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RESEARCH ARTICLE

Does Measuring Social Attention Lead to Changes in Behavior? 
A Preliminary Investigation into the Implications of Attention Bias 
Trials on Behavior in Rhesus Macaques
Emmeline Howartha,b, Claire Withamc, and Emily Bethellb

aResearch Centre in Brain and Behaviour, School of Biological and Environmental Sciences, Liverpool John Moores 
University, Liverpool, UK; bSchool of Natural Sciences, University of Chester, Chester, UK; cCentre for Macaques, 
Harwell Institute, Medical Research Council, Salisbury, UK

ABSTRACT
A welfare assessment tool in development must satisfy several criteria 
before it is considered ready for general use. Some tools that meet many 
of these criteria have been criticized for their negative effect on welfare. We 
conducted a preliminary assessment of the impact of attention bias (AB) 
trials using threat-neutral conspecific face pairs followed by presumed 
neutral-positive filler stimuli on the behavior of 21 rhesus macaques 
(Macaca mulatta; 15 female). Behavioral observations were conducted fol-
lowing AB trials and repeated two weeks later when no AB trials had 
occurred (no trial: NT). The association between observation period and 
behavior was assessed using linear mixed-effects models in R. Trials did not 
impact any observed behavior except for fear, which was displayed by five 
monkeys over six trials (four NT). For this sample, there was a significant 
reduction in fear behavior following AB trials. We, therefore, found no 
evidence suggesting that AB trials negatively affect behaviour. AB protocols 
may be suitable for continued development for primate welfare assessment 
and we encourage researchers to include assessing test impact on welfare 
in their AB protocols.
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Introduction

Welfare assessment tools that are validated, standardized, easy to use and cost-effective while also 
being sensitive to the signal of interest and having high reliability and repeatability are challenging to 
develop (Blokhuis et al., 2010; Kilkenny et al., 2010). To further add to the challenge, there is no 
single measure of animal welfare (Wolfensohn & Honess, 2005), and the term has been defined in 
several ways. For example, Broom (1986) defined the welfare of an animal as “its state as regards its 
attempts to cope with its environment,” and Webster (2005) stated that “the welfare of a sentient 
animal is determined by its capacity to avoid suffering and sustain fitness.”

Due to these challenges, historic welfare assessment protocols focused on objective, pre-
scribed (resource-based) measures that relate to the animals’ environment, such as the provi-
sion of shelter or bedding material. These measures are easy to define and record, are 
quantitative and have high inter-rater repeatability (Jones et al., 2022); however, they fail to 
consider the impact of the environment on the animal (Sherwen et al., 2018). As a result, 
attention moved to outcome (animal-based) measures, including health, physiology, behavior 
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and cognition (Richmond et al., 2017; Whay et al., 2003). These measures are now frequently 
used in welfare assessment (e.g., Welfare Quality, 2018). They are often considered superior 
and more indicative of animal experience as they measure the impact of the intervention 
rather than assessing the quality of the resources provided (Richmond et al., 2017). Outcome 
based measures can also be used to assess positive welfare (Yeates & Main, 2008). Behavior is 
particularly popular as it is noninvasive, can be non-intrusive and has been described as the 
“ultimate phenotype,” as it is the outcome of the animal’s individual decision-making process 
(Dawkins, 2004).

Despite this shift, outcome measures may be limited due to issues with variability and sensitivity 
(Lensink et al., 2003; Temple et al., 2013), as behavior and physiology can be affected by factors other 
than changes in welfare state. For example, behavior can be influenced by personality (Konečná 
et al., 2012) and physiology by aging (Taffet, 2024). Unvalidated methodologies and errors in data 
collection and interpretation call into question the informative power of some animal-based welfare 
proxies due to the potential for misdiagnosis of welfare (Tiemann et al., 2023; Watters et al., 2021).

Initially developed to assess exploration, sociability and memory in rodent species, open field (OF; 
Glickman & Hartz, 1964), novel object (NO; Ennaceur & Meliani, 1992), preference (Vincent, 1915) 
and forced swim tests (Bayroff, 1921) have been used to measure affective state (Cryan & Slattery, 
2007; Watters & Krebs, 2019). OF and NO tests use unattached equivocal cues to assess approach 
and avoidance as measures of fearfulness (Forkman et al., 2007). Preference or choice tests involve 
the animal making decisions between different resources or stimuli (Kirkden & Pajor, 2006). Animal 
preference can also be used to assess motivation to obtain or avoid a resource or stimulus using the 
cost an animal is willing to pay as a measure of motivation (Fraser & Matthews, 1997). The forced 
swim test, which was commonly used for rodent models of depression, assessed time spent immobile 
as a measure of depression and active coping (Armario, 2021).

