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Abstract  45 

Social attention is fundamental to a wide range of behaviours in non-human primates. 46 

However, we know very little about the heritability of social attention in non-human 47 

primates, and the heritability of attention to social threat has not been assessed. Here, we 48 

provide data to begin to fill this gap in knowledge. We tested 67 female rhesus macaques, 49 

Macaca mulatta, on an attention bias preferential looking task in which they viewed threat-50 

neutral face pairs. We recorded a number of looking time measures of social attention to 51 

conspecific faces, and attention to conspecific threat faces specifically. In addition, we 52 

recorded levels of vigilant scanning in the social group. We quantified heritability and 53 

maternal effects using pedigree information. Repeatabilities for social attention ranged 54 

from 11% - 25%. Repeatability for attention to threat faces was 16%, with zero repeatability 55 

for attention bias, calculated by subtracting duration of looking towards the neutral face 56 

from duration of looking towards the threat face (a common practice in the literature). 57 

Heritabilities for social attention were 8% - 14%, with maternal effects 6% - 11%. Heritability 58 

for attention to threat was 10%, with maternal effect 4%. This is the first study that we are 59 

aware of to test the heritability of attention to threat in a non-human primate. We discuss 60 

these findings in light of understanding mechanisms underlying social behaviour in primates, 61 

evolutionary pathways of social attention in humans, epidemiology of mental health issues 62 

such as anxiety, and potential for improving markers of animal emotion and wellbeing in 63 

captivity.  64 

 65 
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 68 

Introduction 69 

Social attention underpins a wide range of behaviour in human and non-human primates, 70 

allowing individuals to gain rich information about conspecifics – e.g. in relation to their 71 

identity, status, behaviour, emotional state and intentions – which then guides decisions 72 

about subsequent social interactions (Klein et al., 2009). The importance of social attention 73 

in primates’ lives is reflected in the expansion of the visual cortex in this lineage (Barton, 74 

1998) and by the existence of evolved brain mechanisms for processing social information 75 

(Chang et al., 2013), including areas specialised for processing faces (Adolphs et al., 1996, 76 

Chang et al., 2013) and for rapid assessment of threat (LeDoux, 1996). Studies with primates 77 

have demonstrated that patterns of social attention vary markedly between individuals 78 

(Bethell et al., 2012, Deaner et al., 2005, Watson et al., 2015), but the causes of such 79 

variation are not fully understood. Differences between individuals (‘personality’: Carter et 80 

al., 2013, Dall et al., 2012, Dall et al., 2004, Gosling & John, 1999) may be driven by genetic 81 

or environmental factors (Dingemanse et al., 2010, Nicolaus et al., 2012) and there is 82 

evidence that some of this variation is heritable ( Dochtermann et al. 2015; Drent et al. 83 

2003, Winney et al. 2018). 84 

 85 

Work on the heritability of social attention in non-human primates has mostly explored this 86 

phenomenon indirectly, for example through gene association studies (Coyne et al., 2015). A 87 

small but growing number of non-human primate studies have more directly quantified 88 

heritability of social attention by including measures of relatedness between individuals 89 

(e.g. Blomquist & Brent, 2014). However, most have not accounted for other potentially 90 
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confounding causes of variation such as maternal effects (Cheverud & Wolf, 2009, 91 

Maestripieri, 2009), and common environmental effects (Blomquist & Brent, 2014, Johnson 92 

et al., 2015,). Maternal effects are here defined as influence of the mother on the 93 

phenotype of the offspring - prenatal and/or postnatal - aside from those explained by 94 

inheritance of genetic material, for example through nutritional, behavioural and epigenetic 95 

means (Schroeder et al., 2012, Schroeder et al., 2015). In conjunction with the impact of 96 

sharing a common environment during the dependent phase, offspring behaviour might 97 

appear to result from heritability, but could also be attributed to maternal behaviour 98 

(Ainsworth & Bell, 1970, Maestripieri, 2009, Mandalaywala et al., 2014) or can magnify the 99 

apparent magnitude of the heritability that is present.   100 

 101 

Heritability of social attention in non-human primates has been little studied. Johnson et al 102 

(2015) recorded the time olive and yellow baboons, Papio anubis and P. cynocephalus, spent 103 

watching a human observer during a novel object test. Heritability of this behaviour was in 104 

the range 18%-38%, with significant effects of sex and age (females tended to be more 105 

watchful of the observer while age effects are not fully reported). Watson et al (2015) 106 

measured levels of vigilant scanning by rhesus macaques while drinking from a waterhole.  107 

Heritability for scanning was 12%, with significant effects of age and sex (lower vigilance in 108 

females and older monkeys). However, neither of these studies reported the contribution of 109 

environmental or (non-genetic) maternal effects. To understand more fully the mechanisms 110 

underpinning social attention in primates, it is important to explore the consistency 111 

(‘repeatability’), narrow-sense heritability (degree of behavioural expression that can be 112 
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accounted for by an individual’s genes) and influence of non-genetic (including maternal and 113 

other socio-environmental) effects on this behaviour. 114 

 115 

Here we addressed these goals, using data on general attention to social information and 116 

attention specifically to social threat, collected from group-housed female rhesus macaques 117 

Macaca mulatta for whom pedigree information was available. We recorded levels of 118 

vigilant scanning while the monkeys were freely interacting with conspecifics, and also 119 

measured patterns of attention in a preferential looking task, during which animals were 120 

shown pairs of conspecific faces (one with a threatening expression, the other a neutral 121 

expression: after Bethell et al., 2012). We tested the heritability of attention to social 122 

information by measuring the extent to which relatedness explains (a) variation between 123 

individuals in vigilant scanning rates, and (b) the total time spent looking towards pictures of 124 

conspecific faces during the preferential looking task. We tested the heritability of attention 125 

to social threat specifically, by measuring the extent to which relatedness explains, during 126 

the preferential looking task (a) the time spent looking towards the threat face only, and (b) 127 

the bias in attention bias towards to the threat face relative to the neutral face. Finally, we 128 

examined the extent to which any heritability may be explained by genetic and non-genetic 129 

effects by accounting for variance explained by mother identity, separately. Because the 130 

rhesus macaque is a female philopatric species with strong mother-daughter bonds, and 131 

due to the controlled environmental conditions of captive housing, we treat maternal and 132 

permanent environmental effects as a single ‘non-genetic’ factor labelled here as ‘maternal-133 

environmental’ effects.  134 

 135 
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 136 

Materials and Methods 137 

Animals and housing 138 

Data were collected from 67 adult female rhesus macaques (Macaca mulatta) housed at the 139 

