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Abstract
Parent-Offspring Conflict among the Karo of North Sumatra
Geoffrey C. Kushnick
Chair of the Supervisory Committee:
Professor Eric Alden Smith
Department of Anthropology
This dissertation analyzes the results of a quantitative ethnographic study of parental
and offspring behavior among the Karo Batak. The goals of this project were to bring
behavioral ecology theory to bear on demographic, economic, and behavioral data,
and to assess the power of Trivers’s (1974) theory of parent-offspring conflict for
explaining demographic and life-history outcomes in a small-scale society. Cash-crop
and subsistence agriculturalists from the highlands (up to 1400m) of peri-equatorial
North Sumatra, Indonesia, the patrilineal Karo Batak have relatively high rates of
fertility (TFR=3.28 to 4.38) and child mortality (37.2 to 60.4 per 1,000 from birth to
age 5). I collected reproductive and economic histories from 240 women in two
villages (Doulu and Laubuluh) with differing socioeconomic contexts, and made
systematic behavior observations amongst a subsample of women. First, I tested
hypotheses from a model of parent-offspring conflict resolution. As predicted,
offspring that cried more during observation periods received more breastfeeding, and
offspring that were ranked with more long-term “need” cried more often. I also found
that offspring cry more after receiving breastfeeding, indicating that they are probably
not influencing the outcome toward their own optima. Second, I presented a model of
optimal interbirth intervals and some simple tests of derived hypotheses. The
hypotheses met with some support, but the results from a parent-offspring conflict
perspective were suggestive rather than decisive. Because landholding emerged as a
strong predictor of birth intervals, I argued that the sociocultural context of

inheritance may influence Karo Batak reproductive decision making. Finally, I tested
hypotheses derived from two models for the timing of marriage amongst women who
reported relatively complete reproductive histories for themselves and their mothers. I
found support for the direct benefits model (offspring optimal perspective) but little
for the indirect benefits model (parental optimal perspective). I argued that data from
males might provide a better fit for the latter based on cross-cultural patterns of
support for offspring marriage and reproduction. In conclusion, I found that parentoffspring conflict remains an intriguing possibility for explaining human reproductive
behavior but it will be hard to come by conclusive evidence for its importance.
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1. INTRODUCTION
This dissertation reports the results of a quantitative ethnographic study of
parental and offspring behavior and life history among the Karo Batak of North
Sumatra, Indonesia. Guided by the theories and methods of human behavioral ecology
(e.g., Winterhalder and Smith 2000), the aim of the project was to generate data that
could be used to build models and test hypotheses derived from Trivers’s (1974)
theory of parent-offspring conflict. The data were collected in two rural villages with
varying socioeconomic situations, Doulu and Laubuluh, and include detailed
reproductive histories, household economic information, and behavioral observations
from 240 ever-married women between 16 to 45 years old.
Because it synthesizes concepts and methods from anthropology, biology, and
demography, this study is poised to supply insights germane to our scientific
understanding of the (a) the explanatory power of a biological theory that has for a
long time intrigued many but has provided few satisfactory explanations; (b) the
timing of births in diverse socioeconomic environments, including elucidating the
causal factors in the reduction of completed family sizes—i.e., the “demographic
transition”; (c) relationship between economic and resource-access factors in the
willingness of parents to attend to the needs of their children; (d) relationships
between socioeconomic factors and the diverging wants and needs of parents and
children; and, (e) variation in parental styles in diverse sociocultural environments.

1.1. Theoretical Background
1.1.1. Human Behavioral Ecology
Following the lead of behavioral ecologists studying the behavior of nonhumans
(Krebs and Davies 1997), practitioners of human behavioral ecology (HBE) apply
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evolutionary logic to the analysis of human behavioral and life-history strategies
(reviews in Borgerhoff Mulder 1991; Cronk 1991a; Smith 1992a,b; Winterhalder and
Smith 2000). Within this framework, humans are viewed as decision-makers who are
able maximize their inclusive fitness within the constraints of prevailing ecological
conditions (Irons 1979; Smith and Winterhalder 1992).
The HBE framework is founded on some critical assumptions, including: (a)
although there is an implicit historical component to any discussion of adaptation,
HBE operationalizes the concept without invoking history, mechanism, or genetics,
much like Reeve and Sherman (1993:9) do: “an adaptation is a phenotypic variant that
results in the highest fitness among a specified set of variants in a given
environment;” (b) the biological foundation of human behavior and life history is
characterized by phenotypic plasticity, and the cultural foundation a propensity
toward those practices which promote individual benefit, so that the assumption that
human behavior will be adaptive in most environments including modern ones is a
good starting point for inquiry; and, (c) human decision-making faculties provide a
means for individuals to cue on various features of their environment or the behavior
of others to make adaptive behavioral choices from amongst a strategy set (or, when
dealing with life-history traits, within a genetically specified reaction norm).
The goal of HBE is to explain human behavioral variation through time and
space using a unified theoretical foundation. To this extent, it has met with
considerable success over approximately the past thirty years (Winterhalder and
Smith 2000). The framework has gained acceptance as a legitimate approach within
anthropology (e.g., Layton 1998). The majority of HBE studies are quantitative
ethnographies whereby the researcher collects data on the behavior of a collection of
individuals and the unique physical and social environmental context within which
these behaviors were performed. Using these data, the researcher confronts
hypotheses derived explicitly from evolutionary ecological and sociobiological
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models, whether verbal, graphical, and mathematical. Other approaches within HBE
include cross-cultural comparisons (e.g., Mace and Pagel 1994), archaeology (e.g.,
Broughton and O’Connell 1999), and historical demography (e.g., Voland 1995).
Finally, whereas early HBE studies focused primarily on problems of production,
such as foraging and group formation, and secondarily on reproduction and parenting,
the converse characterizes more recent studies (Winterhalder and Smith 2000).
With these emphases, HBE contrasts with other evolutionary approaches to
human behavior, such as dual-inheritance theory and evolutionary psychology
(Barrett et al. 2002; Blurton Jones 1990; Smith 2000). The latter is notable because it
makes predictions counter to HBE’s regarding the adaptiveness of human behavior in
modern contexts and emphasizes the study of behavior-producing mechanisms rather
than the behaviors themselves (Barrett et al. 2002; Sherman and Reeve 1997).
Although the appropriateness of the assumptions made by each have been the source
of considerable controversy for some time, it is becoming increasingly clear that a
unified approach to human behavior should borrow the best from each (Barrett et al.
2002; Blurton Jones 1990; Sherman and Reeve 1997; Smith 2000)—the answer to a
given question being a mix of elements appropriate to the behavior of interest and the
germane mechanistic faculties, both proximate and evolutionary (e.g., Barrett et al.
2002). Some of the most interesting HBE studies have begun to do this (e.g., Hill and
Hurtado 1996; Kaplan and Lancaster 2000; Kushnick 2001).

1.1.2. Parental Investment and Life History Theory
The subset of HBE studies concerned with human parenting adaptations is
referred to as parental investment theory (reviewed in Clutton Brock 1991;
Borgerhoff Mulder 1992 and Voland 1998). In a broader sense, parental investment
theory is a subset of kin selection theory (Hamilton 1964a,b). In its strictest sense,
parental investment refers to resources (or other types of parental care) provided by
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the parent to the offspring that simultaneously increase the offspring’s direct fitness
and decrease the parent’s direct fitness (Trivers 1972). The benefit function, offspring
direct fitness, is typically modeled with diminishing returns for marginal increases in
parental investment (Borgerhoff Mulder 1992; Evans 1990) while the cost function,
parental direct fitness, is modeled variously as linear, concave, and convex
(Beauchamp and Kacelnik 1990). The standard hypothesis from parental investment
theory is that parents will provide the amount of care to their child that provides the
optimal tradeoff between cost and benefit.
Figure 1.1 illustrates this model with a linear cost function because this
facilitates a simple graphical solution. The optimal amount of parental care, p*, is the
point at which a line parallel to the cost function runs tangent with the benefit
function. This is equivalent to Charnov’s (1976) marginal value theorem from optimal
foraging theory. The first panel in Figure 1.1, shows the parental optima when the
benefits function varies; the second panel shows the optima when the costs function
varies. Parental investment theory has been applied to a wide-range problems
concerning human social behavior, including the following which should function as a
pointer to additional sources rather than a comprehensive list of sources: abortion
(Lycett and Dunbar 1999); adoption (Silk 1990); birth spacing (Bereczkei et al. 2000,
Blurton Jones 1986, 1987, Low 1991, Mace and Sear 1997, Nath et al. 2000); child
prostitution (Rende Taylor 2005); divorce (Blurton Jones et al. 2000); inheritance
(Borgerhoff Mulder 1988, Judge and Hrdy 1992); male care (Anderson et al. 1999a,b;
Hames 1987, Hewlett 1988, Marlowe 1999); marriage payments (Borgerhoff Mulder
1988, Dickemann 1981, Shenk 2004); parent-offspring interactions (Flinn 1989);
resource stress (Hagen et al. 2001); sex preferences (Bereczkei and Dunbar 1997,
Betzig and Turke 1986, Cronk 1989, 1991, Mace 1996, Sieff 1990).
To be sure, human parenting is multifaceted and complex compared with the
parenting of species whose parental care boils down to, for instance, providing food,
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vigilance against predators, and warmth (Clutton Brock 1991; Geary and Flinn 2001;
Voland 1998). Because of the protracted period of slow growth and offspring
dependency (Charnov and Berrigan 1993), human parenting requires parents to
allocate resources simultaneously to offspring of varying ages (Lancaster and
Lancaster 1987). In this way, humans are similar to chimpanzees, except that humans
have shorter interbirth intervals and weaned human offspring are less able than
chimpanzee offspring to provide food for themselves (Harvey et al. 1987). Human
parental care takes at least the following forms: (1) providing food before and long
after weaning, (2) vigilance against morbidity and mortality risks, (3) material and
informational resources for the acquisition of skills, (4) material support for marriage,
and (5) material and direct support for raising grandchildren. Further, unlike most
mammals, human males provide substantial parental investment (Geary and Flinn
2001). Finally, mothers receive childcare assistance from a wide range of helpers,
including the offspring’s grandmothers (e.g., Hawkes et al. 1997; Leonetti et al.
2005), siblings (e.g., Turke 1988; Kramer 2002, 2005), and others (e.g., Hrdy 1992).
Studies of the human life course in HBE rely on life history theory (Hill and
Kaplan 1999; Mace 2000; for a general review, Stearns 1992). Founded on the
principle of allocation (Levins 1968), life history theory concerns itself with modeling
optimal tradeoffs between: (a) the quantity and quality of offspring and (b) current
versus future reproduction. The former is a product of the empirical and theoretical
work of Lack (1947, 1954) on avian clutch size, and the mathematical foundations
built by Smith and Fretwell (1974), among others. The latter is a product of Fisher’s
(1930) idea of reproductive value, and the theoretical insight of Williams (1966a,b).
Studies of human life history have addressed the timing of reproduction and marriage
(reviewed in Voland 1998) as well as fertility and mortality variation within and
between societies (Hill and Hurtado 1996, Hill and Kaplan 1999, Kaplan 1996,
Pennington and Harpending 1988).
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A wide range of parental investment and life history models have been used to
address these problems (Borgerhoff Mulder 1992; Hill and Kaplan 1999; Voland
1998), borrowed mostly from animal behavioral ecology (Clutton Brock 1991;
Stearns 1992). Despite this, some scholars (e.g., Geary and Flinn 2001; Kaplan 1996;
Kaplan et al. 1995) have explored the possibility that standard parental investment
and life history models fail to apply to humans, or at least fail to apply to humans in
post-demographic transition societies. Notably, Kaplan’s (1996) embodied capital
model points to our shift to wage-based economies and the psychological mechanisms
used to allocate parental resources as an explanation for both low fertility and the shift
in parental investment strategies (Kaplan and Lancaster 2000).
One major shortcoming of studies of human parental investment and life history
is the inability (on ethical grounds) to use experimental methods. Nontheless, the
ability to manipulate key explanatory variables and control others is seen as key to
producing strong-inferential results in these studies (Clutton-Brock 1991; Stearns
1992). Without them, key relationships are masked by unmeasured heterogeneity in
the population, which is also known as phenotypic correlation (Borgerhoff Mulder
1992; Hill and Hurtado 1996). For example, in life history studies, we predict a
negative correlation between energy currently invested in reproduction and energy
available to invest in reproduction at a later age, yet when some individuals in the
population control a disproportionate amount of resources, we may observed a
positive correlation. Van Noordwijk and De Jong (1986:141) model this problem, and
make an analogy with economic studies:
If the budget is fixed, people spending more on housing should spend less
on cars. In fact, the amount of expendable income is variable, and in many
situations positive correlations are observed between the per-family
expenses on housing and cars. There is little problem identifying rich and
poor families on this basis; neither is their any problem extending such
observations to generalizations about income equalities in societies.
Where biologists have observed a positive correlation between life history
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traits, they have also identified individuals that perform well or poorly.
Nevertheless, there seems a residue of wonderment at why negative
correlations are not always observed where trade-offs are expected.
The workaround used in human studies is to deploy multivariate statistical methods to
control for phenotypic correlation, but even in the most ambitious study of human life
history to date (Hill and Hurtado 1996), either the controls were insufficient or the
population they studied did not conform to the theory.
A further limitation of parental investment and life history theory concerns their
application of what could be called the “parental optimum” approach. That is, the
models, predict an outcome that matches the strategy that nets the parent the maximal
inclusive fitness gains. Since parental and offspring gains to inclusive fitness will
differ (Hamilton 1964a,b), we must ask the question that Trivers (1974) posed: How
are offspring interests, and parent-offspring conflict expressed and resolved?

1.1.3. Parent-Offspring Conflict
1.1.3.1. Defining the “Battleground”
Before 1974, conventional wisdom in behavioral ecology held that parental
investment decisions were made with the fitness interests of parents as paramount
(e.g., Lack 1947; Trivers 1972; Williams 1966a,b). Trivers’s (1974) defied this by
presenting a verbal and graphical model whereby parents and offspring could
“disagree” over the amount of parental investment. Steeped heavily in Hamilton’s
(1964a,b) inclusive fitness, the logic of Trivers’s model of parent-offspring conflict is
as follows: In a diploid, sexually reproducing species, a parent has an equal
probability of sharing a gene with any of her offspring (0.5) and will thus, when all
else is equal, favor an equal allocation of parental investment amongst them. Her
offspring, on the other hand, is more likely to share a gene with himself (1.0) than
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with any of his siblings (0.5) and will thus, when all else is equal, favor a larger share
of parental investment than his parent is selected to provide.
The idea that parent-offspring discord might be shaped and maintained by
natural selection met with immediate criticism. Alexander (1974), for instance, argued
that although natural selection might favor the gains of a conflictor offspring, it would
counter-select against the same gene because of the losses suffered to the same
individual as an adult (i.e., because her children would inherit the gene and become
conflictors too). Dawkin’s (1976) rebuttal of this argument, and Alexander’s
concession (1979), led to the development of a host of optimization and populationgenetic models that provided mathematical proof that parent-offspring conflict could
indeed exist (e.g., Bull 1985; Charnov 1982; Harper 1986; Macnair and Parker 1978,
1979; Parker and Macnair 1978, 1979; Parker 1985; Stamps et al. 1978; Metcalf et al.
1979; Feldman and Eshel 1982).
These so-called “battleground” models gave rise to a clearer understanding of
under what conditions we might expect lesser or greater amounts of parent-offspring
conflict (Mock and Forbes 1992; Mock and Parker 1997). In particular, they
highlighted the effect of relatedness, mating system, sibship composition,
environment, and other differences impinging on the reproductive value of parents or
offspring—such as age, condition, or sex (see Mock and Parker 1997 for a review).
Bull (1985), interestingly, showed that in some fluctuating environments the zone of
conflict becomes virtually nonexistent. Yet, in other contexts of environmental
variation, the zone of conflict can be shown to expand (Mock and Forbes 1992).
Figure 1.3 illustrates how varying cost structures expand, or contract, the zone
of conflict. In this model, the optimal level of parental investment is found in the
same manner that it was found in Figure 1.2 (explained above). The full-costs
function, C, is used to find the parental optimum, P*, but the half-costs function, 1/2
C, is used to find the offspring optimum, O*. Remember, the current offspring bears
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only half the costs of lost reproduction because it has only a 0.5 probability of sharing
a nuclear gene with its future siblings. In Panel A, the steep benefits function yields
parental and offspring optima that are relatively more similar (and, thus, a contracted
zone of conflict) than those in Panel B, which illustrates the protracted zone of
conflict that comes with a flatter benefits curve.
Although parent-offspring conflict has been widely cited as the explanation for
ubiquitous observations of dissent in familial ranks (reviewed in Mock and Parker
1997), alternative explanations are rarely ruled out (Bateson 1994; Mock and Forbes
1992). Adequate demonstration of parent-offspring conflict exerting influence on
behavioral phenotypes is scarce or non-existence because: (a) documented conflicts
are actually “squabbles” with non-parent-offspring conflict explanations; (b) it is
difficult to test quantitative hypotheses regarding the fit of observed parental
investment outcomes with predicted ones; and, (c) “battleground” models provide few
testable predictions outside of the aforementioned quantitative ones. Taken together,
these have shifted the focus from models of the battleground to those addressing how
POC plays out empirically (Godfray 1991, 1995; Kilner and Johnstone 1997; Parker
et al 2002b; Royle et al. 2002, 2004).
Parent-offspring conflict models are notoriously difficult to test empirically
(Clutton-Brock 1991; Mock and Forbes 1992; Mock and Parker 1997). One reason for
this is the difficulty of measuring the costs and benefits of parental investment. Both
require measurements of the downstream effects of current behavior and, even though
proxy measures can be used, the connection between short-term measures of direct
fitness and longterm ones are relatively underexplored (Clutton Brock 1991). Another
reason is that even though the theory of parent-offspring conflict predicts diverging
parental and offspring optima, they generally vary in the same direction so the
predictions based on the two are usually quite similar in a qualitative sense, varying
only in a quantitative sense. Finally, parental investment reflects the outcome of not
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only parent-offspring conflict, but the simultaneous resolution of three distinct classes
of intrafamilial conflict, as illustrated in Figure 1.2 (Mock and Parker 1997).
1.1.3.2. “Resolution” of the Conflict
The difficulty of meshing theory with observation led to the development of
parent-offspring conflict “resolution” models—named and reviewed by Godfray
(1991, 1995) but foreshadowed in Trivers’s (1974:257) original treatise:
Since offspring will often have better knowledge of its real needs than
will its parents, selection will favor parental attentiveness to signals
from its offspring that apprize the parent of the offspring’s condition.
In addition, more rigorous, mathematical approaches emerged that found
evolutionarily stable (sensu Maynard Smith 1982) solutions to games with both
discrete and continuous parent and offspring strategies (MacNair and Parker 1978,
1979; Parker and MacNair 1978, 1979). These models, and others like them
(reviewed in Mock and Parker 1997), generally found that a pro rata resolution
somewhere between the parental and offspring optima was the most likely and
highlighted the role of offspring signals of need in the resolution of parent-offspring
conflict (Godfray 1991; Kilner and Johnstone 1997; Royle et al. 2002).
Although Zahavi (1977) has offered his own scenario for how parent-offspring
conflict might resolve—known as the “blackmail” hypothesis, whereby offspring
threaten to bring harm upon themselves until their parents provide extra resources—
his ideas on the matter should not be confused with models derived from another body
of his work (Zahavi 1975; Grafen 1990). These latter models of resolution are known
as signaling models and are derived from costly signaling theory, but differ slightly
from the better known mate-choice case in that the information contained in the signal
(i.e., need) is negatively correlated with fitness and the signaler is related to the
signaler. Under signaling resolution models, offspring benefit from providing accurate
information about their “need” (how much they would benefit from a unit of parental
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investment) and parents benefit from being responsive to offspring signals. Although
some have argued against the stability of signaling resolutions (e.g., RodriguezGirones 1998) and the transmission of precise imformation (e.g., Bergstrom et al.
2002), this type of resolution is likely, especially when the game played by parents
and offspring is iterative (Johnstone 1996). Hussell’s (1988) supply-and-demand
model has been found by some scholars (e.g., Kolliker 2003, 2005; Parker et al. 2002;
Royle et al. 2004) to provide a means for offspring to extract more than the parental
optimal level of resources.
1.1.3.3. Parent-Offspring Conflict In Humans
The more efficient the offspring’s weapons for influencing a parental
investment outcome toward its own optimum, the more likely parent-offspring
conflict will play some role in shaping both parental and offspring phenotypes (Mock
and Parker 1997). In species whose offspring spend part of their development in the
mother’s womb, parents and offspring have the means to engage in chemical conflict
with each other (Haig 1993, 1996). Crespi and Semeniuk (2004) cite the independent
origins of viviparity, matrotrophy, and hemochorial placentation in a number of key
taxa as evidence that parent-offspring conflict has played a significant role in the
evolution of vertebrate reproductive behavior and physiology. Forbes (1997, 2002)
cites evidence that nausea and vomiting during human pregnancy are caused by direct
manipulation by the suboptimal fetus to avoid being spontaneously aborted. Flaxman
and Sherman (2000, 2002) and Fessler (2002a,b), however, support an alternative
explanation—that it is caused by mothers actively protecting the embryos from toxic
chemicals.
Once outside the womb, the ability of an offspring to influence the parental
investment outcome is central to resolution models of parent-offspring conflict.
Extending the length of the birth interval is one way an offspring might extract
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resources from its parents (Blurton Jones and Da Costa 1987). This can be done by
putting up a fight to postpone weaning because of the contraceptive effects of
breastfeeding, or lactational ammenhorrea. This raises questions, however, about an
offspring’s ability to put this weapon to use against its physically dominant parent.
Nevertheless, if mothers depend on their offspring to provide information about
current need (as discussed above), physical superiority becomes a nonissue.
Maestripieri (2002) provides a review of parent-offspring conflict theory applied to
primates in general, including an excellent account of Altmann’s (1980) empirical
investigation of alternative models. In studies of humans, some have begun to explore
the issue of whether offspring cries function in this, or some similar, fashion to allow
the offspring to extract resources beyond the parental optimum (Furlow 1997;
Lummaa et al. 1998; Soltis 2004; Wells 2003; Zeifman 2001).
Parent-offspring conflict, although typically thought of as a conflict over
parental investment, can asffect just about any aspect of offspring and parental
behavior that impinges on the inclusive fitness of both parties (Mock and Parker
1997). Emlen and Wrege (1992) found evidence for the active interruption of
offspring breeding attempts in white-fronted bee-eaters (Merops bullockoides), a
cooperative breeding species where the offspring’s continued support of parental
reproduction is the parental optimum but reproducing on its own is the offspring
optimum. The parent-offspring conflict interpretation, however, was challenged by
Brown (1992), highlighting the difficulty of finding strong-inference evidence for the
effect of parent-offspring conflict on observable phenotypic variation. Flinn (1989)
interpreted agonistic parent-offspring interactions at the cusp of reproductive maturity
as evidence for reproductive suppression, but further evidence is necessary to support
a parent-offspring conflict interpretation.
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1.2. Organization and Chapter Summaries
This dissertation, although organized like a book, centers around three
substantive analyses that are presented with the structure and formatting of journal
articles. On either side of the three main chapters are bookend chapters. The first set
of three chapters provides some background for the substantive analyses. In all three
chapters, I have limited the presentation of details for items of importance when they
are covered in more detail in a subsequent chapter.
In Chapter 1, I provide a brief introduction to the rest of the dissertation and an
overview of the theoretical background. In Chapter 2, I provide an introduction to
Karo society and culture, as well as their homeland and the two villages within which
I studied. In Chapter 3, I provide a detailed account of my methods.
In Chapter 4, I present the first substantive set of analyses, testing hypotheses
derived from a cost-benefit model of parent-offspring conflict resolution with
systematically collected interaction data from 24 mother-infant dyads. I presented an
early version of these analyses at an invited poster session for the Evolutionary
Anthropology Society at the 2005 Annual Meeting of the American Anthropological
Association in Washington, D.C.
In Chapter 5, I present the second substantive set of analyses, a model and tests
of some derived hypotheses with data on interbirth intervals. My deterministic model
predicts interbirth intervals that maximize both parental and offspring inclusive
fitness. Its results predict that birth intervals should be longer for older mothers, but
shorter when opened by offspring that are better able to turn resources into fitness
gains and in resource-poor environments. Further, when comparing offspring and
parental optima, the model predicts greater variance when the mother is in her peak
reproductive years, but shorter after the birth of more responsive offspring or in
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resource-poor environments. I presented an early version of these analyses at the 2006
Annual Meeting of the Population Association of American in Los Angeles, CA.
In Chapter 6, I present the third substantive set of analyses, tests of competing
hypotheses derived from two competing models for age at marriage. The direct
benefits model makes predictions about the effects of sibship composition, birth
order, mother’s age, and education on age at marriage based on the maximization of
offspring fitness (who benefit by marrying earlier), whereas the indirect benefits
model makes predictions based on parental fitness maximization (who benefit by their
offspring marrying later when they are still net contributors to household production).
Finally, in Chapter 7, I provide a restatement of my findings as well as some
conclusions and suggestions for further study.
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Amount of Parental Care

