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Understanding how poultry perceive and interpret their environment is essential to enhancing their welfare. Animal welfare science relies on measures of the behavioral and physiological components of affective states (positive and negative) as welfare indicators. There has been growing interest in using the judgment bias test (JBT) to study birds’ affective states by assessing their responses to ambiguous cues. The objective of this study was to investigate the affective state of two chicken breeds with different evolutionary histories: the Red Junglefowl (RJF), the primary ancestor of modern chickens, and the Athens Canadian Random Bred (ACRB), a rustic domesticated breed, using the JBT at two ages. Another objective was to explore the effect of the JBT on the fear and stress responses of the chickens that participated in the JBT compared to those that did not (NJBT) on days (D) 35 and 63. Fear was evaluated using the tonic immobility test, and stress was measured noninvasively from thermal images of the eye and beak. Chickens successfully discriminated between positive (POS) and neutral (NEU) JBT cues, showing shorter latencies to approach the POS cue (P < 0.0001). While there were no breed differences on D29 of the JBT, RJF chickens exhibited shorter latencies to approach cues than ACRB on D60 (P < 0.001). Independent of testing at both ages, RJF had a longer duration of tonic immobility than ACRB (P < 0.01), indicating higher fearfulness. While the JBT did not affect D35 tonic immobility, JBT chickens had longer tonic immobility durations than NJBT on D63 (P < 0.05). Chickens that participated in the JBT had lower eye and beak minimum surface temperatures than NJBT (P < 0.05), indicating that the JBT may have increased stress post-testing. These findings highlight the influence of domestication on the affective states and the importance of considering fear and stress in measuring the affective states of chickens.
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Introduction

Cognitive behavioral tests can be used to understand the affective states of animals when evaluating their welfare (Fraser, 2008). Affective states, referring to an individual’s moods and emotions (Paul et al., 2005), can have positive or negative valence and can be measured by observing changes in behavior, physiology, and cognition (Mendl et al., 2010; Kremer et al., 2020). The assessment of these states has become a primary research focus due to the growing interest in improving animal welfare by reducing negative and increasing positive affective states (Boissy et al., 2007). However, quantifying the subjective component of affective states remains challenging (Boissy and Lee, 2014; Mendl and Paul, 2004).

Ethologists use the judgment bias test (JBT) to explore how affective states impact cognition. Animals trained to discriminate between positive and negative cues are presented with ambiguous cues between known positive and negative stimuli (Harding et al., 2004). These cues can vary, involving spatial (Lindqvist et al., 2007), visual (Salmeto et al., 2011), auditory (Murphy et al., 2013), olfactory (Boleij et al., 2012), tactile (Brydges and Hall, 2017), or multimodal stimuli (Bethell, 2015). The JBT is used to evaluate how animals perceive ambiguous stimuli based on their affective state (Mendl and Paul, 2004; Mendl et al., 2010; Roelofs et al., 2016), with animals in a negative affective state interpreting ambiguous cues pessimistically and those in a positive state interpreting them optimistically. An animal’s approach or avoidance behavior in response to ambiguous cues is interpreted as their affective state (Mendl et al., 2009; Deakin et al., 2016; Košťál et al., 2020).

The JBT has been used to evaluate how affective states influence the decision-making process in domestic chickens (Salmeto et al., 2011). Various experimental designs have used JBTs to assess the affective states of chickens, examining the effects of environmental conditions (Deakin et al., 2016; Zidar et al., 2018; Ross et al., 2019; Anderson et al., 2021), genetic selection for feather pecking behavior (Pichová et al., 2021), reward cycle disruption (Seehuus et al., 2013), corticosterone injections (Iyasere et al., 2017), pharmacological interventions using an anxiety-depression model (Hymel and Sufka, 2012), and acute stress (Hernandez et al., 2015). Understanding the affective state of animals is a critical component of their welfare. However, the testing process itself involves acclimating animals to a novel environment and subjecting them to multiple phases of daily handling for training and testing, which are stressors that can compromise their welfare (Roelofs et al., 2016; Browning, 2022). Fear and stress are fundamental aspects of animal behavior that significantly affect their response to stimuli and environments (Boissy, 1995).

