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PATHOGEN PREVALENCE AND
GEOGRAPHICAL VARIATION IN
TRAITS AND BEHAVIOR

DAMIAN R. MURRAY AND MARK SCHALLER

Extensive geographical variation exists in personality traits, value sys-
tems, and human behavior. For example, people in Bulgaria report higher
levels of Extraversion than people in Botswana (McCrae & Terracciano,
2005), and people in France tend to conform more in laboratory studies than
do people in Finland (Bond & Smith, 1996). Why does this geographical
variation exist? Might specific features of a local geography foster specific
behavioral patterns and personality profiles? Here, we summarize and discuss
a growing body of evidence demonstrating that geographical variation in
behavior, personality, and values is due, at least in part, to regional varia-
tion in the prevalence of infectious diseases (or, as we term it here, pathogen
prevalence).

Investigating the antecedents of geographical differences in human psy-
chology is an enormous enterprise. These antecedent variables do not oper-
ate exclusively and, in addition, can change over time as a result of natural
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circumstances and human intervention. This chapter, therefore, is offered
as an introduction to this topic and to some of the broad implications of
pathogen prevalence.

PATHOGENS AND PSYCHOLOGY

Disease-causing pathogens have posed a substantial threat to survival
and reproduction throughout human history. In fact, infectious diseases have
likely accounted for more deaths than all wars, noninfectious diseases, and
natural disasters combined (Inhorn & Brown, 1990). Infectious diseases have
thus imposed immense selective pressure on human physiology and behav-
ior (e.g., Ridley, 1993). Not surprisingly, humans have evolved elaborate
Jefenses that serve to mitigate the harmful effects of pathogens. One such
defense involves the suite of complex physiological mechanisms that com-
pose the immune system, which identifies disease-causing organisms within
the body and responds with a set of biochemical and cellular defenses designed
to eliminate the parasitic threat. These physiological immune responses are
adaptive, but they are costly as well. For example, an inflammatory response
produces fever that helps to kill bacterial infections, but to raise body tem-
perature by just 1°C (a very modest fever) requires as much as a 13% increase
in metabolic activity (Dantzer, Kent, Bluthe, & Kelley, 1991). Along with
these metabolic costs, immunological responses can also invoke behavioral
responses (e.g., lethargy) that are temporarily debilitating and that prevent
one from performing other adaptive activities such as acquiring resources
or caring for kin (Klein & Nelson, 1999). Thus, although activation of the
immune system is beneficial when it becomes absolutely necessary, it is even
more beneficial to engage this system as infrequently as possible. '

For this reason, immunological defenses against pathogens are com-
plemented by behavioral responses that serve to minimize contact with
infectious agents in the first place. Evidence of such behavioral defenses
against pathogens is rife across the animal kingdom: Chimpanzees react with
unusual violence to ingroup members infected with polio (Goodall, 1986),
rodents avoid mating with other rodents who produce olfactory cues con-
noting disease (Kavaliers & Colwell, 1995), and bullfrog tadpoles avoid
swimming in the vicinity of other infected tadpoles (Kiesecker, Skelly,
Beard, & Preisser, 1999).

Humans too are equipped with a suite of psychological mechanisms
that promote behavioral defense against pathogens—a sort of behavioral
immune system (Schaller, 2011; Schaller & Park, 2011). Broadly, these mech-

anisms are designed to detect potential pathogen cues within the immediate
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environment and trigger specific affective and cognitive responses that pro-
mote specific kinds of behavioral reactions that, in turn, reduce the likelihood
of pathogen transmission. Much evidence now implicates these mechanisms
across a gamut of human psychological phenomena, including implications
for attention (Ackerman et al., 2009), emotion (Oaten, Stevenson, & Case,
2009), prejudice and person perception (e.g., Faulkner, Schaller, Park, &
Duncan, 2004; Park, Schaller, & Crandall, 2007), conformity (Murray &
Schaller, 2012), and interpersonal behavior in general (Mortensen, Becker,
Ackerman, Neuberg, & Kenrick, 2010).

