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Abstract

Infant temperament is theorized to lay the foundation for adult personality; however, many

questions remain regarding personality in infancy, including the number of dimensions,

extent to which they are adult-like, and their relation to other outcomes, such as mental and

physical health. Here we tested whether adult-like personality dimensions are already pres-

ent in infancy in a nonhuman primate species. We measured personality and subjective

well-being in 7-month-old rhesus macaques (N = 55) using the Hominoid Personality Ques-

tionnaire and Subjective Well-Being Questionnaire, both of which were developed for adult

primates based on human measures. Multiple human raters, who provided infants with daily

care since birth, independently rated each infant. We found high interrater reliability. Results

from a parallel analysis and scree plot indicated a five component structure, which, using

principal components analysis, we found to be comprised of dimensions relating to Open-

ness (e.g., curiosity, inquisitive, playfulness), Assertiveness (e.g., dominance, bullying,

aggressive), Anxiety (e.g., vigilance, fearful), Friendliness (e.g., sociable, affectionate, sym-

pathetic), and Intellect (e.g., organized, not erratic). These components are largely analo-

gous to those in adult macaques, suggesting remarkably stable structural personality

components across the lifespan. Infant macaques’ subjective well-being positively corre-

lates with Openness and Assertiveness and negatively correlated with Anxiety, similar to

findings in adult macaques and other primates. Together, these findings suggest that, in

macaques, infant personality dimensions may be conceptually related to adult personality

and challenge the view that infant temperament may be disorganized and not as meaningful

as adult personality. Further research is necessary to explore the antecedents, predictive

validity, and stability of these personality components across situations and with

development.

Introduction

Human and nonhuman primate infants display individual differences in various aspects of

their psychology and behavior [1–4]. Individual differences in infancy are often described in
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terms of temperament [2–4]. Temperament—a commonly used term to describe infant per-

sonality [5]—refers to biologically based inter-individual differences in behavioral tendencies

(e.g., attention, motor behavior, emotions, self-regulation), which constitute stable patterns

across contexts and over time [6–8]. A related but distinguishable individual difference in

infancy is happiness or subjective well-being, which refers to having high levels of life satisfac-

tion [9], high levels of positive affect, and low levels of negative affect [10]. In humans, infant

temperament and well-being are considered the early foundations of adult personality and

well-being [11,12]; however, many questions remain about their development. For instance,

are adult-like personality characteristics present in infancy? That is, to what extent do

individual differences in personality traits and well-being appear early and persist across

development?

More is known about personality and well-being in human adults relative to in infants or

children [10,13]. Adult personality is most commonly measured as five stable domains or con-

structs (i.e., the Five-Factor Model or the “Big Five”): Extraversion, Openness, Conscientious-

ness, Neuroticism, and Agreeableness [14,15]. This Five-Factor Model is generalizable across

methods of measurement, gender, age, and culture, with strong test-retest reliability and inter-

nal consistency [16,17]. These personality dimensions are heritable [18,19] and largely stable

but continue to change with age in adults [20,21]. The five factors are predictive of academic

performance [22], career success [23], romantic relationship satisfaction [24], health [25], and

subjective well-being [26].

Subjective well-being—a construct typically measured in adults through self-reports—

includes individual differences in emotions, such as positive affect and happiness, and cogni-

tive components, such as goal achievement and life satisfaction [27,28]. Subjective well-being

is related to, but also distinguishable from, personality [29]. For example, higher levels of

Extroversion, Agreeableness, Conscientiousness, and emotional stability (i.e., lower Neuroti-

cism) are associated with greater subjective well-being [13]. Subjective well-being is heritable

[30], and, in adults, largely stable over time [31] but also still changing with age [32], and posi-

tively associated with mental and physical health [33,34].

Human infant personality and subjective well-being

Given the role of personality and well-being for predicting health and success, it is important

to uncover their early roots and how they emerge and develop. While it is theorized that the

adult five-factor personality dimensions are largely synonymous with infant temperament

[11,35], to date, there have been few tests of this proposal, and therefore, there is rather limited

support for this idea. Toddlers’ temperaments predict their five-factor personality scores into

later childhood and adolescence [36–39], which suggest some degree of stability in personality.

However, little is known about whether these dimensions are present earlier in development,

in infancy [36,40,41].

Few studies have examined infant well-being and whether there are stable intra-individual

differences. One study found that parent reports of 1-year-old infants’ temperament predicted

infants’ later life satisfaction as adults through 29 years of age [10]. This longitudinal study

found that infants’ levels of positive affect, in particular, predicted their life satisfaction as

adults, whereas infants’ negative affect, in contrast, did not predict any measures of adult well-

being. Though limited, there is also some evidence of an association between infant personality

and later subjective well-being. For example, one study found that the developmental trajecto-

ries of externalizing behavior problems (e.g., aggression, temper loss, noncompliance), from

infancy (1.5 years old) to mid-adolescence (14 years old), are associated with well-being in

young adults, at 18 years of age [42]. However, to our knowledge, there are no studies that
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have directly measured both well-being and personality in infancy to explore their develop-

ment and relation to one another. In sum, we know little about the early emergence of subjec-

tive well-being in infancy or how it is related to other dimensions of infant personality. Nor do

we understand the extent to which these dimensions may be adult-like, established early in

development.

Value of animal models

Studies in animals may shed light on the early development of individual differences in per-

sonality and well-being, which are not unique to humans. Indeed, personality in animals is a

well-established phenomenon across a wide range of species, including octopi [43], dogs [44],

snakes [45], zebra finches [46], bees [47], and whales [48]. While animal studies of personality

are interesting in their own right, they also widen our understanding of human personality

through enabling approaches to questions that are difficult or impossible to answer with stud-

ies in humans [49–51]. Studies of personality in animals are necessary to clarify the phyloge-

netic history of specific traits, offering insights into their evolutionary origins [52,53].

Furthermore, animals are useful for developmental studies of personality, as many species

exhibit more rapid development and shorter lifespans, making it possible to longitudinally

measure personality over the lifespan in a shorter period of time and with less attrition [54].

Finally, in animals, there is more experimental control and manipulability, enabling more

accurate measures of prenatal and postnatal contributions to personality and well-being,

which would be ethically or practically difficult if not impossible in humans [55–59]. For

instance, in humans, infant and parent well-being are linked, with infants’ temperaments

affecting maternal well-being [60] and maternal well-being, during and after pregnancy, affect-

ing children’s well-being [61]. Determining causal relations among these complex systems is

challenging. Animal studies can overcome these limitations by enabling a high degree of

experimental control over infants’ environments. By standardizing infants’ environments, for

example, this can help disentangle environmental contributions to individual differences in

personality or well-being observed in a specific sample. For example, in chimpanzees, infants

who were raised in an environment that included less contact with conspecifics, compared to

infants reared in more species-typical environments, displayed lower levels of extroversion

later in life [62]. At the same time, caution is warranted when generalizing findings from one

sample to another, when infants’ early environments vary substantially [63].

The Five-Factor Model has been adapted for a variety of nonhuman primate species,

although the number and nature of the factors varies somewhat across species [64–68]. These

studies often use an approach similar to that used with human infants, assessing personality

and well-being through knowledgeable informants, such as animal care staff [69,70], which

reveal strong levels of inter-observer agreement, and predictive validity of behaviors in various

real-world contexts [49]. For example, rhesus macaques are reported to have six personality

components: Confidence, Friendliness, Dominance (hereafter referred to as Assertiveness to

avoid confusion with traditional measures of hierarchical dominance), Anxiety, Openness,

and Activity [53]. Much like in humans, these personality dimensions are heritable [71,72] and

are associated with specific patterns of behavior. For example, individuals rated higher in

sociability (Extraversion), tend to engage in more affiliative interactions, whereas individuals

higher in confidence tend to engage in more aggressive behaviors [73]. Furthermore, some of

these rhesus macaque personality dimensions are associated with lifetime injury incidence

[74] and well-being [53].

