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Abstract

We describe the scientific enterprise at the intersection of evolutionary psychology and behavioral 

genetics—a field that could be termed Evolutionary Behavioral Genetics—and how modern 

genetic data is revolutionizing our ability to test questions in this field. We first explain how 

genetically informative data and designs can be used to investigate questions about the evolution 

of human behavior, and describe some of the findings arising from these approaches. Second, we 

explain how evolutionary theory can be applied to the investigation of behavioral genetic 

variation. We give examples of how new data and methods provide insight into the genetic 

architecture of behavioral variation and what this tells us about the evolutionary processes that 

acted on the underlying causal genetic variants.
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Although both evolutionary psychology and behavioral genetics arose in the 1970s as 

attempts to integrate the study of human behavior with other branches of biological science, 

the two fields have largely developed in isolation. Evolutionary psychology has primarily 

focused on using evolutionary theory to explain species- or sex-typical behavioral features—

why people tend to find particular traits appealing in romantic partners or friends, for 

example. Behavioral genetics, on the other hand, has primarily focused on understanding 

proximate causes of variation among individuals—to what extent genetic and environmental 

influences are responsible for behavioral differences between individuals, and which 

specific genetic polymorphisms or environmental factors are responsible. The purpose of 

this manuscript is to describe the scientific enterprise at the intersection of evolutionary 
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psychology and behavioral genetics—a field that could be termed Evolutionary Behavioral 

Genetics—and how modern genetic data is revolutionizing our ability to test questions in 

this field. We first describe how methods and designs developed in behavioral and statistical 

genetics can be profitably applied to evolutionary psychology and the study of human 

‘universals.’ Second, we explain how evolutionary theory can be applied to the investigation 

of human behavioral genetic variation and give examples of the types of designs and 

research findings that provide evidence for competing evolutionary models.

Using behavioral genetic methods to test hypotheses in evolutionary 

psychology

Evolutionary psychologists have often viewed genetic variation as “noise in the system” and 

assumed that heritability in traits relevant to reproductive success would be close to zero [1]. 

However, genetic variation is ubiquitous in animals, even for traits under strong selection 

[2], and this is no different in humans [3]. Virtually no psychological traits that vary have a 

near-zero heritability—including traits that are likely to be related to ancestral fitness [3–6]. 

Because evolutionary hypotheses and alternative explanations often make predictions or 

assumptions about the genetic variation in and covariation between traits, analyses of 

genetic (co)variation can be extremely helpful in testing hypotheses about how human 

features evolved. We highlight below several areas in which behavioural genetic data and 

designs have helped in testing hypotheses in evolutionary psychology.

Genetic correlation between traits

In addition to demonstrating and quantifying heritability of individual traits, behavioural 

geneticists often examine whether the same genes influence different traits by modelling the 

genetic correlation between traits. For example, sexual selection is thought to have 

influenced the evolution of certain human features. Given heritable variation in traits and 

trait preferences, this hypothesis predicts a genetic correlation between preferences for a 

given feature and the expression of that feature itself [7,8]. This is because individuals with 

stronger-than-average preference for a certain trait will tend to choose a mate with above-

average values of that trait, with the resulting offspring tending to inherit alleles 

predisposing to both higher-than-average trait and higher-than-average preference. This co-

inheritance leads to linkage disequilibrium between alleles influencing the preferences and 

those influencing the trait, which manifests as a genetic correlation between the trait and the 

preference. Multivariate twin analyses have shown that genetic correlation between a trait 

and its preference applies to several traits of interest in humans (including height, hair 

colour, intelligence, and creativity) [9], consistent with an influence of sexual selection on 

these traits.

‘Good genes’ models of sexual selection also predict that traits that serve as good genes 

indicators will tend to be positively genetically intercorrelated because each trait is an 

imperfect index of the same underlying “mutation load” [10]. In other words, for traits to be 

accurate indicators of mutational loads, many genes must influence them, which causes 

overlaps in their genes (pleiotropic genes) and hence genetic correlations between them. 

However, genetic correlations between sexually selected traits can also arise via linkage 
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disequilibrium due to cross-trait assortative mating (mates choosing simultaneously on a 

number of indicators, as described in previous section, above). The relative importance of 

these alternative explanations for genetic correlations can be quantified using an extended 

twin-family designs [11–13], which has indicated that both pleiotropy and cross-trait 

assortative mating are roughly equally important in causing the genetic correlation between 

height and intelligence [14], two traits that are potential good genes indicators. Additional 

traits need to be tested in a similar way to understand the generality of this conclusion.