Centre for Macaques, MRC Harwell Institute, UK (mean age on first day of testing: 8.8 years, 140 

range 2.5 – 18.3 years; Table S1). Monkeys were UK-bred from founders of Indian origin. 141 

Information about and a video of the facility can be seen at: 142 

https://www.mrc.ac.uk/research/facilities-and-resources-for-researchers/mrc-centre-for-143 

macaques/ and www.nc3rs.org.uk/macaques. Monkeys were housed in social breeding 144 

groups comprising 1 adult male and between 3–11 related females, plus infants and 145 

juveniles, following best practice guidelines (NC3Rs, 2006). Breeding groups had access to 146 

two home areas: a main home room (dimensions 8.04m long x 3.35m wide x 2.8m height) 147 

with an adjoining cage room (dimensions 6.12m long x 1.5m wide x 2.8m height); overall 148 

floor area 35.19m2, and total volume 98.54m3. The main room had a large shelf c. 2m above 149 

the ground and shelves at multiple heights. The floor was covered in deep bedding material, 150 

and hanging enrichment included ladders, hoses, tunnels, boxes, swings and visual barriers. 151 

The main room was also fitted with adjustable mirrors which the monkeys could control 152 

using a handle inside the main room which allowed them to look along the corridor outside 153 

their room. The cage room typically contained no enrichment devices and was designed so 154 

that staff could feed directly through the bars, and dividers could be used to separate off an 155 

individual for veterinary inspection if needed. The main room and cage room were 156 

connected by four hatches (one high, two medium and one low) which were kept open at all 157 

times during this study, and were only closed at other times during specific husbandry and 158 

https://www.mrc.ac.uk/research/facilities-and-resources-for-researchers/mrc-centre-for-macaques/
https://www.mrc.ac.uk/research/facilities-and-resources-for-researchers/mrc-centre-for-macaques/
http://www.nc3rs.org.uk/macaques
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veterinary protocols. For this study, monkeys were tested in the cage room and all 159 

individuals were free to come and go at all times (no dividers were used nor was any 160 

monkey separated for testing). For the largest group (n=21 adults, juveniles and infants) the 161 

two rooms provided c. 9m3 volume per adult which is above the minimum of 3.5m3 for 162 

breeding animals under the UK Home Office Code of Practice (HomeOffice, 2014). All other 163 

groups were smaller than this and so had more space per individual. Monkeys were fed a 164 

regular diet of primate pellets, and a forage mix and various fruit and vegetables which were 165 

scattered in the deep bedding to encourage natural foraging behaviour. Food and water 166 

were available ad libitum in the main room at all times. 167 

 168 

 169 

Pedigree 170 

Pedigree information was available from colony records managed by DF and CW. The full 171 

pedigree contained 597 individuals with a maximum depth of 7 generations. Pedigree 172 

information was processed in R version 3.4.3 (RCoreTeam, 2018) using the package 173 

MasterBayes (Hadfield et al., 2006). Summary statistics were calculated using the R package 174 

pedantics (Morrissey, 2014 ). The full pedigree and informative pedigree are presented in 175 

Supplementary materials (Figure S1). Mother identities were assigned from the pedigree. 176 

 177 

Life history measures 178 

For each female, life history information for three factors was collected through direct 179 

observation and from colony records (Table S1). Information was compiled for age on day of 180 

testing (mean=9.7 years, range 2.5 – 18.1), social rank (high n=27, middle n=27, low n=13) 181 
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and reproductive status (cycling, pregnant, nursing). We assigned social rank in discussion 182 

with facility staff based on our observations of which animals were most likely to attack or 183 

displace others from preferred locations or food sources. High rank was assigned to 184 

monkeys which displaced most others, low rank was assigned to monkeys who were most 185 

likely to be displaced, attacked or to avoid others, and those who were displaced by high 186 

ranked individuals but displaced low ranked individuals were assigned mid rank. 187 

Reproductive status was in some cases confirmed retrospectively from timings of births, 188 

assuming a gestation length of 167 days (Silk et al., 1993).  189 

 190 

Cognitive measures 191 

Attention to social information in general, and social threat specifically, was assessed using 192 

an attention bias preferential looking task (Bethell et al., 2012). Monkeys had previously 193 

been target-trained, using positive reinforcement, to sit next to individual ‘targets’ in the 194 

caged area adjacent to the main enclosure, as detailed in (Kemp et al., 2017). Whilst seated 195 

by their unique target, each monkey was familiarised with a freestanding apparatus 196 

consisting of two picture holders with occluders on a height-adjustable tripod, and with a 197 

digital video camera (Panasonic HCV520) positioned centrally between them. During the 198 

initial familiarisation monkeys were encouraged to look towards the apparatus by 199 

presenting food rewards centrally in front of the camera. Once oriented centrally, the 200 

occluders were manually opened via a sliding mechanism at the back of the apparatus to 201 

reveal two pictures which had been pre-loaded, one into each picture holder. Monkeys 202 

freely viewed the pictures for 3 seconds until the occluders were closed. During 203 
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familiarisation, pictures were of food items and conspecific infants, which were considered 204 

to be of interest to adult female macaques.  205 

 206 

During testing, monkeys underwent the same procedure except that pictures shown were of 207 

male conspecific faces (Figure 1) and the monkeys’ gaze towards the two images was filmed 208 

for each 3 second trial. Studies with humans most commonly use angry, disgust and pain 209 

facial expressions as social threat cues (Heathcote et al., 2015, Hommer et al., 2014, Pérez-210 

Edgar, 2010, Perez-Edgar et al., 2011, Schofield et al., 2013,). Here we used images of seven 211 

unknown male macaques taken during aggressive encounters and during resting states. 212 

Each picture pair contained one frontal view of the unfamiliar male macaque face with 213 

direct gaze and mouth open baring teeth in a tense, aggressive expression (threat face) and 214 

one frontal view of the same male with the eyes and mouth closed and face relaxed in a 215 

presumably neutral expression (neutral face). Pictures were cropped around the face and 216 

superimposed on a rectangular grey background. Within each picture pair faces were 217 

equated for luminance and contrast energy (full details given in Bethell et al., 2012). 218 

Location of the threat face on the left or right of the picture pair was counterbalanced 219 

across trials for each monkey. This counterbalancing allowed us to control for the enhanced 220 

processing of emotional information in the right hemisphere of the primate brain (i.e. for 221 

information presented to the left visual field: Adolphs et al. 1996) in our analyses.  222 