PATHOGEN PREVALENCE AND THE EMERGENCE OF
GEOGRAPHIC VARIATION IN HUMAN PSYCHOLOGY

Although disease-causing pathogens have posed a serious threat
throughout history, the magnitude of this threat varies geographically
(see Figure 3.1). Many pathogens thrive in warm, wet conditions; the

High

Figure 3.1. Global pathogen prevalence, ~1900 A.D. World map of the historical
prevalence of infectious disease (by country).
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prevalence and diversity of pathogens are therefore predictable functions
of latitude and additional geographical characteristics of a place (Guernier,
Hochberg, & Guégan, 2004). The substantial geographical variation that
exists in the prevalence of pathogens has obvious implications for regional
differences in health outcomes; less obviously, it also predicts regional dif-
ferences in psychological outcomes.

Exactly why might geographical variation in pathogen prevalence pre-
dict variation in psychological outcomes? A cost-benefit framework is useful
for addressing this question. The logical analysis proceeds as follows: Any
behavioral tendency that inhibits contact with pathogens has the benefit of
reducing the likelihood of pathogen-related illness or mortality. However, it
may have costs as well. Thus, this behavioral tendency will be functionally
adaptive only when its disease-mitigating benefits outweigh its costs. The
benefits will be especially high in geographical regions where pathogens are
most highly prevalent, and so it is also in these regions that the benefits are
more likely to outweigh costs. The logical upshot is that any behavior that
serves to reduce the likelihood of pathogen transmission should be most
prevalent among populations inhabiting high-disease geographical regions
and least prevalent among populations in low-disease regions. Conversely,
any behavior that increases exposure to pathdgens (but that has unrelated
adaptive benefits) should be least prevalent in high-disease regions and most
prevalent in low-disease regions.

Geographical variation in mate preferences offers an illustrative exam-
ple. Although physical attractiveness in a mate is universally valued, regional
differences exist in the relative value placed on physical attractiveness rela-
tive to other desired traits (Buss, 1989). Interestingly, subjective appraisals
of physical attractiveness are influenced by a variety of features—clear skin,
bilateral symmetry, morphological typicality—that are associated with health
and genetically heritable immunocompetence (Rhodes, 2006; Thornhill &
Gangestad, 1999; Weeden & Sabini, 2005). Thus, preferences for physi-
cally attractive mates are beneficial insofar as they increase the likelihood
of choosing a disease-free mate and the likelihood of producing immuno-
competent offspring.

However, a preference for attractive mates is not without some poten-
tial costs. Mate preferences often involve trade-offs; by placing a relatively
higher priority on physical attractiveness, people may place relatively lower
value on other beneficial traits, such as wealth or intelligence (Gangestad
& Simpson, 2000). It follows that individuals may be most likely to place a
high value on physical attractiveness under conditions in which the benefits
associated with physical attractiveness are most pronounced, such as when
there is greater threat posed by infectious diseases. Consistent with this logic
is experimental evidence showing that when the threat of disease is made
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temporarily salient, people show an exaggerated tendency to judge symmetri-
cal faces to be more highly attractive (Little, DeBruine, & Jones, 2011). A
conceptually similar effect emerges when comparing different geographical
regions: In an analysis of data on mate preferences collected from 29 countries
worldwide, the historical prevalence of disease-causing pathogens within a
country positively predicted the value that people within that country placed
on the physical attractiveness of a mate (Gangestad & Buss, 1993; see also
Gangestad, Haselton, & Buss, 2006). This effect occurred for both men and
women and was robust when controlling for other socioeconomic variables.

This example illustrates a conceptual cost-benefit analysis that has been
applied to deduce many additional hypotheses linking pathogen prevalence
to geographic variation in psychological phenomena. Before proceeding to
summarize these hypotheses and the evidence that supports them, it is useful
to identify some of the thorny methodological and inferential issues inherent
in these types of investigations.

One obvious inferential problem stems from the fact that empirical
studies of this sort are necessarily correlational. Researchers studying the
relation between ecological variation in pathogen prevalence and geographic
variation in psychological outcomes do not have the luxury of experimen-
tal control or random assignment. Thus, although a nonzero relationship
between pathogen prevalence and a psychological trait may be consistent
with a causal hypothesis, this relationship alone cannot provide convincing
evidence that varying pathogen prevalence truly caused geographical varia-
tion in the trait.