Figure 1.1 Simple graphical model of optimal parental investment where benefits
accrue to offspring’s direct fitness and costs are incurred to parental direct fitness.
Optimal levels of parental investment are found by finding the point at which a line
parallel to the cost (C) function runs tangent to the benefit (B) function. In each panel,
two sets of functions yield two optimal levels of parental investment, P1* and P2*.
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Parent-Offspring Conflict

Offspring 1

Sibling Conflict

Offspring 2

Family Unit

Figure 1.2 Model of intrafamilial conflict showing that parental investment
outcomes reflect the simultaneous resolution of sexual, parent-offspring, and sibling
conflict (adapted from Mock and Parker 1997; Parker et al. 2002).
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Figure 1.3 Model of parent-offspring conflict illustrating variation in the zone of
conflict under different assumptions about the benefits of a unit of parental care.
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2. KARO BATAK OF NORTH SUMATRA
2.1. Introduction
The Karo are 1 of 6 so-called “Batak” groups with a cultural heartland in the
periequatorial highlands of North Sumatra, Indonesia (see Fig. 2.1). The others are
Angkola, Mandailing, Pakpak, Simalungun, and Toba. The Karo Batak are primarily
cash-crop and subsistence agriculturalists who have thrived economically relative to
other Indonesian minority groups as a result of Dutch colonial rule (R.S. Kipp 1984a;
Penny and Singarimbun 1972).
While many aspects of Karo tradition persist in the face of significant cultural
change, others are practiced less frequently or not at all. For instance, many Karo
have converted to Christianity from animism, only a small minority of families still
dwell in traditional houses (rumah adat), and cannibalism and intervillage warfare
have dissappeared (R.S. Kipp 1993; Singarimbun 1975; Steedly 1993). Further,
although traditional attire is still worn for ceremonial functions, such as weddings and
funerals, their everyday attire is many ways undifferentiated from that of Indonesians
living on any of the country’s approximately 6,000 inhabited islands. In her
perceptive account of Karo society, R.S. Kipp (1993) suggests that the Karo
themselves can identify unfamiliar folks as Karo only on those rare occasions that
traditional attire is worn, or when they are heard using Karo-specific terms of
reference or the Austronesian language, Bahasa Karo.
In this chapter, I present some geographic details of Karoland (Taneh Karo) as
well as an overview of the aspects of Karo society and culture relevant to this study.
Included in the first section of the chapter is an introduction to the two Karo villages
where I did fieldwork from November, 2003, to November, 2004. In the second
section, I include information about Karo social organization, economy, demography,
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and the political-economic context of reproduction and parenting in rural Indonesia.
These discussions are based primarily on previously published accounts in English,
though many important documents are in Dutch, especially those from the colonial
period, and Indonesian. I have supplemented this library research with my own
observations, especially those from the village censuses and household economy
interviews, the details of which are included in Chapter 3.

2.2. Geographic Aspects of Karo society
2.2.1. Karoland (Taneh Karo)
Karoland (Taneh Karo) is the cultural homeland of the Karo people. Although
its boundaries are often conflated with those of the administrative Regency with a
similar name (i.e., Kabupaten Karo), its real boundaries are approximated by the area
of the top panel in Figure 2.1. That area includes the entire Karo Regency and
bordering portions of Langkat, Dairi, Simalungun, and Aceh Tenggara Regencies, as
well as the entire stretch of Deli Serdang Regency from the outskirts of Medan to the
Karo Regency (Singarimbun 1975; R.S. Kipp 1993). With the exception of a
substantial number living in local cities and other urban areas throughout the
Indonesian archipelago, the majority of Karo people live in scattered villages
throughout Taneh Karo. An exact count of the Karo population in this area is
unknown, despite the erroneous practice of publishing estimates based on population
figures for Kabupaten Karo, which increased from 219,201 in 1980 to 280,486 in
1998 (BPSKK 1998).
Singarimbun (1975) has made the useful distinction of dividing Taneh Karo
into highland and lowland areas, unmarked by any true escarpments and connected by
the Medan-Berastagi highway which plays an important role in the economic
activities of the Karo. Figure 2.2 is a cross-sectional view of Taneh Karo. The
relatively cooler highlands lie in the Bukit Barisan mountains—which run the length
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of Sumatra, essentially cutting it in half—and consist of a fertile plateau and
mountainous areas to the north, including two active volcanoes: Mount Sibayak and
Mount Sinabung. The relatively warmer lowlands are divided into lower and upper
levels (dusun), the upper level having much more rain than the lower level, or the
highlands. Being a tropical environment, extreme seasonality is nonexistent in Taneh
Karo, though there is a marked rainy season from January to June in the highlands,
and two rainy seasons per year in the lowlands (Singarimbun 1975). Table 2.1
includes temperature and rainfall data for the highlands and lowlands, though I
present them (especially the highland ones, since that is where I lived for 12 months
during this fieldwork) with caution because they are dated and locals insist that
highland temperatures have steadily increased for the past 20 years.

2.2.2. Two Karo Villages
2.2.2.1. Doulu
The first focal village for this study was Doulu. It is situated in a mountainous
valley pass in the highlands of Taneh Karo at 3°13′N 98°32′E, approximately 11 km
(6.9 miles) by road from Berastagi and 19 km (12 miles) from the Regency capitol,
Kabanjahe, and approximately 1200 m (4000 ft) above sea level. The road that runs
the length of this pass begins at the Medan-Berastagi Highway, runs past Doulu and
Raja Berneh villages, and continues to Mount Sibayak—the second-largest active
volcano in the the Karo Highlands (see Fig. 2.3). Adjacent Doulu, the mountain ridges
to either side of the pass are quite steep and completely covered by dense forest,
except for a small coffee orchard and some households close to the base of the rise.
Because of its proximity to the forest and the acoustical properties of the valley, the
village by day is filled with the pleasant sound of bird songs and monkey calls.
Cut by various narrow stream segments and human-made channels, the core
area of Doulu comprises 235 households surrounded by vegetable gardens, wet-rice
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fields, scattered graves, and a few, small coffee and orange orchards. Figure 2.4(a) is
a map of Doulu village. There are no rumah adat in Doulu, but the dwelling places
varied in a number of factors, including size, building material, and floor composition.
As a sampling of this variation, I present the distribution of building materials:
concrete (71%), wood (23%), and bamboo (6%). The village also contains a
Protestant church, a Catholic church, a mosque, an elementary and junior high school,
a handful of small stores and coffee shops, and a public health facility (puskesmas).
Doulu is administrated as follows:
•

Province (Propinsi)

:

Sumatera Utara

•

Regency (Kabupaten)

:

Karo

•

Sub-Regency (Kecematan)

:

Berastagi

•

Village (Desa)

:

Doulu

This administrative unit includes what amounts to two villages—the first being the
settlement in which I studied that some refer to as “Doulu I,” the second being the
settlement that straddles the Medan-Berastagi Highway near a water-bottling plant
that some refer to as “Doulu II.”
2.2.2.2. Laubuluh
The second focal village for this study was Laubuluh. It is located in the hilly
hinterlands just north of Taneh Karo’s highland plateau at 3°11′ N x 98°16′ E,
approximately 2.5 km (1.6 miles) by dirt road to the sub-district capital, Kutabuluh;
from there, it is another 33 km (20.5 miles) by rural backroad to the district capital,
Kabanjahe; and, from there, another 70 km (43.5 miles) by provincial road to Medan.
The village lies at an elevation of approximately 1,030 m (3,400 ft.) above sea level
and is cut through the center by a dirt road that provides Laubuluh and a number of
small villages access to the sub-regency capital and beyond. Kutamale is
approximately 3.1 km (1.6 miles) and Amburidi is approximately 6.5 km (4 miles)
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from Laubuluh. The road is hilly, windy, and unfit for travel except by foot,
motorcycle, jeep, or buffalo-pulled cart.
Most of Laubuluh’s 228 households cluster around the dirt road, or one of the
many footpaths that lead into the surrounding non-irrigated fields (ladang). Figure
2.4(b) includes a map of Laubuluh village. The housing structures in Laubuluh are
77% concrete and 23% wood. Among the wooden houses is a rumah adat with 6
apartments (see Fig. 2.5). The village also contains a Protestant church, an Adventist
church, a mosque, and two small public health facilities—the first a government-run
facility, or puskesmas, the other a privately operated midwife practice. Hilly fields
and orchards surround the village on all sides, as do numerous coconut and banana
trees. Approximately 5 to 10 km to the north of Laubuluh, beyond the village’s
farmlands, sits an expanse of tropical forest that overlaps the border between the Karo
and Langkat regencies. Laubuluh is administered as follows:
•

Province (Propinsi)

:

Sumatera Utara

•

Regency (Kabupaten)

:

Karo

•

Sub-Regency (Kecematan)

:

Kutabuluh

•

Village (Desa)

:

Laubuluh.

2.2.2.3. Comparative Socioeconomics
In a number of ways, Doulu and Laubuluh are quite similar. For instance, their
populations are about 95% Karo (the other 5% a mix of, primarily, Batak Toba and
Javanese), and although almost all have electricity, the dwelling places in neither
villages are equipped with telephones (though, there is a public telephone in a coffee
shop in each village). In some other ways, the two villages differ in important ways.
Tables 2.2 and 2.3 present an overview of some important socioeconomic indicators.
Doulu is a village of 1,003 individuals whose major economic foci are wet-rice
and vegetable farming. Doulu benefits from a number of socioeconomic advantages.
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There is frequent public transportation from morning to early evening, running
between the village and Kabanjahe, and the roads between the two locations are
completely paved and generally in good repair. Although there is no high school in
the village, a number of high schools are readily accessible in nearby Berastagi.
Further, according to official government statistics, the entire sub-regency is relatively
free from two important diseases. In 1998, there were only 5 cases of malaria per
10,000 people and 163 cases of diarrhea per 10,000 people in the sub-regency
(BPSKK 1998). The child mortality rate in Doulu is relatively small at 37.2 deaths
between birth and age 5 per 1,000 at risk. The major socioeconomic disadvantage
facing the people of Doulu is the relative lack of available land.
Laubuluh is a village of 791 individuals whose major economic foci are dryrice, mandarin, and vegetable farming. Laubuluh suffers from some relative
socioeconomic disadvantages. A once-daily inward and outward bus service is the
extent of public transportation to Laubuluh. The roads between the village and the
regency capitol, Kabanjahe, are in bad shape—unpaved and bumpy. Although there is
a primary school in the village and a junior high school in neighboring Kutabuluh,
there are no high schools at all in the sub-regency. Further, according to official
government statistics, the entire sub-regency has a high incidence of two important
diseases. In 1998, there were 90.5 cases of malaria per 10,000 people and 741 cases of
diarrhea per 10,000 people in the sub-regency (BPSKK 1998). The child mortality
rate in Laubuluh is relatively large at 60.4 deaths between birth and age 5 per 1,000 at
risk. The major socioeconomic advantage for the people of Laubuluh is that its
relatively remote location provides abundant arable farmland.
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2.3. Other Aspects of Karo Society
2.3.1. Culture History and Previous Studies
The earliest accounts of Batak peoples emphasized their practice of
cannibalizing prisoners of intervillage warfare. In fact, in Marco Polo’s memoirs of
his 1292 stop on the east coast of Sumatra (then called Java Minor), he mentions an
encounter with hill folk who “eat human flesh” (R.S. Kipp 1993). This is clearly a
reference to the Batak, but unclear which group specifically. Perhaps the earliest
mention of the Karo Batak was by Anderson (1823) who refers to a people by the
name Karau-Karau. Since that time, there has been considerable interest in Karo
customs and society from missionaries, travelers, Dutch colonialists, and
anthropologists.
Some important events in the recorded culture-history of the Karo include the
following (R.S. Kipp 1993; Sibeth 1991; Singarimbun 1975). In 1906, the Karo
highlands were annexed by the Dutch as part of their colony, the Netherlands East
Indies, but only after fighting a war with the Karo for control of the area. With this
annexation came a stop of intervillage warfare and abortion and the beginnings of
mandatory vaccination amongst Karo children. In 1908, the Bataksch Instituut was
established in Leiden, Netherlands, to conduct practical and scholarly studies on Karo
society and agriculture in the Karo highlands. In 1909, a road from Medan to the
highlands of Taneh Karo was built. Today, this road is known as the Medan-Berastagi
Highway. In 1911, an experimental agricultural station was established in Berastagi,
beginning a successful era of cash-cropping European vegetables that continues to
this day. In 1941, the Karo Batak Protestant Church (GBKP) was established.
Table 2.4 presents a decade-by-decade survey of the literature on Karo people.
It includes only works whose focus are the Karo Batak, excluding works of a broader
scope that may include a discussion of Karo amongst other topics, such as Loeb’s

25
Sumatra—Its History and People (1935). The most accessible works on Karo culture
were the products of three anthropological field studies, each detailed below.
Locations referred to in the accounts to follow are marked on Figure 2.1.
2.3.1.1. Masri Singarimbun and Karo Social Structure
The first ethnographic work was Masri Singarimbun’s (1975) study of Karo
social organization, Kinship, Descent, and Alliance among the Karo Batak of
Sumatra, which was based on fieldwork in Liren and Kutagambir villages. The study
brought Karo Batak society to the forefront of anthropological kinship studies (e.g.,
Needham 1978). Singarimbun himself is Karo Batak, born and raised in Tiganderket
village in the highlands of Taneh Karo. He received a Ph.D. in Anthropology from
Australian National University, before long stints as a Professor of Anthropology at
Gadjah Mada University in Yogyakarta, Indonesia, and as a high-ranking population
researcher in the Indonesian government. Singarimbun passed away in 1997, and is
considered by some the foremost Indonesian social scientist to date (see the posthumous collection of Singarimbun’s essays [2003], especially the Foreward by
Australian demographer, Terrence Hull).
2.3.1.2. Rita Smith Kipp and Karo Ethnicity, Class, and Religion
The second was Rita Smith Kipp’s (1993) study of Karo society, Dissociated
Identities: Ethnicity, Religion, and Class in an Indonesian Society, which was based
on fieldwork in Payung village and kampung settlements (village-like neighborhoods
in or on the outskirts of urban areas) in the city of Medan. She conducted this
fieldwork with her husband, Richard Kipp, who has also published on Karo migration
and kinship (see Table 2.4). Rita Smith Kipp earned her Ph.D. in Anthropology from
University of Pittsburgh in 1976, and was a longtime Professor of Anthropology at
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Kenyon College in Gambier, Ohio, before becoming the Dean of the College of Arts
and Sciences at Sewanee: University of the South in 2004.
2.3.1.3. Mary Margaret Steedly and Karo Spirit Mediums
The third study was Mary Margaret Steedly’s (1993) research on female Karo
spirit mediums which was reported in Hanging Without a Rope: Narrative Experience
in Colonial and Postcolonial Karoland and which won that year’s Victor Turner Prize
for Ethnography. Steedly earned her Ph.D. in Anthropology from the University of
Michigan in 1989, and is now the John and Ruth Hazel Associate Professor of
Anthropology at Harvard University.

