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Abstract: Throughout the world people differ in the magnitude that they value strong
family ties or heightened religiosity. We propose that this cross-cultural variation is a
result of contingent psychological adaptation that facilitates in-group assortative sociality
in the face of high levels of parasite-stress while devaluing in-group assortative sociality
in areas with low levels of parasite-stress. This is because in-group assortative sociality is
more important for the avoidance of infection with novel parasites and for the
management of infection in regions with high levels of parasite-stress compared to
regions of low infectious disease stress. We examined this hypothesis by testing the
predictions that there would be a positive association between parasite-stress and strength
of family ties or religiosity. We conducted this study by comparing between nations and
between states in the United States of America. We found for both the international and
the interstate analyses that in-group assortative sociality was positively associated with
parasite-stress. This was true when controlling potentially confounding factors such as
human freedom and economic development. The findings support the parasite-stress
theory of sociality, the proposal that parasite-stress is central to the evolution of social
life in humans and other animals.
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1. Introduction
Across the world people vary in the magnitude that they value strong family ties
and extended families (Alesina & Giuliano 2007; Gelfand et al. 2004), and people adopt
religion and exhibit religious commitment to different degrees across the world in
patterns strikingly similar to those of family ties (McCleary & Barro 2006; Norris &
Inglehart 2004). In this paper, we argue that the reason some people devalue family ties
or eschew religion while others prioritize and embed in family relationships and religion
rests on a central phenomenon of social life called in-group assortative sociality. Such
sociality refers to the preferential association among similar individuals that comprise an
in-group versus out-group or dissimilar others. Phenotypic features such as dress and
formal costumes, tattooing and scarification, culinary preference, language and dialect,
religion and other belief systems, normative behavior, social displays, rituals, and body
scent mark in-group similarity. Assortative sociality's three general social components are
limited dispersal for reproduction from the natal locale, in-group favoritism, and outgroup dislike and avoidance — in humans, the three are referred to as philopatry,
ethnocentrism, and xenophobia (Fincher & Thornhill 2008a; 2008b). Recent theory – the
parasite-stress theory of sociality – and its empirical testing tie the patterns of these three
phenomena fundamentally to varying levels of parasite-stress experienced by people,
both within a region and across geographic space. We first review this research linking
in-group assortative sociality to parasite-stress and then expand it, conceptually and
empirically, to include family ties and religious affiliation and commitment. We conduct
our analyses both cross-nationally and within a single polity, the United States of
America.
2. Parasite-Stress Theory of Sociality
2.1. Foundations
Established knowledge of parasitic disease (=infectious disease=pathogenic
disease) ecology and evolution provides a foundation for the parasite-stress theory of
sociality. Infectious diseases were a major source of morbidity and mortality, and hence
of natural selection, in human evolutionary history (Anderson & May 1991; Dobson &
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Carper 1996; Ewald 1994; McNeill 1998; Wolfe et al. 2007). Human adaptations that
defend against parasites comprise the biochemical, cellular and tissue-based classical
immune system as well as the behavioral immune system that includes a) anti-parasite
psychology and behavior (Schaller & Duncan 2007) and b) psychology and behavior that
manages infectious diseases when they occur. The behavioral immune system is
comprised of ancestrally adaptive feelings, attitudes and values about and behaviors
toward out-group and in-group members, caution about or unwillingness to interact with
out-group people, and prejudice against people perceived as unhealthy, contaminated or
unclean (Curtis et al. 2004; Curtis 2007; Faulkner et al. 2004; Fincher et al. 2008;
Navarrete & Fessler 2006; Oaten et al. 2009; Park et al. 2003; 2007; Schaller & Duncan
2007; Thornhill et al. 2010). The behavioral immune system also includes the same types
of bias against contacting non-human animals that pose human infectious disease threats
(Prokop et al. 2010, in press).
Hosts and their parasites coevolve in antagonistic and perpetual races with
adaptation, counter-adaptation and counter-counter-adaptation for both hosts and
parasites (Ewald 1994; Haldane 1949; Ridley 1993; Thompson 2005; Tooby 1982; Van
Valen 1973). In the human case, this dynamic, enduring, antagonistic interaction is
illustrated by the observation that, despite the huge somatic allocation made to the
immune system, people still get sick and even small reductions in immunocompetence
increase vulnerability to infectious disease.
Furthermore, host-parasite races are geographically localized across the range of a
host species, creating a coevolutionary mosaic involving genetic and phenotypic
differences in host immune adaptation and corresponding parasite counter-adaptation
across a host's range (Thompson 2005). An important outcome of this is that host defense
works most effectively against the local parasite species, strains or genotypes and not
against those evolving in nearby host groups. Hence, out-groups may often harbor novel
parasites that cannot be defended against very well or at all by an individual or his or her
immunologically similar in-group members (Fincher & Thornhill 2008a; 2008b). Outgroup individuals pose the additional infectious-disease threat of lacking knowledge of
and therefore violating local customs or norms, many of which, like hygiene and methods
of food preparation, may prevent infection from local parasites (Fincher et al. 2008;
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Schaller & Neuberg 2008). Norms of many types—culinary, linguistic, moral, sexual,
nepotistic, religious, dress, and so on—are used by people both to portray in-group
affiliation and associated values and to distinguish in-group from out-group members.
Norm differences between groups are often the basis of intergroup prejudice and hostility
(i.e., xenophobia). Likewise, norm similarity is the basis of positive valuation and
altruism among people (Park and Schaller 2005, Norenzayan and Shariff 2008).
Evidence for geographically localized host–parasite coevolutionary races is
convincing. On the parasite side of the race, parasite geographical mosaics were found,
for example, in recent research on the important human parasite Leishmania braziliensis.
Rougeron et al. (2009) described the high genetic diversity and subdivided population
structure of this parasite across both Peru and Bolivia. They found high levels of microgeographic variation identifiable by at least 124, highly localized, physiologically and
genetically distinct strains. The strains showed strong evidence of high degrees of close
inbreeding and thus resembled genetic clones. This extremely fine-grained geographic
mosaic in L. braziliensis implies a similar microgeographic population and genetic
mosaic in human hosts. This type of spatial variation in host adaptation against local
parasites, or said differently, in host immune maladaptation against out-group-typical
parasites, is a general pattern in the animal and plant infectious disease literature (e.g.,
Kaltz et al. 1999, Tinsley et al. 2006, Dionne et al. 2007, Thompson 2005, Corby-Harris
& Promislow 2008). Human cases showing this include the caste-specific infectious
diseases and corresponding specific immunity among sympatric Indian castes
(Pitchappan 2002). Indeed, McNeill (1998) and Mattausch (2008) suggested that the
castes of India formed in part from differential cultural responses to parasite-stress.
Another case is found in the village–specific immune defenses against leishmania
parasites in adjacent Sudanese villages (Miller et al. 2007). In particular cases the
localization is so fine-grained that human hosts inbreed, risking the potential costs of
inbreeding depression, in order to maintain coadapted gene complexes important for their
offsprings’ defense against local parasite infection, as Denic and colleagues have found
for malaria (Denic & Nicholls 2007; Denic et al. 2008a; 2008b; also Hoben et al. 2010).
Further evidence of localized immunity derives from events where humans from isolated
groups interact with novel groups by conquest or trade and infectious disease
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transmission ensues, sometimes with drastic effects. This has occurred after intra- and
inter-continental movement of individuals brought about inter-group contact (Diamond
1998; Dubos 1980; Good 1972; Jenkins et al. 1989; McNeill 1998). Other human
examples of localized immunity are reviewed in Fincher & Thornhill (2008a) and
Tibayrenc (2007). Final evidence for local host adaptation to parasites is found in the
literature showing that the hybridization between adjacent, closely-related conspecific
populations results in hybrid offspring with reduced immunocompetence (e.g., house
mice: Sage et al. 1986; cottonwood trees: Floate et al. 1993; also see Thompson 2005 for
other examples).
Because of localized host immune adaptation, in an ecological setting of high
disease stress, xenophobia, ethnocentrism, and reduced dispersal are adaptive
preferences/values and behaviors for avoidance of novel parasites contained in outgroups and the management of local infectious disease. Philopatry–the absence or low
level of dispersal away from a natal area for reproduction–reduces contact with outgroups and their habitats that may contain new parasites. Likewise, xenophobia–the
avoidance and dislike of out-group members–discourages contact with out-groups and
their likely different parasites. Ethnocentrism–in-group favoritism and embeddedness
entailing nepotism toward both nuclear and extended family, as well as altruism toward
unrelated, yet immunologically similar, in-group members–focuses prosociality among
in-group members, and fosters the supportive social networks for coping with present
infections in members of the in-group. Thus, philopatry, xenophobia, and
ethnocentrism—elements of in-group assortative sociality—are predicted to be strongly
held values in areas of high parasite-stress (also see Fincher et al. 2008; Thornhill et al.
2009).
Parasite-stress is not the same across the globe nor has it been the same across
time. Humans have experienced parasite gradients throughout history and continue to do
so today (Crawford 2007; Dobson & Carper 1996; Guernier et al. 2004; Lopez et al.
2006; Low 1990; McNeill 1998, 1980; Smith et al. 2007; Wolfe et al. 2007). Thus, we
expect that the benefits and costs of in-group assortative sociality will shift along the
parasite-stress gradient such that in some areas (high parasite-stress) high levels of ingroup assortative sociality will be more beneficial than in other areas (low parasite-
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stress). As parasite-stress declines, the infectious-disease contagion risks to individuals of
interaction with out-groups decrease. Consequently, for individuals in areas that are
relatively low in parasite-stress, out-group contacts and alliances may provide greater
benefits than costs. The benefits of out-group interactions include gains through
intergroup trade, new and better ideas and technology, and diversified and larger social
networks for marriage and other social alliances (Fincher et al. 2008; Thornhill et al.
2009).
McElreath et al. (2003) and Nettle (1999) argued that assortative sociality could
cause cultural isolation and hence cultural divergence and emergent new cultures in the
absence of geographic barriers (e.g., unfavorable habitats or unsurpassable mountain
ranges) that fractionate a culture's distribution. Building on this, we argued that given the
ecological localization of host defenses against parasites, the three components of
assortative sociality—limited dispersal, ethnocentrism and xenophobia—fractionate
populations and thereby cause their cultural and evolutionary independence (Fincher &
Thornhill 2008a; 2008b). Thus, the parasite-stress model includes a theory about the
genesis of cultural or ethnic diversity, and some of the predictions related to this aspect of
the model have been empirically supported. We have shown that endemic religion
diversity (both major religions and ethnoreligions), as well as indigenous language
diversity, across contemporary countries worldwide are related strongly and positively to
parasite-stress (Fincher & Thornhill 2008a, 2008b). Also consistent with the ethnogenesis
aspect of the parasite-stress model was Cashdan's (2001a) finding for traditional peoples
in the ethnographic record that high parasite-stress regions have more ethnic groups than
low parasite-stress regions.
The parasite-stress theory of sociality posits an adaptive (ancestrally) conditiondependent adoption of in-group and out-group social tactics by individuals dependent on
local parasite-stress. This condition-dependent adaptation requires local variation in
morbidity and mortality from parasite severity as the selection that acted historically in
favoring contingent assortative-sociality behavioral and psychological adaptations. The
evolution of conditional response as an important feature of assortative sociality's design,
rather than exclusive fixity of localized genetically distinct adaptations, is consistent with
knowledge about infectious diseases. The dynamics of an infectious disease can generate
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high variation in incidence, prevalence, transmissibility and pathogenicity of the disease
agent across the range of its host species, as well as on a very fine-grained, local scale.
Important factors affecting this variability at a single locale are temporal changes in host
group size, climate and weather, disease-vector abundance and behavior, and the number
and dynamics of the different infectious diseases infecting a host (Anderson & May
1991; Corby-Harris & Promislow 2008; Ewald 1994; Guernier et al. 2004; Prugnolle et
al. 2005). Importantly, the dynamic nature of host-parasite coevolution itself creates
localized variation across generations in parasite-stress (Hamilton & Zuk 1982).
In-group assortative sociality is an example, we argue, of adaptive phenotypic
plasticity, i.e., of a conditional strategy with multiple contingent tactics (Fincher et al.
2008; Schaller & Murray 2008; Thornhill et al. 2009). Such plasticity in traits is favored
when phenotypic change allows the individual to modify its phenotypic expression in
directions that give higher inclusive fitness than that achieved by a single phenotype.
Conditional strategies in behavior, psychology, development and physiology are very
common across animal taxa (West-Eberhard 2003). Socially learned or cultural behavior
in humans is a category of behavioral and psychological plasticity that evolved, at least in
part, as a solution to the evolutionary historical fitness problem of local social complexity
and change (Alexander 1979; Flinn 1997; Flinn & Coe 2007). We have argued that a
significant part of this complexity and change likely arose from local people’s
adjustments in in-group and out-group oriented behavior to deal adaptively with
temporally varying parasite problems (Thornhill et al. 2009).
The characterization of human in-group assortative sociality as a contingent,
‘plastic’ phenotype includes cultural transmission via social learning that is conditional
on local optima in values. Accordingly, culture is not evoked and transmitted passively,
but instead is actively evoked and transmitted by enculturation psychological adaptations
that discriminate cultural elements incorporating the elements that have local utility and
discarding elements that do not. We hypothesize that the ontogeny of people includes
design by darwinian selection to choose ideas, ways of thinking, and attitudes—i.e.,
choose values—that correspond to routes of ancestrally adaptive social navigation in their
community/local culture. The recognition that individuals choose their values is quite old
in the sociological and psychological literature (see Jost et al. 2009). We add to this
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traditional sociological view with our proposal that the choices are by evolved design
and, specifically in regard to values of assortative sociality, they are guided by
psychological adaptations dedicated to the function of value acquisition to meet
ecological adversity and demands pertaining to infectious-disease stress (for views
compatible with this hypothesis for cultural acquisition see Alexander 1979; Billing &
Sherman 1998; Boyd & Richerson 1985; Gangestad et al. 2006a; Henrich & Henrich
2010; Schaller 2006).
However, we do not restrict application of the parasite-stress theory of sociality
only to humans and other cultural animals. Therefore, we include in our paper aspects of
the behavioral immune system that can be considered even in acultural species.
Furthermore, our emphasis on adaptive contingency in the expression and
adoption of human assortative sociality does not imply that we expect no region-specific
variation across human societies in genetic adaptation for assortative sociality. Culturegene coevolution may produce genetically differentiated cross-cultural variation in the
values and behaviors of assortative sociality. For example, in areas of high parasite
prevalence, cultural practices of philopatry, ethnocentrism, and xenophobia may
effectively select for alleles affecting psychological features that promote the learning
and use of these practices (Fincher et al. 2008). Our argument is that infectious disease
problems are locally variable and hence significant conditionality will be favored and
maintained by selection even in the presence of region-specific genetic adaptation
functioning in local adoption and use of values and behaviors. Boyd & Richerson (1985),
Cavalli-Sforza & Feldman (1981), and Lumsden & Wilson (1981) treat culture-gene
coevolution in detail. There is evidence that it may play a role in cross-national variation
in the value dimension collectivism-individualism (Chiao & Blizinsky 2010), a
dimension related importantly to topics in this paper (see below). That genetically distinct
adaptations for coping with an ecological problem and condition-dependent adaptation
for the same problem domain can co-occur is well established in the literature of
alternative reproductive tactics (recent review in Oliveira et al. 2008).
A considerable body of research supports the hypothesis of an evolved contingent
assortative sociality in people that functions against infectious disease. For example,
Faulkner et al. (2004) and Navarrete and Fessler (2006) provide evidence, based on
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numerous and diverse Western samples, that scores among individuals on scales that
measure the degree of xenophobia and ethnocentrism correspond to chronic individual
differences in perceived vulnerability to infectious disease; those who perceive high
disease risk are more xenophobic and ethnocentric than those who perceive low disease
risk. Importantly, this research also showed that xenophobia and ethnocentrism within
individuals increases under experimental primes of greater disease salience in the current
environment. A related recent study reported that research subjects who observed slides
of people with disease symptoms (e.g., pox, skin lesions, sneezing) immediately mounted
a classical immune response. Their white blood cells produced elevated amounts of
inflammatory cytokine-interleukin-6 when exposed to bacterial antigens. This immune
response was not seen in research subjects who viewed control slides, including slides
depicting a person pointing a gun directly at the viewer. Hence, the immune response was
not a general reaction to danger or threat, but was specific to cues of other people with
symptoms of parasitic infection (Schaller et al. 2010). Moreover, the recent study by
Mortensen et al. (2010) reported that subjects viewing slides with disease-salient cues
immediately exhibited greater feelings promoting between-person avoidance (reduced
extraversion and openness to experiences) in comparison to these subjects’ feelings upon
viewing control slides. These researchers also found that subjects with high scores on
perceived vulnerability to disease showed greater feelings of interpersonal avoidance than
did subjects with low scores on the same scale. Finally, this same paper reported that
viewing parasite-salient slides resulted in increased avoidant arm movements when
subjects viewed facial photos of strangers, especially for subjects high in perceived
vulnerability to disease. In sum, the studies by Schaller et al. (2010) and Mortensen et al.
(2010) reveal that visually perceiving cues pertinent to risk of parasitic infection generate
immediate immune response and change in perceptions of one’s own personality and
behavioral actions that defend against or avoid infectious people. Hence such cues
activate markedly the classical immune system as well as the behavioral immune system.
In sum, there is considerable evidence of both interindividual chronic differences
as well as within-individual conditionality in xenophobic and ethnocentric values and
related personality features and behaviors, and that both the interindividual consistency
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and within-individual contingency are caused by infectious-disease problems in the local
environment.
Proximate mechanisms by which individuals assess local parasite stress—and
thereby ontogenetically and contingently express the locally adaptive degree of defensive
assortative sociality—may include immune system activation (such as, the frequency of
infection; Stevenson et al. 2009) and social learning of local disease risks as well as direct
observation of parasite threat (as evidenced in studies mentioned just above). All of these
mechanisms may act in combination and account for both the interindividual and withinindividual variation in values affecting in- and out-group behavioral preferences
comprising assortative sociality. The recent research by Stevenson et al. (2009) reported
that people with high contamination sensitivity and disgust sensitivity, which are thought
to be emotional defenses against parasitic infection, had fewer recent infectious diseases
than people with low sensitivities, providing evidence of a protective function of these
emotions against these diseases. These researchers also found that high contamination
sensitivity, in particular, was associated positively with a person’s history of contracting
infectious diseases (but not with recency of infections), implying that an ontogeny and
conditionality of repeated activation of the classical immune system may underlie the
adoption of the values associated with assortative sociality.
2.2. Cross-Cultural Evidence for the Parasite-Stress Theory of Sociality
We mentioned in section 2.1 that the parasite-stress theory of sociality led to the
discovery of global patterns in the diversity of religions and languages. The theory has
been tested and supported by additional, recent cross-cultural studies that we describe
next.
The parasite-stress model predicts that philopatry should be positively associated
with infectious disease stress. We tested this prediction by examining human societal
range size (a measure of dispersal) in relation to parasite-stress for a large sample of
traditional societies in the anthropological record (339 societies), and found that range
size was smaller where pathogen stress was higher, indicative of adaptive philopatry as
defense against parasites (Fincher & Thornhill 2008b). It is possible that the reduced
range size in high pathogen-stress regions is due to the malaise and inactivity of
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parasitized individuals. However, this apparently is not the case. According to our
analysis in Fincher & Thornhill (2008b), people in traditional societies move more often
but over shorter distances in high parasite-stress areas than do people in low parasitestress areas.
High xenophobia and ethnocentrism correspond to the Western value system
referred to as conservatism, whereas low xenophobia (i.e., high xenophilia toward outgroups) and restricted ethnocentrism (i.e., focus on nuclear family) correspond to more
liberal values (see Navarrete & Fessler 2006; Thornhill et al. 2009). Furthermore,
conservatism–liberalism overlaps considerably with the well-studied cross-cultural value
system referred to as collectivism–individualism by cross-cultural sociologists and
psychologists. Conservatism and collectivism are similar in their heightened xenophobia
and ethnocentrism inclusive of the extended family and other in-group members with
similar conformist and traditional values; whereas, liberalism and individualism are
similar in nuclear-family-focused nepotism and relatively high xenophilia (Barnea &
Schwartz 1998; Fincher et al. 2008; Gelfand et al. 2004; Georgas et al. 2001; Oishi et al.
1998; Sagiv & Schwartz 1995; Schwartz 2004; Triandis 1995). In contemporary
societies, collectivists and individualists differ importantly in their view of the social
structure of the society in which they reside. Collectivists emphasize the boundary
between in-group and out-group and are distrusting of and unwilling to contact out-group
members; individualists make less distinction between in- and out-groups, and are more
trusting of and show more willingness to contact out-groups (Gelfand et al. 1994; Oishi et
al. 1998; Sagiv & Schwartz 1995).
Fincher et al. (2008) showed that the unidimension of collectivism–individualism
across many countries of the world is predicted strongly by infectious disease prevalence.
High parasite-stress is associated with high collectivism (low individualism), and low
infectious disease risk with low collectivism (high individualism). Murray et al. (in press)
showed that cultural emphasis on conformity was positively related to pathogen
prevalence across many countries. Other recent cross-national studies showed that
collectivism, autocracy, traditional gender roles (women’s subordination relative to
men’s higher status), and women’s traditional sexual restrictiveness and continence are
values that positively covary with one another, and occur in nations with high prevalence
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of infectious disease. The assortative sociality adaptations of xenophobia and
ethnocentrism link these values to avoidance and management of parasites. Also, the
antipoles of each of the values—individualism (hence, liberalism), democracy, and
women’s political rights, freedom and increased participation in casual sex—are a
positively covarying set of values and are found in countries with relatively low parasitestress (Gangestad et al. 2006b; Murray & Schaller 2010; Schaller & Murray 2008;
Thornhill et al. 2009).
Moreover, Schaller & Murray (2008) found that important components of
personality seem to be part of assortative sociality and associated behavioral immunity.
They reported that extraversion vs. introversion and openness vs. closedness to new
experiences and ideas correlated with variation in parasite prevalence across many
countries of the world. People in high-parasite-stress nations showed cautious personalities conducive to avoiding exposure to contagion from conspecifics—high introversion
scores and low scores on interest in new ideas and experiences—whereas people in lowparasite-stress nations showed high extraversion and openness to novelty.
In addition, Thornhill et al. (2010) showed that the relationships across countries
described above between parasite-stress and democratization, gender relations, sexual
restrictiveness and collectivism-individualism are much more strongly correlated with
human infectious diseases that are transmissible between humans (called nonzoonotics)
than with human infectious diseases that are not transmissible between humans
(zoonotics). This is a strong test of the parasite-stress theory of sociality because only
nonzoonotic human diseases can be contracted from conspecifics and hence assortative
sociality and related values should be designed to respond primarily to these diseases.
The cross-national patterns that support the parasite-stress theory of sociality that
we have mentioned, depending on the particular analysis, statistically controlled for
potential confounders including Murdock's (1949) six world regions (see below), a
region's history of colonization and conquest and countries' latitude, Gross Domestic
Product per capita, wealth disparity, population size, land area and democratization. The
cross-cultural study of philopatry in traditional societies described above controlled for
population size, big game hunting, world region and other variables. Relatedly, we
reported that across a large sample of contemporary countries, collectivism is positively
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correlated with philopatry measured as adults remaining throughout life in their natal
region (Fincher & Thornhill 2008b).
In sum, we and others have argued that parasite-stress generated past selection
that crafted assortative-sociality psychological adaptation of humans. Accordingly, this
adaptation has condition-dependent functional design, resulting in the contingent
expression by the individual of ancestrally adaptive degrees of in-group assortative
sociality—arising from its three basic components, philopatry, xenophobia, and
ethnocentrism—along a gradient of experienced parasite stress. Individuals who
experience relatively high levels of parasite-stress show greater in-group assortative
sociality than those who experience relatively lower levels of parasite-stress (Fincher et
al. 2008; Fincher & Thornhill 2008a; 2000b; Murray & Schaller 2010; Schaller &
Duncan 2007; Schaller & Murray 2008; Thornhill et al. 2009; see also Freeland 1976;
1979; Loehle 1995 for earlier discussion of related ideas).
3. Extending the theory to family ties and religiosity
Thus far, research indicates that parasite-stress is an important correlate of the
values of in-group assortative sociality as reflected in the cross-cultural elements of
democracy, collectivism-individualism, conformity, dispersal behavior, and the
personality components, openness and extraversion. Two other important elements of
social life that appear to represent in-group assortative sociality are strong family ties and
religiosity. Neither of these two topics has been placed, we feel, in the appropriate
context of their causation by parasite-stress generating adaptive in-group assortative
sociality. In the next sections, we develop hypotheses to explain the global patterns for
these two phenomena based on relative variation in parasite-stress and then demonstrate
through empirical analyses involving most of the countries of the world as well as
interstate comparisons within the USA the centrality of parasite-stress for explaining the
cross-cultural patterns of family ties and religiosity.
3.1. Strength of family ties
No one is without parents, but individuals do differ in the amount that they rely on
or invest in their parents and other members of their family. Some people invest only in
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themselves or maybe at most their nuclear family (spouse and children) while others
consider themselves completely interdependent on a much larger extended family that
includes not only spouses and children but also their parents, siblings, grand-parents,
cousins, uncles, aunts, nieces and nephews and so on. Why this variation exists has been
frequently discussed by scholars and generally is attributed to differences in relative
economic prosperity. For example, Inglehart & Baker (2000) provided evidence
suggesting that countries that have relatively low wealth are also characterized by people
that generally rely on their extended families; whereas, people that live in countries with
high levels of wealth are more able to strike out on their own because of the greater
opportunities associated with greater wealth (see also Gelfand et al. 2004).
Intense loyalty and interdependence on the family (i.e., strong family ties) are
generally considered important components of the cross-cultural dimension of
collectivism-individualism with collectivism positively associated with strong family ties
in multiple cross-cultural studies (e.g., Alesina & Giuliano 2007; Gelfand et al. 2004).
Often, collectivism is indexed by measuring the relative importance of the family. For
example, Vandello & Cohen (1999) developed a measure of collectivism for each of the
USA states that includes scores for family loyalty and interdependence. The distribution
of collectivism-individualism across the globe has been explained by the distribution of
wealth across the world in the form of Gross Domestic Product with the highest levels of
collectivism associated most strongly with lowest levels of societal wealth (Hofstede
2001; Kashima & Kashima 2003; Triandis 1995). This is consistent with the argument
that prosperity can explain patterns of family interdependence.
There is an alternative view though (Fincher et al. 2008). Along with an emphasis
on interdependence, collectivistic attitudes are generally associated with an unwillingness
to contact or otherwise interact with out-group members (Gelfand et al. 2004; Oishi et al.
1998; Sagiv & Schwartz 1995). As described in section 2.2., Fincher et al. (2008) argued
that this reflected the importance of avoiding out-group members that may carry
infectious diseases that an individual is not able to cope with. Relatedly, collectivism is
adaptive under high levels of parasite-stress by providing the benefits of disease
avoidance and management while widespread individualism under low levels of parasitestress provides benefits in terms of increased out-group interaction (e.g., increased
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sharing of goods and innovations). Our studies of multiple, separate but conceptually
related measures of collectivism-individualism support this view (Fincher et al. 2008;
Thornhill et al. 2010). We make a similar argument for the importance of strong family
ties—in areas with high levels of parasite-stress people will value strong family ties more
than in regions with low parasite-stress. This reflects the importance of xenophobia for
the avoidance of out-group members and ethnocentrism for the development and
maintenance of supportive in-group networks in the face of parasite-stress.
Current evidence that supports this comes from studies of traditional societies. To
paraphrase Navarrete & Fessler (2006), in human evolutionary history, under parasite
attack, in-group members were the only health insurance one had, and it was adaptive to
have always paid your premiums—in terms of social investment and loyalty toward ingroup allies that buffer one and one’s family against the morbidity and mortality of
infectious disease. The support and loyalty toward in-group members was an individual's
defense against the morbidity and mortality effects of parasites (Navarrete & Fessler
2006; Sugiyama 2004; Sugiyama & Sugiyama 2003). Sugiyama (2004) reported that in
the Shiwiar, an Amazonian society without ready access to modern medicine, healthcare
in the forms of food and other assistance from in-group members to persons suffering
from infectious disease was a major factor lowering mortality. This pattern, in general,
seems to characterize numerous traditional human societies in the ethnographic record
(Gurven et al. 2000; Hill & Hurtado 2009; Sugiyama 2004; Sugiyama & Sugiyama
2003).
As well, Thornhill et al. (2010) showed that parasite-stress was positively
associated with a measure of family ties across modern countries. Here we explore a new
measure of the strength of family ties at the cross-national level using updated World
Values Survey files from a recently produced publicly available dataset unavailable at the
time of Thornhill et al. (2010). We also provide a novel empirical examination of
parasite-stress in relation to a measure of collectivism across the states of the United
States of America (Vandello & Cohen 1999) and to a component of this measure that taps
family-ties specifically.
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3.2. Religiosity
Participation in a religion has costs to the participant which include the time and