Several strategies can be used to help address the various alternative
causal explanations that might be offered to account for predicted correlations.
First, other variables that might create spurious correlations (because they are
themselves related both to pathogen prevalence and to the outcome variable)
can be measured and statistically controlled for. In their research linking
pathogen prevalence to mate preferences, for example, Gangestad and Buss
(1993) controlled for a variety of such “third variables.” Conclusions about
the causal influence of pathogen prevalence require that pathogen preva-
lence remains a unique predictor of outcome variables when controlling for
plausible third variables. Second, in order to logically infer that pathogen
prevalence actually caused geographical variation in psychological phe-
nomena (rather than vice versa), it is useful to use a measure of pathogen
prevalence that temporally precedes the outcome measures of interest.

In our own research, we have employed methods modeled after those
described by Gangestad and Buss (1993), who used old epidemiological
atlases to estimate country-level prevalence of seven kinds of pathogens
across 29 countries. We expanded on this strategy and computed an index
on the basis of the historical prevalence of nine different kinds of pathogens
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(trypanosomes, schistosomes, leishmanias, typhus, dengue, malaria, tubercu-
losis, filariae, and leprosy), mostly from data aggregated near the end of the
19¢th century. These pathogens are characterized by an acute stage of infec-
tion, with the possibility of either death, long-term debilitation, or recurrence
of acute episodes. This index represents only.a small subset of debilitating
infectious pathogens; however, it serves as a useful and diagnostic indicator
of relative geographical differences in the historical prevalence of disease-
causing pathogens (for a detailed discussion of computation and validity
of this index, see Murray & Schaller, 2010). This index is available for over
160 geopolitical regions worldwide. It can be especially informative to com-
pare the predictive strength of this measure of historical pathogen prevalence
with the predictive strength of indices that assess contemporary pathogen
prevalence. If pathogen prevalence is a consequence rather than a cause of
the psychological outcome variable, then thé outcome variable should be
more strongly related to contemporary rather than historical pathogen preva-
lence. If instead historical prevalence more strongly predicts the outcome
variable, the reverse causal explanation is less plausible.

Another inferential issue arises from the fact that many contemporary
geographical comparisons of psychological outcomes use countries as units of
analysis. Countries cannot be assumed to be statistically independent (ideas,
cultural norms, and people flow freely across geopolitical boundaries), and
this has important implications for statistical inference based on country-level
analyses (Nettle, 2009). Therefore, it can be useful to supplement comparisons
between countries with additional comparisons between world regions that,
historically, have been more culturally distinct (e.g., Africa, Eastern Eurasia).
When individual-level data are available from individuals within countries,
multilevel modeling approaches may also be especially informative (e.g., Van
Leeuwen, Park, Koenig, & Graham, 2012).

These inferential issues are worth keeping in mind as we summarize
results from recent studies identifying a variety of links between pathogen
prevalence and geographical differences in human personality, values, and
behavioral tendencies.

Sociosexual Attitudes

We begin with an investigation of geographical differences in dis-
positional tendencies toward restricted versus unrestricted sexual behavior
(Schaller & Murray, 2008). Sexual behavior provides much opportunity for
disease transmission. This risk exists both for infections spread exclusively
through sexual contact and infections spread through nonsexual contact. The
implication is simple: The more “unrestricted” (e.g., sexually promiscuous)
individuals are, the more they put themselves at risk of contracting diseases
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and spreading these diseases to others. However, unrestricted sexual attitudes
can also have specific kinds of adaptive benefits—providing, for example,
the opportunity to produce more offspring. These benefits must be weighed
against the disease-related costs, and this cost—benefit ratio varies depend-
ing on the prevalence of disease-causing pathogens. Where pathogen prev-
alence is higher, the costs of unrestricted sociosexuality are more likely to
outweigh the benefits, whereas in places characterized by lower pathogen
prevalence the benefits are more likely to outweigh the costs. This logic
leads to the hypothesis that greater pathogen prevalence predicts more
sociosexually restricted attitudes.

To test this hypothesis, we employed the results of a cross-national
study (Schmitt, 2005) that assessed responses on a Sociosexual Orientation
Inventory (SOI; Simpson & Gangestad, 1991) from over 14,000 people
in 48 different countries and reported mean male and female SOI scores
for each country. High SOI scores indicate unrestricted sexual attitudes and
behavior, whereas low SOI scores indicate more restricted attitudes and
behavior. The hypothesis predicts a negative relationship between these SOI
scores and historical pathogen prevalence, and that is what we found: In
places with a higher level of historical pathogen prevalence, both men and
women reported more restricted attitudes toward sexual relations (+'s for men
and women were —.27 and —.62, respectively; Schaller & Murray, 2008).