2.3.2. Social Organization and Kinship
All Karo people are members of 1 of 5 exogamous patrilineal clans: Ginting,
Karo-Karo, Perangin-Angin, Sembiring, and Tarigan (see Table 2.5). These clans are
so central in shaping relationships that the Karo people sometimes refer to their
society as the Merga si Lima (i.e., the five clans). R.D. Kipp (1977, 1983) has studied
the dynamics of kinship organization amongst the Karo and found that rural-to-urban
migrants benefit from forming familial bonds with people from the same clan in their
new environment. According to R.S. Kipp (1984), Karo classificatory kinship
terminology plays the dual roles of kinship system and alliance system. Indeed, under
Karo social structure, both classificatory status and the clan membership of husband
and wife create very specific relationships amongst people of the wife-taking
(anakberu) and wife-giving (kalimbubu) clans (R.S. Kipp 1993; Singarimbun 1975;
Steedly 1993).
Cross-cousin marriages (with one’s mother’s brother’s children) were once the
stated ideal because they maintained the integrity of the anakberu and kalimbubu
relationships through what Leach (1961) has called the assymetrical connubium (as
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pictured in Fig. 2.6). According to the Karo people that I talked to regarding this
practice, it appears these marriages are still recognized as viable, but the tradition
appears to be rarely practiced. Marriages are nowadays seen as more of a way to gain
new alliances than to reinforce old ones (R.S. Kipp 1993). This arrangement may
explain why R.S. Kipp (1984a) found that lovers call each other by sibling names.
Polygyny was at one time an acceptable marriage arrangement, but today it is frowned
upon (Singarimbun 1975).
In most cases, substantial support for marriage and reproduction are provided by
the groom’s family (Singarimbun 1975). In some cases, although legally married, they
might not be considered to have a family (jabu) until they are independent. Upon
marriage, a three-part bridewealth is transferred from the groom’s family to the
wife’s. Once married, the couple may reside with the groom’s family until they are
able to attain financial independence. Finally, inheritance is divided equally amongst
sons, though, Portier and Slaats (1987) report that it may be today more common for
daughters to receive a portion as well.

2.3.3. Economy
The Karo economy centers on both cash-crop and subsistence agriculture. Both
wet and dry-rice is grown, as well as a variety of other vegetables and fruits (see
Table 2.6). Many of the products grown in Taneh Karo are European species
introduced through the experimental agriculture station opened in Berastagi in 1911
(Sibeth 1991). Penny and Singarimbun (1972) claim that a number of factors led to
the Karo thriving economically due to Dutch colonial influence, including (a) the
fertile volcanic soil, (b) the cool climate of the highlands, (c) the road built between
the Karo highlands and Medan in 1909, and (d) Taneh Karo’s proximity to urban
areas in Indonesia, Malaysia, and Singapore. While this area may have once supplied
the produce for these areas, the situation may have changed. Mengitsu et al. (2004),
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for instance, recently published an analysis of why mandarin oranges grown in Taneh
Karo by Karo people have lost their foothold on the aforementioned international
markets.
Despite this, the Karo have proven to be an adaptable people who are willing to
adopt new technological practices for seeking economic prosperity (Kipp 1974; Penny
and Singarimbun 1972). Kipp (1974) provides an example of the Karo from certain
villages thriving by adjusting to the demand for cloves for the cigarette market.
Although their agricultural practices remain unchanged in many ways—such as, the
use of traditional farming implements and water buffalo for traction—as of the late
1960s, they began using fertilizers to a greater extent than other North Sumatran
societies (Penny and Singarimbun 1972).

2.3.4. Parenting
Although this is the first in-depth study of Karo Batak parenting practices,
previous ethnographies and other accounts of Karo tradition (e.g., R.S. Kipp 1993;
Singarimbun 1975) indicate that mothers are the primary caretakers of children, but
that fathers are beginning to take a more active role in the duties:
Carrying and looking after children are woman’s tasks…this
custom is becoming weaker and fathers too are often seen
carrying their children to the rice fields or even in the village…It
is now quite common for a young man to bring his child to the
coffee shop while his wife is busy (Singarimbun 1975:47).
Figure 2.7 is a collection of photographs of Karo mothers and their offspring.
My observations indicate that by and large mothers do act as the primary caregivers,
but that husbands do play a greater role, as do grandmothers, siblings, and other
relatives. Further, although little has been published about Karo demography
specifically, we can piece together a preliminary understanding of it with published
works and a preliminary look at my data. Here, I provide short discussions about what
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is known about each of the three major demographic phenomenon—fertility,
mortality, and migration.
2.3.4.1. Demography of the Karo
The demographic transition in Indonesia from a total fertility rate (TFR) of 5.61
in 1971 to 2.30 in 2002 is well known, so rather than providing more detail, I refer the
reader to the works of Jones (1997) or Raharjo (2002). I would, however, like to point
out that near replacement fertility is characteristic only of Java and Bali. Current TFR
estimates for other regions are clore to 3.3. Fertility amongst the Karo is less well
known. Sibeth (1991) claims that Karo fertility rates are relatively high, but he cites
no sources for this information. My estimate of TFR amongst women in my sample is
3.72. Mortality amongst modern Karo is also unknown, though Gooszen (1999)
reports that the research of Peltnas in the 1930s revealed a child mortality rate among
the Karo between 210 to 270 per 1000. I have estimated child mortality from birth to
age five with my data at 50.63 per 1000, which is a little higher than the national
average for Indonesia, 40.0 per 1000 (Raharjo 2002). Migration is also unquantified,
though many authors have addressed the substantial populations of Karo people that
have migrated to urban areas such as Medan and Jakarta (R.S. Kipp 1993; R.D. Kipp
1974, 1977).
2.3.4.2. Political Economy of Reproduction in Indonesia
Since the 1906 annexation of the Netherlands East Indies and the introduction
of a mandatory child-immunization program, the parenting behavior of Karo has
existed in a political economic framework of both colonialism and, today, Indonesian
rule. A number of public health institutions exist today and in the recent past that
weigh heavily on this aspect of Karo life. These range from public health facilities
used most commonly by rural populations—like the puskesmas, a general source of
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care and medicines, and the posyandu, a source of healthcare specific to female
reproductive health, such as contraceptive distribution and perinatal checkups.
According to some, these facilities provide increased health status for rural
children (Frankenberg 1995; Kosen and Gunawan 1996; Paknawin-Mock et al. 2000)
yet interviews with mothers indicate that they perceive the services to be inadequate
(Andajoni-Sutjahjo and Manderson 2004). This may be due in part to the cessation of
an apparently successful program in 1996 called Bidan di Desa, or Midwife in the
Village. According to Frankenburg et al. (2005), the services provided by this defunct
program had measurable success in increasing the nutritional status of children. In
addition, these programs, by supplying mothers with information, support, and a
means for immunizing their children, decreased child mortality rates across the
archipelago (Raharjo 2002). Nevertheless, it remains unclear whether government
funds, nowadays, are best spent on these types of programs or programs that increase
environmental health, such as sanitation (Krisanto 1983).
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Figure 2.2 Cross-sectional view of Karoland (Taneh Karo).
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Table 2.1 Climate and rainfall in Karoland (Taneh Karo).
Characteristic A
Temperature
Avg. Daytime
Avg. Daily Min.
Avg. Daily Max.
Rainfall
Yearly Rainfall
Upper Range
Lower Range
A

Karo Highlands

Upper Dusun

Lower Dusun

-10°C (50°F)
29°C (85°F)

24°C (75°F)
16°C (61°F)
31°C (88°F)

27°C (80°F)
---

-1,900 mm (75 in.)
1,500 mm (59 in.)

4,000 mm (157 in.)
---

2,200 mm (87 in.)
---

Data from Singarimbun (1975) and BPSKK (1998).
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Figure 2.3 Photograph of Doulu—the volcano in the background is Mt. Sibayak.
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Figure 2.4 Village maps of Doulu and Laubuluh.
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Figure 2.5 Photograph of Laubuluh—the thatched roof of the traditional house
(rumah adat) contrasts starkly with the aluminum roof of typical dwellings.
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Table 2.2 Village-level socioeconomic indicators.
Indicator

Doulu

Laubuluh

Roads classified as “good” between Regency
and Sub-Regency administrative centers A

100%

0%

Frequent

1x per day

0.4

< 0.1

0.5

90.5

163.0

741.0

21.0

34.6

37.2

60.4

Frequency of outward public transportation
Doctors per 10,000 individuals

A

Malaria cases per 10,000 individuals

A

Diarrhea cases per 10,000 individuals
Infant mortality rate (birth to 1 y.o.)
Child mortality rate (birth to 5 y.o.)
A
B

B
B

A

Sub-Regency statistics taken from Bureau of Statistics (BPSKK 1998).
Estimates from data collected in this study (rate is deaths per 1,000 at risk).
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Table 2.3 Household and individual-level socioeconomic indicators.
Doulu
IndicatorA
Dwelling has electricity
Dwelling has 1+ chairs
Dwelling has 1+ radios
Owns 1+ chickens
Owns farmland
Practices wet-rice farming
Practices dry-rice farming
Practices citrus farming
More than Jr. H.S. education
Has ever used contraception
A
B

ComparisonB

Laubuluh

Freq.

%

Freq.

%

χ2

91 / 99
31 / 99
60 / 99
13 / 99
54 / 99
55 / 99
0 / 99
2 / 99
48 / 114
105 / 114

91.9
31.1
60.6
13.1
54.5
55.6
0.0
2.0
42.1
92.1

117 / 120
56 / 120
76 / 120
39 / 120
117 / 120
0 / 120
106 / 120
77 / 120
69 / 128
69 / 128

97.5
46.7
63.3
32.7
93.3
0.0
88.3
64.2
53.9
53.9

0.171
5.341
0.171
10.432
44.491
n/a
n/a
90.853
3.363
19.324

Calculated using data from this study (see Chapter 3 for more details).
Chi-square: df=1, 1-tailed, *p<0.05, **p<0.01, ***p<0.001.

**
***
***
***
*
***
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Table 2.4 Literature on Karo Batak by decade.
Year

Reference

Subject Matter

1890s

Joustra 1897, 1898, 1899a,b
Krujit 1891
Westenberg 1892
Wijngaarden 1893/4, 1894a,b

Missionary reports
Visiting Taneh Karo
Religion
Society

1900s

Guillaume 1903
Joustra 1901, 1904b, 1905, 1906, 1907
Joustra 1902a, 1904a
Joustra 1902b, 1903, 1909, 1914/8, 1918
Neumann 1902a, 1904/6, 1905, 1906, 1909
Neumann 1902b

Toothfilling
Lang./liter./folklore
Missionary reports
Various aspects of society
Society and religion
Economy

1910s

Bodaan 1910, Telens 1916, Westenberg 1914

??

1920s

Bartlett 1926
Hall 1920, Neumann 1927
Huender 1929a,b, Liere 1921
Neumann 1922

Ethnobotany
Society
??
Language

1930s

Adam 1930, Tichelman 1935, Vuurmans 1930
Haas 1931, 1932
Haze-Winkelman 1933, Neumann 1930
Neumann 1939a

??
Bloodtypes
Lang./liter./folklore
Society

1940s

Neumann 1949

Society

1950s

Tamboen 1952

Customs

1960s

Penny & Singarimbun 1967
Singarimbun 1960
Singarimbun 1967

Economy
Lang./liter./folklore
Society

1970s

Griffin 1974, Needham 1978
Kipp, R.D. 1974, 1977
Jaspan 1974, Kipp, R.S. 1974, 1979
Penny & Singarimbun 1972
Singarimbun 1975

Kinship
Migration
Society/religion
Economy
Social structure/kinship

1980s

Bangun 1986a,b, Ginting 1989a, Kipp, R.S.
1987, Slaats & Portier 1981
Ginting 1986
Ginting 1989b,c
Kipp, R.D. 1983, Kipp, R.S. 1984a, 1986
Kusin et al. 1981
Portier & Slaats 1987
Sitepu 1980

1990s

2000s

1984b,

Society/religion
Mental illness
Traditional houses
Kinship
Preschooler pediatrics
Inheritance
Society/customs

Bangun 1990, Kipp, R.S. 1990, 1993, 1995, Steedly
1993
Ginting & Van der Goes 1994, Kozok 1993, Van der
Goes 1997, Woollams 1996
Van der Goes 1992

Society

Mengistu et al. 2004

Mandarin agriculture

Lang./liter./folklore
Traditional houses
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Table 2.5 Five Karo Batak clans (Merga si Lima) and their subclans.
Ginting

Karo-Karo

Perangin-Angin

Sembiring

Tarigan

Ajinembah
Babo
Beras
Capah
Garamata
Gurupatih
Jadibata
Jawak
Manik
Munte
Pase
Seragih
Sinusinga
Sugihen
Suka
Tumangger

Barus
Bukit
Gurusinga
Jung
Kaban
Kacaribu
Kemit
Ketaren
Purba
Samura
Sekali
Sinubulan
Sinuhaji
Sinukaban
Sinulingga
Sinuraya
Sitepu
Surbakti
Torong

Bangun
Benjerang
Kacinambun
Keliot
Kutabuluh
Laksa
Mano
Namohaji
Pencawan
Penggarun
Perbesi
Pinem
Sebayang
Singarimbun
Sinurat
Sukatendel
Ulunjandi
Uwir

Berahmana
Bunuaji
Busuk
Colia
Depari
Gurukinayan
Keling
Keloko
Kembaren
Maha
Meliala
Muham
Pandia
Pelawi
Sinukapar
Sinulaki
Sinupayung
Tekang

Bondong
Gana-Gana
Gersang
Gerneng
Jampang
Pekan
Purba
Sibero
Silangit
Tambak
Tambun
Tegur
Tendang
Tua
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Figure 2.6 Ideal affinal relations among the Karo (redrawn from R.S. Kipp 1993).
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Table 2.6 Some plants of agricultural importance in Karoland (Taneh Karo).
English

Bahasa Indonesia

Bahasa Karo

Avocado
Banana
"Bitter"
Cabbage
Carrot
Chile peppers
Cocoa
Coconut
Coffee
Corn
Durian
Eggplant
Garlic
Gourd
Greens (gourd)
Greens (papaya)
Greens (pumpkin)
Greens (sweet potato)
Hindu cowpea
Mango
Mangosteen
Mustard greens
Orange (mandarin variety)
Papaya
Peanut
Pithecolobium beans
Potato
Pumpkin
Red onions
Rice
Rose apple
Sapodilla
Squash
String beans
Sweet potato
Tomato
Unknown
Unknown
Unknown
Zalacca palm fruit

Pokat
Pisang
Pait
Kol
Wortel
Cabe
Coklat
Kelapa
Kopi
Jagung
Durian
Terong
Bawang putih
Jipang
Daun jipang
Daun kates
Daun jambe
Daun ubi
Kacang panjang
Mangga, embacang, kuini
Manggis
Sawi
Jeruk
Papaya
Kacang taneh
Jengkol
Kentang
Labu merah
Bawang merah
Beras
Jambu-jambu
Sauk (Sawo)
Labu putih
Buncis
Ubi
Tomat
Arcis
Biwa
Daun mbranti
Salak

Pokat
Galoh
Pagit
Kol
Wortel
Cina
Coklat
Tualah
Kopi/Kawa
Jong
Durin
Terong
Bawang putih
Ropa
Pucuk rapa
Bulung pertik
Puncuk tarok
Bulung gadung
Kacang panjang
Mangga, bacang, kuini
Manggis
Sabi
Rimo
Pertik
Kacang taneh
Jering
Kentang
Jambe
Pia
Beras
Jambu-jambu
Sauh
Gundur
Buntis
Gadung
Tomat
Artes
Biwa
Lewoh
Salak
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Figure 2.7 Photographs of Karo Batak women.
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3. METHODS
3.1. Introduction
During the 12 months from November, 2003, to November, 2004, I collected
census, interview, and behavioral data with research subjects drawn from the
populations of two Karo Batak villages. Whereas the censuses provided information
about the entire population of each village, the interviews and behavioral data were
drawn from a set of stratified-random samples of ever-married women between the 16
and 45 years old. In this chapter, I provide details of each sample, my data-collection
methods, and data-quality issues. Some details that are related directly to analyses
presented in later chapters are omitted from the current discussion, but included in the
chapter of relevance.
Because of the sensitive nature of the data collected, and because it would have
been inappropriate for a male researcher to follow and record the behavior of married
women, many of the methods described here were carried out with the help of female
research assistants, each fluent in both Bahasa Indonesia and Bahasa Karo. These
assistants were high-school graduates with an expressed interest in social science or
development studies, but whose financial situations had, up to that point, kept them
from pursuing a university-level educations. I provided week-long training sessions
for these assistants, covering the basics of interviewing, including politeness
protocols, probing techniques, the importance of respondent confidentiality, and the
specifics of conducting the interviews and collecting systematic behavioral data for
this project. Research assistants worked approximately 20 to 25 hours per week, and
were paid approximately US $72 per month. Figure 3.1 contains two photographs of
research assistants at work.
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3.2. Sampling and Data Collection
3.2.1. Village Census Sample
With the help of an assistant, I collected census data from every household in
both Doulu (n=235) and Laubuluh (n=228) villages. These data consisted of an
enumeration of all household members, and the age, and marital and childbearing
status of all women in the household between 16 and 45 years old. The census
interviews, thus, provided information about the populations of Doulu (N=1,003) and
Laubuluh (N=791) villages, but also about the subpopulation of women from which
later samples were drawn. The census interview also provided an opportunity to
explain to the members of each household the aims and methods of the project.
During the census, each household was assigned a number, and a small sticker with
the number on it was placed in clear view near the front door. These numbers served
as unique identifiers for households, making it easy to find the residence of women
who were chosen for inclusion in later data-collection samples. Data from census
interviews were recorded on Census Interview Sheets. Facsimiles of this instrument,
as well as the informed-consent form used in conjunction with it, are included in the
Appendix.
To standardize the census, I defined each individual by their relationship to the
oldest male in the household, or the oldest female when no male resided there. In
most cases, a single living structure housed a single household, but in others it housed
multiple households. This was the case, for instance, in the traditional house (rumah
adat) in Laubuluh (see Fig. 3.2), where four households occupied one apartment each
and a fifth household occupied two apartments (Singarimbun 1967, 1975 and Van Der
Goes 1992 provide detailed descriptions of living arrangements in these houses).
There was an additional longhouse in Laubuluh, and another in Doulu, that had a
multiple-household arrangement but that was structurally different than what is
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recognized as a Karo longhouse. Finally, there was one household in each village that
housed unmarried males.