effort involved in learning a religion and practicing it, the lost opportunity to engage in
other beneficial activities (opportunity costs), and risks such as the avoidance of modern
medical care or extended fasting (Sosis et al. 2007). To learn the emotionality and
associated language of a religion requires a long developmental (ontogenetic) exposure to
the belief system. Opportunity costs include the lost opportunity arising from the inability
to associate with other groups because one's specific beliefs may be considered irrational
or contra-evidentiary to out-group members. (On irrationality as a functional component
of religiosity, see Irons 2008).
This setting––that religious participation has costs––is a basis for the study of
religiosity from both economic and evolutionary science points-of-view. From the
economics viewpoint, Azzi & Ehrenberg (1975) presented an analysis of individual
religiosity as a function of the maximization of household allocation of time and found
that people were attempting to rationally engage in religious behaviors such that they
maximized the return on their time investments. Iannaccone has done much to formalize
this economic investigation of religiosity (e.g., Iannaccone 1990; 1994 among others).
Iannaccone (1990) used economic theory to show that people employ sophisticated costbenefit analyses often maximizing their investments when engaging in religious
behaviors. Iannaccone (1994) used rational choice theory to examine the relationship
between a church’s religious strictness and its strength or permanence, and concluded
that, “Strictness reduces free riding. It screens out members who lack commitment and
stimulates participation among those who remain (page 1204).” In other words, paying-in
indicates commitment but it also precludes desertion to other churches because it is too
costly to desert and develop the same level of embeddedness in a new church. Therefore,
individuals in strict churches exhibit higher rates of participation because they are
assured, in comparison to individuals in less strict churches, a higher level of return on
their investment through the reduction of free-riders and a higher level of investment by
other individuals in the church. Iannaccone (1994) established that there is variation
among churches in strictness and hence in the average religiosity among its members.
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That same research established that the strictest churches, those that require the highest
costs for continued membership, have the tightest and most permanent collectives.
Many researchers have applied evolutionary costly-signaling theory to the
understanding of religion and religious behavior (Bulbulia 2004a; 2004b; Cronk 1994;
Henrich 2009; Irons 1996; 2001; Johnson 2008; Sosis 2000; 2003; 2005; Sosis & Alcorta
2003; Sosis & Bressler 2003; Sosis & Ruffle 2003; Steadman & Palmer 2008; Wilson
2002). This approach builds on the same foundation as the economic study of religious
behavior––that religious participation has costs. Evolutionary science deepens our
knowledge by providing methods that can pinpoint not only how benefits are maximized
currently (also called the proximate-level of understanding) but also how benefits were
maximized historically (also called ultimate-level of understanding). Through
adaptationist study, evolutionary science has the ability to discover the historical setting
in which a phenotypic feature that is an evolved adaptation, yielded net reproductive
benefit (inclusive fitness) to its bearers (Andrews et al. 2002; Thornhill 1990; Williams
1966). The researchers using costly-signaling theory propose that membership in a
religious group by individuals is necessary to accrue social benefits not accessible by
independent living, and engaging in religious behavior is a signal of in-group allegiance
to other individuals (both in-group and out-group individuals). The greater the costs of
religious participation, the more honestly the participation signals allegiance to the
religious in-group. The high costs of religiosity mentioned above are ideal for honestly
signaling embeddedness in and commitment to an in-group with a particular spiritual
belief system. Religion is often defined as a value system that is based on supernatural
phenomena (Boyer 2001). This defining feature of religiosity has the high costs of
displaying belief in and power of supernatural phenomena – phenomena that are the total
opposite of data humans gather from sensory experience (Irons 2008). Religious groups
adopt their own distinct costly versions of supernatural beliefs in order to heighten costs
of participation and distance themselves from out-groups.
Sosis (2000) and Sosis & Bressler (2003) provided supportive evidence for the
costly-signaling theory of religion by studying the longevity of 19th century United States
communes. Sosis (2000) found that religious communes in comparison to secular
communes had longer lifespans, and Sosis & Bressler (2003) found that longevity for
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religious communes was positively related to the magnitude of the costly acts required
for membership within a commune (e.g., costly acts included restriction from alcohol and
sex). A logical prediction from the costly-signaling perspective, put in evolutionary
theoretical terms, is that the adaptive value of religious costly signaling to signalers, and
hence the magnitude and associated costs of the signal, will vary from place to place
based on the underlying ecological necessity of in-group assortativeness for inclusive
fitness maximization (also see Sosis et al. 2007). According to the parasite-stress model
ecological necessity is determined by parasite-stress variation across regions.
We argue that the maintenance of in-group assortativeness by practiced and
signaled religious allegiance provides two benefits: a) the protective barrier provided by
isolation from out-group individuals who may harbor novel infectious diseases as well as
perform non-normative behavior and b) in-group embeddedness that reduces morbidity
and mortality caused when infectious disease invades the in-group. Hence, measures of
the strength of the importance of religion for the people in the area (religiosity) should be
predictable based on the area's position along the parasite gradient reflecting the average
infectious disease stress experienced by people in the region. Therefore, we hypothesized
that religious participation and commitment, indicating the importance of in-group
assortative sociality, would be positively related to parasite-stress across regions.
One of the assumptions of our hypothesis is that there is a positive relationship
between religiosity and out-group dislike or in-group preference. Evidence supporting
this is found in a few studies. For example, Jackson & Hunsberger (1999) conducted a
study of the relationships between individuals’ religiosity and their prejudicial attitudes
toward religious and non-religious others. They found that the religious participants
showed significant positive attitudes towards in-group-religious others but negative
attitudes towards non-religious others. As well, the magnitude of the prejudice was
correspondent to the individual’s own level of religiosity. That is, a participant that
scored highly on religious fundamentalism also scored highly on out-group prejudice. In
a separate study, Bulbulia & Mahoney (2008) demonstrated that New Zealand Christians
were more altruistic toward Canadian Christians than were New Zealand citizens to other
New Zealand citizens. Similarly, Widman et al. (2009) showed that individuals with
strong Christian beliefs were more likely to rate others displaying a symbol of
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Christianity (a cross) as more kind and moral than others not displaying such a symbol.
These studies support our assumption. They also suggest, on the one hand, the
importance of religiosity as a marker of in-group membership, and, on the other hand, an
underlying mental mechanism within individuals to measure religious similarity. Such a
mechanism was indicated also by Park & Schaller (2005) who found that when people
experienced attitudinal similarity with someone else they also considered them more like
family than when attitudes were dissimilar. Furthermore, there is convincing evidence
that religious prosociality is primarily in-group altruism (Norenzayan & Shariff 2008).
In a study supportive of the proposal we present (albeit this study was not
designed to test the parasite-stress model), Saroglou et al. (2004) conducted a metaanalysis of the relationships between Schwartz’s model of 10 cross-culturally stable, core
values (Schwartz 1992) and religiosity. Saroglou et al.’s (2004) meta-analysis focused on
21 samples from 15 countries (total N=8551 people). They discovered that religious
people favored values that promoted social order (mainly the values Tradition and
Conformity) but disliked values that promoted openness to change and autonomy
(Stimulation and Self-Direction). This was true across a variety of religions (i.e.,
Christians, Jews, and Muslims) and countries from Europe, North America, and the
Middle East. Interestingly, the positive correlation between religiosity and “conservation”
(=conservative) values (Conformity, Tradition, and Security) and the negative
relationship between religiosity and openness to change and autonomy (Stimulation and
Self-Direction) showed greater effect sizes in a sample of Mediterranean countries in
contrast to a sample of Western European countries. Mediterranean countries have
greater levels of parasite-stress than Western European countries (Fincher & Thornhill
2008b; Guernier et al. 2004).
The question may be raised: if a signal such as religious identity is strong enough
to function as a social boundary then why are multiple signaling modalities (e.g.,
language and religion) used to indicate in-group allegiance? Signaling systems across
species typically show redundancy across components or modalities (Searcy & Nowicki
2005). This is thought to enhance communication given that each signal is imperfect in
information content but combined they provide greater accuracy. Redundancy is seen in
human signaling of in-group affiliation and boundary. A combination of signals involving
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religiosity, language or dialect, word use, dress, music, smell, and so on comprise a
redundant suite of honest signals about one’s group membership and embeddedness.
3.2.1. Other models to explain cross-cultural differences in religiosity1. McCleary &
Barro (2006) explored the validity of the secularization hypothesis that economic
development causes lower levels of religiosity among individuals. Inglehart & Baker
(2000) and Norris & Inglehart (2004) suggested that individuals reduce religiosity when
conditions of living are benign but become religiously embedded under dire conditions of
hardship and high mortality salience (i.e., the existential security hypothesis). In both
models, people are less religious in areas where they have less ‘need’ of a religion and
the benefits that it offers. We refer collectively to the secularization hypothesis and the
existential security hypothesis as the conditions-of-living model. The conditions-of-living
model has been tested and supported, in part, by examining the relationships between
religiosity and economic conditions across countries. McCleary & Barro (2006) focused
on GDP per capita as the most indicative marker of economic development,
demonstrating significant negative relationships between economic development and
religiosity. Norris & Inglehart (2004) showed large differences in religiosity between
wealthy and poor nations providing positive support for their hypothesis that people
living in poor conditions also show greater religiosity. More recent tests found support
for the conditions-of-living model: Rees (2009) discovered a positive relationship
between income inequality (used as a proxy for personal insecurity) and religiosity across
many nations, and Delamontagne (2010) found that social inequality (measured by
inequalities in education, income and race) was highly, positively predictive of religiosity
in the United States.
There is clearly overlap between the conditions-of-living model and our proposed
framework because high levels of infectious diseases are a component of ‘dire
conditions’ and low economic development. Indeed, both Inglehart & Baker (2000) and
McCleary & Barro (2006) mention disease differences across countries and explicitly try
to treat disease in their analyses by including a country’s latitude (latitude is negatively
correlated with infectious disease stress, e.g., Guernier et al. 2004). Our approach is
different in that it incorporates the evolutionary history of Homo sapiens into the research
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framework for generating hypotheses and predictions. Our model relies on specific
aspects of the biology of infectious diseases and incorporates these processes into the
hypothesized design of the human mind and human behavior by darwinian selection
acting in the context of parasite-stress. For example, we make predictions based on the
fact that out-group conspecifics that carry novel infectious diseases can be potentially
dangerous to an individual’s reproductive success. This leads to predictions about the
evolution of human psychology and its manifestations in values or ideology that are not
generated from the models presented by Inglehart & Baker (2000), Norris & Inglehart
(2004) or McCleary & Barro (2006). Furthermore, the conditions-of-living model, as
currently formulated, assumes that individuals will turn to an in-group under conditions
of stress. However, this assumption isn’t framed to consider the costs and benefits of
seeking support from an out-group under ecological stress. Contact with an out-group can
provide benefits unattainable from an in-group. We attempt to erect this framework by
providing a fundamental explanation for the relative costs of interacting with in-groups
vs. out-groups under different ecological settings of parasite-stress.
4. Methods for establishing an empirical link between family ties, religiosity, and
parasite-stress
4.1. Strength of Family Ties
We propose that individuals who value strong family ties will be found
predominantly in areas with greater parasite-stress because of the benefits of in-group
assortativeness promoted by family embeddedness. We predicted, then, a positive
relationship between strength of family ties and parasite-stress across nations and across
the states of the United States of America.
4.1.1. Cross-national2: Strength of Family Ties. We compiled a new measure of the
strength of family ties that assesses the importance of family loyalty and
interdependence. It is similar to that used by the GLOBE project (House et al. 2004),
Alesina & Guiliano (2007), and Thornhill et al. (2010), but is more encompassing and
updated. Data for the five items comprising our index came from the 1981-2007 pooled
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dataset of the World Values Survey across 72 countries (see Electronic Supplement 1.A
(ES 1.A)). All five components were summed to become our measure, Strength of
Family Ties. Larger values indicate stronger family ties while smaller values indicate
weaker family ties. The data are provided in Electronic Supplement 2.
4.1.2. United States3: Collectivism and Strength of Family Ties USA. In order to
investigate family ties in the United States we used a measure of state-level collectivism
compiled and validated by Vandello and Cohen (1999) because collectivism includes
strong family ties; it also includes preferential assortment with in-group members outside
the extended family (Fincher et al 2008; Gelfand et al. 2004; Hofstede 2001; Thornhill et
al 2009; Triandis 1995). Vandello and Cohen (1999) measured collectivism (referred to
here as Collectivism) across the US states by standardizing and summing eight items
obtained from state data archives (ES 1.B). Larger values indicate greater collectivism (or
less individualism) while smaller values indicate lower levels of collectivism (or more
individualism). We extracted from the same sources data for the three components that
specifically address family ties as described by Vandello and Cohen (ES 1.B). The three
items were combined to become the variable, Strength of Family Ties USA. Larger values
indicate stronger family ties while smaller values indicate weaker family ties. The data
are provided in Electronic Supplement 3.
4.2. Religiosity
We predicted a positive association between religiosity and parasite-stress crossnationally and across the states of the United States of America. To test this we indexed
religiosity with two measures: a) religious affiliation and b) religious participation and
value. In the next sections, we describe how these variables were constructed for the
cross-national and interstate analyses.
4.2.1. Religious Affiliation. According to the parasite-stress model, people in areas with
more parasite-stress will adhere to local religious systems to a greater extent than
individuals in areas with low parasite-stress. This is because the values of people in areas
with low parasite-stress provide them with greater flexibility in whether they adhere to a
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religion or not, or they may make up their own system of secular beliefs. The benefits of
heightened in-group assortative sociality are predicted to be higher in high parasite-stress
areas than in low parasite-stress areas. Hence, we predicted that the proportion of
religionists in an area would be positively correlated with parasite-stress because higher
levels of parasite-stress can potentially increase the costs of nonconformity to in-group
values and norms. We describe next our measures of religious affiliation for both the
cross-national and United States analyses.
4.2.1a. Cross-national: Proportion of Religionists. To construct this variable, we
extracted the proportion of non-religionists for the year 2000 from the World Christian
Encyclopedia (Barrett et al. 2001), an oft-used and highly regarded resource in religious
scholarship (Grim and Finke 2006). Non-religionists include the two forms of
nonbelievers: agnostics and atheists. The proportion of non-religionists within nations
ranged from 0 (e.g., Afghanistan) to 55.6% (Democratic People’s Republic of Korea) (n
= 230 countries). The proportion of non-religionists was subtracted from 1 to yield our
analytical variable, Proportion of Religionists, which was arcsine-square-root
transformed.
4.2.1b. Cross-national: Proportion of Believers. For the Proportion of Believers
we used the inverse of the “proportion of nonbelievers in God” as presented in Lynn et al.
(2009; this is a tabulation of data described in Zuckerman 2007). This measure relies in
part on values from the World Christian Encyclopedia (Barrett et al. 2001) but
incorporates many other survey sources and likely provides more reliable estimates. The
proportion of nonbelievers ranged from 0.5% (e.g., Cameroon) to 81% (Vietnam)(n=137
countries). The values were subtracted from 1 to represent the Proportion of Believers
which was arcsine-square-root transformed. The Proportion of Religionists and the
Proportion of Believers were positively correlated (r = .67, n = 137, p < .0001).
4.2.1c. United States: Proportion of Religionists USA. The 2001 American
Religious Identification Survey (ARIS; Kosmin et al. 2001) was a telephone survey of
50,281 households. The survey asked, “What is your religion, if any?” From this, we
obtained the proportion of respondents that indicated ‘no religion’ for each state (Hawaii
and Alaska were not included in the ARIS 2001). The ‘no religion’ proportion/state value
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was subtracted from 1 to represent the Proportion of Religionists USA and then arcsinesquare-root transformed.
4.2.1d. United States: Proportion of Religious Adherents. The Association of
Statisticians of American Religious Bodies conducted a study of 149 religious bodies in
the United States over the years 1999-2001 to assess the number of congregations in each
state within the USA. The study produced a measure of the total adherents of each
congregation providing a comprehensive measure of the total religious adherents in each
state. These data comprised our interstate variable, Proportion of Religious Adherents
(ES 1.C), which was arcsine-square-root transformed. The Proportion of Religious
Adherents was correlated positively with the Proportion of Religionists USA (r = .66, n =
48, p < .0001).
4.2.2. Religious participation and value. We predicted that the magnitude of time and
effort dedicated to religious practice and the value placed on religious practice and ideals
would be positively correlated with parasite-stress. We describe next our measures of
religious participation and value cross-nationally and within the United States.
4.2.2a. Cross-national: Religious Participation and Value. We created an index
of Religious Participation and Value based on items contained in the World Values
Survey collected 1981-2007 from about 344,000 individuals in 95 countries (ES 1.D).
The data are in ES 2. Also, we created a variable, Proportion that Prayed Everyday, from
the same survey (ES 1.D). The Proportion that Prayed Everyday was correlated
positively with Religious Participation and Value, r = .93 (n = 59, p < .0001). And,
Religious Participation and Value was correlated positively with the Proportion of
Religionists (r = .74, n = 90, p < .0001) and the Proportion of Believers (r = .83, n = 82, p
< .0001). Too, the Proportion that Prayed Everyday was correlated positively with the
Proportion of Religionists (r = .64, n = 57, p < .0001) and the Proportion of Believers (r =
.85, n = 51, p < .0001).
4.2.2b. United States: Religious Participation and Value USA. The Pew Forum
on Religion and Public Life produced the report “U.S. Religious Landscape Survey,
Religious Affiliation: diverse and dynamic (February 2008)”. We collected data for 8
items from this survey and generated the variable Religious Participation and Value USA
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(ES 1.E). The data are in ES 3. Religious Participation and Value USA was positively
correlated with the Proportion of Religionists USA and the Proportion of Religious
Adherents (religionists: r = .56, n = 44, p < .0001; adherents: r = .42, n = 45, p = .0041).
4.3. In-Group Assortative Sociality.
There is considerable conceptual overlap between religiosity and family ties that
we argue reflects the importance of in-group assortative sociality within societies (e.g.,
the cross-national Religious Participation and Value was positively correlated with
Strength of Family Ties, r = .79, n = 72 countries, p < .0001). Because of this conceptual
overlap we generated synthetic in-group assortative sociality variables, one crossnational, which we called In-Group Assortativeness, and one for the states of the USA,
which we called In-Group Assortativeness USA, to capture the common variation among
our multiple dependent variables tapping in-group assortative sociality (ES 1.F). The
cross-national data are in ES 2 and the interstate data are in ES 3.
4.4. Parasite-Stress
4.4.1. Cross-national: Infectious Disease DALY. We used the World Health
Organization (WHO) variable Infectious Disease DALY, a cross-national measure of
morbidity and mortality (Disability Adjusted Life Years; DALY) attributed to 28
different “infectious and parasitic diseases” for the year 2002 (e.g., tuberculosis, measles,
leprosy, dengue; WHO 2004). The DALY measure combines the time lived with
disability and the time lost due to premature mortality. One Infectious Disease DALY is
equivalent to one lost year of healthy life with the burden of infectious disease as a
measurement of the gap between current health status and an ideal situation where
everyone lives into old age free of disease and disability (ES 1.G).
4.4.2. Cross-national: Nonzoonotic vs. Zoonotic Parasite Prevalence. An important
element of the parasite-stress theory of sociality is the costs associated with acquiring
diseases from out-group humans. Thus infectious diseases that are transmissible between
humans are predicted to be more important for assortative sociality than human infectious
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diseases that are not transmitted between humans (Thornhill et al. 2010). Human-tohuman transmitted infectious diseases are of two types, referred to as human-specific and
multihost diseases. Human-specific diseases are ones that humans are only able to
acquire from other humans (e.g., measles, cholera, hookworm) and multi-host diseases
are those that humans contract from other humans but multi-host diseases can use human
or other animals as hosts to carry out their reproductive life (e.g., leishmaniasis, leprosy,
dengue fever). These two types of infectious diseases contrast with zoonotic diseases
(e.g., lyme disease, rabies, tularemia) that humans are only able to acquire from species
other than humans (livestock and wildlife). Using, basically, Smith et al.'s (2007)
classification of these disease types, we determined the prevalence (number of cases) of
human-specific and multi-host infectious diseases per country (called ‘nonzoonotic’) and
of zoonotic diseases based on data from the GIDEON database (Global Infectious
Disease & Epidemiology Network; www.gideononline.com). The earlier cross-national
study of cultural variation by Thornhill et al. (2010) used a different measure of these
diseases: the number of diseases of each type, not the prevalence (Thornhill et al. 2010).
Prevalence measures are likely better assays of the impact of parasitic diseases than the
number of such diseases (Dunn et al. 2010). Nonzoonotic Parasite Prevalence was
correlated positively with Zoonotic Parasite Prevalence (r = .61, n = 226, p < .0001).
Nonzoonotic Parasite Prevalence was correlated positively with Infectious Disease
DALY (r = .76, n = 192, p < .0001) as was Zoonotic Parasite Prevalence (r = .16, n =
192, p = .03). See ES 1.H for further details on the construction of this measure.
Electronic Supplement 4 contains the list of infectious diseases and their classification.
Electronic Supplement 2 contains the national values for the nonzoonotic and zoonotic
parasite prevalence variables.
4.4.3. Cross-national: Combined Parasite-Stress. Because there is overlap and
covariation in our infectious disease measures we standardized Infectious Disease DALY,
and Nonzoonotic Parasite Prevalence, and then summed these scores for each country to
become Combined Parasite-Stress (Cronbach’s α = .76, n = 192). Zoonotic Parasite
Prevalence was not included because of its minimal relationship with the dependent
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variables (see section 5.1.1.). Combined Parasite-Stress was the focal variable used in the
cross-national multivariate analyses (see section 4.5.1.). These scores are in ES 2.
4.4.4. United States: Parasite-Stress USA. We obtained the annual Morbidity and
Mortality Weekly Report’s “Summary of Notifiable Diseases, United States” from the
Centers for Disease Control for the years 1993 to 2007 (available at www.cdc.gov). For
each year we adjusted the number of cases of all infectious diseases tracked by CDC for
which there was information for all states for that year by the CDC-reported population
size for each state (i.e., for some diseases, not all states reported whether cases occurred
[termed ‘non-notifiable’ by CDC]; these diseases were not included in the tally). For each
state, we determined the average z-score of this population-adjusted disease incidence
score for the 15-year time-span. This approach was necessary because the infectious
diseases tracked by the CDC can vary between years, though there was often great
similarity between years. The standardization allowed us to pinpoint a state’s position
along a parasite gradient relative to the other states. See ES 1.I for validation of this
index. Electronic Supplement 5 contains the list of diseases included in our index for each
year and the data are in ES 3.
4.5. Potentially Confounding Influences
As described in the introduction there are features other than parasite-stress and
assortative sociality (e.g., economic development) that have been proposed as
explanations of the strength of family ties and religiosity. We next outline our approach
used to explore alternative causal conjectures.
4.5.1. Cross-national Approach. We examined zero-order correlations between the
potentially confounding factors (described below) and the dependent variables.
Potentially confounding variables that were significantly correlated (p ≤ .05) were then
entered into multiple regressions with Combined Parasite-Stress and the dependent
variables to determine whether the associations predicted by the parasite-stress theory
remained after removing the effect of the potentially confounding variables. For the
cross-national analysis, we examined the effects of national wealth (Gross domestic
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product per capita in US dollars purchasing power parity averaged over the years 19602008, GDP per capita; raw data obtained from data.worldbank.org) and the equitability
of resource distribution within a nation. For the equitability of resource distribution, we
used the measure produced by Vanhanen (2003) called resource distribution (and referred
to here as Resource Distribution) that incorporates GDP per capita, percentages of
university students and literates, the degree to which land ownership is widespread, and
the degree of decentralization of non-agricultural economic resources. Too, we examined
the effects of human freedom (e.g., the freedoms of expression and belief) using the
average of cross-national scores of civil liberties from Freedom House for the years
1972-2008, Civil Liberty (www.freedomhouse.org). In our regression analyses, we used
two model specifications. The most general model contained Combined Parasite-Stress,
Civil Liberty, and Resource Distribution as the predictor variables of each of the
dependent variables. Resource Distribution includes GDP per capita; however, because
of the large amount of research that focuses on GDP per capita we tested a second model
that used GDP per capita and Combined Parasite-Stress as the predictor variables.
While we have identified some potentially confounding factors there are likely
others that we have not identified. Because we propose that parasite-stress is an
encompassing causal factor, we regressed the average life expectancy at birth (for the
year 2008) for both sexes combined (data from data.worldbank.org) on Nonzoonotic
Parasite Prevalence (r2 = .51, n = 190, p < .0001). Infectious Disease DALY was not
included because its calculation by WHO incorporates life expectancy. The residuals
from this regression represent the variation in lifespan expectancy that cannot be
explained by parasite-stress (i.e., potentially, this variation represents other causal factors
besides parasite-stress). We then used these residuals in correlations with the strength of
family ties and religiosity variables to address the potential of causal factors besides
parasite-stress to account for international variation in strength of family ties and
religiosity.
4.5.2. United States Approach. For addressing potentially confounding variables
in the USA analysis we followed a similar approach as in the cross-national analysis. We
examined zero-order correlations among the dependent variables and the potentially
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confounding factors described below. Variables that were significantly correlated (p ≤
.05) were then entered into multiple regressions with Parasite-Stress USA to examine
whether the predicted associations between parasite-stress and the dependent variables
remained after controlling the potentially confounding factors. The factors across states
that we considered were GDP per capita and the Gini index (a measure of wealth
inequality). GDP per capita was an average of the values for years 1999 to 2007 obtained
from the Bureau of Economic Analysis (data from www.bea.gov). Gini was measured at
the family level for 1999, the last year available for the variable from the Census Bureau
(data from www.census.gov).
As with the cross-national analysis, we regressed average life expectancy at birth
for both sexes combined for the year 2000 (obtained from www.census.gov) on ParasiteStress USA. This regression was significant for the larger USA data set (r2 = .45, n = 50, p
< .0001) as well as for the restricted Pew Forum dataset (r2 = .46, n = 46, p < .0001). The
residuals of these regressions represent the variation in life expectancy that is not
explained by our measure of parasite-stress. The finding of statistically significant
covariation between these residuals and any one of the dependent variables would imply
causation other than parasite-stress.
4.6. The Problem of Nonindependence.
Geographically adjacent countries or US states may be similar to each other due
to common influences such as experiencing similar levels of infectious disease. Because
of this, statistical independence among analytical units in the cross-national and USA
analyses may be questioned. To account for this potential problem we used the following
approach: we divided the countries into six world regions according to the method
devised by Murdock (1949), which is based on geographical proximity and cultural
historical contact. Murdock’s division of world cultures reduces the interdependence
between societies among the six regions. The country assignments to the world regions
are indicated in ES 2. Then, we conducted correlations using the mean values for each of
the variables for each world region. This approach allowed us to characterize a region
comprised of multiple countries (or states) into a single value (thus deflating sample
size). The small sample size makes the p-values suspect but it does allow us to examine
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whether the correlations remain in the direction predicted by the parasite-stress theory
after reducing the sample size. We also conducted a nested-effect linear regression that
accounts for the nested design of our analysis. In the cross-national case, Combined
Parasite-Stress was nested within each world region as the independent variable and used
to predict the different dependent variables. Similarly, for the USA, we divided the states
into the nine geographic regions used by the Census Bureau and used both approaches as
we did for the cross-national analysis.
5. Results
5.1. Cross-National Analyses.
5.1.1. Are nonzoonotic infectious diseases more important for explaining assortative
sociality than are zoonotics? Yes. Each of the dependent variables was correlated
positively and significantly with Nonzoonotic Parasite Prevalence (correlation
coefficients ranged from .40 to .65) while Zoonotic Parasite Prevalence was
insignificantly correlated with all but one of the dependent variables (correlation
coefficients ranged from -.17 to .17)(ES 6.A). The only significant relationship between a
dependent variable, Proportion of Religionists, and Zoonotic Parasite Prevalence showed
a negative sign (-.17) and hence was in the direction opposite that seen with nonzoonotics. Zoonotic diseases were not generally predictive of the strength of family ties
and religiosity cross-nationally. Therefore, Zoonotic Parasite Prevalence was not
included in further analyses.
5.1.2. Is the strength of family ties predicted by parasite-stress? Yes. The Strength of
Family Ties was correlated positively with the parasite-stress variables measured singly
or in combination; correlation coefficients ranged from .57 to .64 (ES 6.A).
5.1.3. Is religious affiliation positively correlated with parasite-stress? Yes. Each of
the infectious-disease-stress variables was correlated positively with each of the two
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religious affiliation variables, the Proportion of Religionists and the Proportion of
Believers; correlation coefficients ranged from .40 to .64 (ES 6.A).
5.1.4. Is religious participation and value positively correlated with parasite-stress?
Yes. Each of the two variables measuring religious participation and value, Religious
Participation and Value and the Proportion That Prayed Everyday, were correlated
positively with each of the parasite-stress variables; correlation coefficients ranged from
.50 to .73 (ES 6.A).
5.1.5. Is in-group assortative sociality predicted by parasite-stress? Yes. The synthetic
measure, In-Group Assortativeness, was correlated positively with the infectious-diseasestress variables; correlation coefficients ranged from .65 to .72 (ES 6.A)(Fig. 1).