Fear, an adaptive mechanism crucial for survival, is a short-term emotional response that motivates flight from, freezing in, or fighting a perceived imminent danger or threat (Steimer, 2002). When fear becomes excessive or chronic, it may adversely affect welfare and productivity (Jones, 1986). Ethologists assess fearfulness through behavioral assays, such as tonic immobility, that expose chickens to threatening stimuli and monitor their responses. Tonic immobility is a common method to test fear in chickens (Forkman et al., 2007) because it is a natural, temporary paralysis behavior expressed under threat (Miyatake et al., 2009). Previous studies have found that different breeds exhibit diverse fear and stress responses, indicating that genetic factors affect the perception of fearful stimuli and stressors (Albentosa et al., 2003; Abe et al., 2013; Ferrante et al., 2016; Peixoto et al., 2020). Birds exhibit individual differences in fear and stress responses, with birds showing higher fearfulness having greater stress responses (Cockrem, 2007).

Stress has the potential to adversely affect cognitive functions, resulting in impairments in decision-making and problem-solving abilities (Zidar et al., 2018). Affective states in chickens can be assessed through physiological responses, such as changes in body temperature that can be detected using infrared thermography (Boissy et al., 2007; Moe et al., 2017). The stress response in chickens begins with the activation of the sympathetic nervous system, triggering the release of catecholamines and stimulating the hypothalamic-pituitary-adrenal axis to release glucocorticoids (Carsia, 2015; Ouyang et al., 2021). This process causes peripheral vasoconstriction, redirecting blood flow from the extremities and surface of the skin to vital organs to conserve heat (Bolton and Bowman, 1969). Consequently, the core body temperature increases, resulting in the surface temperature of the skin decreasing as part of this physiological adjustment (Edgar et al., 2013). Stress induces these temperature changes and can negatively impact the cognitive function of chickens (Zidar et al., 2018; Campderrich et al., 2019). These physiological indicators provide insights into affective states.

The objective of this study was to investigate the affective state of two chicken breeds with different evolutionary histories: the Red Junglefowl, the primary ancestor of modern chickens (Gyles et al., 1966), and the Athens Canadian Random Bred, a rustic domesticated breed representing a broiler from the 1950s (Hess, 1962), using the JBT at two ages. A second objective was to explore the effect of the JBT on the fear and stress responses of the chickens that participated in the JBT compared to those that did not. We hypothesized that the Red Junglefowl chickens would respond more pessimistically to the JBT and exhibit heightened fear and stress responses compared to the Athens Canadian Random Bred chickens.





Materials and methods




Animals and facilities

This experiment was carried out at the University of Arkansas Poultry Research Farm. All methods were approved by the University of Arkansas Division of Agriculture Institutional Animal Care and Use Committee. On day-of-hatch, 160 Red Junglefowl (RJF; N = 80) and Athens Canadian Random Bred chickens (ACRB; N = 80) were vent sexed and wing tagged for individual identification, yielding 40 males and 40 females of each breed. Chickens from each breed were housed separately in two pens (3.05 m × 4.57 m) with clean wood shavings for a space allowance of 0.17m2 per bird within the same facility (6.17 m x 6.17 m). Feed and water were provided ad libitum; each pen had four tube feeders and a nipple water line. Chickens were kept under a photoperiod of 23 hours of light (L) and 1 hour of dark (D) at chick placement, and dark hours were increased until the photoperiod was 16L:8D from day 14 until the end of the study. The room temperature was set at 32.2°C at chick placement and was incrementally decreased to 20°C on day 28 until the end of the study. Chickens were monitored twice daily to ensure good health and welfare.





Judgment bias test




Bird selection

Not all chickens participated in the judgment bias test. At hatch, chicks were weighed (g), and 15 males and 15 females from each breed were selected according to average body weight within the median range (RJF = 32 g; ACRB = 41 g) on day (D) 0 for a total of 60 chicks selected for testing. To facilitate visual identification of chickens selected for testing from the population, they were marked with non-toxic livestock spray (All-weather, LA-CO Industries, Inc., IL, USA) and were re-marked as necessary throughout the study. All birds were monitored twice daily, and no behavioral or physical indicators of aggression were observed.





Test arena

The judgment bias test (JBT) was carried out in a separate identical facility (617 cm x 617 cm) adjacent to the housing facility, in an arena made from plywood (91 cm × 61 cm × 61 cm) and a black plastic start box (35 cm × 35 cm × 35 cm) with sliding doors on the front and top (Supplementary Figure S1). The temperature and lighting in the testing facility were the same as in the home pen.