 223 

Monkeys took part in one cognitive trial per day for four consecutive days from Tuesday – 224 

Friday in a given week. As part of a larger study investigating the relationship between 225 

emotion state and attention to social threat, monkeys were tested during weeks in which 226 
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veterinary health checks took place (presumed to be stressful, referred to here as ‘stress’ 227 

condition), and weeks during which no presumed stressors occurred (referred to here as 228 

‘baseline’ condition). During baseline weeks, when unexpected disruptions occurred (e.g. a 229 

monkey had given birth, or a fight had occurred that morning) testing was delayed until the 230 

next available day; this is because we intended to conduct trials with monkeys in a 231 

presumed ‘non-stressed’ state. To control for these potential confounding factors we 232 

included condition as a control variable. As reproductive hormone levels may also affect 233 

patterns of social attention (Lacreuse & Herndon, 2003) we also included reproductive 234 

status as a control variable. 235 

 236 

 237 

Figure 1. A threat – neutral face pair 238 

 239 

Video was coded in JWatcher+ Video V1.0 (Blumstein et al., 2000). Two coders (CK and HT) 240 

blind coded video on a frame-by-frame basis for direction of eye gaze towards the left and 241 



11 
 

right picture locations during each trial. Coders achieved good agreement for coding a 242 

subsample of the videos (Cohen’s k=0.87). Once coded for direction of gaze on each frame, 243 

trials were matched with records for location of the threat face (left/right). Number of trials 244 

each monkey completed was recorded, as was time of day at which testing occurred. 245 

 246 

Behavioural observations 247 

In the afternoon following a monkey’s cognitive trial, her levels of vigilant scanning in the 248 

social group were recorded for 5 minutes using continuous focal animal sampling (Altmann, 249 

1974). We recorded duration of time engaged in vigilant scanning behaviour, defined here 250 

as ‘predominant behaviour is observing surrounding environment, moving the eyes and or 251 

head actively scanning surroundings’. We considered vigilant scanning to be a suitable proxy 252 

for social vigilance behaviour since social groups were generally highly socially active. 253 

 254 

Data preparation 255 

Five variables functioned as response measures. There were three measures of social 256 

attention. Duration of vigilant scanning in the social group (VIG), was recorded in 257 

seconds/min; duration of time looking at both face pictures during the preferential looking 258 

task (SOC), was recorded in ms per trial; and duration of time spent looking at faces 259 

presented in the left location (i.e. to the left visual field, LVF), was recorded in ms per trial.  260 

 261 
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There were two measures of attention to threat. Duration of time looking at the threat face 262 

(THREAT), was recorded in ms per trial. Attention bias for threat (BIAS), was calculated as 263 

[THREAT – NEUT] where NEUT was the time spent looking towards the neutral face during 264 

the trial, providing bias scores on a scale from -3000ms to 3000ms.  265 

 266 

We visually inspected plots of all response and predictor variables to check for a normal 267 

distribution using the R packages ‘tidyverse’ (Wickham, 2017) and ‘car’ (Fox & Weisberg, 268 

2011). We transformed variables where this improved the distribution. For the response 269 

variables, we square-root transformed THREAT and LVF. For the predictor variables time of 270 

day and trial number required log transformation. All covariates were then scaled to a mean 271 

of 0 and SD±1 to provide more comparable estimates (Aiken & West, 1991, Schielzeth, 2010). 272 

 273 

Statistical analysis 274 

Statistical analyses were performed in R v. 3.4.3 (RCoreTeam, 2018). We estimated additive 275 

genetic and maternal-environmental effects using  an ‘animal model’ (Falconer & Mackay, 276 

1995) with a Bayesian approach (Hadfield, 2010). The animal model is a generalised linear 277 

mixed model (GLMM) which includes the pedigree as a random effect. This allows 278 

heritability to be estimated and accounts for its effect on the statistical relationships being 279 

tested. Specifically, we first calculated repeatability (with individual monkey as a random 280 

effect) to establish how much variation in each attention measure was due to between-281 

individual differences. The proportion of variance explained by between-individual 282 

differences is the repeatability – typically considered the upper limit for heritability of a trait 283 
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(Lynch & Walsh, 1998). Therefore we subsequently only assessed heritability and maternal-284 

environmental effects for measures with a repeatability >0. We built an appropriate model 285 

using the function ‘lmer’ in the package ‘lme4’ (version 1.1-15; (Bates et al., 2015). We 286 

checked all potential predictor variables for autocorrelation. The three life-history variables 287 

(age, rank and reproductive status) showed no evidence of autocorrelation and were 288 

retained as fixed effects (all r<0.04).  289 

 290 

We controlled for experimental factors expected to contribute to within-individual variation 291 

in the measures of attention. Condition (baseline or stress) was included to account for the 292 

effects of current emotion state on attention to threat faces (Bethell et al., 2012). Time of 293 

day (recorded as 1-hour time blocks between 9am and 1pm) was included to control for 294 

possible influence of circadian rhythm on alertness (Foster & Kreitzman, 2014); and trial 295 

number (1-12) was included to control for habituation effects following repeated 296 

presentations of stimuli over time (Bethell et al., 2019). For analysis of data from the 297 

cognitive trials, side on which the threat face was shown (left or right) was included to 298 

control for left visual field priority of processing for emotional information. Stimulus ID 299 

(seven stimulus pairs were used) was included to account for variation in features of the 300 

stimulus monkeys’ faces that might influence attention (Waitt et al., 2003).  301 

 302 

Repeatability 303 

We ran GLMMs with measurements of the response variable with repeated observations 304 

within individuals, one model for each response variable, using the package MCMCglmm 305 
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(Hadfield, 2010). To estimate repeatability (R) for each response variable we modelled an 306 

identifier for each individual animal as a random factor on the intercept. We then calculated 307 

the repeatability as  308 

(1) R = VID/(VID+VR) 309 

 310 

where VID stands for the variance explained by between-individual differences, and VR for 311 

the residual variance. This approach is common in animal personality research (Nakagawa & 312 

Schielzeth 2010).  313 

 314 

Heritability and maternal effects 315 

For those traits in which we identified non-zero repeatability, we ran animal models to 316 

estimate additive genetic variance (VA), and maternal-environmental (VM) effects using the 317 

