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Parental investment decisions depend on multiple factors, including the extent that parental care benefits

offspring. Humans should show reduced parental effort in environments where parenting cannot improve

offspring survival. Data from the standard cross-cultural sample are used to test this prediction. The results

show that maternal care was inversely associated with famine and warfare, and also showed a quadratic

association with pathogen stress, increasing as pathogen stress increased to moderate levels, but decreasing

at higher levels. Age at weaning showed a similar quadratic relation with pathogens. The curvilinear

associations between parental effort and pathogen stress may reflect that the saturation point of parental

care is a function of environmental hazards. Paternal involvement was also inversely related to pathogen

stress. The association between pathogens and paternal involvement was partially mediated by polygyny.

In sum, maternal and paternal care appears to have somewhat different relations with environmental

hazards, presumably owing to sex-specific tradeoffs in reproductive effort.

Keywords: life history; evolutionary ecology; cross-cultural analysis; parental investment;

extrinsic mortality
1. INTRODUCTION

Human life history reflects two major decisions: whether

to reproduce now or later, and the amount of care to invest

in each offspring. These decisions depend on the costs and

benefits of mating and parenting effort, which may be

influenced by environmental risk. ‘Risk’ can be defined as

‘unpredictable variability in the outcome of an adaptively

significant behaviour’ (Winterhalder & Leslie 2002,

p. 61). Other definitions view risk as the conditional

probability of an outcome (Rothman & Greenland 1998).

In life history theory, extrinsic mortality is the risk of dying

at a particular age that is shared equally by all members of

a population. More specifically, extrinsic mortality is ‘not

sensitive to changes in reproductive decisions’ (Stearns

1992, p. 182). Predation is the greatest source of extrinsic

mortality for most organisms (see Roff 2002), but there

may be other causes.Mortality need not be the only source

of risk relevant to life history (Quinlan 2006). Any

unavoidable factor that can reduce an organism’s repro-

ductive value could be called an ‘extrinsic risk’, and

theoretically it should have effects similar to extrinsic

mortality.

Extrinsic risk, like extrinsic mortality, is independent of

parental care (Harpending et al. 1990; Borgerhoff Mulder

1992; Chisholm 1999; Quinlan 2006). Basic parental care

should usually benefit offspring, but extrinsic risk creates

substantial diminishing returns to parental effort. There is

a point (Smax) beyond which fitness does not respond to

additional parental care (figure 1; Pennington &Harpend-

ing 1988). Child outcomes are determined by chance once

parents reach the ‘saturation’ point at Smax (Pennington &

Harpending 1988; Harpending et al. 1990, pp. 254–255).

If extrinsic risk is high, then parents reach Smax at lower

levels of effort. Hence, channelling resources away from

parenting into mating effort or additional offspring should
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enhance fitness when extrinsic risk is high. But if extrinsic

risk is low, then the saturation point of parental care is

‘high’ and responsive parenting can have important

influence on children’s survival and ultimate success. In

sum, tradeoffs between mating and parenting effort or

offspring quality and quantity depend on whether environ-

mental hazards can be avoided by increasing parental

effort.

Extrinsic or ‘care-independent’ risk in human life

history has attracted theoretical interest since the late

1980s (e.g. Harpending et al. 1990; Borgerhoff Mulder

1992; Chisholm 1993); however, empirical work is scarce.

Several studies show predicted relations between extrinsic

risk and human life-history patterns. Mortality was

associated with reproductive timing among urban Amer-

icans (Wilson & Daly 1997) and Sub-Saharan Africans

(Gant et al. in press), for example. And perception of

mortality may influence human reproductive behaviour

(Chisholm et al. 2005). This study examines relations

between sources of environmental risk and parenting

effort cross-culturally. Pathogen stress, famine and warfare

may be associated with extrinsic mortality. These sources

of extrinsic risk are predicted to be inversely related to

parental effort, because parents switch to greater alloca-

tions in either mating effort, additional offspring or, if the

hazards are severe, to somatic effort (self-preservation) to

enhance their fitness.
2. MATERIAL AND METHODS
Multiple linear regression analysis in STATA v. 9 was used to