Subjective well-being has been reported as a valid measure in a variety of nonhuman pri-

mate species [30,75–79]. In studies of nonhuman animal subjective well-being, human raters
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are asked how often each animal is happy, how satisfied each animal is with their social rela-

tionships, how successful each animal is in achieving their goals, and to imagine how happy

they would be if they were that animal for a week [80]. Such studies reveal that, in adult

macaques, much like in humans and chimpanzees, higher confidence and friendliness, and

lower anxiety are associated with higher subjective well-being [53]. However, we know little

about the early emergence of subjective well-being in infancy or how it may relate to other

dimensions of infant personality. Nor do we understand the extent to which these dimensions

may be adult-like, established early in development.

Infant macaque personality

A barrier to understanding personality development in infancy is the lack of well-established

measures. One approach involves placing infants into various situations (e.g., novel environ-

ment, person, or object), and measuring their behavioral and physiological reactions (e.g.,

stress-related behaviors, salivary cortisol). An example of this approach is the Brazelton

Newborn Behavioral Assessment Scale (NBAS), which is the most common measure of tem-

perament in human newborns and has also been adapted for macaque newborns (Infant

Behavioral Assessment Scale, IBAS; [81]). The IBAS focuses primarily on neurological devel-

opment, including sensory and motor abilities (e.g., reflexes, orienting). Similarly, the Biobe-

havioral Assessment (BBA) is designed to assess 3- to 4-month-old macaques’ behavioral and

physiological responses to a variety of stressors over a 48-hour period [63]. While these

approaches offer valuable insight into activity levels, irritability, and stress-related aspects of

infants’ development, there remains a need to better capture more positive types of traits, such

as infants’ curiosity, playfulness, and sociability. Both the IBAS and the BBA assessments are

also costly and labor-intensive, requiring animal handling by trained staff, as well as intensive

behavioral scoring by reliable observers.

An alternative method, which may give us a broader view of personality dimensions, is to

use caregiver surveys [62]. In humans, parental surveys capitalize on the fact that caregivers

have extensive observations of their infants across a wide variety of contexts and are therefore

one of the easiest, most reliable, and most predictive measures of temperament [82,83]. Simi-

larly, animal care technicians, who interact with individual animals daily over the course of

many months, and sometimes many years, have been shown to provide animal personality rat-

ings that are consistent across raters and over time [53, 67,77,84–87]. Early surveys of macaque

infant personality were developed prior to the human Five-Factor Model, which has expanded

our understanding of a wider variety of personality domains [87]. Previous studies, therefore,

may not have captured all of the dimensions of infant macaque personality [53].

Current study

In the current study, we examined personality in infant rhesus macaque monkeys raised in a

well-controlled, standardized, laboratory environment by human caretakers. This unique early

environment offered a degree of experimental control and standardization that enabled us to

observe natural variation in personality with limited environmental influences, a level of con-

trol impossible to achieve in human studies of personality and subjective well-being. We

explored whether caretakers—who were intricately familiar with each infant through daily

interactions since birth—could reliably rate infant macaque personality and subjective well-

being. We also examined whether there were personality dimensions in infant monkeys that

resemble those in adult monkeys (i.e., six component adult rhesus macaque structure: Table 1

in [53]). Finally, we tested whether infant personality dimensions are related to their well-

being.

Infant macaque personality and well-being
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Materials and methods

Ethics statement

This study was purely observational. The Eunice Kennedy Shriver National Institute of Child

Health and Human Development Animal Care and Use Committee approved all animal proce-

dures. We conducted the study in accordance with the Guide for the Care and Use of Labora-

tory Animals and complied with the Animal Welfare Act. During the course of this study,

infants were fed with Similac1 Advance1 (Abbott Laboratories) and, starting at 2 weeks old,

Purina Monkey chow (#5054). Additional food enrichment, including fruits, seeds, and nuts,

was introduced twice daily when infants were 2 months old. Water was available ad libitum.

Infants’ housing was enriched by an inanimate surrogate mother covered with fleece fabric as

well as blankets and various plastic and rubber toys, which were rotated daily. At the conclusion

of data collection for the current study, infants continued to be housed in the nursery as part of

ongoing, unrelated research studies until ca. 6–8 months of age, after which they were trans-

ferred to large peer groups. See [88] for further details on housing, enrichment, and feeding.

Subjects

We studied 55 healthy, full-term infant rhesus macaques (Macaca mulatta), including 29

females and 26 males born in four cohorts between April of 2013 and July of 2016: N = 18 (7

females) born in 2013, N = 10 (6 females) born in 2014, N = 16 (9 females) born in 2015, and

N = 11 (7 females) born in 2016. Infants were housed in the Animal Care Center at the Eunice
Kennedy Shriver National Institute of Child Health and Human Development, National Insti-

tutes of Health. Infants were rated when they were between 6.5 and 7.5 months old (196 to 225

days old; mean (SD) = 211 ± 9 days old). Infants were separated from their mothers on the day

of birth (typically by 8am) and reared in a nursery facility by human caretakers for ongoing,

unrelated research studies. Infants were housed in adjacent incubators (51 cm × 38 cm × 43 cm)

for the first 2 weeks of life and in larger cages (65 cm × 73 cm × 83 cm) thereafter. Human care-

takers were present for 13 hours each day and interacted with infants every 2 hours for feeding

and cleaning purposes. In both housing arrangements infants could see and hear other infants.

In the first 5 weeks after birth, infants were singly housed and raised identically. Once the

youngest infant reached 36 days of age, infants were placed into small, same-aged peer groups.

Infants were randomly assigned to one of two rearing conditions for unrelated research stud-

ies: low-socialization infants (N = 27) and high-socialization infants (N = 28). Low-socializa-

tion infants continued to be individually housed but assigned to playgroups composed of 3 to

4 peers and put together for 2 hours a day, 5 days a week. High-socialization infants were

raised in groups with 3 to 4 peers (for details: [88–90]). By 6 months of age, all infants had

extensive experience with same-aged conspecifics. Between 6–8 months old, all infants from

each year cohort were placed into one large peer group together with one adult male and sev-

eral mother-reared infants born the same year (for details see [91]). Therefore, rearing experi-

ences converged after this initial period of differential rearing.

We choose to assess personality and well-being in these infants while they were still in the

nursery setting, with one-on-one interactions occurring daily between animal care staff and

the infants. At the same time, we waited until infants were 7 months of to give the raters time

to get to know their individual personalities.

Measures

Each infant monkey’s personality and subjective well-being was rated by two to three of the

full-time animal care staff who worked with the animals. These six raters had observed and
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interacted with the infants since the day they were brought to the nursery. Raters were asked

to make their judgments on the basis of their own understanding of each trait and the descrip-

tions of each trait that were provided. They were instructed to use the monkey’s behaviors and

interactions with other monkeys to make their ratings, considering their understanding of typ-

ical monkey behavior, to decide if a particular monkey is above, below, or average for each

trait. In written and verbal instructions, each rater was instructed to keep their ratings private

and not discuss their ratings with the other raters. Infant macaques (N = 55) were rated when

they reached approximately 7 months of age by at least two raters (mean = 2.8 raters per sub-

ject; range 2 to 3 raters per subject). We collected data between November 2013 and February

2017. For the personality ratings, there were no missing items out of 8,316 items ratings; for

the subjective well-being ratings there were no missing items out of 616 item ratings.