MCMCglmm package in R (Hadfield et al., 2006, Hadfield, 2010). Models were structured as 318 

for the repeatability, but we added additional random effects. Firstly, we included the 319 

inverse relatedness matrix calculated from the pedigree as a random effect to estimate 320 

additive genetic variance (VA) (Wilson et al. 2010). Secondly, we added maternal identity as 321 

a random effect to estimate maternal effects (VM). In these models (compared to the 322 

repeatability models above) variance component estimated by the individual identity was 323 

named VPE, because now this part only estimates the variance explained by permanent 324 

environment effects estimated through repeated measures on the individual, excluding any 325 

additive genetic effects (Kruuk & Hadfield 2007). Note that VPE also accounts for the 326 

pseudoreplication introduced by the repeated measures, and as such we always kept this 327 

parameter in the model. We calculated the heritability h2, the proportion of variance 328 
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explained by permanent environment PE, and the proportion of variance explained by 329 

maternal effects M of each behavioural trait as 330 

(2) h2 = VA/(VPE+VA+VM+VR) 331 

(3) PE = VPE/(VPE+VA+VM+VR) 332 

(4) M = VM/(VPE+VA+VM+VR). 333 

 334 

(Dochtermann et al., 2015) suggested that, to better understand the heritability of 335 

behavioural traits, any within-individual variance is not relevant as it is not informative for 336 

between-individual differences, which we are interested in. For transparency and to aid 337 

meta-analytic approaches, we present both types of quantitative genetic estimates. Hence, 338 

following Dochtermann et al. (2015), we also calculated the heritability of our looking 339 

measures treated as components of ‘personality’ differences by assessing the proportion of 340 

the variance due to between-individual differences (disregarding VR), and present the 341 

proportion of the repeatable variance in contrast to the total variance in equations 2-4 as:  342 

(5) hP
2 = VA/(VPE+VA+VM) 343 

(6) PEp = VPE/(VPE+VA+VM) 344 

(7) Mp = VM/(VPE+VA+VM) 345 

 346 

We fitted Bayesian GLMMs using the R package MCMCglmm (Hadfield 2010). We used 347 

default priors where possible, and if needed we used proper priors with a low degree of 348 

belief. We used visual inspection of plots of posteriors to ensure that the chain converged, 349 

and assured empirically that autocorrelation at the specified thinning interval was low (i.e. 350 

<0.1).  351 
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 352 

Ethical Statement 353 

This work was approved by the CFM Animal Welfare and Ethical Review Body and LJMU 354 

ethics panel approval #EB/2014-1. All research was carried out in accordance with ethical 355 

guidelines for work with non-human primates (NC3Rs, 2006) and reported following ARRIVE 356 

guidelines (Kilkenny et al., 2010). The general health of the animals was monitored daily by 357 

the care staff via visual checks, and annually with a full veterinary examination. If during the 358 

course of the project a researcher observed an injury or a concerning pattern of behaviour 359 

they reported their concerns to the CFM care staff promptly so that any necessary 360 

treatment could take place.   361 

 362 

 363 

Results 364 

Data summary 365 

Vigilant scanning 366 

Data on vigilant scanning in the social group were collected from 67 monkeys on 400 367 

occasions over a period of 15 months (mean = 7.01 observations per monkey, range 2-12). 368 

Monkeys spent an average of 26.65 seconds/minute engaged in vigilant scanning (range 0 –369 

59.60 seconds).  370 

 371 

Cognitive trials (SOC, LVF, THREAT and BIAS) 372 
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A total of 432 cognitive trials were completed by the 67 monkeys (mean = 8.27 trials, range 373 

4-12). We removed data related to cognitive trials as follows: trials involving monkeys which 374 

had given birth in the preceding 24 hours, or which had been injured in the last 48 hours 375 

(n=6 trials, 1.39% of the data); trials involving monkeys which had experienced a change in 376 

group structure in the preceding 7 days (n=15 trials, 3.47% of the data); trials that occurred 377 

within 24hours after room cleaning (n=10 trials, 2.31% of the data); and trials that occurred 378 

after 13:00hrs (n=29 trials, 6.71% of the data). We also removed data from 10 females 379 

which were moved to a non-breeding group at the start of the study period (n=72 trials, 380 

16.67%).  This resulted in 371 cognitive trials from 57 monkeys for inclusion in the analysis 381 

(mean = 6.50 trials per monkey, range 4-12). Model output for cognitive trials are given in 382 

Supplementary Table S2. 383 

 384 

Pedigree 385 

There were 144 individuals in the informative pedigree, with 49 unique mothers for 67 mon386 

keys (Figure S1). 387 

 388 

Repeatability 389 

Repeatabilities are shown in Table 1. Vigilant scanning in the social group was repeatable 390 

(VIG, R= 0.11), as was attention to social information during cognitive trials (SOC, R=0.25), 391 

duration of looking at faces presented in the left visual field (LVF, R=0.13), and time spent 392 

looking towards the threat face (THREAT, R=0.16). There was zero repeatability for attention 393 

bias score (BIAS, R=0.00).   394 
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Table 1. Repeatability (R), heritability (h2), and maternal-environmental effects (M) for behaviour (B) and personality (P) for the four measures 395 

of attention for social information and social threat with non-zero repeatability (95% Confidence Intervals shown in brackets). R: repeatability 396 

of behaviour within individuals; h2B: heritability of behaviour; MB: maternal effects on behaviour; h2P: heritability of personality; MP: maternal 397 

effects on personality. VIG: duration of vigilant scanning in the social group; SOC: duration of time looking at both faces; LVF duration of time 398 

looking at both faces when presented to the left visual field only; THREAT: duration of looking towards the threat face; BIAS: attention bias 399 

score calculated as [duration of looking towards threat face - duration of looking towards the neutral face]. *Confirmatory analyses revealed 400 

zero repeatability (R=0) for duration of looking at faces presented to the right visual field. ƗConfirmatory analysis revealed there was zero 401 

repeatability (R=0) for attention towards the NEUT face. 402 

 403 

 404 

  405 

Target of attention Response   

R  

(95CI) 

h2 

Behaviour  

MB 

Maternal effects on Behaviour  

h2 

Personality  

MP 

Maternal effect on Personality 

Social information 

 

VIG 

 

0.11 

(0.00-0.24) 

0.09 

(0.02–0.18) 

0.06 

(0.02 – 0.16) 

0.55 

(0.19-0.78) 

0.32 

(0.24-0.49) 

 

SOC 

 

0.25 

(0.13 - 0.38) 

0.14 

(0.04–0.26) 