test the hypothesis that extrinsic risk is inversely related to

parental effort. Parental effort variables were regressed on

measures of pathogen stress, famine and warfare from the

standard cross-cultural sample (SCCS). The SCCS includes

186 mostly pre-industrial societies with various subsistence

strategies, including hunter-gatherers, fishers, pastoralists,

horticulturalists and agriculturalists. The analyses here use
q 2006 The Royal Society
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Figure 1. Predicted effect of extrinsic risk on offspring fitness
as a function of parental effort. Note: adapted from
Pennington & Harpending (1988). Smax (saturation point of
parental effort) is a function of extrinsic risk. Smax is the point
at which additional parental effort does not improve offspring
fitness (i.e. the point at which the derivative of the offspring
fitness function equals zero).

Table 1. Descriptive statistics for parental care variables.

n mean s.d. min. max.

maternal care 48 0.06 2.48 K6.95 4.12
paternal involvement 42 K0.39 2.71 K6.37 5.60
age at weaning

(months)
85 31.14 9.08 12.00 54.50
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sub-samples, including 42–85 of the SCCS societies for

which relevant data were available.

Predictor variables indicated three sources of environ-

mental risk: (i) total pathogen stress (variable 1260; Low 1988)

ranges from 7 to 21 and is the sum of variables 1253–1259

(leishmanias, trypanosomes, malaria, schistosomes, filariae,

spirochetes and leprosy), which range from 1 (absent) to 3

(present and serious, widespread, endemic) for each; (ii)

severity of famine (variable 1267; Dirks 1993) ranges from 1

(very low) to 4 (very high); famine was reference coded and

treated as a categorical variable with ‘very low and low famine

severity’ as the reference category; and (iii) overall frequency of

warfare (variable 1648; Ember & Ember 1992) ranges from 1

(absent or low) to 18 (occurs constantly). Quadratic terms

were entered for each predictor and significant quadratic

effects were retained in the models. Alpha was set at 0.05.

There were three measures of parental effort. Two

criterion variables were created by summing the standardized

values of SCCS variables (Barry & Paxson 1971). Maternal

care included three items: (i) mother’s sleeping proximity to

infant (recoded from variable 23) ranges from 1 (different

room) to 3 (same bed); (ii) parental response to infant crying

(variable 31) ranges from 1 (indifferent or punitive) to 5

(always speedy, nurturant); and (iii) bodily contact in early

infancy (variable 26) ranges from 1 (limited to routine and

precautionary care) to 5 (almost constant bodily contact).

These three parenting items, largely reflecting maternal

behaviours, showed high internal consistency (Cronbach’s

alphaZ0.73). Maternal care ranges fromK6.95 to 4.12, with

more than 20 different values. Paternal involvement also

included three items: (i) father’s sleeping proximity to infant

(recoded from variable 23) ranges from 1 (different room) to

3 (same bed); (ii) father’s involvement in infancy (variable 53)

ranges from 1 (distant) to 5 (regularly close); and (iii) father

involvement in early childhood (variable 54) ranges from 1

(distant) to 5 (regularly close). The three items also showed

high internal consistency (Cronbach’s alphaZ0.76). Paternal

involvement ranges from K6.37 to 5.60, with more than 20

different values. Age at weaning was the third parental effort

variable (Barry & Paxson 1971). Age at complete termination

of breastfeeding (variable 45) was converted into months by

taking the midpoint of the coded intervals.
Proc. R. Soc. B (2007)
Control variables were included in each analysis. I added

potential controls to linear models with the three extrinsic risk

predictors to explore relations with social complexity,

economy, subsistence strategy, population size, division of

labour by sex, male and female contribution to subsistence,

community structure, parenting style, weather patterns,

latitude, region, acculturation, modernization and contact

with ‘Western-industrial’ populations. Significant control

variables were retained in the models, including region

(dummy variables for Africa, Eurasia and the Circum-

Mediterranean recoded from variable 200; Divale 2004,

p. 37), presence of money (dummy variable recoded from

variable 17; Murdock & Morrow 1970), endogamy (dummy

variable coded from variable 72 indicating more than 60% of

marriages within local community; Murdock & Wilson

1972), patrilineal inheritance (dummy variable recoded from

variable 279 ‘inheritance of movable property’; Divale 2004,

p. 46), modernization (variable 1849; Divale & Seda 2000)

ranges from 5 to 35, and population density (variable 64;