Figure 1: The correlation between Combined Parasite-Stress and In-Group Assortativeness for
the 65 nations with correspondent data for all 11 items that comprise the 2 variables (r = .71, p <
.0001). The line is the regression line.
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5.1.6. Are these findings repeated in world regions? Yes. When considering the
correlation between the dependent variables and Combined Parasite-Stress at the world
regional level all correlations were positive and thus in the direction predicted by the
parasite-stress theory (Strength of Family Ties: r = .94; Proportion of Religionists: r =
.70; Proportion of Believers: r = .82; Religious Participation and Value: r = .76;
Proportion That Prayed Everyday: r = .46; In-group Assortativeness: r = .89; n = 6 world
regions for all).
When nested within world regions, Combined-Parasite Stress predicted
significantly the Strength of Family Ties (r2 = .47, n = 69); the Proportion of Religionists
(r2 = .25, n = 191); the Proportion of Believers (r2 = .44, n = 136); Religious Participation
and Value (r2 = .55, n = 89); the Proportion That Prayed Everyday (r2 = .47, n = 57); and,
In-Group Assortativeness (r2 = .57, n = 65). All regressions were significant (p < .0001).
5.1.7. Are these findings confounded by variation in other causal variables such as
human freedom, resource distribution, or unidentified variables? No. Amongst the
three focal potentially confounding variables, only Civil Liberty scores were
nonsignificantly correlated with the Proportion of Religionists; the other two potentially
confounding variables had significant zero-order correlations with the Strength of Family
Ties, the two religious affiliation variables, and the two religious participation and value
variables, and In-Group Assortativeness (ES 6.A). Therefore each relevant, potentially
confounding variable was checked to see if it accounted for the correlation between
parasite-stress and family ties or religiosity variables. None did (ES 6.B). In a series of
multiple regressions, Combined Parasite-Stress remained a positive predictor of the
Strength of Family Ties, the four religion variables, and In-Group Assortativeness after
controlling the effects of the potential confounders (standardized beta coefficients for
parasite-stress ranged from .28 to .59). Thus, the positive association between parasitestress and family ties or religiosity was robust to the effects of freedom, resource
distribution, or economic development as captured by Civil Liberty, Resource
Distribution, and GDP per capita.
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The majority of the correlations between the residuals of the regression of lifespan
on Combined Parasite-Stress and Strength of Family Ties, the religiosity variables, and
In-group Assortativeness were statistically insignificant (ES 6.C). The Proportion of
Believers showed a significant correlation but the effect size was much reduced and in the
opposite direction compared to the correlation between Combined Parasite-Stress and the
same variable (-.18 vs. .63). In general, the relationship between life expectancy
independent of parasite-stress and the dependent variables was trivial.
5.2. United States Analyses
5.2.1. Is collectivism and family ties predicted positively by parasite-stress? Yes.
Parasite-Stress USA was correlated positively and significantly with Collectivism and the
Strength of Family Ties USA (ES 6.D).
5.2.2. Is religious affiliation positively correlated with parasite-stress? Yes. ParasiteStress USA was correlated positively and significantly with each of the two religious
affiliation variables, the Proportion of Religious Adherents and the Proportion of
Religionists USA (ES 6.D).
5.2.3. Is religious participation and value positively correlated with parasite-stress?
Yes. Parasite-Stress USA was correlated positively and significantly with Religious
Participation and Value USA (ES 6.D).
5.2.4. Is in-group assortative sociality predicted positively by parasite-stress? Yes.
Parasite-Stress USA was correlated positively and significantly with the synthetic
measure of In-Group Assortativeness USA (ES 6.D)(Fig. 2).
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Figure 2: The correlation between Parasite-Stress USA and In-Group Assortativeness USA for
the 43 states/state combinations with correspondent data for all 14 items that comprise the 2
variables (r = .66, p < .0001).