0.11 

(0.02 - 0.23) 

0.59 

(0.17-0.83) 

0.38 

(0.08 - 0.61) 

 

LVF* 

 

0.13 

(0.06-0.26) 

0.08 

(0.02-0.18) 

0.10 

(0.02 – 0.20) 

0.23 

(0.08-0.60) 

0.38  

(0.11-0.64) 

Social threat 

 THREATƗ 

0.16 

(0.06–0.30) 

0.10 

(0.04 - 0.23) 

0.04 

(0.02-0.15) 

0.63 

(0.22-0.85) 

0.30 

(0.11 - 0.59) 
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Heritability and Maternal Effects  406 

Heritabilities and maternal-environmental effects for all measures with non-zero 407 

repeatability are shown in Table 1. Heritability for attention to social information (VIG, SOC 408 

and LVF) and social threat (THREAT) was present but low (VIG, h2 = 0.09; SOC, h2 = 0.14; LVF, 409 

h2=0.08; THREAT, h2 = 0.10). Maternal-environmental effects were of comparable 410 

magnitude to heritability for all four measures, with highly overlapping confidence intervals 411 

(VIG, MB = 0.06; SOC, MB = 0.11; LVF, MB =0.10; THREAT, MB = 0.04).  412 

 413 

 414 

Discussion 415 

We tested for heritability of, and maternal-environmental effects on, attention for social 416 

information in general, and social threat specifically, in adult female rhesus macaques. Using 417 

data on levels of vigilant scanning while animals were in their social group, and their 418 

duration of looking towards threat-neutral stimulus pairs presented during an attention bias 419 

preferential looking task, we found evidence that both attention for social information in 420 

general, and for social threat specifically, are heritable and also shaped by maternal-421 

environmental effects. These findings provide the first measures of both genetic and non-422 

genetic contributions to social attention in a non-human primate.  423 

 424 

The heritability of vigilant scanning in the social group in this study, at 9%, is slightly lower 425 

than, but generally consistent with values reported in the few other published findings on 426 

social attention within social groups: rhesus macaques – 12% (Watson et al., 2015); baboons 427 
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16-38% (Johnson et al., 2015). In both of these studies maternal and other permanent 428 

environmental effects were not directly accounted for in the analysis. Here we found that 429 

vigilant scanning was also partly explained by maternal-environmental effects, which 430 

accounted for 6% of the variability in this behaviour. Both genetic and non-genetic factors 431 

therefore influence vigilant scanning in the social group. We also found genetic and non-432 

genetic contributions to social attention in the attention bias preferential looking task - 433 

heritability and maternal-environmental effects being 14% and 11% respectively for 434 

attention to social stimuli overall, 8% and 10% for attention to social stimuli presented to 435 

the left visual field and 10% and 4% for attention to threat faces.  436 

 437 

Our findings contribute to a growing literature demonstrating heritability of social attention 438 

in non-human primates. Hopkins et al. (2014) assessed heritability of joint attention in 439 

chimpanzees (Pan troglodytes), finding this to be between 22%-25%, and more strongly 440 

heritable in males than females. Maternal effects were not tested in that study. Work with 441 

rhesus macaques highlights how important maternal effects are and their potential for 442 

interaction with genetics: Golub et al. (2012) tested infant male rhesus macaques between 3 443 

-14 months for the effect on several measures of social attention of MAOA genotype and 444 

iron deficiency in the mother’s diet during the third trimester. Offspring with the low-445 

expressing MAOA genotype whose mothers had the iron deficient diet showed the poorest 446 

level of emotion regulation; they were most vigilant towards video of aggressive 447 

conspecifics and exhibited the most fearful behaviours during a number of social response 448 

tests. Where data are available, the inclusion of mother identity in studies of heritability of 449 
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behavioural traits will help elucidate the relative contribution and interaction between 450 

genotype and environment.  451 

 452 

Repeatability values were slightly lower than, but broadly consistent with, the distribution 453 

of reported values for a wide range of behaviours in the animal behaviour literature (our 454 

range: 0.11-0.25; literature mean=0.37 and mode = 0.2, Bell et al., 2009). In their meta-455 

analysis of animal studies Bell et al (2009) found lower repeatability for behaviours expected 456 

to be flexible across contexts, for data collected in the laboratory compared to the field, and 457 

for measurements taken further apart in time. They found no relationship between number 458 

of repetitions of a measure and repeatability, although the majority of studies in the 459 

analysis used only a single or a few repeats of a measure. Our more conservative values for 460 

repeatability may be partly explained by our previous work showing attention for threat 461 

varies across contexts (Bethell et al., 2012), testing of animals in a captive environment, and 462 

the relatively large number of repeated trials (up to 11 repeats) spread across a 10 month 463 

period. 464 

 465 

There was zero repeatability in our study for attention bias for threat (BIAS). Looking time 466 

towards the threat face alone may therefore be a more reliable measure of threat bias than 467 

calculating difference scores, as is typical in the human literature (Bar-Haim et al., 2007) and 468 

seen in earlier attention bias studies with non-human primates (Bethell et al 2012; 469 

Mandalaywala et al. 2014). Indeed, a confirmatory check revealed there was zero 470 

repeatability for looking time towards the neutral face (NEUT: result not presented here), 471 

indicating that the calculation for BIAS diluted the repeatability for THREAT.  472 
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 473 

Our finding for non-heritability of attention bias for threat (BIAS) is in line with the few 474 

studies that have explored the heritability of attention bias for threat in humans, typically by 475 

comparing responses on cognitive tasks between monozygotic and dizygotic twins (Savage 476 

et al., 2017). These studies all found no evidence for heritability of attention bias for threat 477 

faces. For example, Rijsdijk et al. (2009) tested 125 pairs of female monozygotic and 478 

dizygotic twins on an emotion-face dot-probe study (Mogg & Bradley, 1999), in which 479 

threat-neutral face pairs were presented for 19ms (i.e. subliminally), and reaction times to 480 

subsequently presented probes recorded. Participants showed an overall attention bias for 481 

threat (measured as significantly faster responses to probes occurring at the location of 482 

previously shown threat versus neutral faces). There was no evidence for heritability of 483 

attention bias when data were collapsed across both visual fields (h2 = 0). Brown et al. 484 

(2013) conducted an emotion-face dot-probe task with 600 eight-year-old mono- and 485 

dizygotic twins, in which threat-neutral face pairs were shown for 1,000ms. Attentional 486 

avoidance of threat was evident in the most anxious children, and this was not influenced by 487 

either degree of relatedness between twins or shared environment. The authors concluded 488 

that attentional processes probably do not mediate the link between genetic risk and the 489 

development of anxiety disorders in children, as has been widely proposed in the literature 490 