These tests are generally easy to conduct, relatively quick and have high inter-rater reliability as 
they utilize quantitative measures such as latency, duration, and frequency (Kirkden & Pajor, 2006). 
However, there is a lack of standardization of methods (Blaser & Heyser, 2015), issues with 
interpretation, especially in different contexts (Kirkden & Pajor, 2006), and, perhaps most impor-
tantly, the tests themselves may negatively impact welfare (Aliphon et al., 2023; Dalmau et al., 2009). 
For example, the OF and NO tests expose animals to unpredictable and unfamiliar stimuli to mimic 
the key features of predatory attack and induce a fear response (Forkman et al., 2007).

Attention bias (AB) describes a tendency to differentially allocate attention toward one of two or 
more stimuli that vary in emotional content. AB tasks were first developed to assess emotion in 
humans and have revealed that the allocation of attention to emotional stimuli changes with affective 
state (Bar-Haim et al., 2007; MacLeod et al., 1986). Here, affective state is defined as an animal’s 
mood or emotional state and can encompass high and low arousal (intensity) and positive and 
negative valance (Mendl et al., 2010). Affective state is considered to be a key component of welfare 
(Mendl et al., 2010; Monk et al., 2023). AB has since been adapted as a noninvasive method of 
determining affective state for welfare assessment in a range of animal species (review Crump et al., 
2018).

In primates, AB tasks can detect shifts in affective state following the provision of enrichment 
(Bethell et al., 2012) and reveal stable individual differences in baseline social attention, suggesting 
sensitivity to trait affect and significant reproducibility between tasks conducted several years apart 
(Howarth et al., 2021). Further, polymorphisms in genes within the serotonin, dopamine, and 
oxytocin pathways have been associated with AB, suggesting a genetic basis for the biological 
underpinning of individual variation in emotion (Howarth et al., 2023).

AB tasks measure innate preferential attention allocation and require little or no training (e.g., 
Howarth et al., 2021). They may be more appropriate and practical in real-world settings compared 
to judgment bias tasks as these require extensive training. Therefore, judgment bias tasks can be 
disruptive to management and husbandry routines, costly in terms of both money and time, and 
participant number attrition may impact study statistical power (Bethell, 2015; Harding et al., 2004).
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In Howarth et al. (2021), we argued that a tool in development must satisfy several criteria before 
it is ready for general use. Here, we add that a tool must also have minimal impact on welfare. To 
that end, this study aimed to provide the research community with a better understanding of the 
impact that AB trials may have on animal behavior.

Materials and methods

Ethics

The AB protocol was developed following discussion with the facility Home Office Inspector 
(Nov 2011) and carried out in accordance with ethical guidelines for work with non-human primates 
(NC3Rs, 2006; 2015). Approval for the study was granted by the Medical Research Council (MRC) 
AWERB in November 2017 and the Liverpool John Moores University ethics panel (approval 
#EB_EH/2017–5). Animal health was monitored daily by the care staff and annually with a full 
veterinary examination. Animals were not restrained at any time during training or testing. 
Participation in this study was voluntary insofar as only animals who approached their individual 
target and the apparatus for rewards took part. Methods and results are reported according to the 
ARRIVE guidelines (Kilkenny et al., 2010).

Animals and housing

Data were collected from 21 adult rhesus macaques (Macaca mulatta; 15 female) housed at the 
Centre for Macaques, MRC Harwell Institute, UK (mean age on the first day of testing = 8.33 years, 
range = 3.5–13.2 years). The monkeys were housed in six breeding groups comprising one adult male 
and between three and 11 related females, plus infants and juveniles. One monkey was housed in 
a single-sex group with only adult females and their offspring from previous years. Any adult (at 
least 3 years old) in the six social groups was eligible for inclusion in the study if they reached the 
station training criterion of sitting by their individual targets (Kemp et al., 2017) for the time 
(around one minute) required for AB trials to be conducted. Animal information is provided in 
Supplementary Material Table S1, and full details about the animal housing, social groupings, 
training, enrichment and diet can be found in Howarth et al. (2021). Further details of the facility 
can be found in Witham (2015), and images and video of the facility, including macaque housing, 
can be viewed at https://cfm.har.mrc.ac.uk/ and https://macaques.nc3rs.org.uk/.