Cross-sex genetic correlation

Evolutionary hypotheses about the origin of sexual dimorphism often make predictions 

about cross-sex genetic correlations– that is, the extent to which the same or different genes 

influence a trait in males and females. An example pertains to the evolutionary basis of 

facial sexual dimorphism. The predominant hypothesis in evolutionary psychology is that 

male facial masculinity is a good genes indicator such that women can increase the quality 

of their offspring by choosing a facially masculine mate [15,16]. However, genetic analyses 

suggest that the genes that make male faces masculine do not improve male attractiveness 

but do make female relatives’ faces more masculine and less attractive, casting doubt on the 

good genes theory of male facial masculinity [4,17].

Cross-population genetic correlation

New methods allow testing genetic correlations using samples of unrelated people with 

measured genotypes [18]. Importantly, this enables testing genetic correlations between 

traits that are measured in different individuals. How might this be used to inform 

evolutionary questions? Standard twin analyses have shown in a Swedish population that 

variation in fitness (both first and second generation reproductive success) is substantially 

heritable [19], but it is impossible with this type of analysis to determine to what extent the 

genes that affect fitness in Sweden are the same or different from those that affect fitness in 

small-scale, natural fertility traditional societies that are more similar to our ancestral 

circumstances. However, this could in principle be tested with large genotyped samples of 

Western and traditional societies, which would shed light on the genetic differences between 

modern and ancestral fitness.

Controlling genetic and familial confounds

Another function of genetically informative designs is to provide crucial controls for genetic 

and familial confounds in tests of evolutionary hypotheses. For example, it has been 

hypothesised that father absence causes early physical and behavioural sexual maturation 

(age-of-menarche, age at first intercourse) because of an evolved mechanism that 

strategically calibrates development to the riskiness of the environment [20]. However, 

Mendle et al. [21,22] showed that these effects were not present when familial (including 

genetic) confounds were controlled using the children-of-twins design: cousins discordant 

for father absence showed no differences in sexual maturation. This finding is inconsistent 

with the evolved mechanism, but consistent with genetic or environmental factors that both 

predispose fathers to leave the family unit and predispose daughters to early sexual 

maturation. This and many other evolutionary hypotheses involving the effects of childhood 

environmental factors (e.g. low socioeconomic status) on later behaviour (e.g. adult risk-
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taking [23]) continue to be tested without controlling for genetic and familial confounds, and 

their conclusions generally suffer from similar (often unacknowledged) alternative 

explanations.

Evolution of human behavioral genetic variation—In the previous section we 

described how behavioural genetics methods can inform evolutionary hypotheses about 

species- or sex-typical human behavioural features. However, the existence of underlying 

genetic variation itself also requires evolutionary explanation. In this section we focus on 

how to investigate the evolutionary bases of genetic variation in behaviour, and some of 

what we have learned thus far.

The observation of pervasive genetic variation in fitness related traits is at odds with the 

traditional interpretation of Fisher’s Fundamental Theorem [24]. Explaining the 

evolutionary basis of such widespread genetic trait variation has been a central question in 

biology for decades [25], but, in part due to the rapid advances in technology, this question 

has only recently drawn significant attention in psychology and psychiatry. As long 

understood, there are three basic evolutionary processes that can explain the existence of 

genetic variation in complex traits [reviewed in 26]. The first is mutation-selection balance: 

genetic variation is the consequence of a balance between deleterious mutations arising at 

many loci and their eventual removal by purifying selection. The second mechanism is 

neutral mutation-drift: genetic variation is the balance between mutations arising at many 

loci that have no (or nearly no) effect on net fitness, and their eventual (albeit typically much 

later) removal or fixation due to chance or “drift.” The final mechanism, balancing 

selection, is actually a group of processes, all of which involve genetic variation being 

actively maintained by selection because the relative fitness of alternative genetic variants 

depends on variable environmental or genetic contexts.

These three evolutionary processes make different predictions about the genetic architecture 

of traits—i.e. the number of causal variants (CVs—the genetic polymorphisms that cause 

trait differences), the distributions of their frequencies and effect sizes, and their interactions 

between and within loci. In the following sections, we briefly review some examples of 

what we have learned about the genetic architectures of human behavioral phenotypes, and 

describe what this evidence tells us about the evolutionary forces that acted on their CVs. 

We use schizophrenia as an example throughout because it is perhaps the most intensively 

studied behavioral trait in genetics, but the methods involved should apply equally to other 

traits as data continues to accumulate for them.