Selected chickens participated in the JBT at two ages, from D2-29 (JBT 1) and D55-60 (JBT 2). Chickens were tested in groups of males and females by the same observer, with each group exclusively comprising individuals of the same breed, and the breed groups alternated between each test. There were 5 phases of the JBT: 1) acclimation, 2) training, 3) reinforcement, 4) discrimination, and 5) the judgment bias test. The positive reward (POS) was a white cardboard tray with dried mealworms, and the neutral (NEU) reward was a black cardboard tray (containing nothing). The days, order, number of chickens tested, sex per trial, number of trials, and trial durations for each phase are detailed in Supplementary Table S1. The number and percentage of chickens that met the pass criteria in each phase of the JBT are in Table 1. Chickens were acclimated and trained in randomly selected pairs of males and females during subsequent test phases to reduce the stress of a novel environment, handling, and social isolation (Gjøen et al., 2023). When an odd number of chickens remained on a testing day, a naïve chicken of the opposite sex that was not previously tested was added to maintain the pairing structure to control for the social aspect in every phase of the JBT.


Table 1 | The testing ages (D), number (N), and percentage (%) of male (M) and female (F) Red Junglefowl (RJF) and Athens Canadian Random Bred (ACRB) chickens that met the pass criteria in each phase of the judgment bias test (JBT).







Acclimation

First, chickens were familiarized with the test arena, the positive (POS) cue, and the reward in the Acclimation phase from D2-6. Due to human error, the RJF were acclimated for 3 more days than ACRB. On each test day, chickens were transported to the test facility from their home pen in a small plastic bucket containing litter. The test arena contained four white cardboard trays (5 cm × 5 cm) filled with three dried mealworms placed in the center and live mealworms randomly scattered throughout the test arena. To ensure acclimation and association of the test arena with the POS cue, live mealworms were provided because their movement is highly stimulating for chickens. Chickens were placed into the top opening of the start box, and after 10 s, the front door was opened for chickens to access the test arena freely while the observer was out of the chicken’s line of sight. The number of birds, trials, and trial durations varied until they were standardized to a male and female pair for two trials lasting 120 s on D6. Chickens passed the acclimation phase and proceeded to the training phase once they consumed mealworms from at least 1 white cardboard tray and those that did not were excluded from the subsequent phases. Fourteen RJF males, 13 RJF females, 13 ACRB males, and 12 ACRB females passed and proceeded to the training phase.





Training

Next, chickens were trained to associate the POS cue with the reward, which was a white cardboard tray containing 6 dried mealworms placed in the right corner on the opposite end from the start box in the test arena in the training phase on D7-8. Chickens participated in 3 consecutive trials for 120 s per trial. The observer recorded each chicken’s latency (s) to approach and consume mealworms from the white cardboard tray. Chickens passed the training phase and proceeded to the reinforcement phase if they consumed at least 1 mealworm from the white cardboard tray during at least 3 out of the 6 (50%) trials over the 2 days. Thirteen RJF males, 12 RJF females, 5 ACRB males, and 6 ACRB females passed and proceeded to the reinforcement phase.





Reinforcement

After the training phase, chickens participated in the reinforcement phase on D9-12. In the reinforcement phase, chickens were presented with the POS cue with dried mealworms positioned at the top right corner that was partially covered with white filter paper. This phase aimed to teach the chickens to investigate and displace the partially covered white cardboard tray to access dried mealworms underneath (Iyasere et al., 2017). Chickens participated in 3 trials with a maximum duration of 120 s for each consecutive trial. The observer recorded each chicken’s latency (s) to approach and consume mealworms from the POS cardboard tray. Chickens passed the reinforcement phase and continued to the discrimination phase if they successfully approached or consumed mealworms in at least 4 out of the 12 (33%) trials across D9-12. Thirteen RJF males, 12 RJF females, 5 ACRB males, and 6 ACRB females passed and proceeded to the discrimination phase.





Discrimination

After the reinforcement phase, chickens participated in the discrimination phase on D13-15. One female RJF mortality was recorded prior to testing. In the discrimination phase, chickens were introduced to the neutral cue (NEU, unrewarded), which was an empty black cardboard tray (5 cm x 5 cm) with no mealworms positioned in the left corner of the test arena. Cue order followed the methods described in Anderson et al. (2021). Chickens were presented with either the POS or NEU cue in an alternating order (Supplementary Table S2). Chickens participated in 6 trials with a maximum duration of 60 s for each consecutive trial, and the observer recorded the latency of the chickens to approach each cue. Chickens passed the discrimination phase if they consumed mealworms from the POS cue in 7 out of the 9 trials (77%), and they also must not have approached the NEU cue in more than 2 out of the 9 trials (22%). Six RJF males and 5 RJF females passed, but no ACRB males or females passed.