Attention bias

The AB protocol assessed in this study included the presentation of unfamiliar threat-neutral male 
conspecific face pair stimuli (Figure 1) to macaques for three seconds. Stimuli were presented as 
digital images using an automated apparatus on two 8-inch computer screens (Figure 2). Each 
stimulus pair contained one frontal view of an unfamiliar male macaque face with an aggressive 
expression, direct gaze and bared teeth in an open mouth (threat face) and one frontal view of the 
same male with a relaxed or neutral expression, eyes and mouth closed (neutral face). Construction 
of the stimuli from images collected at the Caribbean Primate Research Centre is detailed in Bethell 
et al. (2012), and images can be downloaded from the Macaque Faces Stimulus Set (Witham & 
Bethell, 2019). When a monkey was sitting by their individual target and looking centrally at the 
apparatus, an AB trial was triggered remotely via a MATLAB display using a laptop that was out of 
the monkey’s field of view. Looking time at the stimuli was recorded using a video camera and later 
coded using Behavioral Observation Research Interactive Software (BORIS; Friard & Gamba, 2016). 
Looking time data used for determining affective state from the AB trials has been previously 
published by Howarth et al. (2021). All data were collected on quiet days when no stressors were 
known to have occurred (i.e., no scheduled cleaning or vet checks).

JOURNAL OF APPLIED ANIMAL WELFARE SCIENCE 3

https://cfm.har.mrc.ac.uk/
https://macaques.nc3rs.org.uk/


Figure 1. Four example unfamiliar threat-neutral male conspecific face pair stimuli from the Macaque Faces Stimulus Set (Witham 
& Bethell, 2019), with one picture pair grouped within each rectangle. Here, the threat face is presented on the right and the 
neutral on the left, while in the attention bias trials the side of threat face presentation was randomized.

Figure 2. The automated apparatus used for displaying the stimuli for the attention bias trials. (a): Face (threat-neutral conspecific 
face pair) stimuli; (b): inter-trial interval; (c): example presumed neutral-positive filler (fruit or vegetable) stimuli.
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A set of presumed neutral-positive filler stimuli was created and used in addition to the threat- 
neutral face pairs. The filler stimuli were images of vegetables and fruit that were included in the 
macaques’ diet and, therefore, would presumably find pleasant and interesting to look at (Waitt & 
Buchanan-Smith, 2006). Filler stimuli were shown to each monkey for three seconds after they had 
completed a trial so that the threat-neutral face pair was not the last image they saw, thereby 
reducing the chance of a negative association developing between the macaques and the apparatus. 
The filler stimuli were used as an end-of-session cue to indicate the end of a trial and “release” the 
monkey from the training or testing session (Topoleski et al., 2018). The responses were not filmed 
as the filler stimuli were included only to ensure monkeys viewed neutral-positive stimuli as well as 
threat-neutral stimuli on the apparatus.

Behaviour

An ethogram of behavioral indices (Table 1) was constructed to include key behaviors associated 
with aggression, anxiety, depression, distraction, fear, foraging, prosocial and inactive behavior. 
These categories were chosen as they have previously been identified as key indices for welfare in 
rhesus macaques (Camus et al., 2013; Coleman & Pierre, 2014; Maestripieri & Wallen, 1997).

Live continuous focal animal behavioral observations were completed using BORIS (Friard & 
Gamba, 2016; Lehner, 1992). Observations were conducted on four consecutive weekdays 
(Tuesday – Friday) following completion of the AB trials for that social group on that day. 
Following completion of the AB trial, where the monkeys had been stationed (Kemp et al., 
2017), groups were given 10 minutes to move away from the training and testing area and return 
to performing their normal behavioral repertoire before each monkey was observed for five 
minutes. The monkeys were familiar with the observer as it was the same individual who 
conducted the training and AB trials. They were, therefore, considered habituated to the observer’s 
presence (Prescott & Buchanan-Smith, 2007). Behavioral observations were started after no 
monkey within the group displayed any vigilance behavior toward the observer’s location for 
two minutes. Five minutes was used, as short behavioral observation times are standard in AB 
protocols (e.g., 30 seconds: Campbell et al., 2019; 3 mins: Baqueiro-Espinosa et al., 2023; Lee et al., 
2018; 5 mins: Bethell et al., 2012) and these data were initially recorded to validate the AB method 
for rhesus macaques (AB data have been previously published in Howarth et al., 2021). All 
individuals were observed by the same researcher (EH) within 60 minutes of their AB trial. The 
total duration of each behavior per five-minute trial was summed for each observation for each 
monkey.