3.2.2. Full Sample of Ever-Married Women
3.2.2.1. Reproductive History and Economy Interviews
Reproductive history and household economy interviews were conducted with a
sample of women drawn from the populations of the two villages to gain information
about their (a) reproductive and marriage histories, (b) childrens’ illness and treatment
histories, and (c) household economic information. The random sample (n=240) of
ever-married women was stratified by village and age (see Table 3.1). Each interview
was conducted at the woman’s home on a private, one-on-one basis with a research
assistant. The duration of interviews ranged from 45 minutes to an hour, depending on
the size of the woman’s family and the detail with which she could recall her
childrens’ sicknesses. The Interviews were conducted in the morning or late afternoon
to minimize interruptions of daily work schedules. Respondents were compensated
for their participation with 1 kg (2.2 lbs) of granulated sugar and 2 tubes of biscuits.
The total value of this compensation was approximately US $1 (or, approximately 3
to 4 hours pay at the standard local rate). The basic data from these interviews were
recorded on a Reproductive History Sheet and Household Economy Sheet. Additional
data for each husband was collected on a Husband Information Sheet and for each
child on a Child Information Sheet. Facsimiles of these instruments, as well as the
informed consent form used in conjunction with them, are included in the Appendix.
Here, I discuss a few issues regarding data quality. First, when exact dates were
difficult to recall for important events recorded during these interviews (e.g., birth and
marriage dates), we asked the respondent to produce government certificates that
contained the information, such as birth or marriage certificates. These, however,
were inconsistently available. Additionally, I cross-checked reported dates of births
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and marriages with records kept in the Kepala Desa’s office. When the dates were
different, my research assistants asked the respondent to clarify. Second, reported
incidents of already dead children led to mortality estimates that were significantly
below those typical for rural Indonesia, so we did a second run of interviews, asking
only whether the respondent had ever had a child who was born alive but
subsequently died. This yielded more realistic estimates of infant and child mortality.
3.2.2.2. Household Hazard Inventories
The physical dwelling place of each women from this sample was inventoried
for characteristics recognized as safety hazards for “toddler”-age children, such as: (a)
unsafely stored medicines, farm equipment, and pesticides; (b) house entrances within
2 meters of a street or that posed falling hazards; (c) untethered or unfenced animals
that might bite small children, such as pigs or dogs; (d) running water more than 12
inches deep within 2 meters of the house; and, (e) long grasses that could hide snakes
within 2 meters of the house. These data were collected without the help of research
assistants (see Fig. 3.3), and were recorded on a Household Information Sheet (see
Appendix).

3.2.3. Behavioral Observation Sample
3.2.3.1. Instantaneous Scans
Instantaneous scan samples were collected in both villages to glean information
about the daily activities and companionship of women from the same stratifiedrandom sample from which reproductive history and household data were collected
(see Table 3.1). In total, I collected 3,660 minute-points of observation data during 61
one-hour-long sampling periods. I conducted approximately an equal number of scans
in each of the two villages, stratified by hours of the day and days of the week, as
detailed in Table 3.2.
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During each scan-sampling period, I walked a random path through the village
and into nearby fields for one hour accompanied by an assistant who helped to
identify individuals who had agreed to be observed. (The random path was chosen
from amongst a set of paths I drew on the village maps; see Fig. 2.4). At the
conclusion of each minute—which was signaled by a beep from the countdown timer
on my watch—I stopped, did a 360° scan, and recorded on a checksheet my
observations of any woman from the sample who was within view. The observations I
recorded were the woman’s (a) identity, (b) activity, (c) companionship (defined as
any individual within 3 m of the focal individual), and (d) location, as well as (e)
whether it was raining at the time. Data from instantaneous scan samples were
recorded on a Scan Sample Checksheet. A facsimile of this instrument, as well as the
codes for behaviors of interest, is included in the Appendix. Informed consent for
instantaneous scan samples was obtained during, and used the same form as, the
census interviews.
Although instantaneous scan samples provide a means for systematically
recording the behavior of a large number of women in a single sampling period, it is
important to point out the biases inherent in the method and what effect they might
have on the data I collected. First, as with all instantaneous sampling methods (i.e.,
non-continuous recording methods) activities of short duration will be
underrepresented. This problem can be reduced or eliminated if sampling intervals are
made sufficiently short—but, too short and one might as well use continuous
recording—or behaviors of interest are of sufficiently long duration (Altmann 1974;
Martin and Bateson 1993). I am confident that this bias was kept to a minimum
because the activities we were interested in recording were of long enough duration
on average to provide a “signal” that minute-long sampling intervals would pick up.
Second, activities that are commonly done in locations that are unobservable or
hard to observe will go under- or unrecorded. This source of bias is relevant for my
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study because, although I recorded activities in buildings when the individuals inside
were within my sight, I was unable to record observations of people behind closed
doors. Certainly, many activities of Karo women are less commonly done in “private”
than we are accustomed to in Western society (such as cooking, washing, and
bathing). Nevertheless, it is difficult to adjust for this effect in any systematic way.
Finally, because of the physical geography of each village and its surrounding
environment, I was less able to cover all areas of activity in Laubuluh than in Doulu—
the location of workable fields in the former are just too spread out, while those of the
latter are mostly within an area that could be reasonably scanned in one hour, or any
amount of time without requiring considerably more athleticism and stamina than I
possess. (For further discussion of the methods and biases of instantaneous scan
sampling, see Harcourt and Stewart 1984; Hawkes et al. 1987; Martin and Bateson
1993; for discussion specific to quantitative ethnographic research, see Borgerhoff
Mulder and Caro 1985).
3.2.3.2. Instantaneous Focal Follows
Instantaneous focal follows were conducted to glean information about the daily
activities and companionship of a random sample of women (n=38) whose youngest
child was no older than 5 years old, stratified by age (see Table 3.1). With the help of
my research assistants, I collected a total of 2,280 minute-points of observation data
during 38 hour-long sampling periods. We conducted approximately an equal number
of scans in each of the two villages, stratified by hours of the day and days of the
week, as detailed in Table 3.2. Respondents were compensated for their participation
in the same manner as for interviews (see above).
During each sampling period, the research assistant followed a woman from the
sample for one hour. At the conclusion of each minute—which was signaled by a
beep from the countdown timer on a watch—the observer recorded on a checksheet
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the following information about the woman being observed: her (a) activity, (b)
companionship, and (c) location, as well as (d) whether it was raining at the time.
Like the instantaneous scan samples, it is unlikely the activities of interest went
unrecorded because of the length of the sampling interval. Unlike the scan samples,
however, focal follows provided information about a woman’s activities even when
when she was behind closed doors or working in fields that were located relatively far
from the village. Data from instantaneous focal follows were recorded on a Focal
Follow Checksheet. A facsimile of this instrument is included in the Appendix.
3.2.3.3. Continuous Dyad Samples
Continuous dyad samples were collected to gain information about the
maternal-offspring interactions amongst a random sample of women (n=24) and their
currently breastfeeding infant stratified by village and age (see Table 3.1). A more
detailed outline of this sample of women is included in Table 3.3, including the
woman’s age, number of minutes observed and recorded, and the sex, age, and sib
order of her dependent infant. With the help of my assistants, I collected a total of 201
continuous minutes of interaction data. Respondents were compensated for their
participation at the same rate as for interviews (see above).
During each sampling period, two female research assistants and I followed a
woman from the subsample for ninety minutes. During 2 or 3 three-minute blocks of
the remaining portion of each sampling period, chosen at random beforehand, we
continuously recorded the behavioral states of the woman and her infant—one
research assistant recording the woman’s state, another research assistant recording
the infant’s state, while I manned a timer to calibrate the timing of recordings.
Because of this inherently imprecise recording method, the data on the number of
occurrences of each state is far more accurate than the fine-grained, minute-by-minute
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account of interaction that we recorded. The woman’s state was recorded as either
attentive or unattentive of the child, the former was defined as a mother directly
interacting with her infant, while the latter was defined as anything other than directly
interacting with the infant. The infant’s state was recorded as sleeping, suckling, or
neither. If at any time the state of an individual was unobservable, a blank was left on
the checksheet for that stretch of time. Data from continuous dyad samples were
recorded on a Continuous Checksheet (see Appendix).

3.3. Data management and analysis
For the most part, I managed and cleaned the data collected during this project,
but various individuals have helped with data entry, including research assistants in
Indonesia and a volunteer in the United States—an undergraduate student in
Anthropology at the University of Washington, Seattle. The sheets used for data
collection have remained continuously under lock and key, except when they are
being used for coding. The computerized dataset was stored in a password-protected
Microsoft Access 2003 database and, to minimize identifiability, each respondent is
identified by an ID number rather than by her full name.
Model-building excercises were done using SPSS 13, MS Excel 2003, and mle.
The first two are well known software packages, while the third is a programming
language for building maximum likelihood models (Holman 2003). Although the
details of some analyses are included in their respective chapters, here I present
citations for the works I referred to when conducting them. For parametric statistical
models, I used the following: multiple linear regression (Kleinbaum et al. 1998),
logistic regression (Hosmer and Lemeshow 2000), Cox regression (Hosmer and
Lemeshow 1999), and from-scratch maximum-likelihood models (Holman 2003). I
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also used the event history analysis techniques outlined in (Box-Steffenmeister and
Jones 2004), including both continuous and discrete-time modeling. For choosing best
models, I used methods that account for both complexity and model fit (Burnham and
Anderson 2002). For other analyses, I used parametric statistical tests, such as the ttest, and Pearson and partial correlations (Rosner 2000). Finally, I used a number of
non-parametric statistics, most notably tests for the comparison of means and
variances (Rosner 2000), and the chi-square and Mantel-Haenzel tests for binary or
grouped data (Agresti 1996).
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Figure 3.1 Research assistants at work in Doulu (top) and Laubuluh (bottom).
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Apartment boundary
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Figure 3.2 Floorplan of the traditional house (rumah adat) in Laubuluh.
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Table 3.1 Breakdowns of stratified-random samples described in text.
Village
Sample

Age Group

Full Sample

16 to 25
26 to 35
35 and up
Total

Focal-Follow Sample

16 to 25
26 to 35
35 and up
Total

Continuous-Dyad Sample

16 to 25
26 to 35
35 and up
Total

Doulu

Laubuluh

Total

21
39
54

10
59
58

31
98
112

113

127

240

5
7
8

4
7
7

9
14
15

20

18

38

4
6
2

2
9
1

6
15
3

12

12

24
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Figure 3.3 The researcher hard at work in Laubuluh.
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Table 3.2 Distribution of sampling periods across days of week and hours of day.
Village
Sample

Time of Day

Doulu

Laubuluh

Total

Scan Samples

Morning (7am-10am)
Early Afternoon (10am-1pm)
Late Afternoon (after 1pm)

14
10
8

12
9
8

26
19
16

7
9
4
3
5
3
1

2
2
3
10
6
4
2

9
11
7
13
11
7
3

Total

32

29
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Morning (7am-10am)
Early Afternoon (10am-1pm)
Late Afternoon (after 1pm)

2
15
3

7
5
6

9
20
9

7
4
3
0
3
3
0

1
6
4
4
1
2
0

8
10
7
4
4
5
0

20

18

38

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

Focal Follows

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Total
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Table 3.3 Detailed summary of mother-infant dyads observed (n=24).
Woman
Village

Identifier

Age

Doulu

Ginting 18
Ginting 30
Karo-karo 10
Karo-karo 24
Karo-karo 3
Karo-karo 9
Sembiring 14
Sembiring 18
Sembiring 19
Sembiring 6
Sembiring 9
Tarigan 1

32
41
28
30
29
25
20
28
23
34
25
39

Laubuluh

Ginting 35
Ginting 39
Karo-karo 39
Karo-karo 40
Karo-karo 42
Karo-karo 47
Perangin-angin 12
Perangin-angin 13
Perangin-angin 15
Perangin-angin 20
Perangin-angin 27
Tarigan 15

32
35
22
21
29
30
26
36
29
26
26
28

Minutes
Observed (recorded)

Infant
Sex

Age

Sib #

90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)
90 (9)

b
g
b
g
b
b
b
g
b
g
b
g

2
1
0
0
0
2
1
0
1
0
0
2

5
2
3
1
5
3
1
3
1
2
1
5

90 (9)
90 (9)
90 (9)
90 (9)
90 (6)
90 (6)
90 (9)
90 (9)
90 (9)
90 (6)
90 (6)
90 (6)

b
b
g
b
b
b
b
b
b
b
g
b

0
0
0
0
0
1
0
2
0
2
0
1

4
4
2
1
4
1
4
1
1
1
2
2
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4. PARENTAL SUPPLY AND OFFSPRING DEMAND
AMONG KARO MOTHERS AND INFANTS
4.1. Introduction
Human infants depend greatly on their mothers to provide nourishment,
protection, and other types of care, while a mother’s decisions about whether to
provide care, and if so how much, have nothing less at stake than the infant’s survival
and later reproductive success. Taken together, these observations have led to the
adoption of an explicitly evolutionary approach for understanding mother-infant
relations by researchers from diverse disciplines, including pediatrics (e.g., Barr
1999), developmental psychology (e.g., Zeifman 2001), and anthropology (e.g.,
Konner 1976). Here, I test hypotheses derived from Trivers’s (1974) theory of parentoffspring conflict—an evolutionary theory of parent-child interactions—with data on
maternal and infant behavior amongst the Karo Batak of North Sumatra, Indonesia.
The logic of parent-offspring conflict theory, which is based on the fundamental
ideas of Hamilton (1964a,b), has received detailed attention in the literature (for
reviews, see Mock and Parker 1997 or Parker et al. 2002). It is summarized as
follows: Since a parent has an equal chance (0.5) of sharing any randomly selected
nuclear gene with each of its offspring, all else being equal, she favors an equal
distribution of fitness-enhancing resources amongst them. A given offspring, on the
other hand, is more closely related to itself (1.0 chance of sharing a gene) than it is to
any of its non-identical-twin siblings, and when all else is equal should favor a larger
portion of parental resources for itself than for a sibling. Although “battleground”
models of the phenomena (models that predict parental and offspring optima, and thus
the magnitude of the conflict, in various contexts) have shown that parent-offspring
conflict is mathematically and evolutionarily tractable, questions have been raised
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about its ability to exert influence on actual phenotypes (e.g., Bateson 1994; Mock
and Forbes 1992). Because of this, the focus of more recent work has shifted to
building and testing hypotheses derived from “resolution” models of parent-offspring
conflict (Godfray 1991; 1995). In contrast with the battleground models, which are
relatively barren in terms of providing testable hypotheses, resolution models concern
themselves with finding ESS behavioral strategies for the parent and child, such as
optimal begging levels given current need, or whether to provide resources in
response to offspring demands and, if so, how much (Godfray 1991, 1995; Mock and
Parker 1997; Parker et al. 2002).
Empirical studies of parent-offspring conflict resolution have flourished among
organisms, such as birds, with which it is feasible and ethical to experimentally alter
variables of interest, such as clutch size and offspring hunger (for reviews, see Kilner
and Johnstone 1997; Royle et al. 2004)—all impossibilities in studies of humans.
Nevertheless, some evolutionary-minded researchers have explored the possibility
that these models might help explain the frequency and duration of crying in human
infants (e.g., Furlow 1997; Lumma et al. 1998; Wells 2003; Soltis 2004; Zeifman
2001). Although some evidence exists to support the existence of parent-offspring
conflict in humans in a prenatal setting where the conflict plays out chemically
(Forbes 2002; Haig 2003; cf, Fessler 2002; Sherman and Flaxman 2002), it is less
clear whether parent-offspring conflict has much effect once the offspring has left its
mother’s womb. Nonetheless, parent-offspring conflict theory continues to be an
intriguing possibility for explaining observed patterns of human parental and
offspring behavior (Borgerhoff Mulder 1992; Voland 1998) and initial tests of key
hypotheses with quantititative ethnographic data have been made (Fouts et al. 2005).
In one early resolution model, Zahavi (1978) argued that offspring manipulate
their parents into providing extra resources by attracting attention, and thus predators,
to themselves. The parent provides the contested resources to quell the tantrum.
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Blurton Jones and Sibly (1987) proposed that toddler nightwalking might serve a
similar purpose. Soltis (2004), however, based on his review of the evolutionary and
pediatric literatures, prefers alternative resolution models to account for infant crying
(cf, Maestripieri and Durante 2004). Other early resolution models found that the
outcome of parent-offspring conflict should be a pro rata compromise, with a parental
investment outcome somewhere between the parental and offspring optimal levels,
but when key assumptions were lifted they predicted a parent-wins resolution
(reviewed in Godfray 1995; Mock and Parker 1997).
Current resolution models are based primarily on scramble competition and
honest signaling theory (Mock and Parker 1997; Parker et al. 2002; Wells 2003).
Under intrabrood conflict and when the parent has relatively less control over
resource allocation (such as in species where an offspring can monopolize teat access,
or when the offspring displaying the largest stimulus is provisioned), resolution by
scramble competition may occur (Parker et al. 2002). Although humans have
primarily singleton births, the long period of offspring dependency causes the human
family to mimic a brood—albeit, one comprising offspring of varying ages (i.e.,
reproductive values) with varying parental-care needs. Given this and because
mothers have physical control of resource allocation, it is unlikely the scramble
competition model applies to humans. The second model, resolution by honest
signaling, rests on the assumption that parents cannot themselves judge accurately
their offspring’s current state and, therefore, rely on offspring signals of “need,”
defined as the fitness the offspring would gain from a unit of parental investment
(Godfray 1991, 1995). The offspring ESS in this model is characterized by honesty
and costliness because, without them, the signals lose their informational content and
parents will be selected to ignore them (Grafen 1990; Mock and Parker 1997).
Under both the scramble competition and honest signaling models, it has been
shown that the resolution can diverge from the parental optimum as a consequence of
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the interaction between the mechanisms of supply and demand as conceptualized in
Hussell’s (1988) model of offspring solicitation and parental response (Kölliker 2003;
Kölliker et al. 2005; Parker et al. 2002; Royle et al. 2002, 2004). First, the effect of
demand on supply, or the EDS mechanism, is predicted to be positive. The more
vigourously resources are demanded, whether by scramble or signal, the more
resources an offspring should receive. Second, the effect of supply on demand, or
ESD mechanism, acts as the prime determinant of whether and how the parental
investment outcome deviates from the parental optima, but the amount of deviation
depends on the magnitude of conflict. The model makes no prediction about the slope
of the ESD function (see Fig. 4.1), and Royle et al. (2004) have shown that all
possibilities—negative, positive, and no slope—have been observed in nature. For
more detailed discussion of this model see Parker et al. (2002) or Royle et al. (1997).
Here, I test the following hypotheses derived from the Hussell (1988) model of
parent-offspring conflict resolution, as discussed above:
Hypothesis 1: Offspring with greater “need” should be more demanding of
parental resources. Although need has been variously defined as hunger and
deviations from age-specific weight gain, I explore the possibility that age and
propensity to illness are good measures.
Hypothesis 2: Mothers should provide more resources to more demanding
offspring. Given my focus here on the relations of mothers and infants, I
conceptualize demands as crying, and resources as breastfeeding bouts.
Hypothesis 3: Offspring can shift the outcome towards its own optima if the ESD
mechanism is negative. If offspring are to influence the parental investment outcome
away from the parental optimum, they will cease their demands upon receiving
parental resources.
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4.2. Methods
4.2.1. Study Group and Data Collection
I collected data on parent-offspring interactions using continuous focal-dyad
observation methods (Lehner 1996; Martin and Bateson 1993) with 24 mother-infant
dyads in Doulu and Laubuluh villages between November, 2003, and November,
2004. Details about these data and how they were collected are included in Chapter 3:
Methods. For most analyses, each dyad contributed a single case (n=24) to the
dataset—which consisted of aggregated scores for measures of interest over all
sampling periods. Each dyad contributed either 2 or 3 sampling periods (see Table
3.3). In other analyses, I treated each sampling period (n=67) as a unit of analysis,
using a statistical technique, that I describe in more detail below, to account for the
nonindependence of observations.