This effect is stronger for female SOI scores, and this sex difference in
effect sizes fits with the cost—benefit framework. Men have a lower minimum
level of parental investment than do women; thus, the fitness benefits associ-
ated with unrestricted sexual behavior are likely to be greater among men
than among women. Therefore, for men only, these benefits may outweigh
the costs (disease transmission) even at relatively high levels of pathogen
prevalence. Among women, however, the benefits of unrestricted sexuality
are relatively minimal and so are more likely to be outweighed by disease-
related costs as pathogen prevalence increases.

Additional analyses revealed that historical pathogen prevalence pre-
dicted these sociosexuality measures better than did a contemporary (and
much more precise) measure of pathogen prevalence. Plus, the effect (among
womeén only) persisted even when controlling for a variety of plausible third
variables. These results are consistent with the hypothesized causal relation-
ship and are inconsistent with alternative causal explanations.

Extraversion and Openness_
An individual’s proclivity to engage in restricted versus unrestricted

sexual behavior is a type of personality trait. However, it is a very specific
trait. Might pathogen prevalence predict variation in more fundamental

PATHOGEN PREVALENCE AND GEOGRAPHICAL VARIATION 57



personality traits as well? Several research projects have gathered data on
the Big Five personality traits (Extraversion, Openness, Agreeableness,
Conscientiousness, and Neuroticism) from tens of thousands of individuals
from dozens of countries worldwide. These studies produced country-level
scores on each of the five fundamental dimensions of personality and have
revealed cross-national differences in each of the five traits. These scores
provide a useful tool for investigating geographic variation in two of these
fundamental personality traits—Extraversion and Openness—that, on the
basis of cost—benefit analyses, can be predicted to vary in response to patho-
gen prevalence.

Extraversion

The logic that underlies a potential link between pathogen prevalence
and Extraversion is similar to its relationship with sociosexuality. Although
being sexually unrestricted is associated with a higher variety and frequency
of intimate interpersonal contact, Extraversion too is associated with a higher
variety and frequency of (nonintimate) contact with others. These social con-
tacts have the potential to expose individuals to interpersonally transmit-
ted pathogens. (In fact, empirical evidence does suggest that dispositional
Extraversion is associated with enhanced risk of disease transmission; Nettle,
2005.) However, Extraversion is also associated with many benefits. More
highly extraverted individuals report higher levels of happiness, are more
effective leaders, and enjoy more opportunities for sexual reproduction (Berry
& Miller, 2001; Silverthorne, 2001). These benefits of Extraversion are more
likely to outweigh the disease-related costs under ecological conditions in
which these costs are relatively minimal—in places characterized by low lev-
els of interpersonally transmitted pathogens. Conversely, in areas character-
ized by high pathogen prevalence, the disease-related costs of Extraversion
may outweigh its benefits. This cost—benefit analysis suggests that regional
variation in pathogen prevalence should be inversely related to population-
level variation in Extraversion.

We (Schaller & Murray, 2008) conducted multiple tests of this hypoth-
esis using results from three different cross-national surveys of the Big Five
personality traits (McCrae, 2002; McCrae & Terracciano, 2005; Schmitt,
Allik, McCrae, & Benet-Martinez, 2007). As predicted, across every measure
regional differences in Extraversion were negatively correlated with historical
pathogen prevalence. These relationships remained even when controlling
for a variety of additional country-level variables (e.g., GDP, individualistic
vs. collectivistic values). Further, consistent with the causal relation speci-
fied by the hypothesis, Extraversion was more strongly predicted by histori-
cal pathogen prevalence than by contemporary pathogen prevalence. Finally
(and consistent with our analysis of the specific kinds of costs associated with
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Extraversion), a follow-up investigation revealed that geographic variation
in Extraversion is especially highly predicted by the prevalence of a specific
subset of pathogens—those that are transmitted through human interaction

(Thornhill, Fincher, Murray, & Schaller, 2010).