(Macleod et al., 1986, Mogg & Bradley, 1999). Finally, (Elam et al., 2010) conducted a dot-491 

probe task with 22 twins aged five years in which threat-neutral face pairs were shown for 492 

500ms. While monozygotic twins were more similar than were dizygotic twins in their 493 

responses to probes, this difference failed to reach significance. Attention bias for threat 494 

therefore appears to be a highly plastic behaviour in both human and no-human primates. 495 

By calculating attention bias scores we lost any of the repeatability seen for looking towards 496 
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the threat face on its own. It is interesting to consider that calculating difference scores, as 497 

is typically done in human cognitive psychology research, introduces noise that may mask 498 

any signal of heritability or maternal effects. 499 

 500 

Also in line with the human attention bias literature, we found heritability of attention to 501 

social information presented to the left visual field, regardless of emotional content, in the 502 

range 2-18%. Rijsdijk et al. (2009) reported heritability for attention to social information 503 

among female twins tested on a dot probe task using threat-neutral face pairs. Heritability 504 

was only found for reaction times to probes presented to the left visual field, regardless of 505 

which face type they followed (41% and 49% for threat and neutral faces respectively). This 506 

finding was interpreted as evidence for a right hemisphere sensitivity for subliminal 507 

biologically relevant cues under substantial genetic control; response times to probes in the 508 

right visual field were driven by environmental effects only (both h2 = 0). Elam et al. (2010) 509 

also found evidence for heritability of a bias for responding to probes following faces in the 510 

left visual field (~40%), while again heritability was 0% for probes following faces in the right 511 

visual field.  512 

 513 

Our results will also be of interest to researchers interested in social attention for threat as 514 

an underlying mechanism in human mental health conditions (e.g. Savage et al., 2017) from 515 

an evolutionary perspective (Tremblay et al., 2017). There has been a paradigm shift in 516 

approaches to mental health in the last decade, moving away from categorising phenotypes 517 

under the traditional diagnostic categories presented in the DSM (American Psychiatric 518 

Association, 2013), and towards an approach informed by genetics, neurobiology and 519 
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experimentally-derived behavioural measures, including attention bias (see Savage et al., 520 

2017, for a review). As an example, attention bias for positive and negative faces has been 521 

proposed to be a heritable mechanism underlying emotional resilience and vulnerability to 522 

anxiety in humans, mediated by serotonin transporter (5-HTTLPR) polymorphism (Fox et al., 523 

2009). Attention bias for threat words has been proposed to mediate the link between 524 

neurobiology and behavioural pathology in trauma survivors (Pietrzak et al., 2014). The data 525 

presented here may be of value for interpreting human data in an evolutionary context (e.g. 526 

Green & Phillips, 2004). 527 

 528 

Finally, our results will also be of value to animal cognition, behaviour and welfare 529 

researchers, trying to unpick the relative contribution of genetic and environmental factors 530 

influencing susceptibility to stress. Work with mammals (primates: (Bethell et al., 2012), 531 

sheep: (Monk et al., 2018)) and birds (Brilot et al., 2009) has shown that attention bias for 532 

threat has potential for tracking changes in affective state (reviewed in (Crump et al., 2018). 533 

Providing new and adaptable measures of animal emotion are essential for refinement in 534 

animal welfare practice (NC3Rs, 2006, Mendl et al., 2010). We hope the findings presented 535 

here will help welfare researchers in these fields to better understand the role of heritable 536 

and environmental factors in shaping the development and expression of social attention, 537 

and its relationship to wellbeing. 538 

 539 

References 540 

Adolphs, R., Damasio, H., Tranel, D. & Damasio, A. R. 1996. Cortical Systems for the Recognition of 541 

Emotion in Facial Expressions. The Journal of Neuroscience 16: 7678-7687. 542 



25 
 

Aiken, L. S. & West, S. G. 1991. Multiple regression: testing and interpreting interactions. Sage, 543 

Newbury Park. 544 

Ainsworth, M. D. S. & Bell, S. M. 1970. Attachment, Exploration, and Separation: Illustrated by the 545 

Behavior of One-Year-Olds in a Strange Situation. Child Development 41: 49-67. 546 

Altmann, J. 1974. Observational study of behavior: sampling methods. Behaviour 49: 227-266. 547 

American Psychiatric Association 2013. Diagnostic and statistical manual of mental disorders (5th 548 

ed.). American Psychiatric Publishing, Arlington, VA  549 

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J. & van Ijzendoorn, M. H. 2007. 550 

Threat-related attentional bias in anxious and nonanxious individuals: A meta-analytic study. 551 

Psychological Bulletin 133: 1-24. 552 

Barton, R. A. 1998. Visual specialization and brain evolution in primates. Proceedings of the Royal 553 

Society B-Biological Sciences 265: 1933-1937. 554 

Bates, D., Machler, M., Bolker, B. M. & Walker, S. C. 2015. Fitting Linear Mixed-Effects Models Using 555 

lme4. Journal of Statistical Software 67: 1-48. 556 

Bell, A. M., Hankison, S. J. & Laskowski, K. L. 2009. The repeatability of behaviour: a meta-analysis. 557 

Animal Behaviour 77: 771-783. 558 

Bethell, E. J., Cassidy, L. C., Brockhausen, R. R. & Pfefferle, D. (2019). Towards a test of fearfulness in 559 

nonhuman primates. Frontiers in Psychology. DOI: 10.3389/fpsyg.2019.01051 560 

Bethell, E. J., Holmes, A., MacLarnon, A. & Semple, S. 2012. Evidence That Emotion Mediates Social 561 

Attention in Rhesus Macaques. Plos One 7. 562 

Blomquist, G. E. & Brent, L. J. 2014. Applying quantitative genetic methods to primate social 563 

behavior. International journal of primatology 35: 108-128. 564 

Blumstein, D. T., Daniel, J. C. & Evans, C. S. (2000) JWatcher +Video 1.0. Vol. 565 

http://www.jwatcher.ucla.edu/ (http://www.jwatcher.ucla.edu/, ed.). pp. 566 



26 
 

Brilot, B. O., Normandale, C. L., Parkin, A. & Bateson, M. 2009. Can we use starlings’ aversion to 567 

eyespots as the basis for a novel ‘cognitive bias’ task? Applied Animal Behaviour Science 118: 568 