4.2.2. Data Analysis
The analyses presented here include t-test and Mann-Whitney comparisons of
means, simple and multiple OLS linear regression, and logistic regression. With the
exception of the logistic regression models which were built using mle (Holman
2002), I conducted all analyses using SPSS 13. For all statistical tests and modelparameter estimates, I reported significance where α=0.05.
I used two methods for accommodating small sample sizes. First, when
choosing the best regression models amongst theoretically chosen candidates, I
calculated a version of Akaike’s Information Criterion that adjusts for small samples,
AICc, in MS Excel 2003 (Burnham and Anderson 1998) or used R2 as a measure of
model fit and adjusted analytically for model complexity. Second, I used multiple,
nonindependent observations from a single mother-infant dyad in the logistic
regression analyses. To control for correlations amongst repeated measures, I included

64
a random effects term in the model as a single covariate, z, which allows for the
calculation of the variance of a normal distribution with a mean of zero. When
estimating the maximum likelihoods for the models, the following logistic equation
was used:

1
1+ e

− β 0 + β1 ...+ β i + z

Eq. 4.1

where i is the number of covariates in the model and β1 to βi are the estimated
parameters for each of the covariates. This method has been used by O’Connor et al.
(2004) as a viable alternative to using dummy variables (which would add 23 degrees
of freedom to the models in this chapter) to account for nonindependence. I included
the following covariates in the model-building exercises because they represent
possible confounding variables: sex of child (0 female, 1 male); mother’s experience
(0 first child, 1 birth order 2+); age of child; and, village (0 Doulu, 1 Laubuluh).

4.3. Results
4.3.1. Hypothesis 1: Offspring with More Need are More Demanding
The following groups of infants were identified as having greater “need” than
their comparison group: (a) those whose mothers reported them as suffering at least
one serious illness per year; (b) those whose mothers reported them as suffering at
least one serious illness in the previous 12 months; and, (c) those that were less than 1
year old. As shown in Table 4.1, all three of these groups had a substantially higher
mean number of crying bouts per sampling period, as predicted, yet only the statistical
comparisons for (b) were significant.
In another analysis of the relationship between need and demand, I built a series
of OLS linear regression models of the relationship between the number of crying
bouts observed during all sampling periods and reported sicknesses in the current year
(Table 4.2). Although both of these variables are categorical—taking on integer
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values—the distance from one category to the next is equal for each consecutive
category and thus linear regression provides a suitable method for inference. The
coefficient for crying bouts in the simple, bivariate case (Model 1) indicates that these
variables have a positive association that is both substantively and statistically
significant. This association can be seen in the scatterplot of the two variables as well
(see Fig. 4.2). When I added reasonable confounders to the model (Models 2, 3, 4, 5,
and 6), the coefficient for the relationship between crying and sickness retained its
substantive significance, changing little from the bivariate case. The bivariate model
(Model 1) is, thus, preferable to the full model (Model 6) because, for sample size
(n=24), the full model is overparameterized. Estimates of the models’ adjusted R2
coeffecients support this interpretation as well.

4.3.2. Hypothesis 2: Mothers Provide Resources to Demanding Offspring
To test the hypothesis that mothers provide more resources to offspring that
demand more, I used a series of OLS linear regression models with the number of
breastfeeding bouts observed during sampling periods as the dependent variable
(Table 4.3). As predicted, I found a positive relationship between this variable and the
number of crying bouts observed during the same sampling periods. The estimated
coefficienct for crying bouts was both substantively and statistically significant in the
bivariate model (Model 1), as well as in the models where I controlled for possible
confounding (Models 2, 3, 4, and 5). Based on adjusted R2, the best model for
inference is the one that controls for the effects of maternal experience (Model 3), but
because the coefficient for crying is quite similar in both models, I use the scatterplot
in Figure 4.3 to illustrate the relationship between crying and breastfeeding.
To test the hypothesis that mothers provide resources to demanding offspring
with an expanded dataset, I built a series of logistic regression models of the
probability that during an observation period (n=67) at least one breastfeeding bout
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occurred (Table 4.4). In both the series of models that include the random effects to
control for nonindependence of observations (Panel A) and the models that exclude
them (Panel B), the relationship between the number of crying bouts and the
probability of a breastfeeding observation is positive. In fact, because the coefficients
for crying are identical in both series of models, only the models that do not include
random effects are used here for inference. Although the estimated coefficients for
crying are quite similar (both substantively and statistically significant) in all of the
Panel B models, the one that includes mother’s experience (Model 3) is the strongest
based on AICc criteria.

4.3.3. Hypothesis 3: ESD Should Be Negative for Offspring Wins
To assess the nature of the ESD relationship between offspring solicitation and
maternal response, I built a simple OLS linear regression model of the mean duration
of crying bouts on the mean duration of subsequent crying bouts (n=16 dyads). The
scatterplot of this relationship, illustrated in Figure 4.4, shows clearly that the ESD in
my sample is positive and that the model is a good fit to the data (R2=0.247).

4.4. Discussion and Conclusion
The results of this study are consistent with the predictions of Hussell’s (1988;
Parker et al. 2002) supply-and-demand model of parent-offspring conflict resolution,
but because the observed ESD function is positive, it is unlikely that the subjects of
this study extract resources beyond the parental optimal amount.
First, as predicted, I found that offspring with greater “need” cried more often,
and that the number of serious sicknesses the infant had in the past 12 months was an
excellent predictor of the number of crying bouts observed during observation
periods. Second, as predicted, I found that parental resources were allocated to infants
that asked for them. In one analysis, infants that cried more were breastfed more. In
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another analysis, crying was an excellent predictor of whether breastfeeding was
observed during an observation period. Lastly, I found that there is a strong positive
ESD function—i.e., a strong positive association between the length of a
breastfeeding bout and the length of subsequent crying bouts.
How does apparent cooperation between mothers and infants support a parentoffspring conflict interpretation? That the underlying, genetic conflict should
necessarily lead to behavioral conflict is based on a misreading of the theory (Mock
and Forbes 1992). For sure, in situations where conflict might be predicted to be
greatest, we might indeed observe behavioral conflict, such as when the parent and
offspring disagree over weaning. Not surpisingly, weaning conflicts featured
prominently in Trivers’s (1974) original paper, and are the type of conflict that has
received the most attention amongst humans (e.g., Fouts et al. 2005; McDade 2000)
and non-human primates (e.g., Altmann 1974; Maestripieri 2002). It may be useful to
distinguish, as Mock and Forbes (1992) have, between parent-offspring conflict in the
evolutionary sense, and squabbles in the behavioral sense. The former refers to the
underlying genetic inequality that may (or may not) lead to observable disagreements,
while the latter are observable disagreements between parents and offspring that may
(or may not) be explainable by the underlying genetic assymmetry. Parent-offspring
conflict theory, thus, may be at work even without observed squabbling. In some
cases, it is just too costly or the benefits are too small to favor it (whether this be
automatic or facultative). The important thing for parent-offspring conflict theory is
that the interaction be shaped by decision-making on the part of two individuals with
divergent inclusive-fitness interests (e.g., Mock and Parker 1997; Trivers 1974).
From an evolutionary standpoint, we expect an individual to be indifferent to an
unrelated individual’s signal of “need.” When the inclusive fitness interests of the
individuals overlap, however, such as when they are related, there is a lot to gain from
receiving information about that individual’s need (Godfray 1991, 1995; Maynard
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Smith 1991), even if the information received is imprecise (e.g., Lachmann and
Bergstrom 1998). In this study, the concept of “need” represents the benefits side of
the parental-supply offspring-demand game and is, thus, central to resolution models
of parent-offspring conflict (Godfray 1991, 1995; Hussell 1988; Mock and Parker
1997; Parker et al. 2002). Need is defined as the increase in fitness an offspring gains
from receiving a unit of parental resources (i.e., the marginal fitness benefit of
parental investment). For practical purposes, need is typically measured as hunger
(“short-term need”) or some measure of deviation from growth-for-age standards
(“long-term need”). In many species, the former is exceedingly difficult to measure
(Price et al. 1996; Wright et al. 2002). Wells (2003) suggests that in human infants,
the best measure of need is perhaps weight- or height-for-age z-scores.
In this study, I used three proxy measures of need, from which the number of
sicknesses in the past 12 months emerged as the strongest. Whether this is an
acceptable substitute for standard measures of need is an empirical question that has
been answered to some extent here, yet further investigation is needed as the Karo
Batak represent only a small portion of human diversity. One problem with this
interpretation is that if parents already know their offspring’s susceptibility to
sickness, they are receiving little or no additional information from their offspring’s
cries. A number of evolutionary minded authors are skeptical of crying as a signal of
need and have pointed to different functions, such as manipulation and signaling vigor
(Furlow 1997; Lummaa et al. 1998; Soltis 2004).
The results presented here, although consistent with parent-offspring conflict
theory, fail to show an “offspring-wins” resolution. Under Hussell’s (1988; Parker et
al. 2002) model, this only occurs when the EDS function is negative—i.e., when
offspring who have received resources discontinue to beg (see Fig. 4.1). Some argue
that a failure to demonstrate this constitutes a case of parent-offspring conflict not
doing anything significant to shape parental or offspring phenotypes (Mock and
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Forbes 1992). Additionally, it might be argued that because the parental investment
outcome failed to move upward from the parental optimum, the observations are
equally consistent with standard parental investment theory (e.g., Clutton Brock
1991). The observation of a positive EDS function indicates that the offspring may be
influencing the parental investment outcome downward, away from the parental
optimum (Parker et al. 2002; Royle et al. 2004).
An additional prediction from both honest signaling and scramble models of
parent-offspring conflict resolution that I did not test here is that producing the signal
should be more costly for individuals with greater need (Mock and Parker 1997;
Parker et al. 2002; Royle et al. 2004). The downstream effects on fitness of current
behavior are notoriously difficult to measure (see Clutton Brock 1991 for discussion
specific to parental care). In this study, I assume that infants are paying a cost for
demanding resources. Although energetic costs of of crying have been documented
(reviewed in Wells 2003), fitness costs have not been. Without fitness costs, it
becomes the ESS for offspring to signal regardless of need (thus, subverting the
honest signaling model [Grafen 1990]) and for parents to begin ignoring them (Mock
and Parker 1997; Parker et al. 2002).
Although it may prove generally applicable, the Hussell (1988; Parker et al.
2002) model was built to apply to solicitation and response in birds. There are some
fundamental differences between parental care in birds and parental care in humans
(Clutton Brock 1991; Voland 1998). There is thus a need for building a parentoffspring conflict resolution model that applies specifically to the human case. The
approach I envision will emerge from a coupling of our understanding of the
peculiarities of the human breeding system with game theory (Maynard Smith 1982)
and dynamic programming (Mangel and Clark 1988). It would be useful to model an
iterative game that allowed for learning (e.g., Kedar et al. 2000) because these provide
more realism than one-shot models and their results indicate that they are likely to
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produce offspring-wins scenarios (Johnstone 1996). Additional work should also be
done to link variation in childcare patterns and parent-offspring conflict resolution
with specific features of the physical and social environment. From the extremely
limited data on cross-cultural offspring solicitation and parental response data, it is
clear that the Karo Batak pattern of crying quick response to offspring demands is
nonuniversal across human societies (e.g., Small 1999). Further, it is clear that there
is no one current explanatory model that accounts for the entire range of variation of
parental responsiveness (e.g., Hewlett and Lamb 2002; Hewlett et al. 2000).
In conclusion, my tests of hypotheses derived from the supply and demand
model of parent-offspring conflict revealed that offspring may apprise their mothers
of their “need” (when need is defined as something other than current hunger) for
parental resources through crying. Mothers provide breastfeeding to offspring that
cry, which may not be universal across human cultures. Further, I found that offspring
continue to cry even after receiving breastfeeding, leading me to conclude that
offspring are unlikely (at least under the assumptions of the supply and demand
model) to extract resources beyond the parental optimal amount.
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(more PIÆmore begging)
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Figure 4.1 Illustrations of the supply and demand model, showing (A.) three
hypothetical ESD functions, and the deviation from parental optimal investment of
resources given (B.) the slope of the ESD function and (C.) three battleground
scenarios (Hussell 1988; Parker et al. 2002).
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Table 4.1 Comparisons of mean crying bouts by measures of need.
Measure

Group

n

Mean

SE

Sicknesses per year

0
1+

10
14

1.60
2.43

Sicknesses in current year

0
1+

14
10

0-1 y.o.
1-2 y.o.

14
10

Age of child

Significance: ** P<0.01; t-tests: df=22.

t

U

0.521
0.402

-1.279

49.5

1.50
2.90

0.403
0.433

-2.328**

35.5**

2.43
1.60

0.416
0.499

1.279

50.5

-----

----5.377** (1)
0.160

Summary:
F (df)
Adjusted R2

Notes: * p<0.05, ** p<0.01

0.254

0.590*

SE

Predictor:
Sicknesses in
Current Year
Covariates:
Sex of Child
Experience
Age of Child
Village

β

MODEL 1:
Bivariate

0.668
----

0.250

SE

2.581* (2)
0.121

0.105
----

0.590*

β

MODEL 2:
Offspring sex

-0.624
---

0.259

SE

3.043* (2)
0.151

--0.546
---

0.554*

β

MODEL 3:
Experience

--0.389
--

0.269

SE

3.096* (2)
0.154

---0.359
--

0.512

β

MODEL 4:
Offspring age

---0.719

0.308

SE

2.588* (2)
0.121

---0.134

0.559

β

MODEL 5:
Village

Table 4.2 Linear regression models of crying by sicknesses in current year (n=24).

0.771
0.700
0.419
0.784

0.341

SE

1.355 (5)
0.072

-0.051
-0.711
-0.448
0.165

0.408

β

MODEL 6:
Full
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Figure 4.2 Scatterplot of crying by sicknesses in current year (n=24).
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Figure 4.3 Scatterplot of breastfeeding by crying bouts (n=24).

-----

----11.835*** (1)
0.320

0.197

0.677**

SE

0.687
----

0.201

SE

5.712** (2)
0.291

-0.198
----

0.679**

β

MODEL 2:
Offspring sex

Notes: * p<0.05, ** p<0.01. ***p>0.001

Summary:
F (df)
Adjusted R2

Predictor:
Crying Bouts
Covariates:
Sex of Child
Experience
Age of Child
Village

β

MODEL 1:
Bivariate

-0.643
---

0.200

SE

6.772*** (2)
0.334

-0.777
---

0.734**

β

MODEL 3:
Experience

--0.399
--

0.207

SE

6.376*** (2)
0.319

---0.388
--

0.615**

β

MODEL 4:
Offspring age

---0.641

0.207

SE

6.061*** (2)
0.306

---0.469

0.637**

β

MODEL 5:
Village

Table 4.3 Linear regression models of breastfeeding by crying (n=24).

0.776
0.762
0.443
0.695

0.232

SE

2.628* (5)
0.261

-0.039
0.675
-0.263
0.463

0.645*

β

MODEL 6:
Full
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1.511
-----

0.000
-----

-----

----82.809

0.378

1.023**

85.002

0.432

1.023*

SE

0.260
1.107
----

0.635
----

0.309

85.002

-0.007
----

1.023**

SE
0.433

87.266

0.000
-0.007
----

1.023*

β

MODEL 2:
Control for Sex

0.715
-2.159
---

-0.628
---

0.361

81.581

-1.132*
---

1.192**

SE
0.851

83.845

0.000
-1.132
---

1.192

β

MODEL 3:
Control for Exp.

0.268
--0.087
--

--0.047
--

0.319

84.598

--0.031
--

1.035**

SE
0.494

86.862

0.000
--0.315
--

1.035*

β

MODEL 4:
Control for Age

Notes: * p<0.05,** p<0.01; AICc = Small Sample Unbiased Akaike’s Information Criterion.

Summary:
AICc

B Predictor:
Crying Bouts
Covariates:
Sex of Child
Experience
Age of Child
Village

Summary:
AICc

A Predictor:
Crying Bouts
Covariates:
Random Effects
Sex of Child
Experience
Age of Child
Village

β

MODEL 1:
No Covariates

0.266
---0.915

---0.559

0.312

84.722

---0.294

0.994**

SE
0.446

86.986

0.000
---0.294

0.994*

β

MODEL 5:
Control for Village

Table 4.4 Logistic regressions models of the probability an infant was breastfed (n=67).

0.793
1.481
2.651
0.106
1.089

0.971

SE

0.775
0.756
0.052
0.598

0.379

87.901

1.195
0.357
0.018
0.287

1.195

90.399

0.000
0.357
1.213
0.018
0.287

1.195

β

MODEL 6:
All Covariates
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Mean duration of subsequent crying bout
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Figure 4.4 Scatterplot of the mean duration of breastfeeding bouts by the mean
duration of crying bouts that follow them (n=16 dyads).
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5. LIFE HISTORY MODEL OF PARENT-OFFSPRING
CONFLICT OVER THE BIRTH INTERVAL
5.1. Introduction
Amongst iteroparous breeders, including humans, the temporal span between
consecutive births—called the interbirth interval, or IBI—represents an important lifehistory trait because it is so tightly interwoven with both fertility and mortality.
According to life history theory, natural selection should shape IBIs by finding the
optimal tradeoff between quantity and quality of offspring, and between current and
future reproduction (Hill and Kaplan 1999; Stearns 1992). Human behavioral ecology
is also germane to human birthspacing because, ostensibly, parents should have been
shaped by natural selection with the ability to adjust life-history traits, including IBIs,
in fitness enhancing ways given prevailing environmental conditions (e.g.,
Winterhalder and Smith 2000). Previous empirical studies of human IBIs from a life
history or human behavioral ecology perspective have ranged from linking parental
resources to variation in reproductive effort in historical demographic studies, to
addressing sex preferences and the tradeoff between childcare and work in a range of
small-scale societies with varying subsistence types (e.g., Blurton Jones 1986, 1987,
1989; Blurton Jones and Sibly 1978; Hill and Hurtado 1997; Kramer and McMillan
2006; Low 1991; Mace and Sear 1997; Nath et al. 2000).
My aims in this paper are to introduce a model of optimal IBIs and test
predictions derived from it using multivariate methods where possible to control for
the effects of “phenotypic correlation” with data I collected amongst the agricultural
Karo Batak of North Sumatra. Whereas early approaches to optimal birthspacing
(e.g., Blurton Jones 1986, 1987; Blurton Jones and Sibly 1978; Pennington and
Harpending 1988) modeled the quantity-versus-quality tradeoff in a manner similar to
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Smith and Fretwell (1974), I have adopted a different approach based on maximizing
the tradeoff between current-offspring survivability and parental residual reproductive
value (Williams 1966), where reproductive value is estimated using the parameters
characterizing an “average” human population. In this way, my model avoids making
circular predictions about the reproductive effort of individuals based on a model
using parameters estimated from their own reproductive histories. In addition, it is not
constrained to treating each offspring equally and includes accounting for the effects
of parental mortality on decision making (insofar as future offspring are of less value
than the current one). In short, my model makes predictions about optimal IBIs as a
function of maternal age, environmental quality, and offspring quality.
The model presented below incorporates parental and offspring optima because
the difference between the two approximates the magnitude of parent-offspring
conflict (Mock and Forbes 1992; Mock and Parker 1997; Parker et al 2002; Trivers
1974). Parent-offspring conflict occurs because, all else being equal, the parent
benefits equally from each surviving offspring, but the offspring gets twice the fitness
benefit for its own survival compared to sibling survival. Although the resolution of
parent-offspring conflict is a complicated issue, reviewed in Parker et al. (2002) and
addressed in more detail in Chapter 4 of this dissertation, my hypothesis testing
assumes that three possible outcomes exist: (1) parent wins, (2) offspring wins, and
(3) compromise (Mock and Parker 1997). Further, I assume that offspring have a
means for eliciting resolutions (2) and (3) by increasing the length of the IBI. The
validity of this assumption has received some attention in the literature, none
definitive. Although a number of perspectives have been advanced, I believe its
validity hinges on an infant’s power (or lack thereof) to use against her, unwillingly or
unwittingly, a mother’s own ability to increase IBI length through lactational
anovulation (Blurton Jones and DaCosta 1987; Mock and Forbes 1993; Gomendio
1993), and parental reliance on offspring signals of “need” in making allocation
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decisions (Chapter 4, this dissertation; Godfray 1991). See Mock and Parker (1997)
for a general discussion of resolution models of parent-offspring conflict, and Wells
(2003) for a review specific to the human case. In the hypothesis tests specifically
dealing with parent-offspring conflict here, I predict that in contexts of increased
intensity of parent-offspring conflict (see below for model results), populationaverage IBI outcomes will exhibit greater variability.