Openness

A similar cost-benefit analysis also suggested that regional variation in
pathogen prevalence may help account for geographic differences in Openness
to Experience. Dispositional Openness is characterized by creativity, attrac-
tion to novelty, and a willingness to try new and unfamiliar things (Larsen
& Buss, 2005). These behavioral dispositions can be beneficial in that they
encourage innovation and adaptive problem solving. These dispositions can
also be costly: Many traditional ways of doing things (particularly in domains
such as food preparation, personal hygiene, and public health) serve as buf-
fers against pathogen transmission. (In fact, in many technologically “primi-
tive” small-scale societies of the sort traditionally studied by ethnographers,
the majority of social norms may operate as prescriptions to avoid illness in
some way [Fabrega, 1997].) To the extent that individuals deviate from these
accustomed norms (e.g., experiment with novel or idiosyncratic approaches
to hygiene or food preparation), those individuals expose themselves and
others in their community to an increased risk of pathogen infection. These
particular kinds of costs are greater (and more likely to outweigh benefits
associated with Openness) under conditions of greater pathogen prevalence.
Thus, regional variation in pathogen prevalence is expected to be inversely
related to population-level variation in Openness to Experience.

We conducted multiple tests of this hypothesis using exactly the same
source materials as we used in our investigations of Extraversion (Schaller
& Murray, 2008). Again, across every measure cross-cultural differences in
Openness to Experience were negatively correlated with historical patho-
gen prevalence. These negative relationships remained even when control-
ling for additional country-level variables. Again, consistent with the causal
hypothesis, Openness to Experience was more strongly predicted by historical
pathogen prevalence than by contemporary pathogen prevalence.

We also performed analyses on the three remaining fundamental per-
sonality traits (Agreeableness, Conscientiousness, and Neuroticism). Across
measures, results revealed no appreciable or consistent relationships between
pathogen prevalence and these personality traits. These results, when taken in
concert with the consistent significant relationships obtained for Extraversion
and Openness, suggest that the significant results for Extraversion and
Openness were not due to response biases or other methodological artifacts
that often pose issues for cross-national investigations, and increase confi-
dence in a conclusion that the results obtained reflect truly meaningful causal
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relationships. It is also worth noting that convergent significant results for
both Openness and Extraversion (as well as negligible results for the remain-
ing variables) have been documented using world regions as the units of

analysis (e.g. Schaller & Murray, 2012).
Individualism and Collectivism

Adaptive logic suggests that the influence of pathogen prevalence should
have implications for cultural value systems as well. Although there are many
forms of cultural values, the value constructs of individualism and collectivism
have been subjected to more rigorous scientific inquiry than any other (Heine,
2008). At least three characteristics of individualism/collectivism suggest that
geographic variation along this dimension may have been causally influenced
by pathogen prevalence.

First, collectivistic (compared with individualistic) value systems imply a
more rigid psychological distinction between ingroup and outgroup (Gelfand,
Nishii, & Raver, 2006), which manifests in higher levels of ethnocentrism
and xenophobia. Higher levels of xenophobia have costs, including reduced
opportunities for trade and coalitional alliances. But xenophobia may also
have disease-relevant benefits. Qutgroup members are more likely to harbor
exotic pathogens, which are especially virulent to individuals with no prior
exposure to them. Outgroup members are also more likely to be ignorant of
local norms that buffer against pathogen transmission. These disease-specific
benefits of xenophobia are likely to be greater in regions of higher pathogen
prevalence.

Second, collectivist cultural values are characterized by a higher expec-
tation of prosocial behavior among family members and other individuals
within a local social alliance. There are costs associated with the obligatory
expenditure of resources. Reciprocal benefits of this obligatory prosociality
accrue whenever one (or one’s immediate kin) is in need of assistance from
others. These benefits are likely to be especially pronounced under conditions
characterized by high levels of threat to health and welfare. Thus, because of
the emphasis on obligatory prosociality among group members, collectivistic
value systems are likely to be relatively more advantageous under conditions
of greater pathogen prevalence.

A third relevant feature of collectivistic value systems is tightness: A
strong premium is placed on conforming to ingroup norms, and a lack of tol-
erance exists for individuals who deviate from those norms (Gelfand et al.,

2006). Individualistic value systems, however, place a premium on individual
rights and are more tolerant of deviance. Thus, the cost—benefit implications
are similar to those discussed for Openness to Experience: Although there are
costs associated with vigilant adherence to established norms (e.g., decreased
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innovation), the pathogen-mitigating characteristics of many of these norms
makes adherence beneficial too. These benefits are more likely to outweigh
the costs in geographical regions of high disease prevalence.

Overall, these multiple distinct lines of deduction converge on a hypoth-
esis linking pathogen prevalence to geographic variation in individualistic
versus collectivistic values: Pathogen prevalence should negatively predict
measures of individualism and positively predict indicators of collectivism.