The direction of dominance of genetic causal variants (CVs)

Purifying selection is less efficient at eliminating recessive or partially recessive deleterious 

alleles compared to additive or dominant deleterious alleles, since the former are “hidden” 

from selection when heterozygous. As a result, deleterious alleles that have not (yet) been 

eliminated by purifying selection tend to be more recessive than would be expected due to 

chance. This phenomenon, where the deleterious alleles tend to be more recessive and the 

fittest alleles more dominant, is called directional dominance and can be used to infer 

selection [27]. For example, if CVs that decrease a trait tend to be more recessive than those 
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that increase a trait, one can infer that trait-decreasing CVs were selected against on average 

over evolutionary time. Because inbreeding between close genetic relatives increases the 

likelihood that recessive CVs will be expressed in offspring, this phenomenon has long been 

studied by cataloguing the traits for which inbred individuals have higher or lower average 

trait values [28]. However, inbreeding studies using human pedigrees are difficult to conduct 

and suffer from alternative explanations, including the possibility that individuals who mate 

with close relatives may differ genetically or environmentally from other individuals and 

these differences may influence their offspring.

Recently, several studies [6,9,29–34] have used single nucleotide polymorphisms (SNPs) 

measured at hundreds of thousands of locations across the genome to detect very small 

individual differences in ‘distant’ inbreeding (arising from common ancestors who lived 

10’s of generations ago) among samples unselected for inbreeding. This is done by 

measuring the genome-wide burden of runs of homozygosity [35]. Because variation in the 

overall burden of such runs of homozygosity is small in samples unselected for inbreeding, 

sample sizes typically need to be large (e.g., > 10K–20K) to reliably detect associations with 

traits [36]. Using a large (n~21K) schizophrenia case-control sample, we found that total 

burden of runs of homozygosity is reliably but weakly associated with schizophrenia [37]. 

This finding suggests that, on average, CVs that increase schizophrenia risk are more 

recessive than expected by chance and therefore are likely to have been selected against over 

evolutionary time.

The number, effect sizes, and frequencies of causal variants

The findings from large-scale linkage and genome-wide association studies on a variety of 

complex behavioral traits (personality, psychiatric disorders, cognitive abilities, etc.) tell a 

consistent story: complex traits are affected by a huge number of CVs (e.g., hundreds to 

thousands), each of which generally explains only a miniscule amount of the phenotypic 

variation. Thus, findings are turning out to be roughly consistent with the so-called 

“infinitesimal model” developed by Fisher nearly a hundred years ago [38].

Figure 1 (see also [39,40]) shows a strong inverse relationship between the effect sizes of all 

genetic variants reliably associated with schizophrenia to date and their frequencies (which 

includes the largest schizophrenia GWAS conducted to date, N ~80,000 [41]). The variance 

accounted for by a particular allele is proportionate to 2p(1−p)ln(OR)2, where p is the minor 

allele frequency and ln(OR) is the effect size (log odds ratio) of the risk allele. The dashed 

red line in Figure 1 plots the effect size/allele frequency combinations of hypothetical loci 

that would each explain 0.05% of the phenotypic variation. The close fit of this line with the 

observed associated variants suggests that each of the reliably associated schizophrenia risk 

variants accounts for around five hundredths of one percent of the variation in the trait; the 

many more variants that have yet to be detected probably each account for this amount of 

variation or less (region in grey).

What does this tell us about the evolutionary forces acting on schizophrenia CVs? The 

inverse relationship between schizophrenia CVs’ effect sizes and frequencies, and the fact 

that no single variant explains much heritability, conform to expectations under mutation-

selection balance, where purifying selection is removing deleterious mutations. Under 
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purifying selection, deleterious CVs with large effects will be selected against the strongest 

and therefore be rare, whereas risk alleles with small effects may be nearly neutral and can 

drift to higher frequencies. In either case, because of this tradeoff between frequency and 

effect size, no single allele can account for much population variation. Such an inverse 

relationship between alleles’ effect sizes and frequencies is not expected under neutral 

mutation-drift or balancing selection.

The allelic spectrum of causal variants

The allelic spectrum of a trait refers to the distribution of a trait’s genetic variance accounted 

for by all the CVs in each allele frequency bin. Under a neutral-drift model, effect sizes 

should be uncorrelated with allele frequencies, and the allelic spectrum should be uniform, 

such that each CV frequency bin accounts for an equal proportion of variance [42,43]. In 

contrast, modeling suggests that balancing selection maintains variants at intermediate 

frequencies, so the allelic spectrum of CVs under balancing selection should be shifted 

toward minor alleles of higher frequencies [44,45]. Finally, under a mutation selection 

model, the allelic spectrum should be shifted toward minor alleles of lower frequencies as 

previously explained.