5.2. Model
In building this model, I have sacrificed some realism in order to produce a
tractable and cross-culturally applicable model. The following are my simplifying
assumptions: (1) parental care is provided by one individual (i.e., a mother) with no
regard for the availability and effects of helpers on her behavior; (2) fitness can be
measured as the survival of offspring through childhood with no regard for the
“downstream” effects of current parental care on the offsprings’ adult fecundity or
fertility (other than that the offspring needs to survive this period to reproduce at all);
(3) parents make birthspacing decisions using a combination of cues—namely, an
assessment of their own prospects for future reproduction, and of offspring and
environmental quality; and, (4) the parent provides care to one child at a time, and this
period of parental care is equivalent to an IBI.
To calculate parental and offspring fitness, my model relies on two components,
each a function of the length of the IBI: (a) survival of the current infant and (b) the
parent’s reproductive value at the end of the interval devalued by her probability of
surviving until the end of the interval (i.e., her residual reproductive value). I calculate
age-specific reproductive value using mathematical models of fertility and mortality,
rather than a standard life-table approach. Because of this, the model requires each of
the parameters outlined in Table 5.1, though many of the parameter values are
constants, representing an “average” human case.
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5.2.1. Parental Fitness
Parental fitness, wp, is calculated as the sum of the probability the current
offspring survives given the length of the IBI, si, and parental reproductive value at
the end of the birth interval, vx+i, devalued by the probability the parent survives to the
end of the interval (i.e., residual reproductive value) where x is maternal age at the
opening of the IBI and lx is parental survival to age x:
⎛l
wp = si + ⎜⎜ x +i
⎝ lx

⎞
⎟⎟v x +i
⎠

Eq. 5.1

The parental optimal interbirth interval, wp*, is the one that maximizes wp.
5.2.1.1. Current Offspring Contribution

Because offspring survivorship should rise monotonically with diminishing
marginal returns with increasing IBI length, I use a handy permutation of the negative
exponential model to calculate si (Winkler and Wallin 1987). Although the functions
differ slightly, this calculation is similar to the one used in Pennington and
Harpending’s (1988) quantity-versus-quality model of human fertility, so I use their
parameterization,
si = smax [1 – e –a (i-imin) ]

Eq. 5.2

The minimum viable IBI, imin, encapsulates the implausibility of too-short
intervals and the mortality risk of premature births. In a mathematical sense, it defines
the x-axis origin of the si function, as illustrated in Figure 5.1(a). Offspring
responsiveness to parental care, a, brings variability in offspring quality to the model.
Mathematically, it defines the rise of the si function, as illustrated in Figure 5.1(b).
The offspring survivorship maximum, smax, puts a ceiling on the value of si (see Fig.
5.1[c]). In a practical sense, it brings environmental quality to the model; its converse
(1 – smax) is the force of care-independent offspring mortality.
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5.2.1.2. Future Offspring Contribution

The future-reproduction component of parental fitness is calculated as her
reproductive value, vx+i, multiplied by her probability of living from her current age,
x, until her age at the end of the IBI, x+i (or, lx+i / lx). To show how the entire quantity
is calculated, I start with the equation for reproductive value (Fisher 1930) where lx is
the probability of surviving to age x, and mx is fertility at age x:
⎛l ⎞
vx = ∫ ⎜⎜ x +1 ⎟⎟ mx
⎝ lx ⎠

Eq. 5.3

I have used mathematical functions for estimating lx and mx rather than the lifetable approach typically used. These functions, with parameters set at values they
might typically take for human populations, are outlined below. Figure 5.2 illustrates
the shape of the reproductive value function. To estimate the lx component of this
function and residual reproductive value, I used a Siler function to estimate qx (Siler
1979). These values are related in the following way:
lx = l x−1 − q x l x −1

Eq. 5.4

The Siler model is a good mathematical model of mortality when the three
distinct phases of mortality are to be considered: neonatal, age independent, and
senescent (Wood et al. 2001). It can be parameterized as follows:
qx = α1e − β1x + α 2 + α 3e β3 x

Eq. 5.5,

where α1 and β1 shape neonatal mortality, β2 is the level of age-independent mortality,
and α3 and β3 shape senescent mortality. When the typical values for a human
population proposed by Wood et al. (2001) are used, qx takes on the shape illustrated
in Figure 5.2.
To estimate the age-specific fertility component of reproductive value, mx, I
used a Brass Polynomial function. This mathematical model is both parsimonious and
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provides an excellent fit to fecundity in a wide range of mammalian species (Gage
2001):

mx = c (x – d) (d + I – x)2

Eq. 5.6

where c is the level of fecundity, x is age, d is the lower age at fecundity, and I is the
length of the reproductive period. Under the assumption that human reproduction
starts at age 15 and lasts until age 50 (i.e., d=15 and I=35), age-specific fertility takes
the shape illustrated in Figure 5.2.

5.2.2. Offspring Fitness
Offspring fitness, wo, for a given value of i is calculated same way as parental
fitness, except that future siblings are devalued by 0.5 because the current offspring
has only a 0.5 chance of sharing any given gene with them:
⎛l
wo = si + ⎜⎜ x + i
⎝ lx

⎞
⎟⎟v x 0.5
⎠

Eq. 5.7

The offspring optimal interbirth interval, wo*, is the one that maximizes wo. By
definition, wo*> wp* and wo* – wp* is the quantity of resources under dispute, or
approximately the potential “magnitude” of the parent-offspring conflict (Mock and
Parker 1997; Trivers 1974).

5.2.3. Predictions Derived from Model Results
5.2.3.1. Parental-Optimal Approach

By varying maternal age, a, and smax in the model, I found the following general
patterns regarding these variables and wp*. (A) Although the relationship is nonlinear,

wp* increases with parental age across most values of a and smax. (B) When offspring
are less responsive to parental care, that is when a decreases, wp* increases. With
extremely low values (i.e., when a ≤ 0.5), the relationship reverses, though such low
values are probably unrealistic for human populations, except in extreme cases of

85
individual offspring. This general pattern holds for most maternal ages and values of

smax. (C) When the force of care-independent mortality is higher (i.e., low values of
smax), wp* is lower. This general pattern holds for most maternal ages and values of a.
From these model results, I derive the following qualitative hypotheses:
A.

IBIs increase with maternal age

B.

IBIs opened by more-responsive offspring are shorter

C.

IBIs are shorter when smax is lower, conceptualized as resource-poor
environments

5.2.3.2. Parent-Offspring Conflict Approach

The following general patterns emerged when comparing wp* with wo*. (D)
With increasing maternal age, wo* increases but at a faster rate than wp*. This leads to
an increasing magnitude of parent-offspring conflict with maternal age. This general
pattern holds for most values of a and smax. (E) With increasing offspring
responsiveness (i.e., increasing a), wo* increases but at a faster rate than wp*. This
leads to higher-magnitude conflict with increasing offspring responsiveness to
parental care. This pattern is robust to changes in values of maternal age and smax. (F)
When the force of care-independent mortality is higher (i.e., low values of smax), wo*
increases at a faster rate than wp*, except in mothers at the beginning and end of their
reproductive spans. Thus, amongst most mothers, the magnitude of parent-offspring
conflict increases with increases in the force of care-independent mortality. This result
is robust to change in values of maternal age and a.
D.

IBI variance is higher in mother’s “peak” reproductive years

E.

IBI variance is lower after birth of more-responsive offspring

F.

IBI variance is lower when smax is lower, conceptualized as resourcepoor environments
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5.3. Ethnographic and Analytical Background
With the help of trained female research assistants, I collected complete
reproductive and economic histories from a stratified-random sample (n=240) of
women age 15 to 45 from two Karo Batak villages in the highlands of North Sumatra,
Indonesia. The fieldwork was carried out from November, 2003, to November, 2004,
as part of a study with aims to assess the explanatory value of parent-offspring
conflict theory. I chose Doulu and Laubuluh as focal villages because they were
approximately equal in population size, but varied in important socioeconomic ways
that I believed might have important ramifications for parenting outcomes. For
instance, I found differing fertility and child mortality rates in the two villages (Fig.
5.3). More information about the people of these villages is included in Chapter 2.
I built the optimality model with Excel 2003, and found optima using the Solver
module contained therein. Using SPSS 13.0, I built Cox regression models to test
Hypotheses A, B, and C, and used Levene’s F-test to compare variances for
Hypotheses D, E, and F. To build suitable regression models for inference, I
compared the estimated coefficients in a series of bivariate models with those from a
model including all the covariates (Hosmer and Lemeshow 1999). In all the models,
length of the IBI was the dependent variable. With this method, I was able to detect
differences in the effects of the covariates of interest in the bivariate models with
those in the model that controlled for a number of theoretically important control
variables. I relied heavily on hazards ratios for inference. In Cox regression, these are
simply exponentiated coefficients and are interpreted as follows: For each unit change
in the predictor variable, there is a change in the hazard of experiencing the event of
interest that is measured by the hazards ratio (in this case, the event is the closing of a
birth interval) (SPSS 13.0). I excluded IBIs from the analysis for the following
reasons: (a) they were opened by twin births, adopted births, or offspring that died in
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childhood; (b) the woman was not at risk for another pregnancy at any point during
the pregnancy because her husband died or left the household for some other reason;
and, (c) the woman reported any abortions or adoptions during the interval. More
information about analytical methods is included in Chapter 3.
The following covariates were used in the Cox regression models because they
were necessary to test Hypotheses A, B, and C: (1) woman’s age at opening of the
birth interval; (2) sex of offspring opening the birth interval—used as a proxy
measure for offspring responsiveness to parental care, with the assumption that girls
are the more responsive sex because a unit of parent care typically increases their
fitness at a greater rate than the same unit invested in a boy; and, (3) whether the
mother’s family reported ownership of landholdings—used as a proxy for smax from
the model, assuming that this quantity is lower when parents have less resources to
invest in their offsprings’ fitness. The following covariates were included as controls
because they represent possible effects of beliefs or access to resources that are
relevant to reproductive decision-making: (4) religion; (5) whether the woman’s
mother was reported as providing monetary, material, or other help in childrearing;
and, (6) whether the woman’s household reported sources of income from activities
other than farming. Coding details for binary covariates, as well as descriptive
statistics for these covariates and the outcome variables are reported in Table 5.2.

5.4. Results
5.4.1. Parental Optimum Predictions
Using Cox regression analysis, I found the results detailed below and in Table
5.3. In sum, I found support for hypotheses A and C, and mixed support for
Hypothesis B:
(A) Mother’s Age: For all three IBIs, the estimated coefficients for mother’s age
are quite similar in the bivariate (Model 1) and full (Model 7) models. The estimated
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hazard ratios can be interpreted as an increase in the hazard of closing the birth
interval of 0.956 to 0.991 for each year increase of mother’s age. In other words, as
predicted, increases in mother’s age lead to increases in the length of the IBI and this
relationship holds even when controlling for the other covariates. Although this result
is substantively significant, none of the estimates were statistically significant.
(B) Offspring Sex: Although the estimated coefficients for the bivariate (Model
2) and full (Model 7) models were similar for each IBI, the estimated effects of the
sex of the offspring opening the interval were inconsistent. As illustrated by the
hazard ratio estimates for birth intervals 2 and 3, the hazard of closing a birth interval
is lower when opened by a boy, as predicted by the model under the assumption that
girls are the more responsive sex. For birth interval 4, however, the opposite is true—
the hazard is higher when opened by a boy. Eachg of these results holds when
controlling for the other covariates. Although all of the effects are substantively
significant, only the coefficient for offspring sex in the birth interval 2 models is
statistically significant.
(C) Landholding: The effects of landholding on the length of the IBI are much
stronger for birth intervals 3 and 4 than it is for birth interval 2. Each of the models
generates coefficients for this covariate that are consistent with the predictions,
assuming that landholding is a good proxy measure for parental resources, and that
parental resources provide a means for measuring smax. In other words, the hazards of
closing birth intervals 3 and 4 are both substantively and statistically significantly
lower for landowners than for the landless. All of the effects hold in the bivariate
cases (Model 3) as well as when controlling for the effects of the other covariates in
the full model (Model 7).
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5.4.2. Parent-Offspring Conflict Predictions
Using Levene’s F-test to compare IBI variance between groups of theoretical
importance, I found mixed support for Prediction D, support for E, and strong support
for F. The details of these hypothesis tests are presented in Table 5.4 and summarized
as follows:
(D) Mother’s Age: In this case, “peak” reproductive years are defined as 21 to
35 years old. I found support for the hypothesis that IBI variance whould be higher in
peak reproductive years with birth interval 1, but contradictory evidence with birth
intervals 2 and 3. None of the differences were statistically significant.
(E) Offspring Sex: Under the assumption outlined in Prediction B above
regarding offspring sex and responsiveness to parental care, I found support for this
hypothesis. In all IBIs 2 through 4, interval variance was lower after the birth of
female offspring. None of the differences were statistically significant.
(F) Landholding: Under the assumption outlined in Prediction C above
regarding landholding, parental resources, and smax, I found strong support for the
hypothesis that landholders should exhibit lower IBI variances. This result has
consistent across all three birth intervals, but only statistically significant for birth
intervals 3 and 4.

5.5. Discussion and Conclusion
5.5.1. Optimality Model
My first goal was to introduce an optimality model of human birthspacing that
included the discounting of future offspring by the force of adult mortality. In this
sense, it differs from earlier models (e.g., Blurton Jones and Sibly 1978; Blurton
Jones 1986, 1987; Pennington and Harpending 1988; cf Hill and Hurtado 1997) that
treated the phenomenon with strict quantity-versus-quality mathematics (sensu Smith
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and Fretwell 1974). My own attempt at using that model-building technique
(Kushnick 2000) led to substantively different results and, thus, derived hypotheses
than the ones I present here. According to Blurton Jones (1997), this was a
shortcoming of his own model; if done again, he would include discounting for adult
mortality. I have tried to avoid this problem. So, in a superficial sense, my model is
similar to models of the tradeoff between current-and-future reproduction (e.g.,
Charlesworth and Leon 1976; Gadgil and Bossert 1970; Pianka and Parker 1976;
Schaffer 1974; Williams 1966). Yet, whereas those models attempt to find the optimal
allocation of lifetime effort to reproduction, and personal growth and maintenance,
my model finds the balance between the survival of the current offspring and the
parent’s reproductive potential at the end of the IBI. Coincidentally, both models
predict an increase in allocations to present reproductive concerns over future ones
(Williams 1966; Gadgil and Bossert 1970). One shortcoming of the model is my
inattention to the effects of maternal death during childbirth—a potentially strong
selective counterbalance to short IBIs and high fertility in resource-stressed
environments, especially in developing societies (e.g., Mace 2000). Further models of
human birth spacing will account for this.
In limiting the elements included model, I only considered the effects of one
parent (i.e., the mother), intentionally ignoring the second parent and other individuals
that might provide alloparental care or otherwise contribute to the net household
energy budget. Including the second parent, for instance, raises the question of how to
mathematically model parent-offspring conflict when the parents do not pairbond for
life (i.e., when a family includes half sibs). Trivers’s (1974) original solution was to
change sib relatedness from 0.5 to 0.25, thereby increasing the magnitude of the
conflict—an oversimplification that has since been questioned (Lessels and Parker
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1999; Parker 1985). Further, the effects of helpers who, whether relatives or
nonrelatives, provide alloparental care or ease the mother’s workload in other ways,
constitute both an area of intense interest in current anthropological research, and a
challenge to models of parental care that fail to account for them. Future mathematical
models must find an adequate representation of helpers’ effect on a parent’s optimal
allocation decision.
The final issue I would like to discuss about my model per se relates to the
assumption that current offspring surivival weighted against prospects for future
reproduction is a valid maximand, and whether more attention to mechanisms is
warranted in behavioral ecology and life history approaches to human behavior. I am
concerned with two issues surrounding the appropriateness of the maximand—
whether reproductive value can be used as a measure of fitness and whether it should

be used in the human case. The former is a point of contention, but according to
Schaffer (1979) it is valid when used as I have used it (i.e., weighed against the effect
on the mortality of current offspring). The latter is an issue with broader implications
for human behavioral ecology and life history approaches to human behavior. It has
become increasingly clear that producing the maximal number of offspring that
survive to reproductive age is not necessarily equivalent to the maximization of
longterm fitness. In recent models of optimal parental investment, longterm fitness
has been shown to be maximized by producing the optimal number of surviving
offspring with the optimal “stocks” of survival and skills-related capital (Hill and
Hurtado 1996; Kaplan 1996; Kaplan et al. 1995). Nevertheless, human parental
investment is complex and, thus, parents may rely on a number of decision rules for
making decisions about the allocation of resources to their offspring (Borgerhoff
Mulder 1992; Voland 1998). Behavioral ecology studies of parenting should broaden
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their focus to include the collection of data that can be used to confront multiple
hypotheses about the proximate mechanisms used by parents to make decisions about
different forms of parental care.