5.2.5. Are these findings repeated in regional analyses? Yes. When considering the
correlation between the dependent variables and Parasite-Stress USA at the regional level
all correlations were in the direction predicted by the parasite-stress theory (Collectivism:
r = .83; Strength of Family Ties USA: r = .51; Proportion of Religionists USA: r = .60;
Proportion of Religious Adherents: r = .40; Religious Participation and Value USA: r =
.85; In-Group Assortativeness USA: r = .89; n=9 for all).
When nested within USA regions, Parasite-Stress USA predicted significantly the
Strength of Family Ties USA (r2 = .34, n = 50, p = .0326); Collectivism (r2 = .45, n = 50, p
= .0021); the Proportion of Religionists USA (r2 = .61, n = 48, p < .0001); the Proportion
of Religious Adherents (r2 = .39, n = 50, p = .0106); Religious Participation and Value
USA (r2 = .54, n = 46, p = .0004); and In-Group Assortativeness USA (r2 = .66, n = 43, p <
.0001).
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5.2.6. Are these findings confounded by other causal variables such as wealth,
wealth disparity, or perhaps unidentified variables? No. Of the potentially
confounding variables, Gini was significantly correlated with Collectivism, Strength of
Family Ties USA, and In-Group Assortativeness USA but not the Proportion of
Religionists USA, Proportion of Religious Adherents, or Religious Participation and
Value USA; GDP per capita was significantly correlated with Religious Participation
and Value USA and In-Group Assortativeness USA (ES 6.D). Given these significant
zero-order correlations, Gini was entered in a multiple regression with Parasite-Stress
USA as predictors of Collectivism and Strength of Family Ties USA. And GDP per capita
was entered in a multiple regression with Parasite-Stress USA as predictors of Religious
Participation and Value USA. Both Gini and GDP per capita were included with
Parasite-Stress USA as predictors of In-Group Assortativeness USA. The results of these
regressions are shown in ES 6.E. In all cases, Parasite-Stress USA remained a significant,
positive predictor of the dependent variables. Thus, the correlation between parasitestress and family ties or religiosity was not confounded with the effects of economic
inequality and development as captured by the Gini index and GDP per capita.
The residuals from regressing state-level life expectancy on Parasite-Stress USA
were not significantly correlated with Collectivism (r = .11, n = 50, p = .4367), Strength
of Family Ties USA (r = .22, n = 50, p = .1330), the Proportion of Religionists USA (r = .10, n = 48, p = .4839), or the Proportion of Religious Adherents (r = .09, n = 50, p =
.5180). The residuals were correlated with Religious Participation and Value USA (r = .38, n = 46, p = .0083) and In-group Assortativeness USA (r = -.35, n = 43, p = .0214).
Therefore, the relationship between life expectancy independent of parasite-stress and
collectivism, strength of family ties, and religious affiliation was trivial while there was a
significant negative relationship between life expectancy independent of parasite-stress
and religious participation and value and in-group assortativeness. The significance of the
parasite-stress-independent variation may reflect the greater prevalence of non-infectious
diseases such as forms of diabetes, heart disease, and cancer in the United States as
compared to other countries that have lower income levels (see Lopez et al. 2001).
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6. Discussion
Mainly, we show that when comparing countries or states within the United States
in-group assortative sociality, as reflected in strong family ties and heightened religiosity,
is positively associated with parasite-stress. These findings were predicted from the
parasite-stress theory of sociality. Also, paramount was the finding that the prevalence of
nonzoonotic infectious diseases was more important for explaining these patterns, in the
cross-national analysis, than were zoonotic infectious diseases. The findings remain when
statistically removing the effects of other potential causal factors such as societal wealth
and freedom. We presented the hypothesis in section 2.1. that people have enculturation
psychological adaptations that select cultural elements based on local utility in navigation
of the social environment pertaining to infectious disease threats. Such adaptation is
consistent with our findings on cross-national and interstate variation in values of family
ties and religiosity.
6.1. Family ties
Our cross-national analysis showed that the strength of family ties was positively
correlated with all measures of parasite-stress. And, as predicted, the strength of family
ties was correlated more strongly with nonzoonotic infectious diseases than with zoonotic
infectious diseases. Within the United States the strength of family ties and collectivism
were both strongly, positively correlated with parasite-stress. Our findings are crosscultural extensions to the ethnographic work that demonstrated the important role of
nepotistic and other in-group altruistic support for surviving parasitic infections (Gurven
et al. 2000; Hill & Hurtado 2009; Sugiyama 2004; Sugiyama & Sugiyama 2003).
The findings cross-nationally and across the USA that strong family ties was
correlated with parasite-stress complement our earlier work that linked collectivismindividualism with parasite-stress (Fincher et al. 2008; Thornhill et al. 2010). Our finding
of the strong positive correlation between Vandello & Cohen’s measure of collectivism
and parasite-stress within the US is also an important complement to the cross-national
findings of the same relationship reported in Fincher et al. (2008) and Thornhill et al.
(2010).
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It would be relevant to explore regional analysis within other countries that
contain significant parasite gradients. For example, Japan’s northern island of Hokkaido
rivals the high individualism in the United States (Kitayama et al. 2006). Likely,
Hokkaido has a much lower level of parasite-stress than does southern Japan given the
negative covariation of parasite-stress and latitude (e.g., Guernier et al. 2004). Also, in
China, historically much of the innovation originating in China derived from the northern
region that was much lower in parasite-stress than the southern portion below the Yellow
River (McNeill 1998). Innovation, both its generation and the willingness of people to
adopt it, corresponds to individualistic values (Thornhill et al. 2009). The regional
development of innovation in China and elsewhere could be studied more thoroughly in
its relation to historical pathogen stress. In the U.S.A. we found significant regional
variation in values in spite of generally low parasite-stress relative to many other areas of
the world. We expect this pattern to be repeated within nations across the world where
the nation contains a parasite gradient across it.
One aspect of human family life that has been studied often is the demographic
transition from large families to smaller families. One of the more convincing
explanations for this phenomenon comes from Newson et al. (2005). They argue that the
demographic transition arose from an increase over time in the ratio of nonkin to kin in
individuals’ social networks. We agree but offer a reinterpretation of the meaning of the
demographic transition. Based on our earlier studies on collectivism (cited above) and the
current one on collectivism and family ties it is reasonable to assume that this increase in
the nonkin to kin ratio is related to a decrease in parasite-stress over time and
corresponding increase in individualism. Moreover, those countries where the
demographic transition has occurred are the same ones that have experienced a relative
emancipation from infectious disease (Thornhill et al. 2009).
In-group assortative sociality is not restricted to humans; indeed, it appears to be
widespread across animal taxa (Fincher & Thornhill 2008a). We hypothesize that
parasite-stress was one of the main forces of selection responsible for adaptations that
function in family life (see also Lewis (1998) with respect to the evolution of kin altruism
as a response to parasite-stress). Thus, we propose that variation in parasite prevalence
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accounts for the large variation across animal species in the degree of extended nepotism
exhibited outside the social unit of parent(s) and offspring.
Andersson (1984), Brockmann (1984), and Emlen (1994; 1995; 1997) provide
important reviews of family evolution. The study of family life first became based in
evolutionary science with Hamilton’s realization that an individual’s fitness can be more
than its phenotypic design for production of direct descendant relatives – that is, more
than the individual’s classical or darwinian fitness. Hence, one’s fitness can include
nepotistic design for increasing the offspring production of non-descendant kin, such as
siblings, cousins, nieces and nephews. However, this inclusive fitness theory of fitness
striving, a major part of the modern theory of social life, does not account for why
nepotism is variable across social systems. Why is nepotism limited to the nuclear family
in many systems but extended beyond the nuclear family in others? We provide in this
paper evidence that parasite-stress accounts for this variation across human social
systems. The parasite-stress theory of sociality suggests a general theory of family life
across animal taxa.
The social organization of animal species varies along a cooperative breeding
continuum, or said differently a continuum of eusociality (Andersson 1984; Sherman et
al. 1995). A mother alone investing in her offspring, or much less commonly across
species, a father alone investing in offspring, are on the highest asociality end of the
continuum. Species in which both mother and father nepotistically assist the offspring
(so-called biparental species) are more eusocial in degree on the continuum. This is
followed by varying degrees of extended nepotism outside the nuclear family. Sterility,
shown by adult members of the group who serve as helpers and thereby assist relatives of
varying degrees or in some cases nonrelatives instead of producing their own offspring
occurs in certain taxa of vertebrates including the human species and of invertebrates.
The sterility, depending on the species, ranges from temporary to permanent. The
temporary case is delayed striving to produce descendant kin while instead engaged in ingroup altruism (e.g., certain human groups [Hill & Hurtado 2009] and certain species of
wasps, birds and carnivores). The permanent case is life-long exclusive extended
nepotism (as characteristically in ants and termites). Both temporary and permanent cases
are in-group assortative sociality. Also, the relatively eusocial species on the continuum –
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i.e., the more cooperative in terms of group breeding – in general exhibit marked
sedentism, delayed or no dispersal from the natal location, and territory defense by family
group or in some cases by larger in-group (e.g., Arnold & Owens 1998). According to the
parasite-stress model, the sedentism and limited dispersal are analogs, similarity by
independent evolution by selection, i.e., convergent evolution, or in some cases homologs
(similarity resulting from common ancestry) of human philopatry. The territoriality is the
analog or homolog, depending on the comparison, of human xenophobia.
At a minimum the parasite-stress theory applied to family evolution is supported
by the fact that cooperative breeding in birds and eusocial systems in insects are more
common, or in the case of eusociality, more eusocial, in tropical regions than in
temperate regions for many different taxa (e.g., birds [Brown 1987; Ekman 2006;
Blumstein & Møller 2008], wasps [Wilson 1971]).
6.2. Religiosity
As predicted, our cross-national analysis showed that religiosity, as measured by
religious affiliation and religious participation and value, was positively correlated with
all measures of parasite-stress, and religiosity was correlated more strongly with the
prevalence of nonzoonotic infectious diseases than with zoonotic infectious diseases.
Within the United States religiosity was also correlated positively with parasite-stress.
Our results are consistent with the hypothesis that religiosity functions as an honest signal
(see section 3.2.). Costly signaling theory emphasizes the necessity of high-cost signals to
reliably communicate information. Religiosity’s costs allow honest communication of ingroup allegiance and the presence of a social boundary that protects adherents from outgroups that may possess new infectious agents and different values and norms. As
expected from costly-signaling theory, the degree of religiosity—and, thereby, its costs—
covary positively with parasite stress across regions. Hence, the parasite-stress theory of
sociality in conjunction with costly-signaling theory can potentially explain all forms of
religiosity from the irreligious to the ultra-religious as arising from cultures’ relative
position along a parasite-stress gradient and corresponding collectivism-individualism
gradient.
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While we found that the multiple religiosity variables were correlated with
societal wealth variables as predicted by the conditions-of-living model in Inglehart &
Baker (2000), Norris & Inglehart (2004) and McCleary & Barro (2006), the effect of
parasite-stress for explaining variation in religiosity was still significant when removing
the effects of societal wealth and resource inequality. Furthermore, parasite-stress was
significant after removing the effects of differences in freedoms as measured by the
Freedom House Civil Liberty scores. This was as predicted. However, societal wealth,
resource inequality, and freedom are hardly separable from parasite-stress. This is
because the values that lead to democracies vs. autocracies or wealth vs. dearth appear to
causally arise from different infectious disease ecologies (Thornhill et al. 2009). The
long-standing tradition in economics, historical scholarship, political science, and
sociology is to view economic measures, such as Gross Domestic Product (GDP) as an
encompassing causal factor. However, according to the parasite-stress theory of sociality,
variation in parasite stress is a proximate cause of variation in GDP and in resource
inequality. Parasite stress not only strongly and negatively influences human labor
capacity (e.g., Price-Smith 2002), the undemocratic values parasite-stress generate cause
widespread economic dearth and inequality. High parasite-stress yields philopatry and
localized/ethnocentric economic priorities and investment, devaluation and divestment
outside the dominant in-group, and limitations of innovation, willingness to adopt new
ideas and technologies, and private property rights. Low parasite-stress has the opposite
effects. Hence, these effects of parasite-stress level manifest cross-nationally as economic
variables (see Thornhill et al. 2009; also Fincher et al. 2008; Schaller & Murray 2008).
Norris & Inglehart (2004) describe patterns of secularization (the declining
religiosity in many countries of the world). They note that religiosity has declined most in
wealthy nations but very little if any in poor nations. They attributed this to the
importance of the lack of wealth (poor living conditions) for promoting heightened
religiosity. We note that the poorest nations are also those that have the highest parasitestress. This is evident in the negative correlation between GDP per capita and Combined
Parasite-Stress (r = -.77, n = 184, p < .0001). We hypothesize that the reason that the
poorest nations have maintained similar levels of high religiosity over time is because of
the salience placed on tradition, conformity and other in-group values, which in turn are
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caused by high parasite stress. We tested this by cross-national comparison of the
religiosity of people born before 1945 vs. during or after 1945. This temporal break is
very meaningful in terms of the marked reduction in parasite stress in regions with
medical interventions such as widespread antibiotic availability, child vaccination
programs and disease-vector control (Thornhill et al. 2009). We used one question from
the World Values Survey that is a component of our cross-national Religious
Participation and Value measure (rating the importance of God from 1 to 10). We then
subtracted the proportion of those born in 1945 and later that rated their response a 10
from the proportion of those born before 1945 that rated their response a 10 within each
country and then correlated this difference with Combined Parasite-Stress. The
correlation was significantly negative (r = -.32, n = 91, p = .0022) indicating that in the
countries with high pathogen-stress there was very little difference between those born
before or after 1945 in how they felt about God’s importance; whereas, in countries with
low parasite-stress there was a significantly larger difference between people born before
1945 and those born more recently in how they perceived God’s importance.
It’s clear that religiousness, religious identities, and beliefs form at early ages
(Finkel et al. 2009). It’s also clear that people develop an awareness of pathogens at
relatively early ages (Siegal 1988). Their correspondence suggests an important aspect of
the developmental ecology of values and ideology. It’s unknown at this point what cues
are relevant but they may include infection frequency experienced by individuals
(Stevenson et al. 2009). We discussed various potential ontogenetic causes of values
earlier in the article (see section 2.1).
6.3. In-Group Assortative Sociality
Taken together, the findings for strong family ties and heightened religiosity in
the face of parasite threat provide further support for the parasite-stress theory of
sociality. We argue that in-group assortative sociality represents an adaptive response to
heightened parasite-stress. Furthermore, we can add variation in the strength of family
ties and religiosity to the list of features of human sociality requiring an explanation
couched in the parasite-stress model of sociality. The predictability and apparent
universality of this adaptive response suggests that the adaptive response of in-group
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assortative sociality in the face of parasite-stress is an ancient feature in Homo sapiens.
Furthermore, the indications that similar types of adaptive responses are found in other
animals (Freeland 1976; Loehle 1995) suggest parasites had important impacts to social
life in deep-time evolutionary history.
The social isolation of groups under high parasite-stress is not without costs to
individuals in the groups. For example, under conditions of social isolation significant
inbreeding can take place possibly generating inbreeding depression. However, adaptive
inbreeding is possible (Shields 1982; Kokko & Ots 2006). This seems especially likely
under the ecology of high infectious disease stress as mentioned in section 2.1. regarding
the effects of malaria (Denic & Nicholls 2007; Denic et al. 2008a; 2008b) and perhaps
infectious disease stress considered more broadly (Hoben et al. 2010). Social isolation
can also limit access to trade with out-groups, innovations generated by out-groups and
out-group social alliances. Out-group interaction and affiliation, as we have explained, is
a benefit of individualism/liberalism but one that is only widely optimal under relatively
low parasite stress.
Our findings that infectious disease stress promotes in-group assortative sociality
can potentially inform the study of epidemiology or spread of infectious diseases. For
example, it is the case that the prevalence of many types of parasites is greater in large
populations or more dense populations (Altizer et al. 2003; Guégan & Constantin de
Magny 2007). At the same time, under conditions of high parasite-stress, groups are
comparatively more isolated (via in-group assortative sociality) than groups in conditions
of low parasite-stress. This suggests that an important consideration for understanding
parasite transmission is to recognize the difference between out-group vs. in-group
contact. Contact rates between individuals may be high within a group that is socially
isolated from other groups. This is indeed an implication from the research presented
here. Thus, high rates of contact in low pathogen areas are different from high contact
rates in high pathogen areas. Based on our research, in low pathogen areas
(individualistic locales), a high contact rate implies high rates of contact between
genetically different, and differently infected individuals whereas high contact rates in
high pathogen areas (collectivistic locales) occur between individuals that are genetically
close and likely carry similar infectious diseases.
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6.3.1. In-group assortative sociality and life-history. Gladden et al. (2009) explored the
interactions of religiosity, moral intuitions and life-history patterns. They showed that
both the strength of moral intuitions (automatic emotional reactions brought on by norm
and other rule violations [Gladden et al. 2009]) and religiosity result from a slow lifehistory strategy. That is, both are signs of a life-history strategy focused on somatic
investment or investment in survival in contrast to a focus on reproductive effort. They
suggested their findings were consistent with the fact that pathogen-stress and
collectivism were positively related (Fincher et al. 2008) presumably because much of
moral intuitions taps into cognition about pathogens (Oaten et al. 2009). In other work,
Figueredo & Wolf (2009) showed that slow life-history people assortatively pair,
sexually and socially, more strongly than fast life-history strategists. Both sets of findings
are consistent with what we have presented here that in-group assortative sociality is
strongly and positively associated with pathogen stress.
Nevertheless, whenever parasite-stress is extremely high, collectivistic, nepotistic
investment may not be optimal because the extreme parasite-stress yields extrinsic
mortality (Quinlan 2007 and references therein). Because extrinsic mortality, by
definition, cannot be reduced by nepotistic investment, comparatively low investment per
offspring is predicted from life history theory when extrinsic mortality is high. Therefore,
we hypothesize that there will be reduced nepotistic investment in offspring and other kin
in the face of extremely high parasite-stress because of the inability of nepotistic
investment to reduce the morbidity and mortality associated with this high level of
ecological stress. In this situation, early reproduction with minimum nepotistic
investment per family member (e.g., offspring) is optimal according to life history theory
(Charnov 1993; Kaplan & Gangestad 2005) and predicts a curvilinear relationship
between parasite-stress and nepotistic investment. Consistent with this, Quinlan (2007)
found when he examined a sample of traditional societies that maternal investment in the
form of nursing duration increased along with pathogen stress but then began to decrease
after pathogen stress became extreme (i.e., he found a curvilinear relationship).
We hypothesize that the same pattern will be seen in human value systems as
well. The current study provides some support for this hypothesis. When focusing on the
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world regions, the correlation between In-Group Assortativeness and Combined ParasiteStress in Africa was negative (-.31) instead of positive as in the other 5 world regions
(full results available from Fincher). This means that the people in the African countries
expressed less in-group assortativeness as parasite-stress increased rather than more ingroup assortativeness as did the people in other world regions. We explain this unusual
result by the fact that parasite-stress is exceptionally high in Africa – and therefore
generally yields extrinsic mortality – as compared to the other world regions (a post-hoc
Tukey HSD means-test showed Africa to be distinctly high in pathogen-stress: Africa,
mean Combined Parasite-Stress = 3.36, A [world areas not followed by the same letter
are significantly different]; South America, M = .85, B; East Eurasia, M = .53, BC; North
America, M = -.51, BC; Insular Pacific, M = -.65, C; West Eurasia, M = -2.28, D).
Therefore, the people in Africa are unable to ameliorate the impact of parasite-stress to
their fitness through nepotistic investment and, instead, evoke a fast life-history strategy.
Presumably, the level and nature of the parasite-stress in other world regions is such that
individuals are able to mediate it through investment in maintaining strong family-ties
and other forms of in-group assortative sociality (it is intrinsic rather than extrinsic
mortality).
6.4. Future Directions
One limitation of our research reported herein is that the empirical tests of the
parasite-stress theory’s application to family values and religiosity were at the macroscale
across countries of the world, or on a finer but still large scale within a single polity, the
USA. It would be useful to conduct additional tests of this application within more
localized regions. One such method of testing the hypotheses is to record people’s
changes in religiosity and family values after infectious disease levels are reduced locally
(e.g. by greater access to modern medicine and safe water) or increased locally (e.g. by
the emergence of a new infectious disease). Evidence we have discussed herein indicates
that changes in people’s values can occur immediately (section 2.1.) and may change and
stabilize across one or a few generations (see Thornhill et al. 2009). Easily administered,
brief, valid questionnaires that could measure the relevant value changes are available
(this study; Faulkner et al., 2004; Gelfand et al., 2004; Thornhill & Fincher, 2007). At