Murdock & Wilson 1972) ranges from 1 (less than 1 person

per 5 square miles) to 7 (more than 500 persons per square

mile). Polygyny (variable 79; Murdock & Wilson 1972) was

recoded as a dummy variable (1, more than 20% plural wives;

0, less than 20% plural wives) and was included in an

additional analysis of paternal involvement to test whether

polygyny mediated associations with extrinsic risk. Polygyny

may reflect tradeoffs in male reproductive effort. Codes for all

variables in the SCCS are available in Divale (2004).

Regional clustering can result in biased standard errors.

The SCCS was compiled so that 43% of the groups included

did not share common ancestry estimated within 2000 years

with any other group in the sample based on linguistic and

geographical affinity (Murdock & White 1969). Fifty-seven

per cent shared between one and three other members of their

linguistic subfamily. Hence, ‘phylogenetic’ relationships were

a potential nuisance in these analyses. Robust standard errors

for clustered data were computed to adjust for potential

intraclass correlation among the clustered societies (Rogers

1993). Variable 1858 (region; Burton 1999) in SCCS was

used as the clustering variable.
3. RESULTS
Diagnostic analyses indicated that the models did not

deviate appreciably from the assumptions of multiple

linear regression. Descriptive statistics for the criterion

variables are given in table 1.

Maternal care, paternal involvement and weaning were

associated with environmental risk. Maternal care showed

the predicted inverse relations with famine and warfare—

as famine severity and prevalence of warfare increased,

maternal care decreased (table 2, model 1). These results

suggest that famine and warfare are true extrinsic or care-

independent risks. Pathogen stress showed a quadratic

relationship withmaternal care (table 2,model 1; figure 2):

http://rspb.royalsocietypublishing.org/


Table 2. Multiple linear regression showing associations
between environmental risk and parental effort. (B, unstan-
dardized regression coefficient; p, two-tailed significance; s.e.,
robust standard errors accounting for clustered data; no. of
clusters, the number of world regions represented (10 in all
cases); n, sample size; R2, variance accounted for by all
predictors.)