5.5.2. Empirical Results
The hypothesis tests presented in this paper offer some support for my model,
yet those from a parent-offspring conflict perspective are more suggestive than
decisive. Experimental methods—or, perhaps, unreasonably large datasets—are
required to make strong inference about parental investment and parent-offspring
conflict (Clutton-Brock 1991; Mock and Forbes 1992). In the human sciences, the
best we can do is control for “phenotypic correlation” using random-sampling
methods and multivariate statistics. I have done this to the extent that it is possible
(though, unfortunately, not for Hypotheses D-F). Nevertheless, I am not sure if I have
sufficiently teased out acceptable answers to the questions I am asking. This is the
problem with data from an observational/correlation study. My model, for instance,
predicts longer IBIs in older women. Although this prediction found support in the
data, it is unclear if the longer intervals are due to an adaptive complex of
birthspacing mechanisms (as assumed by the model), or simply byproducts of aging’s
effect on fecundability. In my defense, however, the model I have built makes some
predictions that circumvent this problem. For instance, the prediction that IBI
variance should be higher in “peak” age mothers runs counter to the expected pattern
under a physiological-constraints explanation.
I am skeptical of interpreting these results as strong evidence in favor of parentoffspring conflict because my predictions regarding the phenomenon are overly
simplistic. It is not unrealistic to predict a wider range of outcomes (i.e., larger
variance) when parent-offspring conflict is exacerbated, but the prediction sidesteps
the issue of the relative probability of each resolution scenario. That is, I have
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assumed that the parent-wins, offspring-wins, and compromise resolutions are equally
likely to occur. In reality, the plausibility of the latter two resolution scenarios hinges
on the ability of offspring to extract additional resources from the parent (Mock and
Parker 1997; Parker et al 2002). It may be the case that paying the costs necessary to
extract additional resources from the parent are too high, so that even when parental
and offspring optima diverge dramatically, the parent-wins scenario remains the most
likely.
I am further skeptical of the results because of the way I operationalized smax.
According to Pennington and Harpending (1988), it represents a ceiling on offspring
survivorship. The inverse of this quantity is the force of care-independent mortality,
or the probability an offspring fails to reach adulthood independent of the amount of
parental care it received (Borgerhoff Mulder 1992; Lycett et al. 1998; Pennington and
Harpending 1988). Winkler and Wallin (1987) call it the “maximal obtainable
survival rate.” In this study, I used parental resources as a proxy measure and assumed
that landholding status was a good measure of these resources. In my defense, a lack
of parental resources may indeed limit what a parent can do for her offspring (in
which case, it would be a crude approximation of smax). Nonetheless, it is clear that
there is no consensus about the best way to measure this quantity. For instance, Lycett
et al. (1998) use predation and infectious disease rates as proxy measures. Hurtado
and colleagues (unpublished manuscript) outline an extensive research program, for
empirically measuring care-independent mortality.
Finally, given that my most compelling results tie IBI variation to landholding
status, and that Karo Batak inheritance of land is through sons, it may be that local
resource competition (Clark 1978; Sieff 1990) plays a role in shaping parental and
offspring decision making amongst my sample. In other words, among landholding
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families, adding offspring (especially sons) increases the number genitors and thus to
avoid this competition for resources, parents may choose to slow their reproductive
rate by increasing the length of the IBI. As an initial test of this idea, I compared the
interbirth intervals of landholding and landless women (see Fig. 5.4). As expected,
landowners with one or more sons have significantly longer birth intervals. In
addition, the differences among landowners and landless with no sons was not
significantly different. Of course, I am skeptical of these hypothesis tests because of
sample size, but additional research is certainly warranted.
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Table 5.1 Summary of model parameters.
Parameter

Meaning

Value

Optimal Interbirth Interval Model

wp
wo
wp*
wo*
i
si
a
smax
imin
x

Parental fitness
Offspring fitness
Optimal IBI (parental)
Optimal IBI (offspring)
Length of interbirth interval (years)
Survivorship of offspring given i
Offspring sensitivity to parental care
Maximum survivorship
Minimum viable IBI
Maternal age (years)

Varies
Varies
Varies
Varies
Varies
0-1
0-∞
0-1
0-∞
15-45

Reproductive Value (Based on Siler and Brass models)
Age-specific reproductive value
f (lx, mx, x)
vx
Age-specific mortality
f (Siler)
qx
Age-specific survivability
lx
lx-1-(qx-1lx-1)
Age specific fertility
f (Brass)
mx
Siler Mortality Model (Typical human experience)

α1
β1
α2
α3
β3

Level of neonatal mortality I
Level of neonatal mortality II
Age-independent mortality
Level of senescent mortality I
Level of senescent mortality II

.02
.5
.001
.003
.05

Brass Polynomial Fertility Model (Typical human experience)

d
I
c

Lower age at fecundity
Length of reproductive span (years)
Level of fecundity

15
35
.00003
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1.00

A.

i min = 0

0.75

i min = 1
0.50

i min = 2

0.25

0.00
0.0

1.00

5.0

a = 2.00

B.

a = 1.00

0.75
Survivorship

2.5

a = 0.50
0.50

a = 0.25

0.25
0.00
0.0

2.5

5.0

1.00

Smax = 0.9

C.
0.75

Smax = 0.7

0.50

0.25

0.00
0.0

2.5

5.0

Interbirth Interval, i (years)

Figure 5.1 Illustrations of (A) the function of offspring survivorship, si, given
interbirth interval, i; (B) the effect of the survivorship ceiling, smax; and, (C) the
survivorship function with a minimum viable birth interval, imin.
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1.00

0.04

lx

0.03

0.75

qx
0.50

0.02

qx

0.01

lx

0.25
0.00

0.00
0

10

20

30

40

50

Maternal age, x (years)
6

0.25

vx

4

0.20

mx

0.15

vx

mx

0.10

2

0.05
0.00

0
0

10

20

30

40

50

Maternal age, x (years)

Figure 5.2 Fertility, mx, and mortality, lx and qx, functions used to estimate agespecific reproductive value, vx, for a model human population.
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Figure 5.3 Age-specific fertility and child mortality in two Karo Batak villages.
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Table 5.2 Descriptive statistics.
Variable
Dependent Variables
Birth Interval 2
Birth Interval 3
Birth Interval 4

N

Median

S.E.

Censored

179
125
62

2.75
3.15
3.20

0.104
0.170
0.302

4
5
6

100
79

---

---

---

44
135

---

---

---

75
104

---

---

---

91
88

---

---

---

35
144

---

---

---

Independent Variables
Offspring sex
0=girl
1=boy
Land ownership
0=no
1=yes
Religion
0=Muslim
1=Christian
Mother helps
0=no
1=yes
Farming only
0=no
1=yes

-0.020
-0.311
-0.093
-0.101
-0.036
0.006
-0.024
-0.353
-0.208
-0.005
-0.053
0.110

Model 1: Bivariate
Mother’s Age

Model 2: Bivariate
Offspring Sex

Model 3: Bivariate
Land Ownership

Model 4: Bivariate
Religion

Model 5: Bivariate
Mother Helps

Model 6: Bivariate
Farming Only

Model 7: Full
Mother’s Age
Offspring Sex
Land Ownership
Religion
Mother Helps
Farming Only
0.022
0.159
0.191
0.164
0.158
0.196

0.193

0.154

0.156

0.177

0.154

0.021

SE

1.198
4.930
1.191
0.001
0.113
0.316

0.001

0.055

0.420

0.274

4.062

0.891

Wald

0.977
0.703 *
0.812
0.995
0.948
1.117

1.006

0.965

0.904

0.912

0.733 *

0.980

HR

-0.009
-0.146
-0.539
-0.189
-0.378
-0.091

-0.082

-0.388

-0.270

-0.713

-0.012

-0.016

Coeff

0.028
0.191
0.243
0.194
0.203
0.238

0.230

0.189

0.186

0.225

0.184

0.027

SE

0.095
0.588
4.906
0.950
3.487
0.145

0.127

4.226

2.115

10.010

0.004

0.351

Wald

Birth Interval 3

Notes: Significance of Wald tests (df=2): * p<0.05, ** p<0.01; HR=hazards ratio.

Coeff

Parameters

Birth Interval 2

0.991
0.864
0.583 *
0.828
0.685
0.913

0.921

0.678 *

0.763

0.490 **

0.988

0.984

HR

-0.045
0.327
-0.893
0.285
0.201
-0.072

-0.268

-0.200

0.054

-0.765

0.189

-0.034

Coeff

Table 5.3 Cox regression models for birth intervals 2, 3, and 4.

0.035
0.289
0.366
0.308
0.328
0.394

0.356

0.304

0.271

0.312

0.273

0.032

SE

1.638
1.278
5.949
0.861
0.376
0.033

0.564

0.433

0.040

6.017

0.483

1.126

Wald

Birth Interval 4

0.956
1.386
0.410 *
1.330
1.223
0.931

0.765

0.818

1.056

0.466 *

1.209

0.967

HR

100
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Table 5.4 Variance of birth intervals 2, 3, and 4 compared by group.
Birth Interval 2

Birth Interval 3

Birth Interval 4

n

s2

F

n

s2

F

n

s2

F

77
99

1.66
1.37

0.10

81
44

4.35
6.63

2.49

46
11

7.20
7.36

0.13

Boys
Girls

76
100

1.50
1.46

0.19

56
66

7.28
4.35

1.66

27
30

8.55
6.19

0.21

Land owner
Landless

135
44

1.70
1.09

3.09

96
27

6.39
1.83

3.94*

49
15

10.35
3.01

5.38*

Comparison
Ages 21 to 35 (peak)
Other (non-peak)

Note: Significance of Levene’s F-test (df=2): * p<0.05
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Figure 5.4 Comparisons of birth intervals by landownership and number of sons.
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6. DIRECT AND INDIRECT FITNESS AT THE TRANSITION
TO REPRODUCTIVE MATURITY
6.1. Introduction
In many societies, especially those with limited or no use of contraception,
marriage is synonymous with entrance into a reproductive union. It comes as no
surprise, then, that in these contexts, women marry at approximately the same age that
they reach menarche (Voland 1998; Wood 1994). Even so, in a wide range of
socioeconomic contexts, there is a time lag between sexual maturity and marriage, as
illustrated in Figure 6.1. A number of evolutionary explanations exist for the timing of
marriage and other important life-history events (e.g., Hill and Kaplan 1999; Voland
1998), each centering on choosing the developmental trajectory that maximizes
inclusive fitness (sensu Hamilton 1964). The simplest models of optimal marriage
timing—for instance, individuals should marry and begin reproducing as young as
possible to maximize the length of the reproductive span—are contradicted by the
maturity-to-marriage interval. It is, thus, imperative that more nuanced models are
confronted with quantitative ethnographic data.
In this paper, I explore two competing models for timing of marriage: (1) the
life-history trade-off between embodied-capital investment and reproduction (direct
benefits model) and (2) the influence of parent-offspring conflict over the timing of
life-course events (indirect benefits model). Using reproductive-history data collected
from women living in two Karo Batak villages in North Sumatra, Indonesia, I test
hypotheses derived from these models. Before doing so, it is important to note that
neither of these models will account for the entire range of sociocultural variation
through ethnographic time and space. They will fall short, for instance, in childbetrothal societies—i.e., societies where individuals enter marriage (but not
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necessarily sexual relations) before they are reproductively mature. Nonetheless, for
Karo Batak and other societies (such as those illustrated in Fig. 6.1) where girls
typically marry sometime after menarche and then experience first reproduction
sometime after marriage, both models are appropriate candidates.

6.1.1. Direct Benefits Model
The “direct benefits” model posits that the age of marriage is the result of the
trade-off individuals face between investing their time and resources in reproduction
versus their own embodied capital (Hill and Hurtado 1996; Kaplan 1996; Kaplan et al.
1995). In a quantitative sense, the direct benefits model predicts that an individual
should delay reproduction (and, thus, marriage) when the marginal gain in inclusive
fitness from investing in one’s own growth, skills, or income is higher than the
marginal gain from getting married and reproducing. In a general sense, it predicts
that individuals will marry at the age that promises the maximal payoff from the direct
component of their inclusive fitness—i.e., the number of viable offspring they
produce. One important assumption of this model is that individuals have relatively
more control, and their parents relatively less, over the timing of these life events.
This assumption is most likely to be met when there is relatively little property
transmitted from parents to offspring, or between the bride’s and groom’s familes
(dowry or bridewealth). Amongst the Karo and other bridewealth societies, where the
groom’s, rather than the bride’s, family provides material support for marriage,
females have relative freedom of choice over age at marriage compared to males in
their own or similar societies and females in dowry societies. Given this, the direct
benefits model is a strong contender for explaining age at marriage amongst women
in Karo society.
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From the direct benefits model, I have derived the following predictions
regarding the effect of various demographic and household-structure variables on age
at marriage in young women:
Hypothesis 1A. Sibship Composition: Women should marry later when their

sibship contains many similarly aged individuals because these siblings are also
reproductively mature and represent competition for marriage opportunities and
resources required for marriage. The resource-competition cause is irrelevant to
bridewealth societies (such as Karo Batak) because the resources required for
marriage come from the groom’s family.
Hypothesis 1B. Birth Order: For the same reason as above, first-born

daughters should get married at a younger age because there will be no competition
from their siblings for marriage opportunities or resources when they reach sexual
maturity.
Hypothesis 1C. Age of Mother: No effect.
Hypothesis 1D. Education: More education should be associated with older

age at marriage because education represents greater investment in embodied capital
versus reproduction.

6.1.2. Indirect Benefits Model
The “indirect benefits” model posits that the age of marriage is influenced by
parent-offspring conflict (Trivers 1974; Mock and Forbes 1992). This model predicts
that parents will attempt to enforce a deferment of marriage and reproduction in their
offspring when they benefit more from the offspring providing productive and
allocare support for their own reproduction (Hrdy 2005; Kramer 2005; Tymicki
2004). Although the offspring’s inclusive fitness takes a net loss at the expense of the
parents’, it is not a complete loss. The offspring’s benefit is indirect (through sibling
growth and survival) rather than direct (through the offspring’s own reproduction).
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This approach assumes that parents have relatively more control, and the offspring
themselves relatively less, over the timing of these life events and that unmarried
offspring contribute more to parental inclusive fitness than married offspring, at least
up to a certain point. This assumption is most likely to be met when marriage
payments are made, and amongst the sex whose parents provide those resources.
Amongst the Karo and other bridewealth societies, this model is a weaker contender
for explaining age at marriage amongst daughters.
Although plausible, evidence for the indirect benefits model consists of one
example in humans and another in birds. Flinn (1989) found an increase in stressful,
agonistic encounters between reproductive-age offspring and parents when the parents
were still reproductively active. He advanced the hypothesis—with admittedly little
evidence in support of it—that these encounters may function to suppress offspring
reproduction through stress on the reproductive system. Interestingly, this contradicts
the Belsky-Steinberg-Draper (1991) model that predicts earlier reproductive maturity
with an unstable or stressful developmental environment. Emlen and Wrege (1992)
found that cooperatively breeding white-fronted bee-eaters (Merops bullockoides)
actively harrass their offsprings’ mating attempts when there was more to gain from
enlisting the offspring as helpers at the nest.
From the indirect benefits model, I derive the following predictions regarding
the effect of various demographic and household-structure variables on age at
marriage in young women:
Hypothesis 2A. Sibship Composition: Women should marry (i) later when

their sibship contains many non-productive individuals because their parents will
benefit more from their assistance as helpers at the nest, but (ii) earlier if the sibship
contains other similarly aged unmarried siblings because she can be easily replaced in
her role as helper. In regard to the first part of this hypothesis, non-productive siblings
are defined as age 0 to 14. In regard to the second, it should be noted that some
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offspring helpers are more difficult to replace, especially when parents have invested
in developing the necessary skills in particular offspring (Bereczkei and Dunbar 2002;
Bock 2002). For my purposes, however, it is assumed that offspring of similar age can
be freely substituted for any type of work.
Hypothesis 2B. Birth Order: Low birth-order women should marry later

because their parents should prefer to retain them as helpers. With increasing birth
order, it becomes increasingly unlikely that offspring will be the appropriate age to
provide help when their parents need it (Bereczkei and Dunbar 2002; Kramer 2004).
Hypothesis 2C. Age of Mother: Marriage and reproduction should be delayed

when mother is still reproductive because her infant-care duties impair her productive
abilities, thus providing a greater net benefit to retaining daughters as helpers.
Hypothesis 2D. Education: More education should be associated with younger

age at marriage because individuals with educational time commitments are less
likely to be valuable producers whose parents can recruit them as helpers.

6.2. Methods
6.2.1. Data Collection
Between November, 2003, and November, 2004, I collected reproductive
histories from a stratified random sample of Karo Batak women between the ages of
15 and 45 (n=240) in Doulu and Laubuluh villages in the periequatorial highlands of
North Sumatra, Indonesia. The data provided information about sibship composition
and the timing of important life-history characteristics for the respondents and their
mothers. To ensure the reliability of the data, the field assistants that administered the
interviews used probing techniques, and I double-checked for inconsistencies and
implausibilities in the data that could be clarified with the respondent. In total, I chose
148 first marriages from women in the sample for the present analyses. I chose
women on the basis of the completeness of their own reproductive histories and
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reconstructions of their mothers’ sibships. In cases where the mother also lived in the
village, I was able to piece together the mothers’ portions of the necessary data from
direct interviews with them. In the case of multiple records from the same family, I
was able to double or triple check the accuracy of data, but only one sibling, chosen at
random, could be included in the analysis. A small number of women were excluded
because their first reproductive event occurred before marriage.

6.2.2. Event History Analysis
I used both discrete- and continuous-time event-history analysis (BoxSteffenmeister and Jones 2004) to model the relationship between a number of
covariates and respondent marriage. In the discrete-time analyses, I modeled the
probability of marriage using maximum likelihood methods in mle (Holman 2003)
and a logistic specification,
1
1 + e βxit

Eq. 6.1

where βxit is the vector of covariates for individual i at age t. Each year from age 14
until actual marriage for each individual contributed a record (n=148, in the form of
1044 person years) for the analysis. Since data on age at menarche for the women in
my sample were unavailable, I assumed that 14 was the age at sexual maturity (Fig
6.1; see also Wood 1992). The continuous-time analyses used standard survivalanalysis routines from SPSS 13.0, such as Kaplan-Meier plots and Breslow
comparisons of strata.
Using Akaike’s Information Criteria (AIC), I found the most parsimonious
(“best”) model—i.e., the model that provided the best fit to the data with penalization
for each included covariate (Burnham and Anderson 2002). For inference and
hypothesis testing, I compared the best model with (a) the full model and (b) a version
of the best model with the covariates of interest added. Some of the covariates were
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included because they helped to discrimate between the two theoretical models of
interest, but others were included because they were suspected to have a possible
mediating or confounding effect on the relationships of interest. Summaries of these
variables and the relevant coding schema are included below. Descriptive statistics are
reported in Table 6.1.
I used two methods for adjusting the baseline hazard of marriage for age. For
the first, I simply added current age (during the observation period) as a continuous
covariate in the model. Essentially, this is controlling for the effect of age. For the
second, I added a series of dummy variables for the range of ages observed among the
women serving as participants in the study. For the purposes of this study, the full
model using the first method (AIC=796.7) was found to be a stronger set of models
for inference than the full model using the second method (AIC=821.4) based on the
principle of parsimony. For this reason, the results of this study include only a single
continuous covariate for age.

6.2.3. Covariates
Age of respondent (AGE) was included as a time-varying covariate to control
for duration dependency. Village (VIL) was a dummy variable coded 0=Doulu and
1=Laubuluh to control for the village-level differences in socioeconomic conditions
and reproductive outcomes discussed in Chapter 2. Birth order (BOR) and mother’s
age at marriage of respondent (MAG) were included for both control and hypothesistesting purposes. I also used an alternative binary coding for birth order (BBO). First
birth order is BBO=1, while any later birth order is BBO=0.
Religion (REL) was included for control purposes. It consisted of two dummy
variables. Muslim is MUS=1. Protestant is PRO=1. When both are set to 0, the
respondent is Catholic. Education (EDU) was included for control and hypothesistesting purposes. It consisted of three dummy variables. Junior high school is JHS=1.
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Senior high school is SHS=1. University is UNI=1. When all are set to 0, the
respondent has only ever attended elementary school, or none at all. Number of
siblings (SIB) was included for control and hypothesis-testing purposes. It consisted
of two continuous, time-varying covariates that represent the number of siblings in
productive (15-24 y.o.) and non-productive (0-14 y.o.) age categories.

6.3. Results
6.3.1. Hypothesis A: Sibship Composition
As predicted by the direct benefits model, only the term for number of siblings
15 to 24 years of age had much effect on the yearly probability of marriage (Table
6.2). The estimated coefficient in the analytical model (β = –0.235, p<0.01) is quite
similar to the coefficient in the best model (β = –0.250, p<0.01), meaning that there is
a small decrease in the yearly probability of marriage for each sibling within this age
range (see Fig. 6.2). Interestingly, in both the models that include the term for birth
order, there is an approximately 20-30% decrease in the estimated coefficient (β = –
0.204, p<0.05 and β = –0.181, p<0.05), meaning that the relationship may be partially
mediated through birth order. The predictions of the indirect benefits model were
unmet by the results of these analyses. For one, it was predicted that an increase in the
number of non-productive siblings (SIB 0-14) would decrease the probability of
marriage, but in all relevant models, the number of non-productive siblings had little
or no effect on the predicted probability of marriage. In addition, the prediction that
the presence of additional sibs of similar age (SIB 15-24) would increase the
probability of marriage was unmet in the coefficient estimates of all relevant models.
In fact, as reported for the direct benefits model (see above), the results offer the exact
opposite interpretation. These results support the direct benefits model and strongly
refute the indirect benefits model.
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6.3.2. Hypothesis B: Birth order
The effect of birth order on age at marriage provides little support for either
model. As discussed above, birth order appears to partially mediate the relationship
between sibship composition and probability of marriage, but fails to emerge as a
strong predictor itself. As shown in Table 6.2, the coefficient estimate for the effect of
birth order on yearly probability of marriage is neither substantively nor statistically
significant in both the best model with BOR (β = –0.073, n.s.) and the full model (β =
–0.080, n.s.). To assure that the lack of effect was real rather than an effect of its
specification as a continuous variable, I did a simple continuous-time comparison of
birth order’s effect as a binary variable, BBO. Survival of time to marriage, as
estimated with Kaplan-Meier plots, was not significantly different (Breslow:

χ2=0.852, df=1, n.s.) for first birth order women (n=33, β =20.2) than it was for other
women (n=115, β =20.9).