44

another microscale, we predict that a questionnaire study would find that religious
commitment within churches and between churches in a restricted region such as a USA
county or city will correlate positively with individual differences in perceived vulnerability to disease, philopatry, involvement with extended family and collectivism, and
will correlate negatively with individuals’ recent history of infectious disease and the two
factors of personality, openness and extraversion. We predict, too, that disgust and
contamination sensitivity will covary positively with religion commitment and its
covariates, and that these sensitivities will predict negatively recent history of infectious
disease.
The parasite-stress theory of sociality seems to offer many other avenues for
exploration. For example, we compiled a cross-national measure we call Strength of
National Ties. This measure taps into the value placed on an individual for adopting the
customs, being born in, and having ancestors from a particular country in order to make a
claim of citizenship (ES 1.J and data are in ES 2). The Strength of National Ties was
correlated positively with Combined Parasite-Stress (r = .71, n = 40 countries, p <
.0001). This relationship could be studied more thoroughly to explore the foundations of
nationalism and other similar cultural features. Also, xenophobic attitudes crossnationally seem to be related positively to pathogen-stress (as expected from the parasitestress theory of sociality). For example, participants in the World Values Survey were
asked about different types of people that they would not want as a neighbor. The
proportion of those that said they did not want to live next to someone of a different race
was positively associated with Combined Parasite-Stress (r=.35, n=88 countries,
p=.0009; see also Schaller & Murray 2010). Other similar questions are posed in the
World Values Survey with similar relationships to Combined Parasite-Stress (e.g.,
proportion not wanting to live next to someone that speaks a different language: r=.42,
n=44 countries, p=.0044).
Colonialism, imperialism, large-scale intergroup conquest, and related forms of
societal expansion have large benefits (primarily reaped by elites) in the acquisition of
land and other resources and the enslavement of conquered people. During such events,
expansionists often coercively force their value systems on the original inhabitants of the
acquired region. Typically, this involves committed and encompassing efforts by the
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conquerors, with religious beliefs being central to ideological reformation. This
colonialist effort in part, we hypothesize, is to spread and enforce the conquerors’
behavioral norms that reduce the cost of the conquest to the imperialists. If the conquered
have the same value system as the conquerors, then the cost of the conquest, in terms of
contagion risk, is reduced, allowing sustained intergroup contact. Accordingly, the
coercive spread of values (notably religious ideology) is a means of reducing the costs of
conquest (costs of encountering new infectious diseases) to the point that the benefits of
conquest exceed these costs. Additional research could examine our hypothesis’
application to conquest events in the historical record.
A related issue is the geographical pattern of large-scale historical conquests by
Eurasian imperialism, described by Diamond (1998), whose thesis focused on unique
aspects of geography, such as the east–west orientation of the Eurasian continent and the
distribution of domesticable animals and plants. We (with Kenneth Letendre) have
suggested a complementary, and in part alternative, model for this history (Letendre et
al., 2010). First, conservative and collectivist values are correlated positively with
severity of infectious disease. Second, such values include parochialism and associated
closedness toward innovations. Third, collectivism is concentrated at low latitudes.
Fourth, collectivism is related negatively with societal wealth and associated technology.
Hence, we have argued that, as humans migrated from Africa to higher latitudes in
Eurasia, they moved into climates less hospitable to human infectious diseases, which, in
turn, generated relatively individualistic cultures that have an increased openness to and
value of innovation and which place a positive value on long-range dispersal. Thus, the
accumulation of wealth and technology, the domestication of plants and animals, and the
large population sizes that enabled the imperial domination of otherwise impoverished
and less innovative cultures resulted not from aspects of Eurasian geography, but from
the relative emancipation from parasites, which allowed and promoted the rise of cultures
that were more individualistic than their forebearers. The technological dominance and
individualism of these cultures motivated their expansion to obtain the benefits of
conquest of other peoples, and the enforcement of conqueror’s cultural values reduced
the contagion-related costs of contact with out-groups.
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Vigil (2009) presented a model (the socio-relational framework of expressive
behaviors) for the evolution of the expression of emotion. Based on Vigil’s model, many
aspects of the behaviors we discuss here need also be considered in the light of their
evolved function as expressed emotions. For example, in high-parasite-stress regions
where maintaining strong family-ties is paramount perhaps in-group submissive
behaviors would be emphasized strategically. Or, maybe, within-individual variation
(e.g., across the lifespan) in emotional expression of in-group assortative sociality could
be explained by changes in capacity-traits across the lifespan (capacity-traits include
features such as the ability to provide material or social resources). Perhaps, individuals
express in-group biases at points in their life when they are less capable but express more
out-group bias during stages when they are more capable. Similarly, this thinking may
apply to individual differences in phenotypic and genetic quality. Certainly, Vigil’s
socio-relational framework offers an avenue for further exploration of in-group
assortative sociality on an individual level.
Throughout the manuscript we treat ethnocentrism and xenophobia as though they
are always positively associated. However, xenophobia and ethnocentrism can arise from
separate causes leading to cases where they may be uncorrelated (Brewer 1999, Cashdan
2001b). Cashdan (2001b) demonstrated that ethnocentrism was high in traditional
societies that experienced catastrophic food shortage while xenophobia was high where
the threat of intergroup violence was high. Further extension of the parasite-stress model
of sociality can provide a basis for making more refined predictions about the patterns of
xenophobia and ethnocentrism. For example, in a given area zoonotic diseases may
generate high mortality. In this setting ethnocentrism is predicted to be high but
xenophobia low because zoonotic infections are not transmitted between human hosts.
A large literature indicates that the relationships typically are positive between
religiosity and mental health and freedom from coronary disease and certain cancers
(Koenig 1997, George et al. 2002). Future research could focus on the covariation of
religiosity and infectious diseases per se. According to the parasite-stress model,
religiosity will reduce recent infectious disease problems via its associated ethnocentrism
and xenophobia. As George et al. (2002) emphasize, despite a great deal of research, little
is known about the mediators of the positive relationship between religiosity and health.
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Our approach suggests that the relationship between infectious diseases and religion will
be mediated by collectivism/conservatism and related values and disgust and
contamination sensitivity. Although high disease severity in childhood, according to the
parasite-stress model, is expected to produce high in-group assortative sociality and
emotionality, once those values are acquired ontogenetically, they will reduce the
incidence of recent infectious diseases. Such research would add a new empirical
approach to the study of the relationship between health and religiosity.
Lastly, our treatment of religiosity ignored many important aspects of religion
such as beliefs in the afterlife and attribution to supernatural causation. We focused on
features (religious affiliation and commitment) that had been measured comparably
across all people including the areligious and irreligious. The predictive power of the
parasite-stress theory may not end with these features. We predict certain unique elements
of religion may be disentangled with an eye towards the human history of contending
with parasites. For example, ancestor worship is a widespread component of many
religions but variation in its extent and nature does exist (Rossano 2007). We predict that
the strength of family ties of the living, which is caused by parasite-stress, may provide a
foundation for the strength of worship of ancestors.
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Notes
1. An additional model of religiosity that has received much attention in the
literature, called the supply-side model, suggests that religious vitality (typically
measured by some aspect of religiosity) is positively associated with religious pluralism
because the increased commodity possibilities under high religious pluralism allows for
an individual to better find the religion that suits him or her best (see, e.g., Finke & Stark
1988). Because people can find such great fits, they will tend to engage in greater
religious behavior leading to the prediction of a positive association between religiosity
and religious pluralism. This model was supported with some empirical patterns but was
largely dismissed by Chaves & Gorski (2001) on the grounds that the empirical evidence
was overwhelmingly unsupportive of the basic general contention that religious pluralism
was positively associated with religious vitality. For completeness, we correlated each of
our three cross-national measures of religiosity described in section 4.2. with the religious
pluralism index produced by McCleary and Barro (2006) (Proportion of Religionists: r =
-.14, n = 67, p = .2553; Proportion of Believers: r = -.02, n = 63, p = .8959; Religious
Participation and Value: r = .05, n = 63, p = .6920). These patterns do not support the
supply-side model.
2. Our cross-national analyses were of geopolitical regions that maintain a
separate government (e.g., United States, Hong Kong). We refer to them as countries or
nations.
3. Our United States analyses did not include the District of Columbia.
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Electronic Supplement 1.A. Cross-national: Strength of Family Ties
Data were downloaded from www.worldvaluessurvey.org for the following five items: 1)
How important is family in your life? [we used the proportion of those that chose “very
important”]; 2) the respondent had to endorse one of 2 statements: a) Regardless of what
the qualities and faults of one’s parents are one must always love and respect them, b)
One does not have the duty to respect and love parents who have not earned it. [we used
the proportion of those that chose ‘a’]; 3) the respondent was asked to endorse one of 2
statements: a) It is the parents’ duty to do their best for their children even at the expense
of their own well-being, b) Parents have a life of their own and should not be asked to
sacrifice their own well-being for the sake of their children. [we used the proportion of
participants that chose ‘a’]; 4) respondents were asked whether they lived with their
parents. [we used the proportion that indicated they did live with their parents]; 5)
respondents were asked about their goals in life. [we used the proportion of respondents
that said one of their goals in life was to make their parents proud]. All proportions were
arcsine-square-root transformed and then standardized. All five items were interrelated
(Cronbach’s α = .86, n = 72).
Electronic Supplement 1.B. United States: Collectivism and Strength of Family Ties
USA.
Vandello & Cohen’s items (Vandello & Cohen 1999) comprising our Collectivism
measure were: percentage of people living alone (reversed), percentage of elderly people
(65 +) living alone (reversed), percentage of households with grandchildren in them,
divorce to marriage ratio (reversed), percentage of people with no religious affiliation
(reversed), average percentage voting Libertarian over the four presidential elections in
1980-1992 (reversed), ratio of people carpooling to work to people driving alone, and
percentage of self-employed workers (reversed). Values ranged from 31 for Montana
(highest individualism) to 91 for Hawaii (highest collectivism).
The Strength of Family Ties USA items were: the percentage of people living alone
(reversed), percentage of elderly people (65 +) living alone (reversed), and the percentage
of households with grandchildren in them. These three items were arcsine-square-root
transformed and then standardized. All three items were interrelated (Cronbach’s α = .73;
n = 50).
Electronic Supplement 1.C. United States: Proportion of Religious Adherents
According to the study codebook (located at http://www.thearda.com), total adherents
was defined as “all members, including full members, their children and the estimated
number of other participants who are not considered members; for example, the
‘baptized’, ‘those not confirmed’, ‘those not eligible for communion’, ‘those regularly
attending services’, and the like.” Finke and Scheitle (2005) provided a convincing
argument for the necessity of adjusting these measures based on non-participation of
some churches. We used these adjusted scores for the Proportion of Religious Adherents
collected from the “Religious Congregations and Membership Study, 2000 (State File)”
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obtained from the Association of Religion Data Archives (http://www.thearda.com).
These values were arcsine-square-root transformed.
Electronic Supplement 1.D. Cross-national: Religious Participation and Value
The questions in the World Values Survey (www.worldvaluesurvey.org) comprising
Religious Participation and Value were 1) “How often do you attend religious services?”
We used the proportion of respondents that reported at least once a week. 2) “How
important is God in your life?” Respondents indicated on a scale from 1 to 10 with 10
being the most important. We used the proportion of those that responded with a 10. And
3) “How important in religion in your life?” We used the proportion of those that
indicated religion was very important. All proportions were arcsine square root
transformed, standardized, and then summed to be Religious Participation and Value
(Cronbach’s α = .94, n = 93). We analyzed the question “How often do you pray to God
outside of religious services?” separately because this question had a restricted sample
size (59 countries in comparison to 93). We used the proportion that responded ‘pray
everyday’. This value was arcsine-square-root transformed and became the Proportion
that Prayed Everyday.
Electronic Supplement 1.E. United States: Religious Participation and Value USA.
For Religious Participation and Value USA we collected data for the following 8 items
from http://religions.pewforum.org/maps. 1) if the respondent indicated a religious
affiliation they were asked to endorse one of two statements: a) My religion is the one,
true faith leading to eternal life, or b) Many religions can lead to eternal life [we used the
proportion that endorsed ‘a’]; 2) they were asked to indicate how often they prayed
outside of attending religious services; [we used the proportion that indicated they prayed
‘at least once a day’]; 3) if the respondent indicated they prayed more than seldom they
were asked “How often do you receive a definite answer to a specific prayer request?”
[we used the proportion of respondents that indicated ‘at least once a month’]; 4) they
were asked, “How important is religion in your life?” [we used the proportion that
indicated religion was ‘very important’]; 5) they were asked, “Do you believe in God or a
universal spirit?”. If they said ‘yes’ they were asked, “How certain are you about this
belief?” [we used the proportion that indicated they believed in God and were ‘absolutely
certain’ in this belief]; 6) they were asked to endorse whether ‘the Bible’ (or relevant
holy scripture based on the religious affiliation) was the word of God or not and whether
the Bible was literally true. [we used the proportion that indicated they believed the Bible
was the ‘word of God, and literally true word for word’]; 7) they were asked to indicate
how often they attended religious services, aside from weddings and funerals. [we used
the proportion that indicated they attended services ‘at least once a week’]; 8) if the
respondent indicated they had a religious affiliation they were asked to endorse whether
a) “There is only ONE true way to interpret the teachings of my religion.”, or b) “There is
MORE than one true way to interpret the teachings of my religion.” [we used the
proportion of those that responded there was only ‘one true way to interpret the
teachings’]. The number of respondents for these items ranged from 30,236 to 35,556 for
the entire U.S.A. All proportions were arcsine-square-root transformed and then
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standardized. All 8 items were interrelated (Cronbach’s α = .98, n = 46). We summed the
8 items to compile our measure called Religious Participation and Value USA. The Pew
Forum combined the values for Connecticut and Rhode Island, the District of Columbia
and Maryland, Montana and Wyoming, New Hampshire and Vermont, and North and
South Dakota. We computed the mean between these state pairs for the variables we
analyzed along with Religious Participation and Value USA.
Electronic Supplement 1.F. In-group Assortative Sociality
For the cross-national variable, In-Group Assortativeness, we standardized and then
summed all 5 variables that comprised Strength of Family Ties, all 3 variables that
comprised Religious Participation and Value, and Proportion of Believers. We used the
Proportion of Believers and not the Proportion of Religionists because the Proportion of
Believers was compiled from a variety of sources one of which is the source for the
Proportion of Religionists. The Cronbach’s α for these 9 items was .94 (n = 66). For the
US analysis, we standardized and then summed all 3 variables that comprised Family
Ties USA, all 8 variables that comprised Religious Participation and Value USA, the
Proportion of Religionists USA and the Proportion of Religious Adherents, and called it
In-Group Assortativeness USA. The Cronbach’s α for these 13 items was .94 (n = 43).
Electronic Supplement 1.G. Cross-national: Infectious Disease DALY.
We used the population-adjusted rate of Infectious Disease DALY /100,000 population as
reported by the World Health Organization (www.who.int). Infectious Disease DALY was
Ln-transformed to reduce skewness and kurtosis.
Electronic Supplement 1.H. Cross-national: Nonzoonotic vs. Zoonotic Parasite
Prevalence.
To determine the relative prevalence of nonzoonotic and zoonotic parasites we used the
classification of Smith et al. (2007) as a basis. We collected from www.gideononline.com
(GIDEON) during the period of June to December 2009, the prevalence of all diseases
provided in GIDEON. For the majority of the diseases, we used GIDEON’s 3-point scale
of parasite prevalence (3=endemic, 2=sporadic and 1=not endemic) based on distribution
maps provided in GIDEON. For a few other diseases that reported the rate of infections
rather than the 3-point prevalence scale, we developed a 3-point scale based on the
provided information. For example, measles was scored a ‘1’ if not endemic, a ‘2’ if the
annual disease rate per 100,000 people was > 0 to 0.1, and a ‘3’ if the annual disease rate
per 100,000 people was > 0.1. In some cases, the prevalence for a country was
indeterminable. In these cases, we inserted the mean prevalence score for that disease for
all countries that had prevalence information. We made a few modifications to the Smith
et al. (2007) classification based on name changes, new information, and
reclassifications. Electronic Supplement 4 contains the list of diseases and their
classifications.
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Electronic Supplement 1.I. United States: Parasite-Stress USA.
This index of parasite-stress, Parasite-Stress USA, is validated by the fact that it shows a
negative correlation with latitude (-.45, n = 50, p = .001; or after removing the latitudinal
outliers Alaska and Hawaii, -.71, n = 48, p < .0001) just as do global measures of
parasite-stress (Cashdan 2001a; Guernier et al. 2004). Furthermore, Parasite-Stress USA
was correlated negatively with the average lifespan expectancy at birth for both sexes in
the year 2000 according to data collected from www.census.gov (r=-.67, n=50, p<.0001).
Similar patterns between infectious disease stress and lifespan expectancy are found in
cross-national analyses (Thornhill et al. 2009).
Electronic Supplement 1.J. Strength of National Ties
The Strength of National Ties was compiled from data in the World Values Survey (the
2005-2006 wave). Participants were asked, “In your opinion, how important should the
following be as requirements for somebody seeking citizenship of your country? Specify
for each requirement if you consider it as very important, rather important or not
important.” The requirements were: having ancestors from my country, being born on my
country’s soil, adopting the customs of my country, abiding by my country’s laws.
Focusing on the proportion of those that indicated “very important” for each requirement,
we combined the standardized values for having ancestors, being born in the country, and
adopting customs (each was arcsine-square-root transformed prior to standardization).
Abiding by the country’s laws was not included in the Strength of National Ties because
it lowered the intercorrelation between the items (The Cronbach’s α with all 4 items was
.73; removal of the item ‘abiding by my country’s laws’ raised the Cronbach’s α to .91).
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Electronic Supplement 2. Data for countries that were derived by Fincher and Thornhill for this study. These are all novel data and reported here for the first time.
The details for variable construction are in the main text or in the Electronic Supplements.
Country