B

robust

s.e. p

model

statistics

model 1: maternal care

pathogen stress 1.03 0.39 0.026 nZ48

pathogen stress-squared K0.04 0.01 0.020 R2Z0.55

famine severity higha K1.06 0.43 0.034 pZ0.000

very higha K3.55 0.61 0.000

warfare K0.13 0.05 0.023

AfricaZ1, else 0 3.45 0.81 0.002

EndogamyZ1, else 0 K1.42 0.34 0.002

constant K2.59 2.52 0.330

model 2a: paternal involvement

pathogen stress K0.22 0.04 0.001 nZ42

famine severity higha K1.86 1.85 0.341 R2Z0.59

very higha 0.59 1.42 0.689 pZ0.000

warfare 0.03 0.04 0.565

patrilineal inheritanceZ1, else 0 K2.81 0.63 0.002

EurasiaZ1, else 0 4.07 0.69 0.000

constant 3.42 1.28 0.025

model 2b: paternal involvement

polygyny O20%Z1, else 0 K1.19 1.06 0.288 nZ42

pathogen stress K0.14 0.09 0.137 R2Z0.61

famine severity higha K1.98 1.87 0.316 pZ0.000

very higha 0.37 1.67 0.829

warfare 0.05 0.04 0.304

patrilineal inheritanceZ1, else 0 K2.71 0.70 0.004

EurasiaZ1, else 0 3.47 0.97 0.006

constant 2.86 1.07 0.026

model 3: age at weaning in months

pathogen stress 3.22 1.39 0.046 nZ85

pathogen stress-squared K0.12 0.05 0.039 R2Z0.33

famine severity higha 0.52 2.64 0.847 pZ0.000

very higha K0.05 2.75 0.987

warfare K0.06 0.12 0.618

circum-MediterraneanZ1, else 0 K9.96 1.30 0.000

money presentZ1, else 0 6.21 1.85 0.008

population density K2.62 0.53 0.001

constant 19.94 9.23 0.059

a Famine severity was treated as reference coded categorical variable
with famine severity low/very low as the reference category, hence each
level entered the model separately. Control variables are indicated in
italics.
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Figure 2. Quadratic associations between pathogen stress and
parental effort. Note: predicted parental effort from data in
table 2, models 1 (maternal care) and 3 (weaning) adjusted
for other variables in table 2.
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maternal care increased as pathogens increased tomoderate

levels, then decreased at higher pathogen levels. This

suggests that the effects of pathogens on child outcomes

may depend on parenting at low to moderate levels, but at

high levels pathogens may present extrinsic risk. The

curvilinear association may indicate that the saturation

point of parental care is a function of environmental

hazards. African population and endogamy (marriage

within the local community) were also statistically signi-

ficant and included as control variables (table 2, model 1).

Other potential controls, including measures of accultura-

tion and modernization, were neither significant nor

appreciably altered the associations in the models in table 2.

Paternal involvement showed the predicted inverse

relation with pathogen stress (table 2, model 2a). As
Proc. R. Soc. B (2007)
pathogens increased, paternal involvement decreased.

Paternal care was not significantly associated with famine

or warfare (table 2, model 2a). The association between

pathogen stress and paternal involvement was partially

mediated by polygyny; however, polygyny was not a

significant predictor (table 2, model 2b; see Low 1988).

Patrilineal inheritance (inheritance through male lines)

andEurasian populationwere included as control variables

(table 2, models 2a and 2b). Modernization also showed a

significant association with paternal care when included

with the other variables (BZ0.17, pZ0.008, nZ32);

however, it did not substantially alter the other associations

(data not shown). Pathogen stress adjusted for modern-

ization and other controls was a significant predictor of

paternal involvement (BZK0.34, p!0.001). Modern-

ization reduced the sample size to 32, making model

stability questionable, hence it was excluded from models

2a and 2b in table 2. Polygyny was a significant predictor of

paternal involvement when modernization was included

(BZK2.03, pZ0.027, nZ32), and it still mediated the

association between pathogen stress and paternal involve-

ment (BZK0.18, pZ0.103). Other associations were

approximately unchanged.

Age at weaning showed a quadratic relation with

pathogen stress (table 2, model 3; figure 2). Age at

weaning increased as pathogens increased to moderate

levels; however, it decreased at higher pathogen levels.

The curvilinear association between weaning and

pathogen stress further suggests that the saturation point

of parental care is a function of environmental hazards.

Famine and warfare were not significantly associated with

age at weaning. Circum-Mediterranean, population

density and presence of money were included as control

variables (table 2, model 3).
4. DISCUSSION
Parental effort was inversely associated with extrinsic risk.

Warfare and famine appear to be hazards that are not

remedied by parental care. Parental care may improve

child outcomes at low to moderate levels of pathogen

stress. Weaning age and maternal care increased at low to

moderate pathogen levels (which was not predicted), but

higher pathogen levels were associated with earlier

weaning and less maternal care, consistent with

http://rspb.royalsocietypublishing.org/
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predictions. Paternal involvement decreased as pathogens

increased. These results are generally consistent with the

life-history prediction of relatively reduced parental effort

in environments with high extrinsic risk. The saturation

point of human parental effort may be sensitive to

environmental hazards.

The SCCS offers useful but limited data. Most

parenting measures in the SCCS address infancy and

early childhood. Better measures of parental care through-

out development would be useful. In some cultures, like

suburbanNorth America (which was not included in these

analyses), parents do not typically sleep with children and

they maintain distant proximity throughout most of the

day. Suburban North Americans make substantial indirect

parental investment through schools, clothing, etc.