6.3.3. Hypothesis C: Age of Mother
The lack of an effect of age of the respondent’s mother on the probability of
marriage supports the direct benefits model, but contradicts the predictions of the
indirect benefits model. Interestingly, the coefficient for MAG (see Table 6.2) holds
the opposite sign in the best model with age of mother (β = 0.007, n.s.) and the full
model (β = –0.004, n.s.), but in both cases the effect is negligible in terms of both
substantive and statistical significance.

6.3.4. Hypothesis D: Education
The relationship between educational attainment and age at marriage strongly
supports the direct benefits model, and strongly rejects the indirect benefits model.
The coefficient for having ever attended college, UNI, was included in all models in
Table 6.2. The estimated coefficients were practically the same in each, ranging from
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β = –1.593 to –1.743 (p<0.001 in all models). This means that having ever attended
each level of education reduces the probability of getting married in each year from
age 14 and up. The relationship between marriage and university attendance is
illustrated with Kaplan-Meier plots for the survival of time to marriage with
continuous-time data in Figure 6.3.

6.4. Discussion
The hypothesis tests presented here (see Table 6.3) provide almost-unanimous
support for the direct benefits model and an across-the-board rejection of the indirect
benefits model. This means that Karo Batak women are marrying at ages consistent
with the maximization of their own inclusive fitness according to the embodied
capital theory of parental investment and fertility (Hill and Hurtado 1996; Kaplan
1996; Kaplan et al.1995), rather than at ages consistent with the maximization of their
parents’ inclusive fitness.
To some extent, this outcome makes intuitive sense given the socioeconomic
context of Karo Batak marriage, in which the parents of the groom subsidize the
marriage of sons in the form of a brideprice to be paid to the family of the bride
(Singarimbun 1975). When this is the case, the costs of postponing marriage may be
high for both the bride and her parents. Borgerhoff Mulder (1988, 1989) has found
that girls that reach sexual maturity earlier fetch a higher brideprice, yet in Karo Batak
society (Singarimbun 1975) there may be an increased price for marriage when girls
have been provided with substantial, formal education before marriage. We might
expect the reverse to be true in dowry societies like the population of Bangalore,
India, studied by Shenk (2004), because the parents of the bride, rather than the
groom, provide the direct support for marriage.
In the same sense, we might also be more likely to observe a “parent-wins”
resolution (Mock and Forbes 1992) to the parent-offspring conflict over age at
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marriage, and thus support for the indirect benefits model, amongst whichever lineage
provides the material support for marriage. Since their offspring cannot marry without
a substantial outlay of parental resources, parents are afforded a great deal of power to
sway the resolution of parent-offspring conflict over age at marriage in their own
favor (Parker et al. 2002). Further, in agricultural and pastoral societies where a male
offspring’s productive contribution to the household budget can be substantial and
parental land or resources are limited, there is increased impetus for the parents to
withhold or defer the investment of a marriage payment or inheritance for their
reproductively mature sons. The ethnographic records of Africa and Europe hold
examples of this phenomena (e.g., Netting 1981), and it has received some attention
in the human behavioral ecology literature (e.g., Strassmann and Clarke 1998), as
have other issues of inheritance as parental investment (e.g., Hartung 1976; Judge and
Hrdy 1992; Mace 1998; Emlen and Wrege 1994 for nonhumans).
For these reasons, and because inheritance and material support for marriage is
more commonly provided by the male’s lineage, further research will address the
parent-offspring conflict between a marriageable son and his parents, and the effects
of the distribution of power between the parents and son in brideprice versus
brideservice contexts when the service is provided by the marrying individual rather
than by the lineage as a whole. It is important to note that there has been some debate
over how to interpet inheritance as parental investment in matrilineal societies
(Holden et al 2003). Further, the idea that inheritance systems provide power
imbalances between parents and offspring has been addressed in the context of wealth
flows theory from sociodemography (e.g., Parsons 1984). As an illustration of the
cross-cultural variation and the primacy of bride-payment and inheritance forms of
parental investment flowing from the groom’s family into a domestic unit (but not as
a definitive analysis or guide because no accounting for Galton’s Problem is included,
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for instance), Figure 6.4 presents a comparison of inheritance and bride payment
amongst a sample of 186 cultures from the Ethnographic Atlas (Murdock 1967).
Sociocultural constraints, thus, play an important role in determining age at
marriage. In all societies, legal or customary restrictions regulate the ages into which
one can marry. Cultural evolutionary models will do a much better job than the two
current ones for explaining cross-cultural variation in these traditions (e.g., Billari et
al. 2002). Different sorts of models may also be necessary to explain extreme cases as
well, such as the gerontocratic Tiwi from northern Australia amongst whom males
sometimes marry (or enter into marriage contracts, at least) at advanced ages to
females of very young ages (Goodale 1971). Luckily, there is no dearth of
evolutionary models to account for variation in age at marriage and reproductive
maturity. In addition to the two models addressed in this paper, the ecological
constraints model (Strassmann and Clarke 1998) and the Belsky-Steinberg-Draper
socialization model (Belsky et al. 1991) have received attention in the human
behavioral ecology literature.
The analyses presented here provide tests of qualititative predictions derived
from two models of optimal age at marriage. Quantitative hypotheses derived from
related models of the optimal age at first reproduction in women have been tested
among the Ache foragers of Paraguay (Hill and Hurtado 1996) and agriculturalists
from The Gambia (Allal et al. 2004). They highlight the strength of height and weight
as predictors of the age at first reproduction. It seems logical that the application of
this sort of integrated, biocultural approach—one that meshes physiological factors
with social ones—will provide the most complete understanding of the phenomenon.
In addition, the effects of adolescent subfecundity, whereby girls experience a period
of low or zero risk of conception after menarche, is unaccounted for in my analyses.
For these reasons, further research should adopt a strongly biocultural approach that
includes a body composition and current-year fecundity measure.
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On a more technical note, my analyses also highlight the need for longitudinal
data on production and reproduction in quantitative ethnographic studies. Here,
although the reproductive histories provided multiple generations of data, the only
time-varying covariate I was able to include in my discrete-time event history
analyses was a “backwards-computed” sibship composition profile for each woman
for each year from age 14 to the age of marriage. Because time-varying covariates
used in event-history analysis can increase our understanding of causal questions in
social scientific inquiry (Box-Steffenmeister and Jones 2004), the collection
longitudinal data, or at least a design that includes relevant retrospective data
collection, from which we can extract this information is warranted.
In conclusion, my tests of competing hypotheses—about the effect sibship
composition, birth order, age of mother, and education on age at marriage—derived
from two models for age at marriage with two-generation reproductive history data
and event history methods support the direct benefits model (based on offspring
fitness maximization). I found no support for the indirect benefits mode (based on
parental fitness optimization), leading me to reject the notion that girls’ roles as
helpers affects their age at marriage. I suggest, however, based on cross-cultural
patterns of parental investment in support of marriage that the indirect fitness model
may be more applicable to age at marriage in men.
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Figure 6.1 Mean ages at menarche, marriage, and first birth of women from selected
populations. Sources: Tierra del Fuegans (Pascual et al. 2004); Berber peasants
(Crognier 1998); Maya and Greek (Beyene 1989); Pakistan and Malaysia (Urdry and
Cliquet 1982).
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Table 6.1 Descriptive statistics for event-history analysis (n=148). See text for
definition of parameters.
Continuous variables
Variable

Categorical variables

Mean

S.E.

Freq.

%

20.7

0.31

--

--

49.3
3.1

0.75
0.16

---

---

0.8
1.5

0.09
0.09

---

---

---

---

65
83

43.9
56.1

----

----

59
73
16

39.9
49.3
10.8

-----

-----

37
32
67
12

25.0
21.6
45.3
8.1

---

---

33
115

22.3
87.7

Dependent
AGE (at marriage)
Independent
MAG
BOR
SIB
0-14
15-24
VIL
Doulu
Laubuluh
REL
Muslim
Protestant
Catholic
EDU
Elementary
Junior H.S.
Senior H.S.
University
BBO
First
Other

-0.246
-0.130

0.319
-0.072
-1.743

0.070
-0.181

REL
MUS
PRO

EDU
JHS
SHS
UNI

SIB
0-14
15-24

SE

0.087
0.090 *

0.289
0.246
0.424 ***

0.356
0.356

0.033 ***
0.219
0.073
0.016

0.877 ***

794.7

0.232
-0.133
-0.080
0.004

AGE
VIL
BOR
MAG

AIC =

-5.585

β

Constant

Covar.

Full Model
SE

-0.080 **

--0.373 ***

---

0.025 ***
----

0.507 ***

784.6

--0.250

---1.593

---

0.212
----

-5.269

β

Best Model

0.08
0.08 **

--0.38 ***

---

0.03 ***
----

0.65 ***

785.5

0.085
-0.235

---1.665

---

0.235
----

-5.675

SE

SE

-0.088 **

--0.379 ***

---

0.026 ***
-0.057
--

0.507 ***

784.9

--0.204

---1.670

---

0.219
--0.073
--

-5.251

β

w/ Birth Order

w/ Sibship

β

Best Model

Best Model

SE

-0.082 **

--0.376 ***

---

0.030 ***
--0.012

0.584 ***

786.3

--0.242

---1.620

---

0.220
---0.007

-5.104

β

w/ Mom’s Age

Best Model

SE

-0.080 **

0.277
0.233
0.405 ***

---

0.026 ***
----

0.539 ***

786.3

--0.253

0.279
-0.097
-1.594

---

0.213
----

-5.304

β

w/ Education

Birth Order

Table 6.2 Parameter estimates for event discrete-time (i.e., 1,044 person years from age 14 to age at marriage) event history
models of the probability of marriage (n=148 first marriages).
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1.0
0.9
0.8

0
1
2
3
4

Probability

0.7
0.6
0.5

Number
of sibs
15-25
years
old

0.4
0.3
0.2
0.1
0.0
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Age

Figure 6.2 Yearly probability of marriage predicted by the best discrete-time event
history model by age and the number of siblings 15 to 25 years old.
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Any universitylevel education

No universitylevel education

Figure 6.3 Kaplan-Meier plots of cumulative survival of age of marriage by UNI
(Breslow: χ2=10.241, df=1, p=0.001).
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Table 6.3 Support (+) and rejction (-) of the models by hypothesis.
Direct benefit
model

Indirect benefit
model

A. Sibship composition

+

-

B. Birth order

-

-

C. Mother’s Age

+

-

D. Education

+

-

Prediction

122

140

from Male's family

122

from Female's family

120

from Both families

# cultures

100
76

80
58

60

36

40
24

24

21

20
0

Marriage payment

0

0

Land inheritance

Other inheritance

Figure 6.4 Parental investment in support of marriage and reproduction in the form
of marriage payments and inheritance in 186 cultures from the Ethnographic Atlas.
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7. SUMMARY AND CONCLUSIONS
In this dissertation, I presented the results of a quantitative ethnographic study
of parent-offspring behavior and life-history strategies among the Karo Batak of
North Sumatra, Indonesia. The primary goal of the study was to use data from a
stratified-random sample of 240 ever-married women between the ages of 16 and 45
from two rural villages to test predictions derived from parent-offspring conflict
theory (Trivers 1974; Mock and Parker 1997; Parker et al. 2002). My results provided
a mix of supportive and non-supportive evidence for the theory, and can be
summarized as follows.
In Chapter 4, I tested hypotheses derived from a cost-benefit model of parentoffspring conflict resolution with behavioral data from 24 mother-infant dyads. As
predicted, mothers were responsive to offspring demands, as the average number of
crying bouts was a strong predictor of the number of the average number of
breastfeeding bouts during observation periods. The number of crying bouts was also
a strong predictor of whether breastfeeding occurred during an observation period
using an expanded dataset and regression methodology for multiple non-independent
observations. Although the requirements for a parent-offspring conflict interpretation
are present, offspring continue to cry after breastfeeding bouts and, thus, it seems
unlikely that offspring are influencing the outcome toward their own optimum.
In Chapter 5, I presented a model of optimal interbirth intervals and some
simple tests of hypotheses derived from it with data from reproductive histories
collected from a sample of Karo women. The model results yielded the following
predictions: Birth intervals should be longer for older mothers, but shorter when
opened by offspring that are better able to turn resources into fitness gains and in
resource-poor environments. Further, when offspring and parental optima are
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compared, the model predicts greater variance when the mother is in her peak
reproductive years, but lower variance after the birth of more responsive offspring or
in resource-poor environments. I found some support for these hypotheses, but the
results from a parent-offspring conflict perspective were more suggestive than
decisive. Finally, because it was the strongest predictor of birth interval length, I
conclude that reproductive outcomes amongst the Karo Batak may be driven by the
sociocultural context of landholding and inheritance.
In Chapter 6, I tested hypotheses about the relationship between age at marriage
and a number of household-composition and demographic variables. The hypotheses
were derived from competing models for explaining variation in the transition to
reproductive maturity. The direct benefits model predicted that offspring will marry at
an age that provides the largest direct benefit to their inclusive fitness. The indirect

benefits model predicted that offspring will marry at an age that benefits the direct
component of their parents’ inclusive fitness, and the indirect component of their own
inclusive fitness. Using marriage data from a subsample of women who provided
reasonably complete reproductive histories for their mothers as well as themselves,
and both discrete and continuous time event history analysis, I rejected the indirect
fitness model across the board, but found positive evidence for the direct fitness
model for all classes of evidence except the effect of birth order on age at marriage.
Given cross-cultural patterns of parental investment in support of marriage, I discuss
the possibility that, although daughters are more commonly enlisted as helpers, the
indirect fitness model may apply better to age of marriage in men because parents
hold more sway over their reproductive decision making.
These results indicate that parent-offspring conflict theory may provide a strong
framework for understanding both parental and offspring behavior, and life history
strategies, but that strong empirical confirmation will be difficult to provide. To some,
it might seem that I have done little but join the “parade of weak inference”—
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providing evidence that is merely consistent with parent-offspring conflict theory,
rather than conducting a critical experiment that rules out all other possibilities (Mock
and Forbes 1992; Platt 1964). This interpretation echoes those of researchers who
have studied the phenomenon far longer than I have, and who have had the luxury of
testing hypotheses in species more amenable than humans to the seemingly requisite
experimental manipulations needed to generate strong-inferential evidence (e.g.,
Mock and Parker 1997; Mock and Forbes 1992; Parker et al. 2002). Does this mean
that parent-offspring conflict theory is doomed to remain forever an intriguing
possibility, rather than a richly supported cornerstone, in the theoretical portfolio of
evolutionary ecological approaches to behavioral and life-history traits in humans and
other species? With no clear answer, the skeptic’s safest bet is the former, but the
optimist may want to scan the ethnographic or animal behavior literature for societies
or species that provide the best opportunities to make the critical observations. This is
known as the August Krogh Principle in animal studies (Krebs 1976:221), and could
be stated as follows for our purposes: “For many problems there is a culture for which
it can be most conveniently studied” (the italicized word is animal in the original). To
be sure, any action on the part of parents and offspring in any species or culture is fair
game for parent-offspring conflict, but the researcher is severely impaired in her
ability to observe its influence on phenotypes when overlapping, merely quantitative
differences in parent and offspring strategies are predicted. Empiricists would,
perhaps, have an easier time matching observation with theory if the focus was shifted
to situations where the parental and offspring strategies differed in a qualtitative
sense, so that observing a clear-cut “offspring wins” resolution is possible. For
example, Clutton-Brock (1991), who makes a similar recommendation, pointed out
that red deer (Cervus elaphus) may provide exactly this advantage, because mothers
do best to enter the winter months unencumbered by a suckling fawn, whereas any
fawn with hopes of surviving that period will insist its mother continues to suckle it
through the harsh season.
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Among the Karo Batak folks in Doulu and Laubuluh villages, landholding
emerged as a strong predictor of demographic outcomes (see Chapter 5 and the
summary above). Given this and the cross-cultural patterns of parental investment in
support of marriage and reproduction (in the form of marriage payments and
inheritance), it is likely that a strong case can be made for possible effect of parentoffspring conflict amongst males at the transition to reproductive maturity. Power
differentials are a key element of parent-offspring dynamics (Trivers 1974; Mock and
Forbes 1992; Mock and Parker 1997; Parker et al 2002). For example, even if the
optimal age at weaning is older for an infant than it is for his mother, one must worry
about the infants’s physical ability to influence the outcome away from the parental
optimum. Of course, it is theoretically possible for the offspring to do this (see the
general discussion of parent-offspring conflict theory in Chapter 1, and my analyses
in Chapter 4), but unlikely without meeting a stringent set of conditions. The converse
question begs to be answered when the parent-offspring conflict concerns offspring
strategies at the transition to reproductive maturity (i.e., decisions about when and
with whom to marry and reproduce): To what extent can parents influence the
outcome toward their own optima? Of course, another set of stringent conditions exist
for this case, including patrilineality with significant outlay of parental resources to
support the marriage of male offspring and sons potentially acting as net contributors
to the family budget. All of these conditions appear to be met among the Karo Batak I
studied and, thus, further research will focus on collecting and analyzing reproductive
and economic histories from among the men in Doulu and Laubuluh, and perhaps
other Karo Batak, villages.
Although not an entirely one-way flow, most models of adaptive behavioral and
life-history strategies used in human behavioral ecology studies were developed in the
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context of animal behavioral ecology. Parent-offspring conflict models are no
exception, and I sincerely believe that incorporating the peculiarities of the human
breeding system will prove useful. For example, consider the following: Because of
the overlapping periods of dependency in humans, offspring compete for parental
resources with current and future siblings, blurring the boundary between intra- and
interbrood resource-allocation decisions—systems that each requires a distinct set of
parent-offspring conflict models to study (Mock and Parker 1997; Parker et al. 2002).
To deal with this, I would like to see human-specific models built using a blend of
dynamic programming and game theory, with an emphasis on those that provide
testable predictions of the sort discussed above.
To the extent to which it brought together ideas and methods from
anthropology, biology, and demography, my dissertation research was a clear success.
I remain confident that further analyses of these data will provide many additional
insights into the ecological and economic determinates of reproductive behavior in
humans. Although many human behavioral ecologists have argued convincingly for
the importance of hunter-gatherer studies for understanding human evolution and the
foraging legacy on the human condition in general (e.g., Hawkes et al 1997; Kelly
1995), studies of people in relatively more “modernized” societies are providing their
own unique insights (e.g., Anderson et al. 1999a,b; Kaplan et al. 1995; Kramer 2002,
2005; Leonetti et al. 2005; Rende 2005; Shenk 2005). These benefits have, of course,
for a long time been showcased in studies that put a behavioral ecological twist on
historical demographic studies because reconstitutions of the requisite reproductive
and economic histories are only possible in agricultural and industrial societies (see
Voland 1995 or Low 1991). Nonetheless, quantitative ethnographic studies like mine
amongst the Karo Batak provide the ability to contextualize reproductive parameters
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with sociocultural and observational data—an impossibility in the historical studies.
For these reasons, further ethnographic research should continue to document the
unique adaptive problems of forager and non-forager societies, with no particular
preference for one over the other as both stand equally poised to elucidate important
aspects of the human condition.
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APPENDIX: DATA COLLECTION FORMS
Facsimiles of the following data-collection, as well as accompanying informed
consent, forms are included in this Appendix in the order they are listed here. All have
been reduced from their original size, usually 8 ½ by 13 inches, to fit within the
required margins. The number of pages for each form is included in parentheses:
1. Census (3 pp.)
2. Reproductive History and Economic Interviews (7 pp.)
3. Household Information (1 pp.)
4. Scan, Focal Individual, and Focal-Dyad Observations (5 pp.)
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