Personality. We measured personality using the Hominoid Personality Questionnaire

(HPQ) [92], which is 54-item questionnaire where each item is made up of an adjective and

1–3 descriptive sentences. As an example, the item ‘gentle’ is presented as, “GENTLE: Subject

responds to others in an easy-going, kind, and considerate manner. Subject is not rough or

threatening.” Each item is followed by a 7-item Likert scale with answers ranging from 1

“Least: Displays either total absence or negligible amounts of the trait” to 7 “Most: Displays

extremely large amounts of the trait.” The HPQ can be downloaded from [93].

Subjective well-being. Each macaque was rated on subjective well-being, a four-item

questionnaire based on King and Landau’s questionnaire [80]. Using this questionnaire, raters

were asked to answer questions on how often each animal is happy, how successful each ani-

mal is in achieving their goals, to imagine how happy they would be if they were that animal

for a week, and to estimate how satisfied each animal is with their social relationships. Each

question is followed by a 7-item Likert scale with answers ranging from “Displays either total

absence or negligible amounts of the trait or state” to “Displays extremely large amounts of the

trait.” The subjective well-being questionnaire can be downloaded from [94].

Data analysis

All analyses were conducted using R, version 3.5.1 [95]. Principal components analyses and

parallel analysis were conducted using the psych package [96]. The R script is available in sup-

porting materials.

Item interrater reliabilities. We used two intraclass correlations (ICC) to estimate inter-

rater reliabilities among raters [97]. ICC(3,1) measures the reliability of individual ratings

whereas ICC(3,k) measures the reliability of average ratings across k raters.

Principal components analyses. After the ICCs were performed all data were averaged

across raters resulting in a single score for each animal, and these scores were used for all

remaining analyses. To examine the structure of infant macaque personality we used a princi-

pal component analysis (PCA). We determined the numbers of components to extract by

using a parallel analysis and examining the scree plot [98,99] using the fa.parallel function in

the ‘psych’ package [96]. We followed the comparative personality methods outlined by Robin-

son et al. [100] and discussion by Weiss [101] and calculated two additional structures, a struc-

ture with one less component than recommended by the parallel analysis and a structure with

one more component. We examined each structure with both varimax and promax rotations

of the structure(s); if the correlations in the promax rotation were relatively low (below

r = 0.40) then we used the varimax rotation.

Following this analysis, we next computed unit-weighted component scores [102], based on

the derived structures and the published adult six component structure [53] where a weight of

+1 was assigned to loadings that were greater or equal to .4 and a weight of -1 was assigned to

Infant macaque personality and well-being
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loadings that were equal to or less than -.4; all other loadings were assigned weights of 0. If an

item loaded at greater than or equal to |.4| on multiple components, then the item was assigned

to the component on which it loaded the highest. We performed a single PCA and followed

the statistical procedure to determine the structure derived from the four subjective well-being

items.

Component interrater reliabilities. To check interrater reliability at the component level,

we created unit-weighted component scores [102] of individual scores based on the results of

the PCA again using ICC(3,1) and ICC(3,k).

Pearson’s correlations. We ran two sets of Pearson’s correlations. We first tested for asso-

ciations between the infant macaque personality component scores and the previously pub-

lished adult macaque personality component scores [53]. This approach allowed us to

determine which structure most closely resembled the adult six component structure (Table 1

in [53]). In the second set of correlations, we tested for associations between the infant

macaque personality component scores and the infant macaque subjective well-being compo-

nent scores.

Results

Interrater reliabilities

Observers were found to agree on all four subjective well-being items and all but two HPQ

items (Table 1). For the subjective well-being items the mean ICC(3,1) was 0.45 (SD ± 0.08,

range = 0.34 to 0.52) and the ICC(3,k) was 0.69 (SD ± 0.07, range = 0.59 to 0.75). For the HPQ

items the mean ICC(3,1) was 0.32 (SD ± 0.17, range -0.14 to 0.66) and the ICC(3,k) was 0.52

(SD ± 0.25, range -0.52 to 0.85). We excluded the HPQ items for which observers were unreli-

able—unperceptive and imitative—from further analysis.

Principal components analyses

The parallel analysis and scree plot of the personality items suggested a five component struc-

ture (see Table 2), which accounted for 62% of total variance. The promax rotation (S1 Table)

showed relatively low correlations between components (highest correlation = 0.35; S2 Table)

therefore we decided to interpret the varimax rotated five component structure. We report the

promax rotated four, five, and six component structures in S1 Table; see S2 Table for the com-

ponent correlations. We report the varimax rotated four and six component structures in S3

Table. We also ran a factor analysis (see S4 Table) and compared the results to this structure

using a congruence test. We found the results of both tests to be virtually identical (congru-

ence = 1.00 across all corresponding components) and therefore continued with the PCA

approach to be consistent with the method used in Weiss [53]. For the suggested five compo-

nent structure the mean ICC(3,1) was 0.49 (SD ± 0.18, range 0.21 to 0.64) and ICC(3,k) was

0.71 (SD ± 0.17, range 0.42 to 0.83) (see S5 Table). The parallel analysis of the subjective well-

being items suggested a single component structure (see S6 Table).

For the five component varimax rotated infant structure, the first component was com-

prised of items relating to curiosity, activity, and innovation such as, inquisitive, playful, and

inventive; we named this component Openness. The second component was comprised of

items relating to dominance traits such as bullying, aggressive, defiant, and manipulative; we

named this component Assertiveness. The third component was comprised of items relating

to anxiety and vigilance such as fearful, timid, excitable, vulnerable, and anxious; we named

this component Anxiety. The fourth component was comprised of items relating to sociability

such as affectionate, sympathetic, helpful, and friendly; we named this component Friendli-

ness. The fifth component was comprised of items relating to decision making behavior such

Infant macaque personality and well-being
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Table 1. Interrater reliability of subjective well-being and hominoid personality questionnaire items.

Subjective Well-Being Item ICC(3,1) ICC(3,k)

Time animal is happy 0.52 0.75

Goal achievement 0.49 0.73

Happiness as animal 0.47 0.71

Social satisfaction 0.34 0.59

Subjective well-being average 0.45 0.69

Personality Item ICC(3,1) ICC(3,k)

Dominant 0.66 0.85

Timid 0.62 0.82

Submissive 0.61 0.82

Cautious 0.60 0.81

Aggressive 0.60 0.81

Bullying 0.56 0.78

Curious 0.54 0.77

Fearful 0.49 0.73

Playful 0.44 0.69

Inquisitive 0.44 0.69

Helpful 0.44 0.69

Anxious 0.44 0.68

Independent 0.43 0.68

Autistic 0.42 0.67

Active 0.42 0.67

Thoughtless 0.40 0.66

Stingy 0.40 0.65

Reckless 0.39 0.64

Individualistic 0.39 0.64

Persistent 0.38 0.63

Depressed 0.38 0.63

Affectionate 0.38 0.63

Manipulative 0.37 0.63

Cool 0.36 0.61

Stable 0.36 0.61

Impulsive 0.36 0.61

Solitary 0.33 0.58

Jealous 0.33 0.58

Vulnerable 0.33 0.58

Dependent 0.31 0.56

Sociable 0.31 0.56

Protective 0.29 0.54

Gentle 0.29 0.53

Distractible 0.28 0.53

Sympathetic 0.28 0.52

Friendly 0.27 0.51

Inventive 0.27 0.51

Lazy 0.26 0.50

Disorganized 0.23 0.46

Irritable 0.22 0.45

Decisive 0.21 0.42

(Continued)
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as intelligent, decisive, and predictable; as this dimension appeared to resemble orangutan

Intellect (Table 3 in [79]) rather than any one adult rhesus macaque dimension, we named this

component Intellect.