World Area (New)§ Combined Parasite-Stress

Afghanistan
West Eurasia
1.740401053
Albania
West Eurasia
-3.039830678
Algeria
Africa
1.47622086
American Samoa Insular Pacific
Andorra
West Eurasia
-3.039084961
Angola
Africa
4.807473881
Antigua & Barbuda North America
-1.46369312
Argentina
South America
0.726040787
Armenia
West Eurasia
-1.980373185
Aruba
South America
Australia
Insular Pacific
-2.586602454
Austria
West Eurasia
-3.313765402
Azerbaijan
West Eurasia
-1.385919875
Azores
West Eurasia
Bahamas, The
North America
-1.439870896
Bahrain
West Eurasia
-3.126126493
Bangladesh
East Eurasia
0.596222465
Barbados
South America
-1.411479824
Belarus
West Eurasia
-1.915427114
Belgium
West Eurasia
-3.130265504
Belize
North America
-0.002530425
Benin
Africa
4.138643445
Bermuda
North America
Bhutan
East Eurasia
-0.56516642
Bolivia
South America
2.223566652
Bosnia and Herzegovina
West Eurasia
-2.927924073
Botswana
Africa
2.356706295
Brazil
South America
3.752344963
British Virgin Islands
North America
Brunei
Insular Pacific
-1.743486099
Bulgaria
West Eurasia
-2.69854696
Burkina Faso
Africa
5.319701051
Burundi
Africa
4.076112652
Cambodia
East Eurasia
3.107390915
Cameroon
Africa
5.271757714
Canada
North America
-3.264996908
Canary Islands
Africa
Cape Verde
Africa
0.152147583
Cayman Islands
North America
Central African RepublicAfrica
5.684807691
Chad
Africa
5.73758277
Chile
South America
-0.726797955
China
East Eurasia
1.445161715
Colombia
South America
3.839926387
Comoros
Africa
-0.337045188
Congo, Democratic Republic
Africaof the
5.671441738
Congo, Republic of the Africa
4.379429653
Cook Islands
Insular Pacific
-1.82414833
Costa Rica
South America
1.18843167
Cote d'Ivoire
Africa
5.511865518
Croatia
West Eurasia
-2.895793386
Cuba
North America
-2.493558925
Cyprus
West Eurasia
-2.764120476
Czech Republic
West Eurasia
-3.515601024
Democratic People's East
Republic
Eurasia
of Korea (North)
0.50601236

Nonzoonotic Parasite Prevalence
0.374172328
-1.881225713
1.264097891
-1.837035558
-1.876520462
3.224422495
-1.062105678
1.264097891
-1.276963085
-1.885930965
-1.120015863
-1.724278492
-1.129426366
-2.496436678
-1.576741773
-2.17629915
0.069688388
-1.289081849
-1.429205055
-1.728983743
0.064983137
2.929349058
-1.436618567
-1.129426366
1.854244765
-1.738394246
0.521709047
3.952695585
-1.576741773
-1.129426366
-1.438615558
3.814569369
2.624865118
1.997076232
3.971516591
-1.87181521
-2.058531774
-0.215974546
-1.424499803
4.119053309
4.271295279
-0.082553582
1.849539514
3.971516591
-1.13844881
4.119053309
3.067475274
-1.675778809
1.554466076
4.123758561
-1.586152276
-1.576741773
-1.733688995
-1.881225713
0.350646071

Zoonotic Parasite Prevalence Strength of National Ties In-Group Assortativeness Strength of Family Ties Religious Participation and Value
-0.325984466
-0.255878321
-0.115666033
-1.533796216
-1.097152053
0.304970833
-1.37757663
1.286456853
0.445183121
-1.34220197
1.07613842
-0.115666033
0.0946524
-1.238007517
-1.167258197
-1.027045909
0.024546256
-1.321996984
0.304970833
-0.325984466
-0.115666033
-0.115666033
-1.395873981
-0.956939764
0.725607699
0.024546256
-0.115666033
2.828792027
-1.37757663
-0.676515187
0.655501554
0.164758544
-0.185772177
0.375076977
0.655501554
1.216350709
-0.607052219
-0.676515187
-1.307470486
1.216350709
0.304970833
0.375076977
3.249428893
1.356562997
-0.648558284
1.356562997
0.935926131
-1.296557737
0.445183121
0.935926131
0.58539541
-0.185772177
-0.746621331
0.795713843
0.58539541
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1.469063873
9.678348972

3.257961999
4.971014954

-4.140280571

-1.636264521
3.94060169
-3.278769796

-2.218178937

-0.260391145
-1.604475153

-0.315072176
0.96357999

-0.156191776
-2.003637719

-1.323986946

-5.915269933

-2.903923246

0.083643417

0.447844408

-1.850574361
-1.575346142
-1.13093332

7.837789835

2.857001048

4.214056458

-8.332370751

-4.596281677

-2.995058423
-2.055673838

3.271022513

-0.610627631

-3.255714053

4.310264354

1.70253407

1.966131656

-0.583329791
2.564962662

-6.638891541

-1.899634023

-3.157361608
3.497377938

-3.489151109

-1.694238671

-0.784795554

1.885182126
-8.524715038
5.239130226

1.044950219
-3.693362143
2.741106472

0.376258952
-4.393591809
1.856425127

-2.615975563

-1.283680092

-1.260508115

-10.84680735

-4.636830059

-0.008543042
-3.462748066

0.265186642
-0.057977912

-0.114640224

Denmark
West Eurasia
Djibouti
Africa
Dominica
South America
Dominican RepublicNorth America
East Timor
Insular Pacific
Ecuador
South America
Egypt
Africa
El Salvador
South America
Equatorial Guinea
Africa
Eritrea
Africa
Estonia
West Eurasia
Ethiopia
Africa
Falkland Islands South America
Fiji
Insular Pacific
Finland
West Eurasia
France
West Eurasia
French Guiana
South America
French Polynesia Insular Pacific
Gabon
Africa
Gambia, The
Africa
Georgia
West Eurasia
Germany
West Eurasia
Ghana
Africa
Gibraltar
West Eurasia
Greece
West Eurasia
Greenland
North America
Grenada
South America
Guadeloupe
North America
Guam
Insular Pacific
Guatemala
North America
Guinea
Africa
Guinea-Bissau
Africa
Guyana
South America
Haiti
North America
Honduras
South America
Hong Kong
East Eurasia
Hungary
West Eurasia
Iceland
West Eurasia
India
East Eurasia
Indonesia
Insular Pacific
Iran
West Eurasia
Iraq
West Eurasia
Ireland
West Eurasia
Israel
West Eurasia
Italy
West Eurasia
Jamaica
North America
Japan
East Eurasia
Jordan
West Eurasia
Kazakhstan
East Eurasia
Kenya
Africa
Kiribati
Insular Pacific
Kuwait
West Eurasia
Kyrgyzstan
East Eurasia
Laos
East Eurasia
Latvia
West Eurasia
Lebanon
West Eurasia
Lesotho
Africa
Liberia
Africa
Libya
Africa
Liechtenstein
West Eurasia

-3.36217748
2.509972396
-1.542823812
0.88894699
3.333178356
1.998462924
0.661197503
0.28716864
3.902888555
4.121769455
-2.365755316
5.152396765
-1.263385466
-3.61522179
-2.502192332

4.496619306
3.787780016
-1.694981876
-3.419721456
4.275761029
-2.594785436
-1.653498538

2.241461098
5.143431198
4.282470661
2.518635331
1.953045381
1.307298637
-3.223806753
-3.430855995
2.711139295
3.59609701
-0.658377346
1.231343964
-3.23459177
-2.834754979
-2.84410156
-1.461259171
-2.232946018
-0.889154984
-1.9424891
4.661492946
-1.143702782
-2.201284518
-1.538951192
2.430538767
-2.34245468
-1.32776854
1.27356587
3.781119454
-0.529901199

-1.87181521
1.421045112
-1.062105678
0.531119549
2.601338861
2.001781484
0.807371981
0.212519855
2.482033651
3.053359519
-1.581447025
3.814569369
-2.028762432
-1.129426366
-2.02405718
-1.134131618
1.411634609
-1.588860537
3.357843459
2.758286082
-0.977184396
-2.019351929
3.238538249
-1.586736577
-0.991300151
-2.181004402
-1.429205055
-0.159062368
-1.728983743
1.706708046
3.809864118
2.781812339
1.868360519
0.692772022
0.964319202
-1.26078288
-1.885930965
-1.87181521
2.158728705
3.353138208
-0.239500803
0.669245765
-1.87181521
-1.590857528
-1.429205055
-1.272257833
-0.853173935
-0.686816211
-1.586152276
3.357843459
-1.380705372
-1.138836869
-1.433910306
1.554466076
-1.733688995
-0.843763432
-0.531477921
2.168139208
-0.096669336
-2.48078309

-0.39609061
-0.185772177
-1.363654569
-0.536302899
1.987518296
1.006032276
1.56688143
0.234864689
-0.115666033
0.935926131
0.024546256
1.146244564
-1.097152053
-0.956939764
-0.185772177
1.146244564
-0.115666033
-1.245860266
1.006032276
0.515289266
0.0946524
0.58539541
0.655501554
-0.968724666
0.304970833
-1.37757663
-1.226451593
-1.190539669
-1.314245067
0.234864689
0.024546256
-0.325984466
0.795713843
-0.466196754
0.375076977
-0.95757558
0.234864689
-1.237364341
3.109216604
2.197836729
1.426669141
0.0946524
-0.816727476
0.0946524
1.146244564
-0.466196754
1.146244564
-0.39609061
1.146244564
1.636987574
-1.447682774
-0.676515187
0.865819987
0.515289266
-0.185772177
-0.466196754
-0.185772177
0.445183121
-0.115666033
-0.816727476
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-4.06172433

3.891869096

4.096828445

2.413931073

1.754684728

10.36053138
9.469023092

5.714159025
5.040418713

3.879640027
3.787005751

-12.15470731

-5.939536251

-3.982596428
3.414070351

-13.11791004
-7.833293175

-8.595475523
-2.537642975

-3.216938128
-3.276518866

1.978771809
-12.34179675

2.757259363
-7.348028214

-0.989360361
-3.060621828
4.796518497

1.9562903

-2.787270684

-2.530802088
3.649312339

-1.458497735

-3.88165923
-2.153315874
-3.035777017
0.457530304
4.574376086
2.261553282
3.480590126
1.41289171

-7.31173016

-3.667052518

3.140237288
2.699050109

3.084182528
9.906447656
4.769127516

2.299681482
4.786737017
2.349475451

-2.335406072

-1.170920527

-0.603670872

-0.581855044

3.205253025

-10.60024747
10.72699412

-3.561546625
4.848719802

-4.115082669
5.111541991

0.831388904

1.630956957

-0.727780698

-10.09861929

-5.888386544

-3.304647573

Lithuania
West Eurasia
Luxembourg
West Eurasia
Macau
East Eurasia
Macedonia
West Eurasia
Madagascar
Africa
Malawi
Africa
Malaysia
Insular Pacific
Maldives
East Eurasia
Mali
Africa
Malta
West Eurasia
Marshall Islands
Insular Pacific
Martinique
South America
Mauritania
Africa
Mauritius
Africa
Mexico
North America
Micronesia, Federated
Insular
States
Pacific
of
Moldova
West Eurasia
Monaco
West Eurasia
Mongolia
East Eurasia
Montenegro
West Eurasia
Montserrat
North America
Morocco
Africa
Mozambique
Africa
Myanmar
East Eurasia
Namibia
Africa
Nauru
Insular Pacific
Nepal
East Eurasia
Netherlands
West Eurasia
Netherlands Antilles
South America
New Caledonia
Insular Pacific
New Zealand
Insular Pacific
Nicaragua
South America
Niger
Africa
Nigeria
Africa
Niue
Insular Pacific
Northern Mariana Islands
Insular Pacific
Norway
West Eurasia
Oman
West Eurasia
Pakistan
East Eurasia
Palau
Insular Pacific
Panama
South America
Papua New Guinea Insular Pacific
Paraguay
South America
Peru
South America
Philippines
Insular Pacific
Pitcairn Islands
Insular Pacific
Poland
West Eurasia
Portugal
West Eurasia
Puerto Rico
North America
Qatar
West Eurasia
Republic of Korea (South)
East Eurasia
Reunion
Africa
Romania
West Eurasia
Russia
East Eurasia
Rwanda
Africa
Saint Helena
Africa
Saint Kitts and Nevis
North America
Saint Lucia
South America
Saint Vincent and Grenadines
South America
Samoa
Insular Pacific

-2.713969435
-3.485585087
-2.866894042
2.263335925
3.682521718
1.64051806
-0.615946364
5.31060226
-3.200227613
-1.32629067
3.142397683
-1.15298915
1.797364825
-0.851802704
-2.053252511
-3.122485471
-0.670437097

-0.121838604
4.447128955
1.920590266
2.548850752
-1.653435558
1.152395259
-3.280568093

-3.299194238
0.526319592
4.35425306
6.184017982
-1.647062772
-3.354831399
-0.596035056
1.576640369
-1.727964088
2.087879691
1.536110122
0.706413698
2.358871038
1.644559913
-3.055980944
-1.849370638
-1.566334118
-0.291582788
-1.977121849
0.085263754
3.71835159
-1.121858932
-1.020069765
-1.069115079
-1.609469583

-1.733688995
-2.02405718
-1.827211044
-1.738394246
1.125971675
2.034718244
1.849539514
-0.831256609
3.819274621
-1.686641367
-1.450734321
-0.698001299
2.020602489
-1.052892487
2.310970675
-1.131760168
-1.433910306
-1.876520462
-0.843763432
-1.443320809
-1.524534847
0.069688388
2.777107088
1.254687388
1.116561172
-1.745807759
0.521709047
-1.87181521
-1.885930965
-1.429205055
-1.87181521
0.502888041
2.772401837
4.728021189
-1.593565789
-1.281668336
-1.87181521
-0.077848331
0.816782484
-1.59827104
2.306265424
0.826192987
0.793256226
2.296854921
1.554466076
-2.021703531
-1.733688995
-1.138836869
-0.525163738
-0.972479145
0.207814604
-0.967773893
-1.134131618
0.517003795
2.320381178
-1.723683687
-0.827650687
-0.541054077
-0.897744944
-1.581447025

-0.185772177
-1.097152053
-1.175689947
0.304970833
0.58539541
0.234864689
1.707093719
-1.067800605
0.58539541
-0.964799198
-1.375299706
-1.296020473
0.024546256
-1.030271881
1.496775286
-1.226451593
-0.045559889
-1.027045909
0.164758544
0.655501554
-1.401469307
-0.115666033
0.375076977
0.655501554
-0.045559889
-1.404611353
-0.115666033
0.0946524
-1.167258197
-0.746621331
-0.816727476
-0.185772177
0.515289266
1.356562997
-1.447682774
-1.156345448
-0.185772177
-0.676515187
0.725607699
-1.348264984
1.006032276
0.234864689
0.0946524
1.496775286
1.286456853
-1.442087448
0.024546256
0.445183121
-0.466196754
-0.88683362
1.006032276
-0.881553751
0.445183121
2.54836745
0.375076977
-1.347889109
-1.225309891
-1.371549405
-1.37757663
-1.237364341
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-9.752155506

-6.968010139

-2.28201887
-2.376872401

3.031009103

-0.787024998

2.689864128
5.213350405

3.568959989
3.608313707

2.453006098

1.210774539

-0.114138617

1.166814373

-1.702590621

-2.13531652

-0.745841585

-1.404080324

1.449836092

-2.60404877

3.595507264

10.98776811

5.749269315

4.471766465

-12.11314713

-7.679144713

-2.500855707

-8.04676871

-4.959534226

-2.0771176

11.26727706

5.446001502

5.054543232

-10.34513483

-5.721654403

-3.17793738

10.28615535

4.935532941

4.583890081

4.558192235
9.373191655

2.575337175
4.871191703

1.341256433
3.735267623

2.243962952

0.514974402
3.532274003

1.402017808
-0.666377202
3.199493187

-0.711325542

-3.390921495

-3.939576671

-0.63343967

-1.906821624

-2.420071124

-0.372209618
-8.458870319

-0.660142811
-3.819984292

0.077060386
-3.381055981
3.342573127

1.129377409

San Marino
West Eurasia
Sao Tome and Principe Africa
Saudi Arabia
West Eurasia
Scotland
West Eurasia
Senegal
Africa
Serbia
West Eurasia
Seychelles
Africa
Sierra Leone
Africa
Singapore
Insular Pacific
Slovakia
West Eurasia
Slovenia
West Eurasia
Solomon Islands Insular Pacific
Somalia
Africa
South Africa
Africa
Spain
West Eurasia
Sri Lanka
East Eurasia
Sudan
Africa
Suriname
South America
Swaziland
Africa
Sweden
West Eurasia
Switzerland
West Eurasia
Syria
West Eurasia
Taiwan
East Eurasia
Tajikistan
East Eurasia
Tanzania
Africa
Thailand
East Eurasia
Togo
Africa
Tokelau
Insular Pacific
Tonga
Insular Pacific
Trinidad and Tobago
South America
Tunisia
Africa
Turkey
West Eurasia
Turkmenistan
West Eurasia
Turks and Caicos Islands
North America
Tuvalu
Insular Pacific
Uganda
Africa
Ukraine
West Eurasia
United Arab Emirates
West Eurasia
United Kingdom
West Eurasia
United States
North America
Uruguay
South America
Uzbekistan
West Eurasia
Vanuatu
Insular Pacific
Venezuela
South America
Vietnam
East Eurasia
Wallis and Futuna Islands
Insular Pacific
Western Sahara
Africa
Yemen
West Eurasia
Zambia
Africa
Zimbabwe
Africa

-3.532486019
-0.225948726
-0.070045583
4.970633442
-2.578322255
-1.705374216
4.163352319
-1.756458153
-3.469494235
-3.174612495
-0.069653538
3.684029786
2.813571904
-2.145976276
-0.408711003
4.97458342
2.20668734
2.038793815
-3.314226855
-3.032522049
-1.23121488
-1.272667543
4.386481044
2.974817594
4.266956911
-1.545735234
0.316626189
-0.624051488
-0.184373877
-1.337377717
-1.121588027
5.857124244
-1.327648501
-1.833264224
-3.487582907
-1.744413509
-1.976662341
-1.463567682
-0.791070628
2.883327325
2.113982677