182-190. 569 

Brown, H. M., McAdams, T. A., Lester, K. J., Goodman, R., Clark, D. M. & Eley, T. C. 2013. Attentional 570 

threat avoidance and familial risk are independently associated with childhood anxiety 571 

disorders. Journal of Child Psychology and Psychiatry 54: 678-685. 572 

Carter, A. J., Feeney, W. E., Marshall, H. H., Cowlishaw, G. & Heinsohn, R. 2013. Animal personality: 573 

what are behavioural ecologists measuring? Biological Reviews 88: 465-475. 574 

Chang, S. W. C., Brent, L. J. N., Adams, G. K., Klein, J. T., Pearson, J. M., Watson, K. K. & Platt, M. L. 575 

2013. Neuroethology of primate social behavior. Proceedings of the National Academy of 576 

Sciences 110: 10387-10394. 577 

Cheverud, J. & Wolf, J. B. 2009. Genetics and evolutionary consequences of maternal effects. 578 

Coyne, S. P., Lindell, S. G., Clemente, J., Barr, C. S., Parker, K. J. & Maestripieri, D. 2015. Dopamine D4 579 

receptor genotype variation in free-ranging rhesus macaques and its association with 580 

juvenile behavior. Behavioural Brain Research 292: 50-55. 581 

Crump, A., Arnott, G. & Bethell, E. J. 2018. Affect-Driven Attention Biases as Animal Welfare 582 

Indicators: Review and Methods. Animals 8. 583 

Dall, S. R., Bell, A. M., Bolnick, D. I. & Ratnieks, F. L. 2012. An evolutionary ecology of individual 584 

differences. Ecology letters 15: 1189-1198. 585 

Dall, S. R., Houston, A. I. & McNamara, J. M. 2004. The behavioural ecology of personality: consistent 586 

individual differences from an adaptive perspective. Ecology letters 7: 734-739. 587 

Deaner, R. O., Khera, A. V. & Platt, M. L. 2005. Monkeys pay per view: Adaptive valuation of social 588 

images by rhesus macaques. Current Biology 15: 543-548. 589 

Dingemanse, N. J., Kazem, A. J., Réale, D. & Wright, J. 2010. Behavioural reaction norms: animal 590 

personality meets individual plasticity. Trends in ecology & evolution 25: 81-89. 591 



27 
 

Dochtermann, N. A., Schwab, T. & Sih, A. 2015. The contribution of additive genetic variation to 592 

personality variation: heritability of personality. Proceedings of the Royal Society B-Biological 593 

Sciences 282. 594 

Elam, K. K., Carlson, J. M., DiLalla, L. F. & Reinke, K. S. 2010. Emotional Faces Capture Spatial 595 

Attention in 5-Year-Old Children. Evolutionary Psychology 8: 754-767. 596 

Falconer, D. S. & Mackay, T. F. C. 1995. Quantitative Genetics, 4 ed. Longman. 597 

Foster, R. G. & Kreitzman, L. 2014. The rhythms of life: what your body clock means to you! 598 

Experimental Physiology 99: 599-606. 599 

Fox, E., Ridgewell, A. & Ashwin, C. 2009. Looking on the bright side: biased attention and the human 600 

serotonin transporter gene. Proceedings of the Royal Society B-Biological Sciences 276: 1747-601 

1751. 602 

Fox, J. & Weisberg, S. (2011) An {R} Companion to Applied Regression. Vol. Second. pp. Sage, 603 

Thousand Oaks CA. 604 

Golub, M. S., Hogrefe, C. E. & Unger, E. L. 2012. Influence of prenatal iron deficiency and MAOA 605 

genotype on response to social challenge in rhesus monkey infants. Genes, Brain and 606 

Behavior 11: 278-290. 607 

Gosling, S. D. & John, O. P. 1999. Personality dimensions in nonhuman animals: A cross-species 608 

review. Current directions in psychological science 8: 69-75. 609 

Green, M. J. & Phillips, M. L. 2004. Social threat perception and the evolution of paranoia. 610 

Neuroscience and Biobehavioral Reviews 28: 333-342. 611 

Hadfield, J. D. 2010. MCMC methods for multi-response generalized linear mixed models: the 612 

MCMCglmm R package. Journal of Statistical Software 33: 1-22. 613 

Hadfield, J. D., Richardson, D. S. & Burke, T. 2006. Towards unbiased parentage assignment: 614 

combining genetic, behavioural and spatial data in a Bayesian framework. Molecular Ecology 615 

15. 616 



28 
 

Heathcote, L. C., Vervoort, T., Eccleston, C., Fox, E., Jacobs, K., Van Ryckeghem, D. M. L. & Lau, J. Y. F. 617 

2015. The relationship between adolescents' pain catastrophizing and attention bias to pain 618 

faces is moderated by attention control. Pain 156: 1334-1341. 619 

HomeOffice (2014) Code of Practice for the Housing and Care of Animals Bred, Supplied or Used for 620 

Scientific Purposes. (Office, H., ed.). pp. 227. 621 

Hommer, R. E., Meyer, A., Stoddard, J., Connolly, M. E., Mogg, K., Bradley, B. P., Pine, D. S., 622 

Leibenluft, E. & Brotman, M. A. 2014. Attention bias to threat faces in severe mood 623 

dysregulation. Depression & Anxiety (1091-4269) 31: 559-565. 624 

Hopkins, W. D., Keebaugh, A. C., Reamer, L. A., Schaeffer, J., Schapiro, S. J. & Young, L. J. 2014. 625 

Genetic Influences on Receptive Joint Attention in Chimpanzees (Pan troglodytes). Scientific 626 

Reports 4: 3774. 627 

Johnson, Z., Brent, L., Alvarenga, J. C., Comuzzie, A. G., Shelledy, W., Ramirez, S., Cox, L., Mahaney, 628 

M. C., Huang, Y.-Y., Mann, J. J., Kaplan, J. R. & Rogers, J. 2015. Genetic Influences on 629 

Response to Novel Objects and Dimensions of Personality in Papio Baboons. Behavior 630 

Genetics 45: 215-227. 631 

Kemp, C., Thatcher, H., Farningham, D., Witham, C., MacLarnon, A., Holmes, A., Semple, S. & Bethell, 632 

E. J. 2017. A protocol for training group-housed rhesus macaques (Macaca mulatta) to 633 

cooperate with husbandry and research procedures using positive reinforcement. Applied 634 