The four and six component structures accounted for 57% and 65% of total variance,

respectively. These structures resembled that of the five component with the primary exception

being the items that loaded onto Intellect. In the four component structure (S3 Table) four of

the intellect items (disorganized, excitable, intelligent, erratic) loaded onto the Anxiety compo-

nent with two items (predictable and clumsy) not loading onto any component. In the six

component structure three of the Intellect items (erratic, predictable, and clumsy) loaded onto

the fifth component, which we named Predictability. The two remaining Intellect items (deci-

sive and intelligent) loaded onto the sixth component, which we called Intellect. The promax

rotated four, five, and six component structures can be found in S1 Table; the varimax rotated

four and six component structures can be found in S3 Table.

All four subjective well-being items loaded onto a single component (S4 Table). This struc-

ture accounted for 69% of variance. This result matches the structure found in adult rhesus

macaques [53].

Pearson’s correlations

We tested for correlations between our infant macaque personality component scores and the

component scores based on the published adult macaque personality structure (see Table 3 in

[53]). Adult macaque Confidence was significantly correlated (ps < 0.05) with higher infant

Openness (rs� 0.65), higher infant Assertiveness (rs = 0.62), and lower infant Anxiety (rs�
-0.84) in the infant four, five, and six component structures and with higher infant Intellect

(r = 0.72) in the infant six component structure (Table 3). Adult macaque Openness was signif-

icantly correlated with higher infant Openness (rs� 0.94) in the four, five, and infant six com-

ponent structures and with lower infant Intellect (r = -0.50) in the infant five component

structure and lower infant Predictability in the infant six component structure (r = -0.47).

Adult macaque Assertiveness was correlated with higher infant Openness (rs� 0.52) and

Table 1. (Continued)

Conventional 0.20 0.42

Innovative 0.18 0.38

Defiant 0.17 0.37

Erratic 0.16 0.35

Intelligent 0.15 0.33

Clumsy 0.14 0.32

Excitable 0.14 0.31

Sensitive 0.07 0.18

Unemotional 0.07 0.17

Quitting 0.05 0.13

Predictable 0.01 0.04

Unperceptive -0.06 -0.18

Imitative -0.14 -0.52

Hominoid Personality Questionnaire average 0.32 0.52

Intraclass correlations (ICC) were based on 55 rhesus macaques, the number of raters (k) ranged between 2 and 3,

k = 2.8.

https://doi.org/10.1371/journal.pone.0226747.t001
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Table 2. Varimax rotated infant rhesus macaque structure.

Item Infant Macaque Components Corresponding Adult Component

Openness Assertiveness Anxious� Friendliness Intellect� h2

Curious 0.80 0.02 -0.18 0.17 -0.10 0.72 Openness +

Active 0.80 0.09 -0.02 -0.13 -0.09 0.68 Activity +

Inquisitive 0.78 -0.09 -0.23 0.10 -0.13 0.70 Openness +

Lazy -0.78 -0.01 -0.23 -0.02 -0.04 0.66 Activity -

Playful 0.76 0.20 -0.16 0.17 -0.04 0.67 Activity +

Impulsive 0.67 0.20 0.08 -0.19 -0.41 0.70 Openness +

Depressed -0.65 -0.08 0.27 -0.29 -0.13 0.60 Friendliness -

Reckless 0.63 0.39 -0.20 -0.02 -0.37 0.73 Dominant +

Distractible 0.62 -0.01 0.06 0.14 -0.51 0.68 Confidence -

Timid -0.62 -0.26 0.50 -0.10 0.18 0.74 Confidence -

Innovative 0.59 0.19 -0.08 0.01 0.16 0.42 Openness +

Inventive 0.58 0.20 -0.25 0.08 0.06 0.45 Openness +

Thoughtless 0.57 0.00 -0.02 0.16 -0.56 0.67 Openness +

Cautious -0.56 -0.36 0.36 -0.09 0.33 0.68 Confidence -

Persistent 0.54 0.51 -0.13 -0.16 -0.04 0.60 Friendliness +

Individualistic 0.47 0.22 0.21 -0.32 -0.21 0.47 Dominant +

Sensitive -0.37 -0.21 0.27 0.13 0.21 0.32 Friendliness +

Aggressive 0.08 0.88 -0.11 -0.05 0.01 0.80 Dominant +

Bullying 0.09 0.87 -0.16 -0.03 0.02 0.79 Dominant +

Dominant 0.25 0.81 -0.23 0.03 0.14 0.78 Dominant +

Gentle -0.02 -0.75 -0.17 0.27 0.08 0.66 Dominant -

Defiant 0.21 0.72 -0.04 0.11 -0.31 0.68 Dominant +

Stingy 0.16 0.72 -0.01 -0.07 -0.03 0.55 Dominant +

Submissive -0.20 -0.72 0.40 0.06 -0.15 0.74 Confidence -

Manipulative 0.00 0.67 -0.09 0.20 0.11 0.51 Dominant +

Jealous 0.06 0.64 0.14 0.02 -0.14 0.45 Anxious +

Irritable -0.48 0.59 0.17 -0.20 -0.22 0.69 Dominant +

Quitting -0.19 -0.36 0.04 0.07 -0.13 0.19 Anxious +

Conventional -0.34 -0.36 -0.29 0.30 0.29 0.50 Activity -

Cool 0.18 -0.03 -0.79 0.15 0.22 0.73 Anxious -

Stable 0.25 0.03 -0.77 0.19 0.09 0.70 Confidence +

Unemotional -0.09 0.01 -0.71 0.01 -0.04 0.51 Anxious -

Anxious -0.46 -0.12 0.68 -0.24 -0.08 0.75 Anxious +

Fearful -0.52 -0.14 0.65 -0.13 0.11 0.75 Confidence -

Excitable 0.18 0.06 0.65 0.02 -0.26 0.53 Dominant +

Autistic -0.13 -0.07 0.60 -0.18 -0.15 0.43 N/A

Vulnerable -0.09 -0.50 0.59 0.11 -0.10 0.63 Confidence -

Affectionate 0.13 -0.13 -0.15 0.81 -0.09 0.73 Friendliness +

Helpful 0.21 -0.14 -0.36 0.71 -0.13 0.72 Friendliness +

Sympathetic 0.13 -0.27 -0.11 0.70 -0.03 0.60 Friendliness +

Protective 0.00 0.28 -0.20 0.66 -0.01 0.55 Friendliness +

Sociable 0.57 0.04 -0.15 0.64 -0.04 0.75 Friendliness +

Independent 0.29 0.06 -0.50 -0.62 0.03 0.72 Dominant +

Dependent -0.32 -0.06 0.34 0.59 -0.08 0.58 Confidence -

Solitary -0.47 -0.26 0.01 -0.54 0.01 0.58 Friendliness -

Friendly 0.39 -0.45 -0.27 0.51 -0.08 0.69 Friendliness +

(Continued)
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higher infant Assertiveness (rs = 0.97) in the infant four, five, and six component structures

and higher infant Intellect (r = 0.53) in the infant six component structure. Adult macaque

Friendliness was significantly correlated with higher infant Openness (rs� 0.52) and infant

Friendliness (rs� 0.80) and lower infant Anxiety (rs� -0.59) in the four, five, and six compo-

nent structures. Adult macaque Activity was significantly correlated with higher infant Open-

ness (rs� 0.90) and infant Assertiveness (rs = 0.44) in the infant four, five, and six component

Table 2. (Continued)

Item Infant Macaque Components Corresponding Adult Component

Openness Assertiveness Anxious� Friendliness Intellect� h2

Decisive 0.02 0.19 -0.22 -0.19 0.73 0.65 Friendliness +

Intelligent 0.24 0.17 -0.17 -0.11 0.68 0.58 Friendliness +

Disorganized 0.46 0.00 0.08 0.12 -0.67 0.69 Confidence -

Clumsy 0.02 0.02 -0.02 0.03 -0.59 0.35 Activity -

Erratic 0.20 0.33 0.19 -0.21 -0.53 0.52 Anxious +

Predictable -0.23 -0.34 -0.17 0.16 0.45 0.43 Activity -

Proportion of variance 0.19 0.15 -0.11 0.09 0.08

N = 55. Salient loadings are in boldface.