1.681160781
4.18175746
3.158567438

-1.991709831
-1.021824254
0.369467077
-1.876520462
3.957400836
-1.443320809
-1.745807759
2.477328399
-0.845372364
-2.033467683
-1.586152276
-0.534574241
2.315675926
1.406929358
-0.991300151
-0.082553582
3.966811339
2.015897238
0.221930358
-1.724278492
-1.71957324
-0.834352929
-0.543984743
-1.429205055
2.924643807
2.587223106
3.072180525
-1.745807759
-1.441323819
-0.073143079
0.060277885
0.064983137
-1.286373588
-1.124721115
-1.511418075
4.414126746
-0.977184396
-1.267552582
-2.02405718
-0.688425142
-1.281668336
-0.986594899
-0.977184396
3.215011992
1.982960478
-1.481012537
-1.581447025
1.121266424
2.477328399
1.425750364

-1.237364341
-1.021033179
0.0946524
-0.185772177
0.935926131
0.58539541
-1.080107899
0.164758544
-0.748646531
0.445183121
0.304970833
-0.956939764
0.375076977
1.146244564
0.58539541
0.655501554
1.636987574
0.375076977
-0.255878321
-0.045559889
0.234864689
-0.676515187
0.795713843
0.375076977
1.006032276
2.338049017
0.0946524
-1.447682774
-1.360953878
-0.115666033
0.024546256
0.725607699
0.0946524
-1.307470486
-1.404611353
1.917412151
0.164758544
-0.676515187
-0.045559889
2.54836745
0.515289266
0.0946524
-1.167258197
1.426669141
1.216350709
-1.512722092
-1.027045909
-0.255878321
0.375076977
1.216350709

8.691346934

-2.102967125

3.153948657

0.517760192

-2.294830921

-1.570940252

5.834060972
-4.461303787
-5.542688813

5.214009854
-2.848750246
-1.579515717

1.122177614
-0.87152289
-2.336504666

3.312584422
-0.444061869

5.444708809
-3.082912213

2.44881248
-0.745274713

2.354297701
-1.712766325

-6.004276056
-4.124840129

-13.47967327
-8.668776417

-6.833852527
-5.915762762

-3.766680761
-2.011983005

-3.25753607

-3.417539608

1.120206849

-3.426461543

7.574059986

2.070614083

3.297909715

4.736713574
-0.085102779

-0.338960759

2.985447238

0.929914793

-1.886468937

-0.864657756

1.928534177

2.715397605

2.153111252

6.768563237
-5.457880807

2.637581308
-2.238916824

3.3642496
-2.313378808

-5.885296446
-0.740775446
-3.472408901

-2.152005045
-1.359358891
-1.2869757

-1.82172348
0.955259434
-1.747672116

8.32679351
-3.841842926

6.048749551
3.297138935

1.636445332
-3.440558949

9.485152622

5.358759608

3.219255159
3.915520206

2.244995141

§World Area; This version supersedes our earlier published designations (Fincher & Thornhill. 2008. Proceedings of the Royal Society B-Biological Sciences 275: 2587-2594.).
The earlier version had a couple countries that were placed in the wrong world area.
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Electronic Supplement 3. Data for the United States of America that were derived by Fincher and Thornhill for this study. These are all novel data and reported here
for the first time. The details for variable construction are in the main text or in the Electronic Supplements.
State

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Parasite Stress USA

Strength of Family Ties USA

State§

Parasite-Stress USA (with means
where the states are combined)

Religious
Participation
and Value USA

In-Group
Assortativeness
USA

1.2798187
0.566183535
0.070542665
0.530028733
0.014036928
-0.285504942
0.069894808
0.968334514
0.347038205
1.578896413
-0.04744005
-1.115386381
0.684160137
-0.204161615
-0.790054874
-0.452247297
-0.638731974
1.801047952
-1.463614469
1.000497862
-0.661183751
0.266645217
-0.764509264
2.635025829
0.492739255
-1.09459618
-0.566646392
-0.202149727
-1.393588567
-0.281033688
0.210228154
0.600636378
1.007509186
-1.107795068
0.358167494
0.294323461
-0.830408291
-0.156821537
-0.28672979
1.607119606
-0.562657859
0.93083469
0.543626963
-0.985789796
-1.202112925
0.052688561
-0.619019234
-1.275330704
0.001943036
-1.144202144

1.213501344
2.175217305
1.555773796
0.381442421
2.176253294
-2.373027957
-0.127938964
1.592894218
0.793787179
2.002626353
10.21633044
0.484195591
-0.483988629
-0.568995642
-3.203635457
-2.488897343
-0.34490356
2.080770921
-1.279993172
2.626588807
-1.840930638
0.23418725
-2.950090937
2.26467297
-1.901957231
-2.704963714
-3.482768612
-0.061127158
0.100555009
1.788260524
2.510010106
-0.995351136
0.922098947
-3.840181718
-0.833056181
-1.656630014
-1.249710696
-0.640036742
-2.002284923
3.145432006
-2.64068016
0.575380624
1.765730734
3.753475888
-1.623396897
1.537123826
-1.582772635
-1.546099156
-1.526665227
-1.946225058

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut/Rhode Island
Delaware
District Of Columbia/Maryland
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana/Wyoming
Nebraska
Nevada
New Hampshire/Vermont
New Jersey
New Mexico
New York
North Carolina
North Dakota/South Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
South Carolina
Tennessee
Texas
Utah
Virginia
Washington
West Virginia
Wisconsin

1.2798187
0.566183535
0.070542665
0.530028733
0.014036928
-0.285504942
-0.108417491
0.968334514
1.000497862
0.347038205
1.578896413
-0.04744005
-1.115386381
0.684160137
-0.204161615
-0.790054874
-0.452247297
-0.638731974
1.801047952
-1.463614469
-0.661183751
0.266645217
-0.764509264
2.635025829
0.492739255
-1.119399162
-0.566646392
-0.202149727
-1.297850746
-0.281033688
0.210228154
0.600636378
1.007509186
-0.835226463
0.358167494
0.294323461
-0.830408291
-0.156821537
1.607119606
0.93083469
0.543626963
-0.985789796
0.052688561
-0.619019234
-1.275330704
0.001943036

13.35757163
-12.13724181
-3.300286219
9.42299485
-5.396996807
-7.386130739
-10.12024214
-2.08718189
-1.831005654
-0.659238622
6.781612277
1.50798817
4.473556626
-3.283600452
1.01000557
-3.310851399
2.268075539
6.935951265
10.38121429
-12.75678847
-11.84208509
-2.346575748
-4.711707945
17.10409723
1.730906153
-1.119886408
-1.77708116
-3.407055628
-13.70124216
-6.042985757
0.076025497
-7.775794929
9.327574914
-1.36268623
-2.082890936
6.726417006
-5.361482446
-2.282502706
11.07884533
10.75177002
5.845976738
11.51992751
1.572284838
-3.735193094
4.808456676
-6.862517686

17.78839085

§State (column D): because the Pew Forum combined their data for some of the states, we followed their combinations.
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-3.489743731
10.82696358
-4.748515318
-12.34594424
-10.31653434
-1.759677547
-0.091477784
9.400437912
3.390708628
-3.381347191
-0.736349699
-5.925215973
-0.712989539
6.937272195
15.70735775
-15.94383034
-13.12574888
-2.989947923
-6.967742919
22.91151978
-0.28739921
-5.121193944
-3.546627748
-6.211798127
-16.5234868
-3.695410283
2.108861384
-7.368313596
11.14599447
-0.798361495
-3.612589343
5.876989562
-9.918355404
-1.831550581
16.52419774
12.82150659
8.828094609
16.42308436
3.081461667
-9.204828259
2.054264165
-7.722004248

Appendix 1 – The classification of diseases into transmission type categories.
Here we present the disease transmission type classifications including the
updates we made to Smith et al.’s (2007) original classification. Updates include name
changes (marked by a 1 ; we include in parentheses the spelling/name that Smith et al.
used) and reclassifications (marked by a *). New diseases have been added to the
GIDEON database since Smith et al. was published. These have been marked with new.

Infectious Agent
Abscess - intraabdominal or pelvic new
Actinomycosis
Adenovirus infection1 (Adenovirus)
AIDS new
Amoebic abscess1 (Amibiasis abscess and colitis)
Amoebic colitis1 (Amibiasis abscess and colitis)
Ascariasis1 (Ascaridiosis)
Bacterial vaginosis
Bartonellosis – South American
Blastocystis hominis infection1 (Blastocystis infection)
Brain abscess
Brazilian purpuric fever
Candidiasis
Chancroid
Chlamydia infections, misc.
Chlamydophila pneumoniae infection1 (Chlamydia pneumonia
infection)
Cholecystitis & cholangitis
Cholera1 (Cholera fever)
Chronic meningococcemia
Clostridial myonecrosis
Clostridium difficile colitis
Common cold
Conjunctivitis - inclusion
Conjunctivitis - viral
Cytomegalovirus infection
Dientamoeba fragilis infection1 (Dientamoebal diarrhea)
Diphtheria
Dracunculiasis
Endemic syphilis (bejel)
Endocarditis - infectious
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Transmission
Type
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific

Enterobiasis
Enterovirus infection
Epidural abscess
Erysipelas or cellulitis
Erythrasma
Filariasis - Bancroftian
Filariasis - Brugia timori
Fungal infection - invasive
Gastroenteritis - viral
Gonococcal infection1 (Gonorrhea)
Granuloma inguinale
Hepatitis B
Hepatitis C
Hepatitis D
Hepatitis G
Herpes simplex encephalitis
Herpes simplex infection
Herpes zoster
HIV infection - initial illness
Hookworm
Infectious mononucleosis or EBV infection1
(Mononucleosis-infectious)
Intracranial venous thrombosis
Isosporiasis
Kingella infection
Laryngotracheobronchitis
Liver abscess - bacterial
Loiasis
Lymphogranuloma venereum
Malaria*
Malignant otitis externa
Mansonelliasis - M. ozzardi
Mansonelliasis - M. perstans
Measles
Meningitis - aseptic (viral)
Meningitis - bacterial
Mumps
Mycoplasma (miscellaneous) infections new
Mycoplasma pneumoniae infection
Necrotizing skin/soft tissue infx.
Neutropenic typhlitis
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Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific

Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific

O'nyong nyong
Omsk hemorrhagic fever
Onchocerciasis*
Orbital and eye infections1 (Orbital infection)
Osteomyelitis
Otitis media
Parainfluenza virus infection
Parvovirus B19 infection1 (Parvovirus infection)
Pediculosis
Pericarditis - bacterial
Perinephric abscess
Perirectal abscess
Peritonitis - bacterial
Pertussis
Pharyngeal & cervical space infx.
Pharyngitis - bacterial
Pinta
Pleurodynia
Pneumocystis pneumonia
Pneumonia - bacterial
Poliomyelitis
Pyodermas (impetigo, abscess, etc)1 (Pyodermas)
Pyomyositis
Respiratory syncytial virus infection
Respiratory viruses – miscellaneous new
Rheumatic fever
Rhinoscleroma and ozena1 (Rhinoscleroma)
Roseola or human herpesvirus 61 (Roseola or human
herpesvirus)
Rotavirus infection
Rubella
Scabies
Scarlet fever
Septic arthritis
Septicemia - bacterial
Sinusitis
Smallpox
Staphylococcal scalded skin syndrome new
Subdural empyema
Suppurative parotitis
Syphilis
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Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific

Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific

Trachoma
Trichomoniasis
Trichuriasis
Tropical phagedenic ulcer
Typhoid and enteric fever
Urinary tract infection
Varicella1 (Varicella-Zoster)
Bacillary angiomatosis1 (Angiomatosis)
Bartonellosis - other systemic1 (Bartonellosis (other))
Campylobacteriosis
Clonorchiasis
Clostridial food poisoning
Cyclosporiasis1 (Cyclospora infection)
Cysticercosis
Dengue1 (Dengue fever)
Dermatophytosis
Diphyllobothriasis
Echinostomiasis
Escherichia coli diarrhea
Fasciolopsiasis
Filariasis - Brugia malayi
Giardiasis
Hepatitis A
Hepatitis E
Hymenolepis nana infection
Infection of wound, puncture, IV line, etc1 (Wound infection)
Influenza
Leishmaniasis - cutaneous
Leishmaniasis - mucocutaneous
Leishmaniasis - visceral
Leprosy
Listeriosis
Lobomycosis
Paragonimiasis
Pythiosis new
Relapsing fever
SARS
Schistosomiasis – haematobium*
Schistosomiasis – intercalatum*
Schistosomiasis – japonicum*
Schistosomiasis – mansoni*
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Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Human Specific
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host

Schistosomiasis – mattheei*
Schistosomiasis – mekongi*
Shigellosis
Staphylococcal food poisoning1 (Staphylococcus)
Strongyloidiasis
Trypanosomiasis - African
Trypanosomiasis - American
Tuberculosis
Typhus - epidemic
Yaws
Yellow fever*
Zika new
Aeromonas & marine Vibrio infx.1 (Aeromonas and Vibrio
infections)
Amoeba - free living1 (Amibiasis free living)
Aspergillosis
Bacillus cereus food poisoning1 (Bacillis caereus)
Brainerd diarrhea
Chromomycosis
Chronic fatigue syndrome
Coccidioidomycosis
Ehrlichiosis - E. sennetsu
Gianotti-Crosti syndrome
Hendra virus disease
Kawasaki disease
Kikuchi's disease and Kimura disease
Lagochilascariasis
Legionellosis
Mycetoma
Mycobacteriosis - M. scrofulaceum
Mycobacteriosis - M. ulcerans
Nipah and Nipah-like virus disease
Nocardiosis
Oropouche
Pityriasis rosea
Reye's syndrome
Rhinosporidiosis
Rickettsia sibirica mongolotimonae infection
Spondweni
Sporotrichosis
Tetanus
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Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Multi-host
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed
Removed

Toxic shock syndrome
Tropical pulmonary eosinophilia
Tropical sprue
Viliuisk encephalomyelitis
Whipple's disease
Zygomycosis
Acanthocephalan worms1 (Moniliformis moniliformis)
African tick bite fever
Alkhurma hemorrhagic fever new
Angiostrongyliasis
Angiostrongyliasis - abdominal
Anisakiasis
Anthrax
Argentine hemorrhagic fever
Astrakhan fever
Babesiosis
Balantidiasis1 (Balantidiosis)
Barmah Forest disease
Bartonellosis - cat borne1 (Bartonellosis (cat))
Baylisascariasis1 (Baylisascaridiosis)
Bertiellia and Inermicapsifer1 (Bertiellasis)
Blastomycosis
Bolivian hemorrhagic fever
Botulism
Brazilian hemorrhagic fever
Brucellosis
Bunyaviridae infections - misc.1 (Bunyaviridae infections)
California encephalitis group
Capillariasis – extraintestinal1 (Capillariasis-hepatic)
Capillariasis - intestinal
Cercarial dermatitis
Chandipura and Vesicular stomatitis viruses1 (Vesicular
stomatitis)
Chikungunya
Coenurosis
Colorado tick fever
Cowpox
Crimean-Congo hemorrhagic fever
Cryptococcosis
Cryptosporidiosis
Cutaneous larva migrans
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Removed
Removed
Removed
Removed
Removed
Removed
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic

Dicrocoeliasis
Dioctophyme renalis infection1 (Dioctophyme renal infection)
Dipylidiasis
Dirofilariasis
Eastern equine encephalitis
Ebola1 (Ebola fever)
Echinococcosis - American polycystic
Echinococcosis - multilocular
Echinococcosis - unilocular
Ehrlichiosis - human granulocytic
Ehrlichiosis - human monocytic
Entamoeba polecki infection
Enteritis necroticans
Entomophthoramycosis
Erysipeloid
Fascioliasis
Flinders Island spotted fever
Gastrodiscoidiasis
Glanders
Gnathostomiasis
Gongylonemiasis
Group C viral fevers
Hantavirus infections - Old World
Hantavirus pulmonary syndrome1 (Hantavirus infections – New
World)
Herpes B infection1 (Herpesvirus simiae infection)
Heterophyid infections
Histoplasmosis
Histoplasmosis - African
Hymenolepis diminuta infection
Ilheus and Bussuquara1 (Ilheus)
Israeli spotted fever
Japanese encephalitis
Japanese spotted fever
Karelian fever
Kyasanur Forest disease
Lassa fever
Leptospirosis
Louping ill
Lyme disease
Lymphocytic choriomeningitis
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Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic

Mammomonogamiasis
Mansonelliasis - M. streptocerca
Marburg virus disease
Mayaro
Mediterranean (etc) spotted fever1 (Mediterranean spotted
fever)
Melioidosis
Metagonimiasis
Metorchiasis
Microsporidiosis
Monkeypox
Murray Valley encephalitis
Mycobacteriosis - M. marinum
Mycobacteriosis - miscellaneous nontuberculous1
(Mycobacteriosis-systemic)
Myiasis
Nanophyetiasis
New World phleboviruses
North Asian tick typhus
Ockelbo disease
Oesophagostomiasis
Old World Coltiviruses new
Opisthorchiasis
Orf
Ornithosis
Paracoccidioidomycosis
Pasteurellosis, etc
Penicilliosis marneffei
Pentastomiasis – Armillifer1 (Pentastomiasis)
Pentastomiasis – Linguatula1 (Linguatulosis)
Plague
Plesiomonas infection1 (Plesiomonas enteritis)
Pogosta disease
Powassan
Protothecosis and chlorellosis1 (Protothecosis)
Pseudocowpox
Q-fever
Queensland tick typhus
Rabies
Rat bite fever - spirillary
Rat bite fever - streptobacillary
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Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic

Rhodococcus equi infection
Rickettsia felis infection
Rickettsialpox
Rift Valley fever
Rocio
Rocky Mountain spotted fever
Ross River disease
Salmonellosis
Sandfly fever
Sarcocystosis
Sindbis
Sparganosis
St. Louis encephalitis
Streptococcus suis infection new
Taeniasis
Tanapox virus disease
Thelaziasis
Thogoto
Tick-borne encephalitis: Central European1 (Tick-borne
encephalitis: European)
Tick-borne encephalitis: Russian spring-summer1 (Tick-borne
encephalitis: Russian)
Toxocariasis
Toxoplasmosis
Trichinosis
Trichostrongyliasis
Tularemia
Tungiasis
Typhus - endemic
Typhus - scrub
Venezuelan equine encephalitis
Venezuelan hemorrhagic fever
Vibrio parahaemolyticus infection
Wesselsbron
West Nile fever
Western equine encephalitis
Whitewater Arroyo virus infection
Yersiniosis
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Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic
Zoonotic

Electronic Supplement 5. Contains for each year the infectious diseases tracked by the Centers for Disease Control and Prevention (CDC) used in the construction of Parasite-Stress USA.
1993

1994

1995

1996

1997

1998

1999

2000

AIDS
Anthrax

AIDS
Anthrax

AIDS
Botulism - Foodborne

AIDS
Botulism - Foodborne

AIDS
Botulism - Foodborne

AIDS
Botulism - Foodborne

AIDS
Anthrax

Botulism - Foodborne
Botulism - Infant
Botulism - Other
Brucellosis

Botulism 0 Foodborne
Botulism 0 Infant
Brucellosis
Chancroid

Botulism - Infant
Brucellosis
Chancroid
Cholera

Cholera
Diphtheria
Gonorrhea
Haemophilus influenzae

Botulism - Other
Cholera
Diphtheria
Gonorrhea

Botulism - Foodborne
Botulism - Other
Brucellosis
Chancroid

Chancroid
Cholera

Cholera
Diphtheria

Botulism - Infant
Brucellosis
Chancroid
Cholera
Escherichia coli O157:H7 PHLIS
Gonorrhea

AIDS
Diphtheria
Escherichia coli O157:H7 PHLIS
Gonorrhea
Haemophilus influenzae
Hepatitis A

Diphtheria
E. coli O157:H7 - PHLIS

Hepatitis B
Lyme disease

Hepatitis A
Hepatitis B

Haemophilus influenzae
Hepatitis A

Chlamydia
Cholera

Diphtheria

Encephalitis 0 Primary
Infections

Haemophilus influenzae

Gonorrhea

Malaria

Malaria

Hepatitis B

Diphtheria

Encephalitis - Primary
Infections

Encephalitis 0 Post0infectious

Hansen disease

Haemophilus influenzae

Measles - Indigenous

Measles - Indigenous

Malaria

Gonorrhea

Encephalitis - Postinfectious

Granuloma inguinale

Hepatitis A

Hepatitis A

Measles - Imported

Measles - Imported

Measles - Indigenous

Haemophilus influenzae

Gonorrhea

Haemophilus influenzae

Lyme disease

Hepatitis B

Meningococcal infections

Meningococcal infections

Measles - Imported

Hepatitis A

Granuloma inguinale

Hansen disease

Malaria

Lyme disease

Pertussis

Pertussis

Meningococcal infections

Hepatitis B

Haemophilus influenzae

Hepatitis A

Measles - Indigenous

Malaria

RMSF

Salmonellosis

Pertussis

Malaria

Hansen disease

Hepatitis B

Measles - Imported

Measles - Indigenous

Salmonellosis

Shigellosis

Rubella

Measles - Indigenous

Hepatitis A

Hepatitis C/Non0A, Non0B

Meningococcal infections

Measles - Imported

Shigellosis

Salmonellosis - NETSS

Measles - Imported

Hepatitis B

Hepatitis unsp.