Behavioral observations were repeated when no AB trials had been conducted for that group for 
two weeks, but all other conditions were the same (no trial: NT). Observations were matched for day 
of the week to account for the impact of changes in staff activity, diet and training schedules on 
behavior (Gottlieb et al., 2013). Time of day for observations was also matched to remove the impact 
of circadian changes in behavior and attention (e.g., Kappeler & Erkert, 2003; Novak et al., 2013; 
Plant, 1981). The Centre has a two-week rolling schedule for cleaning; this was accounted for in the 
time between observations to ensure enclosures were not being cleaned for either observation period. 
Daily husbandry schedules, such as cleaning, are thought to be disruptive and would have delayed 
the time for data collection (Bethell et al., 2012; Howarth et al., 2021).

NT data could not be collected prior to the AB trial period for practical and animal management 
reasons; however, it was decided that the two-week period was sufficient for macaque behavior to 
return to a representative baseline. Trial number has a significant effect on measures of social 
attention, with repeated testing associated with reduced response with a possible habituation effect 
(Bethell et al., 2019; Howarth et al., 2021; King et al., 2012). Previous work has shown that an inter- 
trial interval of seven days is sufficient to eradicate possible confounds such as carry-over effects 
(Howarth et al., 2021); therefore, two weeks is enough time for these carry-over effects to subside.
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For five monkeys, observations could not be conducted four times during the AB trial period due 
to husbandry or veterinary activities on the fourth day. As trial number has been shown to 
significantly influence attention to threat (Howarth et al., 2021), for these animals, to balance the 
data, only three days of NT behavioral data were included in the analysis.

Table 1. Ethogram used for behavioral observation of captive rhesus macaques (Macaca mulatta).

Category Behaviour Description

Aggression Aggressive The animal chases, attacks, threatens, stares at, displaces or lunges 
toward a conspecific.

Anxiety (active) Body shake Like a dog shake – the animal rapidly moves whole body, usually 
starting with the head followed by rest of body.

Stereotypic The behavior has no obvious function. Includes pacing, bar biting or 
head tossing.

Vigilance The animal has alert posture scanning their environment or looking at 
a particular thing (may be out of view).

Anxiety (low activity) & depression Self-directed The animal uses their hands or mouth to clean, scratch or manipulate 
their skin or fur.

Sit hunched The animal is sitting with their back and head curved round so that 
the head is below their slumped shoulder.

Yawn Animal opens its mouth wide exposing their teeth (not directed at 
conspecific). The head may tilt upwards, and they may close their 
eyes.

Distraction Object The animal uses hands or mouth to investigate and move an 
inanimate, moveable item in the environment and/or pull or grab 
parts of the enclosure such as padlocks, sliding adjustable panels 
and cage dividers.

Locomotion Any behavior (except those otherwise defined) that involves the 
animal moving from one location to another, for example, 
quadrupedal and bipedal walking and running, climbing, 
descending, and jumping. The animal must not be engaged in any 
other activity.

Fear Grimace The animal’s lips are pulled back to expose the teeth.
Submissive Animal moves away, flees, is displaced by or ducks away from 

a conspecific. They may give out high-pitched screams. Animal may 
also present its hindquarters in a non-sexual context (not followed 
by mating).

Foraging Foraging The animal is searching for and/or consuming food or water.
Inactive Resting The animal is lying horizontally with the stomach, back or side 

touching the floor or the animal is sitting upright.

Stationary Weight-bearing on two or four limbs.
Prosocial Affiliative Friendly interaction between the animal and a conspecific includes 

huddling, being in physical contact with a conspecific and hugging 
but not grooming behavior.

Allogrooming Reciprocal grooming. The animal’s skin or fur is cleaned, scratched or 
manipulated by the hands or mouth of a conspecific. The animal 
uses their hands or mouth to clean, scratch or manipulate the skin 
or fur of a conspecific.

Interaction with 
infant

The animal interacts with a baby e.g., grooming, playing, carrying, or 
feeding.

Lip smack Animal opens and closes its mouth repeatedly without showing its 
teeth, occasionally making a smacking sound.