�Indicates a component that has been reflected;
+ indicates a positive loading and
- indicates a negative loading with the corresponding adult personality component (if there is one).

N/A indicates the infant item has no corresponding adult structure component.

https://doi.org/10.1371/journal.pone.0226747.t002

Table 3. Pearson correlations for infant personality components based on the six component adult personality structure (from [53]).

Infant Structure Adult Structure

Confidence Openness Assertiveness Friendliness Activity Anxiety

Four Component

Openness 0.67 [0.50,0.80] 0.95 [0.91,0.97] 0.52 [0.30,0.69] 0.52 [0.30,0.69] 0.90 [0.83,0.94] -0.33 [-0.55,-0.08]

Assertiveness 0.62 [0.42,0.76] 0.23 [-0.04,0.46] 0.97 [0.94,0.98] 0.15 [-0.12,0.40] 0.44 [0.20,0.63] -0.02 [-0.29,0.24]

Anxiety -0.84 [-0.90,-0.74] -0.25 [-0.48,0.02] -0.30 [-0.52,-0.04] -0.59 [-0.74,-0.38] -0.19 [-0.44,0.08] 0.88 [0.80,0.93]

Friendliness 0.02 [-0.25,0.28] 0.22 [-0.04,0.46] -0.21 [-0.45,0.06] 0.84 [0.74,0.90] 0.02 [-0.24,0.29] -0.32 [-0.54,-0.06]

Five Component

Openness 0.66 [0.48,0.79] 0.95 [0.91,0.97] 0.53 [0.31,0.70] 0.52 [0.30,0.69] 0.91 [0.84,0.94] -0.32 [-0.54,-0.06]

Assertiveness 0.62 [0.42,0.76] 0.23 [-0.04,0.46] 0.97 [0.94,0.98] 0.15 [-0.12,0.40] 0.44 [0.20,0.63] -0.02 [-0.29,0.24]

Anxiety -0.88 [-0.93,-0.80] -0.42 [-0.62,-0.17] -0.33 [-0.55,-0.07] -0.64 [-0.78,-0.46] -0.35 [-0.56,-0.09] 0.85 [0.75,0.91]

Friendliness 0.02 [-0.25,0.28] 0.22 [-0.04,0.46] -0.21 [-0.45,0.06] 0.84 [0.74,0.90] 0.02 [-0.24,0.29] -0.32 [-0.54,-0.06]

Intellect 0.13 [-0.14,0.38] -0.50 [-0.68,-0.27] -0.10 [-0.36,0.17] 0.02 [-0.25,0.28] -0.48 [-0.66,-0.24] -0.45 [-0.64,-0.21]

Six Component

Openness 0.65 [0.46,0.78] 0.94 [0.90,0.96] 0.53 [0.31,0.70] 0.54 [0.32,0.70] 0.90 [0.84,0.94] -0.30 [-0.53,-0.04]

Assertiveness 0.62 [0.42,0.76] 0.23 [-0.04,0.46] 0.97 [0.94,0.98] 0.15 [-0.12,0.40] 0.44 [0.20,0.63] -0.02 [-0.29,0.24]

Anxiety -0.88 [-0.93,-0.80] -0.42 [-0.62,-0.17 -0.33 [-0.55,-0.07] -0.64 [-0.78,-0.46] -0.35 [-0.56,-0.09] 0.85 [0.75,0.91]

Friendliness -0.05 [-0.32,0.21] 0.17 [-0.10,0.42] -0.30 [-0.52,-0.03] 0.80 [0.67,0.88] -0.06 [-0.32,0.21] -0.30 [-0.52,-0.04]

Predictability -0.12 [-0.38,0.15] -0.47 [-0.65,-0.23] -0.32 [-0.54,-0.06] 0.01 [-0.25,0.28] -0.54 [-0.71,-0.32] -0.35 [-0.56,-0.09]

Intellect 0.72 [0.57,0.83] 0.33 [0.06,0.54] 0.53 [0.31,0.70] 0.24 [-0.03,0.48] 0.40 [0.15,0.60] -0.50 [-0.67,-0.27]

Correlated are reported for infant macaque four, five, and six component personality structures. N = 55. Boldface correlations are statistically significant (ps < 0.05), and

95% confidence intervals are in brackets.

https://doi.org/10.1371/journal.pone.0226747.t003
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structures and lower Intellect (r = -0.48) in the infant five component structure and lower

Predictability (r = -0.54) in the infant six component structure. Adult macaque Anxiety was

significantly correlated with higher infant Anxiety (rs� 0.85) in the infant four, five, and six

component structures, lower Intellect (r� -0.45) in the infant five and six component

structures.

The subjective well-being component was significantly correlated with higher infant Open-

ness (rs� 0.71) and Assertiveness (r = 0.44) and lower infant Anxiety (rs� -0.74) in the infant

macaque four, five, and six component structures, ps < .05 (Table 4). Infant subjective well-

being also positively correlated with adult Confidence (r = 0.78), Openness (r = 0.59), Asser-

tiveness (r = 0.45), Friendliness (r = 0.69), and Activity (r = 0.60), and negatively correlated

with adult Anxiety (r = -0.65) on the adult macaque six component structure.

Discussion

We tested whether adult-like personality factors are already present in infancy in rhesus

macaque monkeys. We found infant macaques have a five component personality structure,

based on caregiver ratings of 52 traits that observers showed agreement on: Openness (e.g.,

Table 4. Pearson correlation of subjective well-being and infant and adult personality structures.

Structure SWB component

SWB 95% CI

Infant

Four Component

Openness 0.72 [0.56,0.83]

Assertiveness 0.44 [0.20,0.63]

Anxiety -0.74 [-0.84,-0.58]

Friendliness 0.33 [0.08,0.55]

Five Component

Openness 0.71 [0.55,0.82]

Assertiveness 0.44 [0.20,0.63]

Anxiety -0.80 [-0.88,-0.68]

Friendliness 0.33 [0.08,0.55]

Intellect 0.05 [-0.21,0.31]

Six Component

Openness 0.71 [0.54,0.82]

Assertiveness 0.44 [0.20,0.63]

Anxiety -0.80 [-0.88,-0.68]

Friendliness 0.26 [-0.00,0.49]

Predictability -0.01 [-0.28,0.26]

Intellect 0.50 [0.27,0.68]

Adult

Confidence 0.78 [0.72,0.90]

Openness 0.59 [0.39,0.74]

Assertiveness 0.45 [0.22,0.65]

Friendliness 0.69 [0.50,0.80]

Activity 0.60 [0.39,0.74]

Anxiety -0.65 [-0.80,-0.51]

N = 55. Boldface correlations are significant at p< 0.05; subjective well-being (SWB) 95% confidence intervals (CI)

are reported in brackets.

https://doi.org/10.1371/journal.pone.0226747.t004
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curiosity, inquisitive, playfulness), Assertiveness (e.g., dominance, bullying, aggressive), Anxi-

ety (e.g., vigilance, fearful), Friendliness (e.g., sociable, affectionate, sympathetic), and Intellect

(e.g., intelligent, decisive). These components are largely analogous to the six components in

adult macaques—Openness, Assertiveness, Anxiety, Friendliness, Confidence, and Activity—

although we also found some differences between adult and infant personality. These compo-

nents in infant macaques are also similar to those reported in human children as young as 2 to

3 years of age, described as the “Little Six”: Openness, Agreeableness, Neuroticism, Extraver-

sion, Conscientiousness, and Activity [36,40,41]. Furthermore, we found links between per-

sonality and well-being: Infants’ subjective well-being positively correlated with Openness and

Assertiveness and negatively correlated with Anxiety, similar to findings in adult macaques

[53]. These findings suggest stable structural personality components within this species.