We conducted four tests of this hypothesis using two different country-
level measures of individualism and two country-level measures of collectiv-
ism (Fincher, Thornhill, Murray, & Schaller, 2008). The results were clear
across all four sets of analyses: Consistent with the hypothesis, geographical
variation in historical pathogen prevalence was significantly negatively cor-
related with individualism (r’s = —.69 and —.71) and significantly positively
correlated with collectivism (r's = .73 and .63, all p’s < .001). These results
were further corroborated using world regions as the units of analysis (in fact,
correlations tended to be even stronger when using these larger units of
analysis). Additional analyses revealed that the predictive effect of patho-
gen prevalence remained even when controlling for a variety of additional
variables that might plausibly have a causal influence on individualistic/
collectivistic value systems (e.g., GDP, inequality, other threats to health
and morality). Consistent with the causal relation specified by the hypoth-
esis, individualism/collectivism was more strongly predicted by historical
pathogen prevalence than by contemporary pathogen prevalence. Similar
sets of analyses have since been performed using American states as the unit
of analysis (Fincher & Thornhill, 2012) and have produced inferentially
identical results.

These results provide compelling evidence for a causal relationship
between pathogen prevalence and cultural value systems. Individualism and
collectivism are, however, multifaceted constructs, comprising several con-
ceptually distinct kinds of values (pertaining to intergroup relations, fam-
ily dynamics, conformity to norms, etc.). Evidence bearing on this broad
construct does not speak to whether pathogen prevalence specifically relates
to geographic variation in xenophobia, obligatory prosociality, conformity
pressure, or any other specific facet underlying the individual/collectivism
dimension. Disentangling which of these relationships contributes to the
relationship between pathogen prevalence and individualism/collectivism
requires additional analyses on additional measures of geographic variation.

Conformity Pressure

We recently conducted a series of analyses designed to focus specifically
on the hypothesis that regional differences in pathogen prevalence predict
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worldwide geographic differences in conformity pressure (Murray, Trudeau, &
Schaller, 2011). In testing this prediction, we used a methodologically diverse
set of four country-level measures of conformity pressure. One measure was
taken from a meta-analysis of dozens of behavioral conformity experiments
performed worldwide (Bond & Smith, 1996), which allowed us to compute
mean conformity effect sizes for individual countries. A second measure was
obtained from the World Values Survey (http://www.worldvaluessurvey.org/)
and pertained to attitudes toward obedience: the percentage of respondents
within each country who indicated that obedience was an important trait
for children to learn. A third measure follows from the logical implication
that, in populations characterized by stronger conformity pressure, there
is less tolerance for deviation from established norms. One way to measure
this tolerance for deviation is through the mean level of within-population
variability on personality traits (reduced tolerance for nonconformity should
result in reduced variability). Exactly such a measure of within-country per-
sonality variability was reported by McCrae (2002). The fourth measure was
the percentage of individuals within a country who are left-handed. The logic
underlying this measure arises from the fact that right-handedness is norma-
tive, and so, in regions characterized by conformity pressure, it is more likely
that naturally left-handed people will be compelled to become right-handed
(Porac & Martin, 2007; Triandis, 1995). Thus, the percentage of left-handers
serves as an indirect indicator of tolerance for behavioral nonconformity.

Our gesults revealed that each of these four measures of conformity
pressure was predicted by pathogen prevalence. The historical prevalence
of pathogens correlated significantly positively with behavioral confor-
mity effect sizes and the value placed on obedience (r’s =.49 and .48) and
significantly negatively with personality variation and the percentage of left-
handers (s = —52 and —.73). Additional analyses revealed that pathogen
prevalence remained a significant predictor when controlling for additional
variables that might be conceptually linked to conformity (e.g., level of
agriculture, life expectancy, population density). Analyses performed at the
world-region level produced correlations that were even higher in magni-
tude than those obtained at the country level. Historical pathogen prevalence
was a stronger predictor of these conformity variables than was contemporary
prevalence. These results all support the proposed causal link between patho-
gens and conformity.