Furthermore, differences in early and late childhood and

direct and indirect investment and their effects on

offspring may prove interesting in themselves. The

negative association between paternal involvement and

patrilineal inheritance (inheritance through male lines) of

movable property (table 2, models 2a and b) suggests

tradeoffs between paternal effort in childhood and later

investment.

Pathogen stress showed somewhat variable relations

with parental effort. At low pathogen levels, parental effort

was positively associated with pathogen stress, but

parental effort decreased at higher levels. It is difficult to

imagine how response to infant crying, maternal co-sleep-

ing and bodily contact with infants could affect exposure

to vector-borne pathogens like malaria, etc. measured in

the SCCS. Parental care may not affect exposure (as per

Harpending et al. 1990), but responsive parenting may

reduce severity of infection and increase the likelihood of

recovery. Responsive parental care may buffer children

from chronic psychosocial stressors, improving immune

function (Flinn & England 2003). Children’s stress

reactivity and hormone levels (cortisol) are positively

associated with unresponsive parenting (Gunnar 2000;

Gunnar & Donzella 2002; Blunt Bugental et al. 2003).

Cortisol levels have been found to be inversely associated

with children’s immune function and frequency of illness

(Flinn 1999). Immune functioning such as IgG1 activity

can reduce the severity of vector-borne infections by

trypanosomes, for example (Takayanagi et al. 1992), and

recovery from trypanosomiasis appears to impart life-time

immunity (Khonde et al. 1995). However, at high

pathogen levels, survival may be more a matter of chance

than child care.

Associations between paternal involvement and

pathogen stress raise interpretive issues. Pathogens may

create greater sexual selection pressures through female

mate choice for heritable immunity (Hamilton & Zuk

1982), leading to higher levels of polygyny associated with

reduced paternal investment. This interpretation lacks

empirical support. A cross-cultural analysis showed little

relationship between indicators of female choice and

polygyny (Low 1988, pp. 120–122). In contrast to other

animals, human polygyny often appears to entail costs to

female reproduction. There is little evidence that women

benefit reproductively from polygyny (Strassmann 2000;

Josephson 2002). Alternatively, it is possible that pathogen

stress increases benefits of genetic diversity in offspring

(Low 1988). If so, then pathogen stress should be

positively correlated with indicators of multiple mates
Proc. R. Soc. B (2007)
cross-culturally, which appears to be the case (Low 1988).

The question remains whether or not paternal care

typically influences children’s response to pathogens.

Furthermore, this study cannot distinguish whether

fathers reduce parental care because they are attempting

to produce more offspring to ‘beat the odds’ or to increase

genetic diversity in offspring or both. These two

possibilities are confounded.

I do not suggest that these findings indicate genetic

differences in parenting behaviour in different popu-

lations. The environmental hazards measured in this

study probably fluctuate too often for selection to create

localized genetic adaptations. Rather ‘it is certainly

plausible that humans are engineered to sense the state

of the environment and to favour . certain behaviours

over others depending on their perception of the

environment’ (Harpending et al. 1990, p. 255). Such

phenotypic plasticity is the hallmark of human adaptation.

Results here may extend to other context-dependent

sources of risk. Mortality is only one hazard with potential

life-history effects. Other hazards such as substance abuse

(Quinlan 2006), HIV infection (Gant et al. in press), crime

(Wilson & Daly 1997), imprisonment, etc. may be

insensitive to parental care, and hence present ‘fitness

cliffs’ (Chisholm 1999) that may affect allocation of effort

among mating, parenting and self-preservation.

In sum, these findings suggest an important role for

environmental risk in the allocation of human parental

effort. Maternal and paternal care appear to have some-

what different relationships with environmental hazards,

presumably owing to sex-specific benefits of parenting and

mating effort. The sources and nature of such risk warrant

further investigation.

I would like to thank William Divale who provided access to
and assistance with the SCCS. Also I would like to thank
Laura Betzig, Henry Harpending and Barry Hewlett who
offered helpful comments on an early version of this paper.
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