Interrater reliabilities of personality and subjective well-being

We found that all but two of the 54 HPQ items (unperceptive and imitative) and all four of the

subjective well-being items were reliable among raters. Observers were not reliable on ratings

of the item unperceptive, similar to results of observer ratings of adult macaques [53]. Previous

studies reported that traits related to Extraversion have the highest levels of interrater agree-

ment in both humans and animals, while traits related to Neuroticism have high levels of

agreement in animals, but not humans, and traits related to agreeableness have the lowest lev-

els of interrater agreement in both humans and animals [49]. For subjective well-being, our

interrater reliabilities were also excellent, and comparable to those reported in adult macaques

[53]. Together, these findings suggest that observers agreed on their ratings of infant macaque

personality and well-being.

Personality component structures in infant macaques

The five personality constructs we found in infant macaques—Openness, Assertiveness, Anxi-

ety, Friendliness, and Intellect—appear similar to those reported in adult macaques [53], as

well as other nonhuman primates [67,69,78,79,103] and human children [36,40,41]. Next, we

outline each personality component that we detected in infant macaques and consider the sim-

ilarities in these components with age and across species.

Infant macaques exhibit a component, which we call Openness, which may be similar to

Surgency/Extraversion temperament structure reported in human infants and adult macaques,

which refers to infants’ tendency to exhibit energetic activity, positive affect, and high intensity

pleasure [50], sometimes referred to as Surgency/Sociability (vs. Shyness/Inhibition) in chil-

dren [41,104–106]. This component may be similar to the Openness component reported in

2- to 3-year-old children, which includes curiosity and exploring, love of learning, and interest

in experiencing new things [36,40,41]. In adult macaques, higher levels of Openness are associ-

ated with better cognitive performance [107], so this may be an interesting personality compo-

nent to study developmentally as it relates to learning.

Infant Assertiveness seems to mirror adult Assertiveness [53]. We decided to name this

infant component Assertiveness, rather than Dominance, to avoid confusion with hierarchical

dominance. Given the strict dominance hierarchy that rhesus macaques live in [108], it is

unsurprising that traits relating to these behaviors would show up in infancy. Similar individ-

ual differences in aggressiveness have been reported in human infants and preschoolers,

described as being low in Agreeableness, and high levels are sometimes described as having a

“difficult temperament” (for a review, see [109]). In macaques, higher levels of assertiveness

are associated with social success [110] and visible in facial morphology as a social signal [111],

so it may be important to study this personality component in relation to the development of
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social behaviors and skills. While the infant macaques in the present study were separated

from their mothers, disrupting the usual rank inheritance transfer through social experiences

[110,112], we still found this to be a distinct component, underscoring its potential

importance.

Both infants and adults have a similar Anxiety component [53]. The Anxiety component

we found here may be similar to the Negative Affectivity temperament structure reported in

human and macaque newborns, which reflects an infant’s tendency to experience negative

emotions and distress [50]. Infant macaque Anxiety may also be similar to the Neuroticism

component reported in human infants [36,40,41], and similar to Fearfulness in adult macaques

[113]. In fact, in macaques, Fearfulness is reported to be one of the most stable personality

traits across the first 7 years of life [113]. Higher levels of neuroticism are linked to a range of

poor health outcomes, so a better understanding of its developmental origins is of significant

clinical relevance (for a review, see [114]).

In macaques, both infants and adults have a component called Friendliness [53]. This per-

sonality component appears to be similar to the Sociability dimension reported in adult

macaques, associated with being affiliative, warm, and less solitary [115], and the Extraversion

component reported in human 2- to 3-year-olds [2,41,104–106]. Sociality is a core individual

difference in primates, reported across a wide range of species [53,59,68]. Although we did not

test for sex differences in Friendliness in the present study, sex differences in social behaviors

are reported in both human and macaques, with females generally showing higher levels of

social interest than males already in early infancy [88]. Understanding the causes and conse-

quences of infants with low levels of sociability may help with the development of animal mod-

els to study developmental disorders, especially those that disproportionately affect males,

such as autism [116,117].

We also found a dimension in infant macaques that was not apparent in adults: Intellect.

The infant macaque Intellect component included items related to intelligence, such as being

more thoughtful and more decisive, while being less distractible and less clumsy. In adult

macaques, the items on this component load across Friendliness, Confidence, Activity, and

Anxiety. Instead, this component appears to more closely resemble orangutan Intellect, with

which it shares four of its six items [79]. Our findings suggest that this component—Intellect

—may not be species-specific, found only in orangutans [80], but may be shared with other

primates, at least at some points in development. This Intellect component also shares some

similarities with the human toddler dimension Conscientiousness, which includes thoughtful-

ness, attentiveness, concentration, and planning [41]. Self-regulation, in particular, appears to

be a core component of Conscientiousness in human children [118].

In the six component structure we found the items in the Intellect component from the five

component structure were split into two components that were comprised of items relating to:

(1) a Predictability component (predictable, not erratic, and not clumsy), and (2) an Intellect

component (intelligent, organized). While we did not find Predictability in the five component

structure, it did appear in the six component structure, suggesting that it may be an emerging

component of personality, but may not be as stable as the other components at this age.

The current study offers novel insights into human infant personality and well-being and

highlights future directions for research in human infants. Our findings in macaques suggest

that there may already be well-established adult-like dimensions of personality detectable in

infancy through caregiver report. To our knowledge, no studies, to date, have attempted to

measure human adult personality (i.e., the “Big Five”) in human infants, despite reports of sim-

ilar dimensions (i.e., the “Little Six”) in toddlers and young children (2 to 5 years of age)

[36,40,41]. It may therefore be worthwhile to explore whether such personality components

may be detected earlier in human infants as well. Such research may help to bridge the gap
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between studies of infant temperament and studies of adult personality [41], which have his-

torically relied on different instruments.

Subjective well-being in infant macaques

We found that all four subjective well-being items loaded onto a single component, similar to

adult macaques [53], orangutans [79], Western lowland gorillas [78], chimpanzees [80], and

brown capuchins [76]. We also found that infant macaque subjective well-being positively cor-

related with Openness, Assertiveness (Dominance), and Friendliness, and negatively corre-

lated with Anxiety. In adult macaques, higher confidence and friendliness, and lower anxiety

are associated with higher subjective well-being [53], and similar patterns have been reported

in chimpanzees [30], and humans [119]. In human adults, individuals who report higher levels

of subjective well-being also tend to be lower in Neuroticism (associated with anxiety) and

higher in Extraversion (associated with friendliness) [120]. These results suggest that well-

being may be related to personality in similar ways across the lifespan and across primate

species.