Strength of Family Ties
The strength of family ties—which is associated with obligatory pro-

sociality toward extended family members—is an integral part of collectivist
(vs. individualist) value systems. Recently, Fincher and Thornhill (2012)
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investigated whether pathogen prevalence predicts this specific facet of col-
lectivism. They created a country-level index of “strength of family ties” on
the basis of five responses obtained from the World Values Survey (e.g., the
percentage of respondents who indicated that one of their goals in life was to
“make their parents proud”; http://www.worldvaluessurvey.org/). Consistent
with the hypothesis, geographic variation in strength of family ties was posi-
tively predicted by pathogen prevalence at both the country and world-region
levels of analysis. This relationship remained after controlling for possible
confounds such as economic development and human freedoms. Fincher
and Thornhill replicated these findings with independent analyses that used
American states as units of analysis. These convergent results support the
hypothesized causal link between pathogen prevalence and geographic varia-
tion in values pertaining to family ties and obligatory prosociality.

Xenophobia and Ethnocentrism

Several results provide some support for a link between pathogen preva-
lence and regional variation iri ethnocentrism and xenophobia. For instance,
pathogen prevalence is positively correlated with the percentage of people in
a country who indicate that they would not want “people of a different race” as
neighbors (Schaller & Murray, 2010). High pathogen prevalence is also asso-
ciated with population-level outcomes that indirectly indicate reduced levels
of contact between ethnic groups (e.g., Fincher & Thornhill, 2008). The
frequency of intrastate conflict and civil war is also positively correlated with
pathogen prevalence—a relationship that is conceptually consistent with
higher levels of xenophobia and ethnocentrism within pathogen-prevalence
regions (Letendre, Fincher, & Thornhill, 2010).

“Binding” Moral Values

The preceding findings all suggest intriguing relations between pathogen
prevalence and fundamental cultural value systems. Values are conceptually
linked to moral judgments and moral behavior, suggesting that geographic
differences in morality might also be predicted by pathogen prevalence. One
recent investigation examined the possibility that regional differences in
pathogen prevalence may help to explain worldwide geographic variation on
a particular subset of moral values (Van Leeuwen et al., 2012). According to
moral foundations theory, the many different kinds of moral values can be
located within two foundational categories: Some moral values are consid-
ered to be individualizing, whereas others are considered to be binding. Binding
moral foundations are relevant to concerns such as group loyalty, respect
for authority, and purity. These binding aspects of morality have obvious
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implications for a variety of attitudes and behaviors (e.g., ethnocentrism,
obedience, cleanliness) that, as we have already discussed, may serve as buf-
fers against disease transmission. It follows, therefore, that binding moral
values will be endorsed more fervently in places characterized by a greater
threat of pathogen infection.

Van Leeuwen and colleagues (2012) tested this hypothesis on data
obtained from over 120,000 people in 147 countries. The results showed that
historical pathogen prevalence was a significant predictor of binding moral
values but not of individualizing moral values. The predictive effect of his-
torical pathogen prevalence was greater than the effect of contemporary
pathogen prevalence—a finding that is inconsistent with a reverse causal
explanation. These effects emerged even when controlling for a variety of
additional variables that can influence moral values, thus eliminating a
variety of alternative explanations. Also, importantly, this result emerged
not only from analyses that treated countries as units of analysis but also
from multilevel analyses on individual responses.

Political Ideology

Just as cultural values have implications for morality, they also have
implications for political ideology, and this can have important consequences.
Economic and political outcomes within a country are influenced substan-
tially by the political ideologies held by its citizens. A culture that prizes tra-
dition and conformity, for example, may perceive specific kinds of individual
rights and freedoms (e.g., freedom of speech) to pose a threat. Consistent
with this analysis is evidence that cultural tightness and collectivism are
highly associated with the existence of autheritarian governments and legal-
ized repression of civil liberties and individual freedoms (Conway, Sexton, &
Tweed, 2006). The overall upshot is that cross-national differences in political
systems and style of governance may result, in part, from regional differences
in pathogen prevalence.