Sexual behavior A female animal presents, or a male is presented with the 
hindquarters for mounting for copulation. The animal is mounted 
or mounts.

Other Other Any behavior not otherwise defined.
Out of sight The animal is not visible to the observer.
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Statistical analysis

Statistical analyses were conducted in R Studio with R version 4.3.2 (R Core Team, 2023). Data were 
analyzed using linear mixed models (LMMs) using the R package “lme4” version 1.1–15 (Bates et al., 
2015). A maximal model was built per response variable separately. Response variables were the 
eight behavior groups: aggression, high activity anxiety, low activity anxiety and depression, distrac-
tion, fear, foraging, inactive and prosocial. Observation period (after AB trials or NT) was entered as 
a key predictor variable in each model. In addition, we controlled for factors known to influence 
socioemotional behavior and attention, including sex, trial number (Howarth et al., 2021) and early 
weaning (Prescott et al., 2012). All predictor variables were initially assessed to ensure none were 
correlated above 0.4, which could result in collinearity (Crawley, 2007). Response variables were 
visually inspected for their distribution and transformed to obtain more normal distributions when 
necessary. Appropriate transformations were identified using Tukey’s Ladder of Transformation 
(Tukey, 1977) to extract an appropriate lambda for transformation. Participant monkey identity was 
entered as a random factor in all models.

Model stability was assessed by visually inspecting qq-plots and histograms of residuals and 
running influence diagnostics to identify any influential cases. Where the model was stable, predictor 
variables with the greatest p value were removed in a stepwise manner (Crawley, 2007) to attain 
a final model comprising only the key predictor variable (after AB trials or NT) and predictor 
variables with p ≤ 0.05. The initial model included the interaction between observation period and 
sex; however, this was non-significant for all response variables, so the interaction was removed from 
subsequent models. The “anova” function was used to compare the fit of the final model against the 
null model (a model retaining the random effect but with all fixed effects removed and an intercept 
of 1 specified). The final model was accepted only if it provided a significantly better fit than the null 
at p ≤ 0.05 (which it did in all cases where significant results are reported). To account for multiple 
testing, confidence intervals (CI) were calculated, and significance was accepted where the CIs did 
not cross zero (Tan & Tan, 2010).

Results

Behavior data were collected from 21 adult monkeys (15 female). For 16 monkeys (11 female), 
behavioral observations were conducted on four consecutive AB trial days (total after AB trials 
duration = 20 minutes per monkey) and four consecutive NT days (total NT duration = 20 minutes 
per monkey). For five monkeys (four female), behavioral observations were conducted on three 
consecutive AB trial days (total after AB trials duration = 15 minutes per monkey) and three 
consecutive NT days (total NT duration = 15 minutes per monkey). This resulted in 158 trials for 
analysis.

Model output for each behavior is shown in Table 2. For inactive behavior, observation period 
and sex were retained in the final model. Male monkeys displayed a significantly higher duration of 
inactive behaviors (mean = 120.634 ± 99.168 seconds) than female monkeys (mean = 49.816 ± 71.243  
seconds; t = −2.632, p = 0.012, df = 157). For all other behaviors, observation period was the only 
factor retained in the final model.

There was no significant relationship between observation period and any of the recorded 
behaviors except for fear. Only five monkeys (four female) over six trials (four NT) displayed any 
fear behavior. For this small sample, monkeys displayed a greater duration of fear behavior during 
the NT observation period (mean = 0.345 ± 1.700 seconds) compared to the after AB trials observa-
tion period (mean = 0.156 ± 1.036; t = −2.523, LRT = 6.224, p = 0.013, df = 157).
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Discussion

The present study aimed to determine whether AB trials have a negative impact on the behavior of 
rhesus macaques. To do this, we assessed whether there was any difference in the behavior of 21 
adult rhesus macaques following AB trials, compared to a time-matched observation period when no 
AB trials had been conducted for at least two weeks prior (NT), but all other conditions were the 
same. There was no significant change in any behavior, except for fear, which was shown to reduce 
following AB trials compared to NT in the five monkeys that displayed any fear behavior.

When developing a new method of welfare assessment, it is crucial that the tool is repeatable, 
reliable, sensitive, cost-effective, standardized, and validated before it is ready for general use 
(Blokhuis et al., 2010; Howarth et al., 2021; Kilkenny et al., 2010). Although some current welfare 
assessment tools meet several of these criteria, they have been criticized for their negative impact on 
animal welfare during testing (Aliphon et al., 2023; Dalmau et al., 2009; Forkman et al., 2007).