There are not yet well-established measures of human infant subjective-well being. The

measure of subjective well-being used here may be adapted for use with human infants, and

offers a number of advantages over previous measures. For example, in addition to including

questions about positive emotions, this measure also includes questions about goal-achieve-

ment (“Estimate, for your infant, the extent to which he/she is effective or successful in achiev-

ing his/her goals or wishes”), infants’ experiences of social interactions (“Estimate the extent to

which social interactions with other people are satisfying, enjoyable experiences as opposed to

being a source of fright, distress, frustration, or some other negative experience”), and asks rat-

ers to imagine themselves as the infant (“Imagine how happy you would be if you were your

infant for a week. You would be exactly like your infant. You would behave the same way as

your infant, would perceive the world the same way as your infant, and would feel things the

same way as your infant.”). This measure of well-being may be adapted for use with human

infants and validated through comparisons with other similar measures, such as parent sur-

vey-based measures of infant positive affect [10, 11] and by comparing directly with infant

behaviors (e.g., smiles, laughter, positive vocalizations). Validating a measure of subjective

well-being in human infants could facilitate studies of the early developmental emergence of

this construct, its stability across the lifespan, test potential associations between parent and

infant well-being before and after birth, and associations between infant subjective well-being

and personality. Recent studies on human infant subjective well-being report that parents’ rat-

ings of infant positive, but not negative affect, predict adult life satisfaction [10] as well as cog-

nition in childhood and educational attainment in adulthood [121]. These studies suggest that

subjective well-being in infancy may lay the foundation for later success in across numerous

domains.

Limitations and future directions

A limitation of the present study is that it included a relatively small sample of infant macaques

reared in a neonatal nursery by humans. Future studies are needed to expand this research to

larger and more diverse populations, including those socially reared in laboratories, zoos, field

stations, the wild, and other contexts, to test the generalizability of these findings. At the same

time, this nursery rearing is a strength of the current study because, despite being raised in

nearly identical environments, we still found six different personality dimensions and varia-

tion among individuals in these dimensions. In addition, the infants in the current study grew

up in very different environments relative to those of previous studies in wild populations
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(Weiss et al., 2011), and yet our findings are largely similar. Together, these findings suggest

that individual differences in these personality factors are unlikely to be exclusively due to vari-

ation in infants’ postnatal environments, but rather, are more likely due (at least in part) to dif-

ferences in infants’ prenatal environment and/or genetics. The present study, therefore, offers

fundamental insight about personality development, revealing its early ontogenetic roots.

The present study is also limited in that we only focused on one age group using a cross-sec-

tional approach. Infant macaques at 7 months old are approximately equivalent to 2-year-old

human infants, given that they are estimated to develop roughly four times faster than human

infants, in their cognitive and brain development [122,123]. Given how little is know about

infant personality development, both in human and nonhuman primates, future studies are

needed in both younger and older infant macaques to determine how personality emerges.

Studies in nonhuman primate infants will be instrumental in uncovering how infant tempera-

ment interacts with the early environment to shape development over time [124]. In addition,

comparative studies exploring personality changes with age will be fruitful. For example, one

study found chimpanzees and humans showed remarkable similarities in changes to their per-

sonality dimensions across the lifespan, from adolescence into adulthood [84]. Ideally, in

future work, researchers could follow infants longitudinally and repeatedly sample their per-

sonality as they grow up, into adulthood, to better capture from birth through adulthood,

across the lifespan, to further test the developmental stability of these dimensions [113]. A bet-

ter understanding of infant primate personality may enable us to better identify infants who

are outliers in specific traits associated with developmental disabilities (e.g., [125]), which may

enable better animal models of human disabilities [117]. Through better understanding the

development of personality, we may be able to enhance infants’ development by pre-screening

them to identify infants at risk of developing problems and helping them overcome tempera-

ment-related challenges, and by training caregivers to better align their responses to fit each

child’s characteristics [7,8,126].

Conclusions

Our findings suggest that, in macaques, infant personality dimensions may be conceptually

related to adult personality. Given that infant macaque are a popular model of human develop-

ment, it is critical to understand the ways in which macaque personality may be similar to, or

different from, that in humans. Further research is necessary to explore the antecedents, pre-

dictive validity, and stability of these personality components across situations and with devel-

opment. Animal studies of personality can bring unique insights to the biological mechanisms

that underlie personality development, including their causes and developmental plasticity.

Considering that macaque infants are often studied as a model of human infant development,

it is critical to understand the ways in which macaque infants may be similar to, or different

from, human infants, in terms of personality. Nonhuman primate models of infant develop-

ment offer unique insights about the development of personality and subjective well-being,

widening our view of individual differences and their early emergence.
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48. Úbeda Y, Ortı́n S, St Leger J, Llorente M, Almunia J. Personality in captive killer whales (Orcinus

orca): A rating approach based on the five-factor model. J Comp Psychol. 2019; 133(2):252–261.

https://doi.org/10.1037/com0000146 PMID: 30431295

49. Gosling SD. From mice to men: What can we learn about personality from animal research? Psychol

Bull. 2001; 127(1):45–86. https://doi.org/10.1037/0033-2909.127.1.45 PMID: 11271756

50. Kay DB, Marsiske M, Suomi SJ, Higley JD. Exploratory factor analysis of human infant temperament

in the rhesus monkey. Infant Behav Dev. 2010; 33(1):111–114. https://doi.org/10.1016/j.infbeh.2009.

11.005 PMID: 20036777

51. Vazire S, Gosling SD. Bridging psychology and biology with animal research. Am Psychol. 2003;

58(5):407–408. https://doi.org/10.1037/0003-066x.58.5.407 PMID: 12971088

52. Koski SE. How to measure animal personality and why does it matter? Integrating the psychological

and biological approaches to animal personality. In: Nakagawa N, Makamichi M, Sugiura H, editors.

From genes to animal behavior. Tokyo: Springer; 2011. pp. 115–136.

53. Weiss A, Adams MJ, Widdig A, Gerald MS. Rhesus macaques (Macaca mulatta) as living fossils of

hominoid personality and subjective well-being. J Compar Psychol. 2011; 125:72–83. https://doi.org/

10.1037/a0021187 PMID: 21341912

54. Putnam SP. Stability and instability of childhood traits: Implications for personality development of ani-

mals. Dev Psychobiol. 2011; 53(6):510–520. https://doi.org/10.1002/dev.20578 PMID: 21866538

55. Coe CL, Lubach GR, Crispen HR, Shirtcliff EA, Schneider ML. Challenges to maternal wellbeing dur-

ing pregnancy impact temperament, attention, and neuromotor responses in the infant rhesus mon-

key. Dev Psychobiol. 2010; 52(7):625–637. https://doi.org/10.1002/dev.20489 PMID: 20882585

56. Kinnally EL, Capitanio JP. Paternal early experiences influence infant development through non-social

mechanisms in Rhesus Macaques. Front in Zoology. 2015; 12(1):S14. https://doi.org/10.1186/1742-

9994-12-S1-S14 PMID: 26816514

57. Kinnally EL, Gonzalez MN, Capitanio JP. Paternal line effects of early experiences persist across

three generations in rhesus macaques. Dev Psychobiol. 2018; 60(8):879–888. https://doi.org/10.

1002/dev.21771 PMID: 30103289

58. Kohn JN, Snyder-Mackler N, Barreiro LB, Johnson ZP, Tung J, Wilson ME. Dominance rank causally

affects personality and glucocorticoid regulation in female rhesus macaques. Psychoneuroendocrinol-

ogy. 2016; 74:179–188. https://doi.org/10.1016/j.psyneuen.2016.09.005 PMID: 27639059

59. von Borell CJ, Weiss A, Penke L. Developing individual differences in primate behavior: The role of

genes, environment, and their interplay. Behav Ecol & Sociobiol. 2019; 73(2):20. https://doi.org/10.