A recent and highly influential method gives accurate estimates of the additive genetic 

variation explained by all SNPs together even though the true effect at each specific SNP 

remains unknown [46]. Although SNPs themselves are probably often not the true CVs, 

SNPs tend to best predict nearby CVs that are similar in frequencies [47]. Because this 

method has been up to now used only on SNPs that exist on modern SNP panels, and 

because SNP panels have virtually no information on rare (minor allele frequencies < .01) 

SNPs, resulting estimates give an idea of the cumulative importance of additive common 

CVs but are blind to the importance of rare CVs.

By comparing additive genetic variance estimates from this method, which estimates only 

the effects of common CVs, to those from traditional family-based studies, which estimates 

the effects of both rare and common CVs, scientists have gained their first insights into the 

relative importance of common versus rare CVs. This method has been used on a large 

number of behavioral traits in the last several years, and between one-tenth to one-half of 

total additive genetic variation estimated from family-based studies appears to be due to the 

additive effects of (mostly common) CVs tagged by common SNPs [6,48–53]. While 

family-based estimates of additive genetic variation may be inflated [54], as long as they are 

roughly correct, these findings are consistent with much of the remainder of the additive 

genetic variation being due to rare CVs. If so, substantially more variation would be due to 

rare CVs than expected under the uniform distribution of CV allele frequencies predicted by 

neutral drift (i.e., 99% of additive genetic variance explained by CVs with risk allele 

frequency >.01) [42]. Nevertheless, a simple model of strong purifying selection on all CVs 

would predict that no CVs should be common; the evidence that common CVs do in fact 

influence schizophenia suggests that many schizophrenia CVs are under weak purifying 

selection or are drifting neutrally. This observation, and the potential for rare CVs to explain 

much of the remaining additive genetic variation not tagged by SNPs, is again potentially 

consistent with a model of purifying selection of varying strength: CVs of small effect are 
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under weak to non-existent purifying selection and drift to high frequencies whereas CVs of 

larger effect are under increasingly strong purifying selection and kept rare because of it 

(Figure 1).

Finally, although we have argued that much of the remaining variation in traits that has not 

been explained by SNPs is likely to be due to rare CVs, there are several alternative 

explanations for the discrepancy. For example, it is possible that family studies have over-

estimated additive genetic variation, meaning that little additive genetic variation remains to 

be explained and that rare variants thereby account for little trait variation. Forthcoming 

methods that use whole-genome sequencing data or shared identical-by-descent haplotypes, 

both of which can measure or tag rare CVs, should be able to put the rare variant debate 

largely to rest by directly estimating the importance of rare CVs.

Future directions in understanding the evolutionary basis of genetic variation in behavior

We have presented evidence from schizophrenia that is generally consistent with underlying 

CVs on average being under purifying selection and their frequencies being maintained by 

mutation-selection balance. Findings on human personality [6] and other behavioral traits 

appear generally consistent with this, although datasets are smaller and conclusions more 

tentative. However, the substantial proportion of variation accounted for by common CVs 

suggests that the highest frequency/smallest effect CVs may be selectively neutral or nearly 

neutral. These findings are not contradictory. It is important to recognize that the mutation-

selection and the neutral mutation-drift models are not qualitatively distinct; they exist on 

the same continuum defined by the strength of purifying selection. To date, there is no 

convincing evidence that balancing selection plays an important role in maintaining the 

genetic variation in behavioral traits, and outside of the MHC region, genome-wide scans 

suggest a limited role for balancing selection in general [55–57]. Nevertheless, absence of 

evidence does not necessarily equate to evidence for absence, and future findings could 

challenge this conclusion.

Large whole-genome sequencing datasets will greatly expand our ability to understand the 

importance of rare variants in complex traits and inform our understanding of the 

evolutionary processes involved in maintaining traits’ genetic variation. Nevertheless, 

attempting to understand the evolutionary roots of genetic variation in traits will remain 

inherently difficult because selection acts on total ‘net fitness’ rather than fitness with 

respect to any given trait. Given that CVs may often affect multiple traits simultaneously 

and that many CVs affect any given trait, a trait’s CVs may often be under many different 

types and strengths of selection. As such, future progress is likely to involve multivariate 

analyses that compare the characteristics (directional dominance, effect size, allelic 

spectrum) of CVs that affect multiple traits in the same or opposite directions with respect to 

fitness.