Attention bias

The present study has shown that AB trials using an automated apparatus with threat-neutral 
conspecific face pairs followed by presumed neutral-positive fruit and vegetable filler stimuli do 
not have a significant negative impact on the behavior of rhesus macaques. These threat-neutral 
stimuli have previously been shown to influence social attention to threat (Howarth et al., 2021). 
Howarth et al. (2021) revealed that stimulus ID had a significant influence on attention bias 
difference score (calculated as the total duration of time looking at the threat face minus the total 
duration of time looking at the neutral face). The authors suggested that this may be the result of 
using photographs of real animals, resulting in variation in brightness, color, contrast energy and 
luminance of the images as well as the emotional intensity, age, attractiveness, dominance, and 
orientation of the faces. However, the impact on behavior of the filler stimuli and AB protocol as 
a whole had never been assessed.

The filler stimuli used here were images of food items that the macaques are familiar with and 
may find interesting to look at (Waitt & Buchanan-Smith, 2006). The images were downloaded from 
Google and chosen based on having a realistic appearance and a white background. A more formal 
approach to the selection and validation of filler stimuli is needed. A closer investigation into the 
impact of AB trials with and without the inclusion of these stimuli is a key next step for developing 

Table 2. Model output for the association between observation period (after attention bias (AB) trials) and without attention bias 
trial (no trial: NT)) and behavior in rhesus macaques (n = 21).

Behaviour After AB trial mean (s) NT mean (s) Estimate SE t 95% CIL 95% CIU LTR X2 P npar

Aggression 0.643 ± 3.033 0.798 ± 2.348 0.035 0.081 0.433 −0.125 0.195 0.187 0.665 1
High activity 
anxiety

2.416 ± 5.263 10.947 ± 25.968 −0.177 0.145 −1.219 −0.464 0.110 1.478 0.224 1

Low activity 
anxiety and 
depression

11.674 ± 33.054 18.260 ± 36.862 0.045 0.206 0.217 −0.362 0.451 0.047 0.828 1

Distraction 17.339 ± 23.146 29.716 ± 32.805 −0.064 0.429 −0.149 −0.911 0.783 0.022 0.881 1

Fear 0.156 ± 1.036 0.345 ± 1.700 −0.144 0.057 −2.523 −0.256 −0.031 6.224 0.013 1
Foraging 123.197 ± 125.270 73.310 ± 106.176 −1.076 1.148 −0.937 −3.340 1.188 0.876 0.349 1

Inactive 55.935 ± 88.449 84.933 ± 82.123 −0.448 0.582 −0.769 −1.596 0.701 0.590 0.442 1
(Sex) 120.634 ± 99.168 49.816 ± 71.243 −1.687 0.641 −2.632 −2.956 −0.409 6.303 0.012 1

Prosocial 84.134 ± 126.400 77.894 ± 111.626 0.464 0.374 1.242 −0.273 1.202 1.536 0.215 1

SE: standard error; CIL: lower confidence interval; CIU: upper confidence interval; LRT: likelihood ratio test; npar: number of 
parameters. 

Observation period was retained in the final model for all behaviors. Retained factors, other the observation period, are denoted in 
brackets under the behavior. Significant p values are highlighted in bold. 
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AB tasks for welfare assessment, as they may be essential for ensuring AB protocols do not impact 
animal welfare.

AB trials have utilized a range of species-relevant stimuli, for example, alarm calls (Brilot & 
Bateson, 2012), novel objects (Verbeek et al., 2014), predators (Lee et al., 2016) and aggressive 
conspecifics (Vögeli et al., 2014). Many use unpredictability or suddenness like the NO or OF tests 
(e.g., sudden object presentation: Romeyer & Bouissou, 1992; loud, unpredictable noise: Desiré 
et al., 2004) to induce a threat response. For example, here we used the sudden presentation of 
unfamiliar conspecific faces with a threatening expression. Other studies, such as Baqueiro- 
Espinosa et al. (2023), used the rapid and sudden movements of an opening and closing umbrella 
as the negative stimuli. Unpredictable and unfamiliar stimuli are associated with negative emo-
tional states (Dalmau et al., 2009) and trigger a defense cascade, which is a well-conserved and 
adaptive response that evolved to promote detection, evaluation, and response to threat (Statham 
et al., 2020). Although exposure to threat is usually shorter for AB trials (between 3 seconds (e.g., 
Howarth et al., 2021) and 10 seconds (e.g., Baqueiro-Espinosa et al., 2023; Lee et al., 2018), the 
results of the present study are important as they demonstrate that AB trials in primates do not 
negatively affect behavior and therefore, do not have the same negative impact on welfare as NO 
and OF tests.