Animal Behaviour Science 197: 90-100. 635 

Kilkenny, C., Browne, W. J., Cuthill, I. C., Emerson, M. & Altman, D. G. 2010. Improving bioscience 636 

research reporting: the ARRIVE guidelines for reporting animal research. PLoS biology 8: 637 

e1000412. 638 

Klein, J. T., Shepherd, S. V. & Platt, M. L. 2009. Social Attention and the Brain. Current Biology 19: 639 

R958-R962. 640 

Lacreuse, A. & Herndon, J. 2003. Estradiol selectively affects processing of conspecifics’ faces in 641 

female rhesus monkeys. Psychoneuroendocrinology 28: 885-905. 642 



29 
 

LeDoux, J. 1996. The Emotional Brain. 643 

Lynch, M. & Walsh, B. 1998. Genetics and analysis of quantitative traits. Sinauer Sunderland, MA. 644 

Macleod, C., Mathews, A. & Tata, P. 1986. Attentional bias in emotional disorders. Journal of 645 

Abnormal Psychology 95: 15-20. 646 

Maestripieri, D. 2009. Maternal influences on offspring growth, reproduction, and behavior in 647 

primates. Maternal effects in mammals: 256-291. 648 

Mandalaywala, T. M., Parker, K. J. & Maestripieri, D. 2014. Early Experience Affects the Strength of 649 

Vigilance for Threat in Rhesus Monkey Infants. Psychological Science 25: 1893-1902. 650 

Mendl, M., Burman, O. H. P. & Paul, E. S. 2010. An integrative and functional framework for the 651 

study of animal emotion and mood. Proceedings of the Royal Society B-Biological Sciences 652 

277: 2895-2904. 653 

Mogg, K. & Bradley, B. P. 1999. Orienting of attention to threatening facial expressions presented 654 

under conditions of restricted awareness. Cognition & Emotion 13: 713-740. 655 

Monk, J. E., Doyle, R. E., Colditz, I. G., Belson, S., Cronin, G. M. & Lee, C. 2018. Towards a more 656 

practical attention bias test to assess affective state in sheep. Plos One 13: 15. 657 

Morrissey, M. ( 2014 ) Pedantics: Functions to facilitate power and sensitivity analyses for genetic 658 

studies of natural populations. R package version 1.5. . pp. 659 

NC3Rs (2006) Primate Accommodation, Care and Use.  . pp. NC3Rs, London. 660 

Nicolaus, M., Tinbergen, J. M., Bouwman, K. M., Michler, S. P., Ubels, R., Both, C., Kempenaers, B. & 661 

Dingemanse, N. J. 2012. Experimental evidence for adaptive personalities in a wild passerine 662 

bird. Proceedings of the Royal Society of London B: Biological Sciences: rspb20121936. 663 

Perez-Edgar, K., Reeb-Sutherland, B. C., McDermott, J. M., White, L. K., Henderson, H. A., Degnan, K. 664 

A., Hane, A. A., Pine, D. S. & Fox, N. A. 2011. Attention Biases to Threat Link Behavioral 665 

Inhibition to Social Withdrawal over Time in Very Young Children. Journal of Abnormal Child 666 

Psychology 39: 885-895. 667 



30 
 

Pietrzak, R. H., Huang, Y. Y., Corsi-Travali, S., Zheng, M. Q., Lin, S. F., Henry, S., Potenza, M. N., 668 

Piomelli, D., Carson, R. E. & Neumeister, A. 2014. Cannabinoid Type 1 Receptor Availability in 669 

the Amygdala Mediates Threat Processing in Trauma Survivors. Neuropsychopharmacology 670 

39: 2519-2528. 671 

RCoreTeam (2018) R: A language and environment for statistical computing. pp. R Foundation for 672 

Statistical Computing, Vienna, Austria. 673 

Rijsdijk, F. V., Riese, H., Tops, M., Snieder, H., Brouwer, W. H., Smid, H. & Ormel, J. 2009. 674 

Neuroticism, recall bias and attention bias for valenced probes: a twin study. Psychological 675 

Medicine 39: 45-54. 676 

Savage, J. E., Sawyers, C., Roberson-Nay, R. & Hettema, J. M. 2017. The Genetics of Anxiety-Related 677 

Negative Valence System Traits. American Journal of Medical Genetics Part B-678 

Neuropsychiatric Genetics 174: 156-177. 679 

Schielzeth, H. 2010. Simple means to improve the interpretability of regression coefficients. Methods 680 

in Ecology and Evolution 1: 103-113. 681 

Schofield, C. A., Inhoff, A. W. & Coles, M. E. 2013. Time-course of attention biases in social phobia. 682 

Journal of Anxiety Disorders 27: 661-669. 683 

Schroeder, J., Burke, T., Mannarelli, M. E., Dawson, D. A. & Nakagawa, S. 2012. Maternal effects and 684 

heritability of annual productivity. Journal of Evolutionary Biology 25: 149-156. 685 

Schroeder, J., Nakagawa, S., Rees, M., Mannarelli, M.-E. & Burke, T. 2015. Reduced fitness in progeny 686 

from old parents in a natural population. Proceedings of the National Academy of Sciences 687 

112: 4021-4025. 688 

Silk, J., Short, J., Roberts, J. & Kusnitz, J. 1993. Gestation length in rhesus macaques (Macaca 689 

mulatta). International Journal of Primatology 14: 95-104. 690 

Tremblay, S., Sharika, K. M. & Platt, M. L. 2017. Social Decision-Making and the Brain: A Comparative 691 

Perspective. Trends in Cognitive Sciences 21: 265-276. 692 



31 
 

Waitt, C., Little, A. C., Wolfensohn, S., Honess, P., Brown, A. P., Buchanan-Smith, H. M. & Perrett, D. I. 693 

2003. Evidence from rhesus macaques suggests that male coloration plays a role in female 694 

primate mate choice. Proceedings of the Royal Society B-Biological Sciences 270: S144-S146. 695 

Watson, K. K., Li, D., Brent, L. J. N., Horvath, J. E., Gonzalez-Martinez, J., Ruiz-Lambides, A. V., 696 

Robinson, A. G., Skene, J. H. P. & Platt, M. L. 2015. Genetic influences on social attention in 697 

free-ranging rhesus macaques. Animal Behaviour 103: 267-275. 698 

Wickham, H. (2017) tidyverse: easliy install and load the 'tidyverse'. pp. R Package version 1.2.1. 699 

 700 

 701 