1007/s00265-019-2633-8

60. Brenning K, Soenens B, Mabbe E, Vansteenkiste M. Ups and downs in the joy of motherhood: Mater-

nal well-being as a function of psychological needs, personality, and infant temperament. J Happiness

Stud. 2019; 20(1):229–250. https://doi.org/10.1007/s10902-017-9936-0

61. Luoma I, Tamminen T, Kaukonen P, Laippala P, Puura K, Salmelin R, Almqvist F. Longitudinal study

of maternal depressive symptoms and child well-being. J Am Acad Child & Adol Psychiatry. 2001;

40(12):1367–1374. https://doi.org/10.1097/00004583-200112000-00006 PMID: 11765281

62. Freeman HD, Weiss A, Ross SR. Atypical early histories predict lower extraversion in captive chim-

panzees. Dev Psychobiol. 2016; 58(4):519–527. https://doi.org/10.1002/dev.21395 PMID: 26814701

63. Capitanio JP, Mason WA, Mendoza SP, DelRosso L, Roberts JA. Nursery rearing and biobehavioral

organization. In: Sackett GP, Ruppentahal GC, Elias K, editors. Nursery rearing of nonhuman pri-

mates in the 21st century. Boston: Springer; 2006. p. 191–214.

64. Adams M. J., Majolo B., Ostner J., Schülke O., De Marco A., Thierry B., . . . & Weiss A. Personality

structure and social style in macaques. J Pers Soc Psychol. 2015; 109(2):338–353. https://doi.org/10.

1037/pspp0000041 PMID: 26030054

65. Freeman HD, Gosling SD. Personality in nonhuman primates: A review and evaluation of past

research. Am J Primatol. 2010; 72(8):653–671. https://doi.org/10.1002/ajp.20833 PMID: 20568079

66. Latzman RD, Hecht LK, Freeman HD, Schapiro SJ, Hopkins WD. Neuroanatomical correlates of per-

sonality in chimpanzees (Pan troglodytes): Associations between personality and frontal cortex. Neu-

roImage. 2015; 123:63–71. https://doi.org/10.1016/j.neuroimage.2015.08.041 PMID: 26311604

Infant macaque personality and well-being

PLOS ONE | https://doi.org/10.1371/journal.pone.0226747 December 19, 2019 20 / 23

https://doi.org/10.1016/j.anbehav.2010.10.008
https://doi.org/10.1016/j.anbehav.2010.10.008
https://doi.org/10.1007/s00265-016-2084-4
https://doi.org/10.1007/s00265-016-2084-4
https://doi.org/10.1037/com0000146
http://www.ncbi.nlm.nih.gov/pubmed/30431295
https://doi.org/10.1037/0033-2909.127.1.45
http://www.ncbi.nlm.nih.gov/pubmed/11271756
https://doi.org/10.1016/j.infbeh.2009.11.005
https://doi.org/10.1016/j.infbeh.2009.11.005
http://www.ncbi.nlm.nih.gov/pubmed/20036777
https://doi.org/10.1037/0003-066x.58.5.407
http://www.ncbi.nlm.nih.gov/pubmed/12971088
https://doi.org/10.1037/a0021187
https://doi.org/10.1037/a0021187
http://www.ncbi.nlm.nih.gov/pubmed/21341912
https://doi.org/10.1002/dev.20578
http://www.ncbi.nlm.nih.gov/pubmed/21866538
https://doi.org/10.1002/dev.20489
http://www.ncbi.nlm.nih.gov/pubmed/20882585
https://doi.org/10.1186/1742-9994-12-S1-S14
https://doi.org/10.1186/1742-9994-12-S1-S14
http://www.ncbi.nlm.nih.gov/pubmed/26816514
https://doi.org/10.1002/dev.21771
https://doi.org/10.1002/dev.21771
http://www.ncbi.nlm.nih.gov/pubmed/30103289
https://doi.org/10.1016/j.psyneuen.2016.09.005
http://www.ncbi.nlm.nih.gov/pubmed/27639059
https://doi.org/10.1007/s00265-019-2633-8
https://doi.org/10.1007/s00265-019-2633-8
https://doi.org/10.1007/s10902-017-9936-0
https://doi.org/10.1097/00004583-200112000-00006
http://www.ncbi.nlm.nih.gov/pubmed/11765281
https://doi.org/10.1002/dev.21395
http://www.ncbi.nlm.nih.gov/pubmed/26814701
https://doi.org/10.1037/pspp0000041
https://doi.org/10.1037/pspp0000041
http://www.ncbi.nlm.nih.gov/pubmed/26030054
https://doi.org/10.1002/ajp.20833
http://www.ncbi.nlm.nih.gov/pubmed/20568079
https://doi.org/10.1016/j.neuroimage.2015.08.041
http://www.ncbi.nlm.nih.gov/pubmed/26311604
https://doi.org/10.1371/journal.pone.0226747


67. Morton FB, Lee PC, Buchanan-Smith HM, Brosnan SF, Thierry B, Paukner A, . . . Weiss A. (2013).

Personality structure in brown capuchin monkeys (Sapajus apella): Comparisons with chimpanzees

(Pan troglodytes), orangutans (Pongo spp.), and rhesus macaques (Macaca mulatta). J Comp Psy-

chol. 2013; 127(3):282–298. https://doi.org/10.1037/a0031723 PMID: 23668695

68. Weiss AA. human model for primate personality. Proc of the Roy Soc B: Biol Sci. 2017;

284(1864):20171129. https://doi.org/10.1098/rspb.2017.1129 PMID: 29021170

69. King JE, Figueredo AJ. The five-factor model plus dominance in chimpanzee personality. J Res Per-

sonal. 1997; 31(2):257–271. https://doi.org/10.1006/jrpe.1997.2179

70. Gosling SD, Vazire S. Are we barking up the right tree? Evaluating a comparative approach to person-

ality. J Res Personal. 2002; 36(6):607–614. https://doi.org/10.1016/S0092-6566(02)00511-1

71. Brent LJ, Semple S, MacLarnon A, Ruiz-Lambides A, Gonzalez-Martinez J, Platt ML. Personality traits

in rhesus macaques (Macaca mulatta) are heritable but do not predict reproductive output. Intern J Pri-

matol. 2014; 35(1):188–209. https://doi.org/10.1007/s10764-013-9724-6 PMID: 24659840

72. Papageorgiou KA, Ronald A. “He who sees things grow from the beginning will have the finest view of

them” a systematic review of genetic studies on psychological traits in infancy. Neurosci & Behav Rev.

2013; 37(8):1500–1517. https://doi.org/10.1016/j.neubiorev.2013.04.013 PMID: 23644044

73. Capitanio JP. Personality dimensions in adult male rhesus macaques: Prediction of behaviors across

time and situation. Am J Primatol. 1999; 47(4):299–320. https://doi.org/10.1002/(SICI)1098-2345

(1999)47:4<299::AID-AJP3>3.0.CO;2-P PMID: 10206208

74. Robinson LM, Coleman K, Capitanio JP, Gottlieb DH, Handel IG, Adams MJ, . . . & Weiss A. Rhesus

macaque personality, dominance, behavior, and health. Am J of Primatol. 2018; 80(2):e22739. https://

doi.org/10.1002/ajp.22739 PMID: 29457637

75. Inoue-Murayama M, Yokoyama C, Yamanashi Y, Weiss A. Common marmoset (Callithrix jacchus)

personality, subjective well-being, hair cortisol level and AVPR1a, OPRM1, and DAT genotypes. Sci

Rep. 2018; 8(1):10255. https://doi.org/10.1038/s41598-018-28112-7 PMID: 29980755

76. Robinson LM, Waran NK, Leach MC, Morton FB, Paukner A, Lonsdorf E, Handel I, Wilson VA, Bros-

nan SF, Weiss A. Happiness is positive welfare in brown capuchins (Sapajus apella). Applied Anim

Behav Sci. 2016; 181:145–151. https://doi.org/10.1016/j.applanim.2016.05.029
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