishment of child labor 
laws (Zelizer 1985). Parents’ perceived valuation of children as workers 
was still high (Zelizer 1985), yet family sizes fell well before the child 
labor laws prohibited children working. Such evidence weakens the 
argument that it was a reduction in need for children as laborers with 
growing modernization that initiated the drop in family size. A better 
analysis of the societal changes which shift individual skill requirements 
may provide understanding of changes with potential to lower family sizes 
in LDCs.

From this broader perspective, perhaps re-examination of existing data 
is useful. For example, industrialization may not be, of itself, a force 
driving toward lower fertility, unless success in an industrial environment 
requires greater training or monetary investment by parents, resulting in 
later marriage ages, and often, fewer children marrying (e.g. the ”Euro
pean” marriage pattern; Hajnal 1965). Our data also suggest that, if high 
fertility is not a response to infant loss, medical and public health measures 
leading to increased infant survivorship, though warranted in their own 
right, will not, in themselves, lead to lowered fertility. Perhaps what we 
should look for is any force enhancing the effectiveness of increased 
investment in individual children: ability to purchase medical services, 
ability to will reproductively useful resources such as land or status (e.g. 
the heritable status of the British peerage; Hollingsworth 1957). As 
parents’ ability to influence their children’s eventual success by invest
ment increases, we expect fertility itself to decline, and resources to be 
routed through investment, decreasing mortality and increasing success 
of children.

Measuring ”resources” is, of course, a difficult task. Important resources 
can differ significantly between and within regions. These differences 
result not only from physical differences in the environment, but also from 
the social structure of the population. A ”resource” to one occupational 
group may be a simultaneous cost to another, or even to different individ
uals within a group. Relationships between resources and reproductive 
patterns can be easily clouded by aggregate data and inadequate measures 
of total resources. Thus, predictive analysis of population/environment 
interactions will depend on careful evaluation of variation in both physical 
and social environments.

138



In our data, as well in the work of other researchers, we have found that 
the primary components of population study (fertility, mortality, and 
migration) respond to ecological conditions in ways which are predictable. 
In some situations, we need not even postulate a conscious decision on 
the actors’ parts to predict the response. True, our human consciousness 
offers us additional, perhaps less painful, options for responding, but it 
does not entirely free us of the constraints and opportunities which our 
environment provides. Human complexity and conscious decision can (as 
many demographers and economists have subtly appreciated) add special 
dimensions. For instance, we find that not just amount of resources held, 
but also the economic liquidity of those resources, may influence an 
individual’s success. In a deteriorating environment, a farmer’s land may 
be less easily converted than alternative resources held by the upper- and 
lower-middle class. Then land, usually a valuable resource, may limit 
migration options (Chapter 6).

We argue, then, that certain predictable ecological rules underlie pat
terns of fertility, mortality, and migration, although these are clearly 
constrained further by a variety of cultural complexities and interactions. 
In sum, we suggest that an additional focus will help in understanding part 
of the population-environment dynamic — the influence of environmental 
resource richness on population level and distribution, with the family as 
mediator of population change. What happens to populations, we argue, 
is the statistical sum of what happens to family fertility, survivorship, and 
mobility, as a result of familial resources and effectiveness of investment 
by parents in individual children. If various kinds of families respond 
differently to external shifts in resources (perhaps because they have 
differential access to those resources, or because the shifts profit some 
while costing others), then what happens to population numbers, and 
ultimately how the environment in its turn is affected by the population, 
depend on what proportion of the population comprise different kinds of 
families. If we fail to measure the appropriate resources, or if we look 
simply at aggregate measures or only for conscious decisions as media
tors, we may make the wrong predictions and set inappropriate policies.
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NOTES
1 The very model of pre-transition fertility, Coale and Trussell’s (1974, 1978) 

”m,” posits the shape of the female age-specific marital fertility curve among 
the Hutterites and a few other extraordinarily high fertility societies, as the 
pattern for pre-transition marital fertility. Variations from this ”m=0” profile 
are treated as anomalies, or as incipient stages in the evolution of a post-tran
sition pattern of female age-specific fertility in which, by the 20th century, 
m =l (for exceptions to this treatment, see e.g. Freedman and Thornton 1982, 
Johnson and Lean 1985).

2 Further, fertility can vary independently from m (as Co ale and Trussell 
specified); some societies with low m values (uncontrolled marital fertility) 
have surprisingly low fertility levels, while some with high m values (sup
posedly and sometimes truly entering the transition to lower marital fertility) 
have astonishingly high marital fertilities. Indeed, the whole ”transition” from 
m= 0 to m= 1, even in societies in which this proves by a long run of data to 
have been the inexorable trend, and therefore truly to have been the fertility 
transition, is cluttered with a series o f in-between states in which female 
age-specific fertility curves and marital and general fertility levels vary widely 
and independently. These anomalies and variations mean that m is really most 
useful over the long run; in the short term, it may indicate nothing reliable.

3 After this draft was written we found Voland’s (1989) discussion of r- and 
K-selection, in which he also notes the ecological sensitivity o f pre-industrial 
fertilities, and the variability in specific aspects of change in the demographic 
transition.
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The authors of this volume examine, using a behavioral ecological 
paradigm, the childhood survivorship, marriage, fertility, adult 

survivorship, and likelihood of migration for individuals in four Swedish 
parishes during the 19th century.

Economic conditions varied among the parishes, and through time in all 
the parishes. They find that the primary components of population study 
(fertility, mortality, and migration) responded to ecological conditions in 
predictable ways. Not just amount of resources held, but also the economic 
liquidity of those resources, could influence an individual’s success. They 
argue that predictable ecological rules underlie patterns of fertility, mor
tality, and migration, although these are clearly constrained by a variety 
of cultural complexities and interactions. They suggest that this additional 
focus will help us understand the influence of environmental resource 
richness on population level and distribution, with the family as mediator 
of population change. What happens to populations is the statistical sum 
of what happens to family fertility, survivorship, and mobility, as a result 
of familial resources and effectiveness of investment by parents in indi
vidual children. If various kinds of families respond differently to external 
shifts in resources (perhaps because they have differential access to those 
resources, or because the shifts profit some while costing others), then 
what happens to a population depends on what proportion of the popula
tion comprises different kinds of families.