In support of this hypothesis, Thornhill, Fincher, and Aran (2009) found
that a measure of contemporary pathogen prevalence significantly predicted
a variety of country-level measures of political ideologies and additional
outcomes pertaining to governance—including positive correlations with
measures that assess repression of individual rights and freedoms, negative
correlations with additional measures of social and political liberalism, and
negative correlations with democratization in general. These relations per-
sist even when controlling for a variety of potential confounds. Follow-up
analyses revealed that these outcomes pertaining to political ideology and

governance are even more strongly predicted by historical pathogen preva-
lence (Murray & Schaller, 2010).
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IMPLICATIONS AND FUTURE DIRECTIONS

Taken together, these findings support a range of conceptual hypoth-
eses that link pathogen prevalence to geographical variation in traits, values,
behaviors, and societal outcomes. These findings also provide a more complete
understanding of previously documented relationships between psychological
outcomes that vary geographically. For example, it has been previously observed
that regional differences in Extraversion are linked to regional differences in
individualistic value systems, and discussions of this relationship have centered
on the possible causal influence of cultural value systems on individual disposi-
tions, or vice versa (e.g., Hofstede & McCrae, 2004). Our analyses reveal, how-
ever, that the relationship between Extraversion and individualism disappears
when statistically controlling for pathogen prevalence (Fincher et al., 2008;
Schaller & Murray, 2008). Therefore, it appears that there is no meaningful
causal relationship between Extraversion and individualism; their relation may
be a result of both variables being consequences of lower pathogen prevalence.

Another example is latitude, which has been cited as a strong predictor
of many cross-cultural differences (e.g., Hofstede, 2001). Of course, a latitude
value is an abstract cartographic convention; it has no meaningful causal influ-
ence on human psychology. Any correlation between latitude and psychologi-
cal phenomena requires explanations that focus on additional variables that
vary geographically and that actually do have an impact on human experience
and psychological functioning. Pathogen prevalence is one such variable, and
it may be an integral part of any causal explanation for a relationship between
latitude and psychological outcomes.

The prevalence of pathogens within any geographic region is not immu-
table, however; as mentioned at the outset of this chapter, it can change
over time, both as a result of natural circumstances and as a result of human
intervention. Consequently, public health initiatives (e.g., vaccination
campaigns) may have consequences that extend far beyond epidemiological
morbidity and mortality; efforts designed to reduce the prevalence of infec-
tious diseases may also lead to meaningful changes in personality, cultural
values, intergroup relations, political practices, and many other aspects of
human life. A reduction in pathogen prevalence may, for example, lead to a
higher tolerance for nonconformity, thereby facilitating artistic creativity and
technological innovation. It is worth noting here, perhaps, that the number
of Nobel laureates per capita within a country is strongly negatively predicted
by historical pathogen prevalence (r=—.59, p <.0001), and this relationship
remains robust when controlling for variables such as economic develop-
ment (Murray, 2013). Rigorous longitudinal investigations will be needed to
test whether temporal variation in pathogen prevalence does indeed lead to
changes in these kinds of psychological and societal outcomes.
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If changes in pathogen prevalence do have the downstream effects that
we suggest, another question that arises is when these effects might become
evident. This “when” question is largely dependent on another scientific fac-
tor that requires much more investigation: the mechanism by which patho-
gen prevalence might produce these geographic differences in the first place.
At least four such mechanisms are possible. One possibility is that these dif-
ferences are created through facultative cognitive mechanisms, wherein indi-
viduals detect disease cues within their immediate environment and respond
by emitting appropriate disease-mitigating behaviors. Alternatively, these
differences may be more genetically based, whereby historical geographical
variation in pathogen prevalence has led to differential selection for genes
associated with behaviors that have implications for pathogen transmission.
A different type of genetic mechanism—an epigenetic mechanism—is also a
possibility, wherein genes associated with traits such as collectivism and con-
formity are more likely to be developmentally expressed in regions of higher
disease. Finally, these cultural differences may have arisen through cultural
transmission, wherein information about the most locally adaptive sets of
traits, behaviors, or practices is selectively communicated across generations.

The time frame whereby changes in disease prevalence lead to cultural
change will provide clues as to which of these mechanisms is at play: Any
cultural change that transpires within days or weeks of disease outbreak
(or disease eradication) would indicate the operation of facultative mech-
anisms; changes that occur one generation after a disease outbreak are
more likely to implicate an epigenetic process; and changes that accumulate
across multiple generations would be more indicative of a cultural transmis-
sion process or even a genetic process. (For a more substantive discussion of
these mechanisms, and the evidence bearing on each of them, see Schaller
& Murray, 2011.)

Investigating the antecedents of geographical differences in human psy-
chology is an enormous enterprise. These antecedent variables do not operate
exclusively, and only now are we beginning to appreciate the complex inter-
play between the variables that contribute to the geographical differences we
see today. Much work remains to be done in investigating the mechanisms
by which these variables operate, the interactions that exist between them,
and their implications.
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