Pertussis

Meningococcal infections

Syphilis - Cong. (<1 yr.)

Syphilis - Cong. (<1 yr.)
Syphilis - Primary &
Secondary

Shigellosis - NETSS

Meningococcal infections

Hepatitis Non-A, Non-B

Leptospirosis

Poliomyelitis, paralytic

Pertussis

Syphilis - Primary &
Secondary

Syphilis - All Stages

Syphilis - Cong. (<1 yr.)

Pertussis

Rabies - Animal

Hepatitis unsp.

Lyme disease

Psittacosis

Plague

Syphilis - All Stages

Tetanus

Syphilis - Primary &
Secondary

Leptospirosis

Lymphogranuloma venereum

Rabies - Animal

Poliomyelitis, paralytic

Tuberculosis

Tuberculosis

Syphilis - All Stages

Rabies - Human

Lyme disease

Malaria

Rabies - Human

Psittacosis

Typhoid fever

Typhoid fever

Tetanus

Rubella

Lymphogranuloma
venereum

Measles 0 Indigenous

Rubella - Cong. Syndrome

Rabies - Human

Tuberculosis

Salmonellosis - NETSS

Malaria

Measles 0 Imported

Salmonellosis

RMSF

Typhoid fever

Shigellosis - NETSS

Measles - Indigenous

Meningococcal infections

Salmonellosis

Syphilis - All Stages

Measles - Imported

Pertussis

Shigellosis
Syphilis - Primary &
secondary

Shigellosis

Syphilis - Cong. (<1 yr.)
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1993

1994

1995

1996

Meningococcal infections

Plague

Syphilis - Cong. (<1 yr.)

Murine typhus fever
Pertussis

Poliomyelitis, paralytic
Psittacosis

Syphilis - All Stages
Tetanus

Syphilis - Cong. (<1 yr.)
Syphilis - Primary &
secondary
Syphilis - All Stages

Plague

Rabies 0 Animal

Trichinosis

Tetanus

Poliomyelitis, paralytic

Rabies 0 Human

Tuberculosis

Trichinosis

Psittacosis

RMSF

Typhoid fever

Tuberculosis

Rabies - Animal

Rubella 0 Cong. Syndrome

Typhoid fever

Rabies - Human

Salmonellosis

Yellow Fever

RMSF
Rubella
Rubella - Cong.
Syndrome
Salmonellosis
Shigellosis
Syphilis - Primary &
secondary

1997

Typhoid fever

Syphilis 0 Cong. (<1 yr.)
Syphilis 0 All Stages
Tetanus
Toxic0shock syndrome
Trichinosis
Tuberculosis
Typhoid fever

2000

Tetanus
Tuberculosis

Shigellosis

Syphilis - All Stages
Tetanus

1999

Syphilis - Primary &
Secondary

Syphilis 0 Primary &
secondary

Syphilis - Cong. (<1 yr.)

1998

Toxic-shock syndrome
Trichinosis
Tuberculosis
Tularemia
Typhoid fever
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2001

2002

2003

2004

2005

2006

2007

AIDS
Anthrax

AIDS
Anthrax

AIDS
Botulism - Foodborne

AIDS
Botulism - Foodborne

AIDS
Botulism - Foodborne

Anthrax
Botulism - Foodborne

AIDS
Anthrax

Botulism - Foodborne
Botulism - Infant
Botulism - Other
Brucellosis

Botulism - Foodborne
Botulism - Infant
Brucellosis
Chancroid

Botulism - Infant
Botulism - Other
Brucellosis
Chancroid

Botulism - Infant
Botulism - Other
Brucellosis
Chancroid

Botulism - Infant
Botulism - Other
Brucellosis
Chancroid

Botulism - Infant
Botulism - Other
Brucellosis
Chlamydia

Botulism Foodborne
Botulism Infant
Brucellosis
Chancroid

Chancroid
Chlamydia

Chlamydia
Cholera

Chlamydia
Cholera

Chlamydia
Cholera

Chlamydia
Cholera

Cholera

Cryptosporidiosis

Cryptosporidiosis

Cryptosporidiosis

Diphtheria

Diphtheria

Diphtheria

Encephalitis - California
serogroup viral

Encephalitis - California
serogroup viral

Encephalitis - St. Louis

Encephalitis - Eastern
Equine

Encephalitis - Eastern
Equine

Escherichia coli O157:H7 PHLIS

Encephalitis - Powassan

Encephalitis - St. Louis

Gonorrhea

Encephalitis - St. Louis

Encephalitis - West Nile

Haemophilus influenzae

Encephalitis - West Nile

Escherichia coli O157:H7

Hepatitis A

Escherichia coli O157:H7

Hepatitis B

Gonorrhea

Gonorrhea
Haemophilus influenzae All ages all serotypes
Haemophilus influenzae Age <5 years - Serotype
b
Haemophilus influenzae Age <5 years - NonSerotype b
Haemophilus influenzae Age <5 years - Unknown
serotype

Measles - Imported

Haemophilus influenzae All ages all serotypes
Haemophilus influenzae Age <5 years - Serotype
b
Haemophilus influenzae Age <5 years - NonSerotype b
Haemophilus influenzae Age <5 years - Unknown
serotype

Meningococcal infections

Hepatitis A

Hepatitis B

Pertussis

Hepatitis C/Non-A, Non-B

Legionellosis

Rabies - Animal

Legionellosis

Malaria

Rabies - Human

Lyme disease

Measles - Indigenous

Hepatitis C/Non-A, Non-B

Malaria

Measles - Indigenous

Hepatitis A

Cholera
Chlamydia
Cryptosporidiosis
CryptosporidiosisCyclosporiasis
Domestic arboviral diseases California serogroup virus
California serogroup disease (Neuro-invasive)
Neuroinvasive
Cryptosporidiosis
Cryptosporidiosis
Domestic arboviral diseases - Domestic arboviral diseases California serogroup virus
California serogroup California serogroup Encephalitis - California
disease (Nonneuro-invasive)
Neuroinvasive
Nonneuroinvasive
serogroup viral
Domestic arboviral diseases Eastern equine encephalitis
California serogroup Encephalitis - Eastern
Domestic arboviral diseases (Neuro-invasive)
Nonneuroinvasive
Eastern Equine - Neuroinvasive
Equine
Domestic arboviral diseases - Domestic arboviral diseases Eastern equine encephalitis
Eastern Equine Eastern Equine (Nonneuro-invasive)
Neuroinvasive
Nonneuroinvasive
Encephalitis - St. Louis
Domestic arboviral diseases Powassan virus disease (NeuroEastern Equine Domestic arboviral diseases invasive)
Nonneuroinvasive
Powassan - Neuroinvasive
Encephalitis - West Nile
Domestic arboviral diseases - Domestic arboviral diseases Powassan virus disease
Powassan - Neuroinvasive
Powassan - Nonneuroinvasive
Escherichia coli O157:H7
(Nonneuro-invasive)
Domestic arboviral diseases St. Louis encephalitis (NeuroPowassan Domestic arboviral diseases invasive)
Nonneuroinvasive
St. Louis - Neuroinvasive
Gonorrhea
Haemophilus influenzae - Domestic arboviral diseases - Domestic arboviral diseases St. Louis encephalitis
St. Louis - Neuroinvasive
St. Louis - Nonneuroinvasive
All ages all serotypes
(Nonneuro-invasive)
Haemophilus influenzae - Domestic arboviral diseases - Domestic arboviral diseases West Nile virus disease
West Nile - Neuroinvasive
Age <5 years - Serotype b St. Louis - Nonneuroinvasive
(Neuro-invasive)
Haemophilus influenzae West Nile virus disease
Age <5 years - NonDomestic arboviral diseases - Domestic arboviral diseases (Nonneuro-invasive)
Serotype b
West Nile - Neuroinvasive
West Nile - Nonneuroinvasive
Haemophilus influenzae Age <5 years - Unknown Domestic arboviral diseases West Nile - Nonneuroinvasive
serotype
Gonorrhea
Gonorrhea
Haemophilus influenzae,
Haemophilus influenzae - All invasive disease
(All ages,
ages all serotypes
Hepatitis A
Gonorrhea
serotypes)
Haemophilus influenzae,
Haemophilus influenzae - All Haemophilus influenzae - Age
invasive disease
(Age <5
ages all serotypes
<5 years - Serotype b
Hepatitis B
years) Serotype b
Haemophilus influenzae,
Haemophilus influenzae Haemophilus influenzae - Age
invasive disease
(Age <5
Age <5 years - Serotype b
<5 years - Non-Serotype b
Legionellosis
years) Nonserotype b
Haemophilus influenzae Haemophilus influenzae,
Age <5 years - NonHaemophilus influenzae - Age invasive disease
(Age <5
Serotype b
<5 years - Unknown serotype
Listeriosis
years)
Unknown serotype
Haemophilus influenzae Influenza-associated pediatric
Age <5 years - Unknown
mortality
serotype
Malaria
Hepatitis A
Legionellosis
Measles - Indigenous
Hepatitis A
Legionellosis
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2001

2002

2003

2004

2005

2006

Rubella

Malaria

Measles - Imported

Measles - Imported

Legionellosis

Malaria

Rubella - Cong. Syndrome
Salmonellosis - NETSS

Measles - Indigenous
Measles - Imported

Meningococcal infections
Pertussis

Meningococcal infections
Mumps

Salmonellosis - PHLIS

Meningococcal infections

Plague

Pertussis

Shigellosis - NETSS

Mumps

Rabies - Animal

Rabies - Human

Shigellosis - PHLIS

Pertussis

Rabies - Human

Rubella

Syphilis - All Stages

Plague

Salmonellosis

Syphilis - Cong. (<1 yr.)
Syphilis - Primary &
Secondary

Rabies - Human

Rubella
Rubella - Cong.
Syndrome

RMSF

Salmonellosis

Syphilis - All Stages

Tetanus

Rubella

SARS-CoV

Syphilis - Cong. (<1 yr.)

Tuberculosis
Typhoid fever

Rubella - Cong.
Syndrome
Salmonellosis
Shigellosis

Shigellosis
Syphilis - All Stages
Syphilis - Cong. (<1 yr.)

Syphilis - Primary &
Secondary
Tetanus
Tuberculosis

Syphilis - All Stages

Syphilis - Primary &
Secondary

Tularemia

Tetanus

Typhoid fever

Syphilis - Cong. (<1 yr.)
Syphilis - Primary &
Secondary
Tetanus

Tuberculosis
Typhoid fever
Varicella deaths
Yellow fever

Tuberculosis
Typhoid fever

Varicella deaths

Shigellosis

Varicella deaths

2007
Listeriosis

Malaria
Measles - Indigenous
Measles (Indigenous)
Measles - Imported
Meningococcal disease, invasive Measles (Imported
All serogroups
Measles - Indigenous
Meningococcal disease, invasive Meningococcal disease
Serogroup A, C, Y, & W-135
Measles - Imported
(Allserogroups)
Meningococcal disease,
Meningococcal disease, invasive Meningococcal disease
invasive - All serogroups
Serogroup B
(SerogroupA, C, Y, & W-135)
Meningococcal disease,
Meningococcal disease
invasive - Serogroup A, C, Y, Meningococcal disease, invasive (SerogroupB)
& W-135
Other serogroup
Meningococcal disease,
Meningococcal disease, invasive Meningococcal disease
invasive - Serogroup B
Serogroup unknown
(Otherserogroup)
Meningococcal disease,
Meningococcal disease
invasive - Other serogroup
Mumps
(Serogroupunknown)
Meningococcal disease,
Mumps
invasive - Serogroup
unknown
Pertussis
Novel influenza A virus
infections
Pertussis
Rabies - Human
Lyme disease
Malaria

Poliomyelitis, paralytic
Rabies - Human

Rubella
Salmonellosis

Rubella
Rubella, congenital
syndrome

Shigellosis
Salmonellosis
Syphilis - All Stages

Salmonellosis
Shigellosis

Syphilis - Cong. (<1 yr.)
Syphilis - Primary & Secondary

Syphilis - All Stages
Syphilis - Cong. (<1 yr.)
Syphilis - Primary &
Secondary

Tetanus
Tuberculosis

Tetanus
Tuberculosis
Tularemia
Typhoid fever
Varicella deaths

Typhoid fever
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Pertussis
Rabies (Human)
Rubella

Tularemia

Shigatoxin-producing E. Coli
(STEC)
Shigellosis
Streptococcus pneumoniae,
invasive disease, drugresistant (Age<5 yrs)
Syphilis
All stages
Syphilis Congenital
(age
<1 yr)
Syphilis (Primary and
secondary)
Tetanus
Tuberculosis
Tularemia
Typhoid fever

Electronic Supplement 6.A. Cross-national zero-order correlations between parasite-stress, strength of family ties, religiosity, in-group
assortativeness, and potentially confounding variables. Values reported are the Pearson product-moment correlation coefficient,
sample size, and associated p-value.

Nonzoonotic Parasite Prevalence
Zoonotic Parasite Prevalence
Infectious Disease DALY
Combined Parasite-Stress
Civil Liberty *
Resource Distribution
GDP per capita

Strength of
Family ties

Proportion of
Religionists

Proportion of
Believers

.57, 72, <.0001
.15, 72, .2234
.64, 69, <.0001
.63, 69, <.0001
.62, 72, <.0001
-.65, 69, <.0001
-.64, 71, <.0001

.40, 216, <.0001
-.17, 216, .0139
.51, 191, <.0001
.48, 191, <.0001
.14, 196, .0570
-.37, 170, <.0001
-.37, 194, <.0001

.58, 137, <.0001
.03, 137, .7712
.64, 136, <.0001
.63, 136, <.0001
.52, 137, <.0001
-.67, 137, <.0001
-.60, 135, <.0001

*Higher scores correspond to lower freedom.
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Religious
Participation
and Value
.64, 93, <.0001
.14, 93, .1819
.73, 89, <.0001
.70, 89, <.0001
.48, 93, <.0001
-.63, 88, <.0001
-.61, 92, <.0001

Proportion of
those that pray
every day
.50, 59, <.0001
.11, 59, .4124
.57, 57, <.0001
.55, 57, <.0001
.35, 59, .0065
-.46, 56, .0004
-.44, 59, .0006

In-Group
Assortativeness
.65, 66, <.0001
.17, 66, .1646
.72, 65, <.0001
.71, 65, <.0001
.60, 66, <.0001
-.66, 66, <.0001
-.65, 65, <.0001

Electronic Supplement 6.B. Results of multiple regression analyses with two model specifications: 1) considers Combined ParasiteStress, Civil Liberty, and Resource Distribution as independent predictors; 2) considers Combined Parasite-Stress and GDP per capita
as independent predictors. The rows for the predictor variables contain the standardized beta coefficients. All regressions are
statistically significant at p < .001.
Strength of
Family ties

Proportion of
Religionists

Proportion of
Believers

Religious
Participation and
Value
1
2
.53*** .56***

Proportion of
those that pray
everyday
1
2
.45**
.45**

Model
Combined
Parasite-Stress
Civil Liberties

1
.36**

2
.34**

1
.59***

2
.54***

1
.28**

2
.39***

.38**

–

ni

–

.02

–

-.01

–

.04

Resource
Distribution
GDP per
capita
R2
F
n

-.10

–

.08

–

-.44**

–

-.22

–

–

-.41**

–

.03

–

-.29**

–

.55
26.0
68

.49
31.5
69

.28
32.5
168

.26
31.8
183

.47
39.6
136

.42
47.5
135

.50
28.0
87

In-Group
Assortativeness
1
.49***

2
.49***

–

.23

–

-.11

–

-.14

–

-.18

–

-.14

–

-.30*

.50
43.8
89

.31
7.9
56

.32
12.5
57

.57
27.1
65

.55
37.2
65

*** p < .001, ** p < .01, * p < .05. Otherwise, the coefficients are not statistically significant. ni, variable not included because zeroorder correlation with the dependent variable was not significant at p < .05.
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Electronic Supplement 6.C. Zero-order correlations between lifespan residuals and the dependent variables.
Strength of Family Ties: r = .06, n = 71, p = .6422
Proportion of Religionists: r = -.13, n = 186, p = .0819
Proportion of Believers: r = -.18, n = 136, p = .0311
Religious Participation and Value: r = -.13, n = 91, p = .2150
Proportion That Prayed Everyday: r = -.05, n = 59, p = .7266
In-Group Assortativeness: r = .02, n = 65, p = .8742
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Electronic Supplement 6.D. Zero-order correlations between parasite-stress, collectivism, strength of family ties, religiosity, in-group
assortativeness, and potentially confounding variables within the United Sates of America. Values reported are the Pearson productmoment correlation coefficient, sample size, and associated p-value.
Collectivism
ParasiteStress USA
Gini
GDP per
capita

.60, 50, <.0001

Strength of
Family Ties
USA
.46, 50, .0007

Proportion of
Religionists
USA
.45, 48, .0012

Proportion of
Religious
Adherents
.36, 50, .0103

.45, 50, .0011
.01, 50, .9367

.30, 50, .0317
.04, 50, .7770

.17, 49, .2385
-.18, 49, .2290

.27, 50, .0594 .28, 46, .0591
-.12, 50, .3984 -.54, 46, <.0001
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Religious
Participation
and Value USA
.53, 46, .0002

In-Group
Assortativeness
USA
.66, 43, <.0001
.37, 43, .0143
-.52, 43, .0004

Electronic Supplement 6.E. Results of multiple regression analyses. The rows for the predictor variables contain the standardized beta
coefficients. All regressions are statistically significant at p < .01.
Collectivism
Parasite-Stress
USA
Gini
GDP/capita
R2
F
n

.51***

Strength of
Family Ties
USA
.43**

Religious
Participation
and Value USA
.55***

In-Group
Assortativeness
USA
.63***

.17
ni
.38
14.5
50

.07
ni
.22
6.6
50

ni
-.57***
.60
32.7
46

.00
-.48***
.67
26.4
43

*** p < .001, ** p < .01. Otherwise, the coefficients are not statistically significant. ni, variable not included because zero-order
correlation with the dependent variable was not significant at p ≤ .05.
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