Further research must be conducted to confirm this in other species and using other stimuli. AB 
has been used to assess emotion in numerous other species, including birds (e.g., Campbell et al., 
2019), sheep (e.g., Raoult & Gygax, 2019), cattle (e.g., Lee et al., 2018), pigs (e.g., Luo et al., 2019), 
rats (e.g., Parker et al., 2014) and dogs (Baqueiro-Espinosa et al., 2023). The result of the present 
study cannot be extrapolated to other species using other stimuli, as there is variation in animal 
response to threat depending on, for example, whether they are a predator or prey species (Fardell 
et al., 2020). For some species, exposure to alarm vocalizations does not impact their welfare (e.g., 
pigs: Düpjan et al., 2011), while for others, alarm vocalizations trigger a significant fear response. In 
wild black-capped chickadees (Poecile atricapillus), predator-induced fear responses are associated 
with prolonged elevated neuronal activity and heightened sensitivity to threat (Zanette et al., 2019). 
Chickadees were exposed to 15 minutes of recorded predator alarm call vocalizations; birds exposed 
to this stimulus 7 days prior had a significantly heightened fear response compared to individuals 
exposed to neutral conspecific vocalization. Exposed birds had a longer duration of freeze response 
and heightened activity in the amygdala and hippocampus compared to naïve birds. The authors 
reported that this suggests a post-traumatic stress disorder response in animals where predator cues 
are used to elicit a fear response (Zanette et al., 2019). It is therefore important to assess whether fear 
responses elicited by welfare assessment tools have a significant long-term impact on welfare. To 
progress the field, welfare assessment tools must focus on protocols that have minimal impact on 
animal welfare. We, therefore, encourage researchers conducting AB trials to evaluate the impact of 
their stimuli on the species involved.

Fear behaviour

For the five monkeys that displayed fear behavior, the duration of this behavior was longer during 
the NT period compared to after AB trials. This behavioral response should not be used to infer that 
AB trials improve welfare or reduce the occurrence of fearful behavior. Due to the small sample of 
monkeys that displayed fear behavior, the significant finding may be a Type II error (Columb & 
Atkinson, 2015). However, the inclusion of fear behavior in this study is significant to demonstrate 
that AB trials do not induce a fear behavior response. This is a key consideration for welfare, 
especially for this subset of individuals that may have more fearful temperaments, i.e., those that 
showed any fear behavior.

Due to strict dominance hierarchies (Cooper & Bernstein, 2008; de Waal & Luttrell, 1985) and 
variation in genetic predisposition to fear and submissive behaviors (Howarth et al., 2023), some 
individuals are especially at risk of impaired welfare. Social rank is known to impact captive 
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welfare and reliably predict behavioral and physiological responses to stress (Zhang et al., 2024), 
including the frequency of fear behavior. Subordinate macaques are more likely to display fear 
behavior than dominant individuals (Shively & Day, 2015). Despite the socioemotional challenges 
associated with rank, social housing is essential for welfare as individual housing is known to be 
significantly stressful (review DiVincenti & Wyatt, 2011). However, inappropriate grouping or 
changes to the social group are also associated with behavioral and physiological responses 
indicative of compromised welfare (review Hannibal et al., 2017). As changes to the social 
environment are not uncommon in research facilities (Hannibal et al., 2017), it is key that we 
develop sensitive welfare assessment tests that can detect shifts in social attention and cognitive 
welfare in these more vulnerable individuals. We need to understand individual profiles and not 
just population-level patterns. As a result, initial studies will have smaller sample sizes, but it is 
important that authors report these findings and make their data available for meta-analysis in the 
future.

Conclusions

AB trials using an automated apparatus with threat-neutral conspecific face pairs followed by the 
presentation of presumed neutral-positive fruit and vegetable filler stimuli were not associated with 
a negative change in behavior in rhesus macaques. Further research is needed to confirm this finding 
in other species and with different stimuli. Therefore, we encourage researchers to repeat this 
investigation with their AB protocols to ensure that welfare is never compromised during assessment 
using AB.
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