The promise of evolutionary behavioral genetics

In this article we have given an abbreviated overview of the conceptual and methodological 

bases of research at the intersection of evolutionary psychology and behavioral genetics, as 

well as a sample of the findings in this still nascent field. We have mentioned contributions 
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of evolutionary behavioral genetics to our understanding of mate preferences, sexual 

dimorphism, sexual maturation, reproductive success, personality, and schizophrenia, but of 

necessity omitted important research on other traits [58–63]. We have tried to convey some 

of the depth and breadth of the possibilities afforded by these approaches and hope that this 

might spur others to adopt these approaches in testing hypotheses in evolutionary 

psychology and behavioral genetics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box 1

Glossary

Purifying selection removes alleles (generally rare mutations) with lower fitness in favor 

of one or more alternate alleles with higher fitness.

Linkage disequilibrium refers to the statistical relationship between alleles at different 

loci (positions in the genome).

Heritable trait variation is that due to genetic variation. Heritability refers to the 

proportion of trait variation that can be attributed to genetic factors.

Genetic correlation refers to the proportion of total genetic variation in two traits that is 

shared due to genetic factors.

Sexual selection refers to a mode of natural selection in which certain alleles are favored 

over others because of their effects on attracting mates rather than survival.

Alleles are alternative versions of genetic variants at a given locus.

Mutation load refers to an individual’s aggregate burden of deleterious mutations (rare 

alleles) across the genome, which is heritable across generations.

Good gene indicators are traits that reflect underlying genetic fitness, e.g. low mutation 

load.

Pleiotropic genes influence more than one trait.

Cross-trait assortative mating occurs when two different traits correlate across mates, 

e.g. males of above-average height mating with females of above-average intelligence.

Extended twin-family designs take advantage of the genetic relatedness between 

multiple family members e.g. twins, their spouses, and their parents, in order to 

investigate the importance of environmental and genetic influences on one or multiple 

traits.

Sexual dimorphism refers to the difference between male and female phenotypes.

Fisher’s Fundamental Theorem states that “the rate of increase in fitness of any 

organism at any time is equal to its genetic variance in fitness at that time.” It has often 

been interpreted to mean that additive genetic variation should be low in traits related to 

fitness.

Phenotypes are observable characteristics or traits of an organism.

Recessive/additive/dominant refer to how likely an allele is to be expressed in the 

phenotype. At a diallelic locus, a fully recessive allele will not be expressed unless both 

copies are present, while the fully dominant allele will be fully expressed with only one 

copy. Many dominance relationships are partial rather than full, yielding a spectrum of 

dominance or recessivity. Additivity is intermediate between fully recessive and fully 

dominant.
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SNP (single nucleotides polymorphism) is a type of allele where a single nucleotide 

position is variable in the population. Often, “SNP” is used for loci where the minor 

allele frequency is > 1% and “mutation” when the minor allele frequency is < 1%.

Homozygosity occurs when two copies of the same allele are present at a locus, as 

opposed to heterozygosity, in which the two alleles at a locus are different. Runs of 

homozygosity are stretches of contiguous SNPs (e.g. 60+) that are consistently 

homozygous along some stretch of an individual’s genome.

Linkage studies test for coinheritance of alleles and traits within families. They are less 

powerful for detecting the effects of common causal variants than genome-wide 

association studies but can potentially discover regions where large-effect, rare causal 

variants occur.

Genome-wide association studies test for associations between each of hundreds of 

thousands of SNPs across the genome and one or more traits, Very large sample sizes are 

required to detect the small effect sizes that appear to be the norm for complex traits.

An allele frequency bin includes only alleles within a fixed-size range of frequencies.

The minor allele at a given locus is the allele that is less common in the population, and 

for SNPs, there are usually two alleles. The minor allele frequency is the frequency of 

the least common allele at a locus.

A Causal Variant (CV) is an allele that influences a trait

CVs are tagged by measured SNPs to the extent that they are in linkage disequilibrium, 

and therefore statistically correlated, with them.

Whole-genome sequencing provides data for the complete sequence of DNA for an 

individual, including all frequency classes of alleles (including unique alleles).
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Figure 1. 
The relationship between the effect sizes (natural log of odds ratios) and minor allele 

frequencies of all genetic variants (copy number variants [CNVs] or single-nucleotide 

polymorphisms [SNPs]) reliably associated with schizophrenia. The dotted red line defines a 

constant variance explained of 0.05% assuming a 1% prevalence of schizophrenia. The lack 

of data points between SNPs and CNVs occurs because no common CNVs are known to be 

associated with schizophrenia and because SNP panels do not measure variants with minor 

allele frequencies under 1%. Sequencing data may fill in this gap. There is adequate 

statistical power to detect only those variants with the largest effect sizes (near the dotted red 

line), although the entire shaded region is expected to be populated with schizophrenia risk 

alleles. The lack of variants in the unshaded region is consistent with a purifying selection 

model on schizophrenia risk alleles.
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