Re-training

Since no ACRB chickens passed the discrimination phase on D15, the decision was made to return to the training phase of the JBT on D16-21 (15 males and 15 females from each breed). The re-training followed the same procedures in the training phase, except the pass criteria. Chickens passed if they consumed mealworms from the white cardboard tray in 9 out of the 18 trials (50%) over the six days of re-training. Thirteen RJF males, 14 RJF females, 5 ACRB males, and 7 ACRB females passed and proceeded to reinforcement 2.





Reinforcement 2

After the re-training phase, chickens participated in the reinforcement 2 phase on D22-23. The procedures and pass criteria were the same as described in the reinforcement phase. Thirteen RJF males, 14 RJF females, 5 ACRB males, and 7 ACRB females passed and proceeded to discrimination 2.





Discrimination 2

After the second reinforcement phase, chickens participated in the discrimination 2 phase on D24-26. Chickens were tested as described previously. Ten RJF males, 11 RJF females, 5 ACRB males, and 7 ACRB females passed and proceeded to the JBT.





Judgment bias test

After the second discrimination phase, chickens participated in the first judgment bias test (JBT 1), which is the final phase of the JBT on D27-29. One male RJF mortality was recorded prior to testing. Chickens were presented with single cues, either POS, NEU, or novel ambiguous cues. The ambiguous cues were near neutral (NNEU), middle (MID), and near positive (NPOS) cues that were 75%, 50%, and 25% grey 5 cm x 5 cm cardboard trays, respectively. Ambiguous cues were placed at different locations along the wall of the arena opposite the start box. The NPOS cue was located 12 cm from the POS cue location (left corner), MID cue was in the center, and the NNEU cue was located 12 cm from the NEU cue location (right corner). The order of cue presentation is detailed in Supplementary Table S3, following the methods described by Anderson et al. (2021). Chickens participated in 9 trials with a maximum duration of 30 s for each consecutive trial. The observer recorded the latency of the chickens to approach each cue.





Discrimination 3 and judgment bias test 2

For the second judgment bias test (JBT 2), chickens were tested beginning with the discrimination 3 phase from D55-57. One female RJF mortality was recorded prior to testing. Nine RJF males, 10 RJF females, 5 ACRB males, and 7 ACRB females passed discrimination 3 and proceeded to the JBT 2 phase between D58-60. JBT procedures followed the same protocol as previously described.






Stress and fear measures

To compare the levels of stress and fear between the two breeds of chickens that were tested and untested in the JBT, 5 males and 5 females that made it to the final phase of the JBT, as well as 5 males and 5 females untested in any phase of the JBT (NJBT), were randomly selected from each breed (N = 20 RJF, 20 ACRB, 40 chickens in total). The JBT 1 ended on D29, and chickens had not been handled in the six days before the measures were collected on D35. On D35, stress and fear measures were collected. First, each chicken was removed from their home pen, and a thermal image of their head was taken. Next, fear was measured with the tonic immobility test. When the tonic immobility test ended, the chickens were weighed and returned to their home pen. Similarly, JBT 2 ended on D60, and chickens had not been handled for three days before collecting the same measures in the same order on D63. The same measures from the same chickens were collected at both ages.




Eye and beak thermal images

After each chicken was removed from the home pen, an infrared camera captured a thermal image of the chicken’s head at a focal distance of 330 cm. To minimize handling-related stress, images from each chicken were taken within 60 s of removal from the home pen. All images were taken by the same trained personnel to ensure consistency. Due to technical issues, different thermal cameras were used on D35 and D63. On D35, an infrared camera (FLIR ONE Pro LT, Wilsonville, OR, USA) was used with an emissivity of 0.95 and an atmospheric temperature of 20°C. Images were uploaded on a computer and analyzed using software (FLIR Thermal Studio Starter v.2.0), and an ellipse tool was used to measure the pixels representing the surface temperature of the eye region, and the minimum temperature (°C) was recorded. On D63, an infrared camera (Ti480P, Fluke Corporation, Everette, WA, USA) with a background temperature of 22°C, emissivity of 0.95, and transmission of 100% was used. Thermal images were uploaded on a computer and analyzed using Fluke software (SmartView Classic v4.4). An ellipse tool was used to measure the pixels representing the surface temperature of the eye and beak regions, and the minimum temperature was recorded. The minimum surface temperature was selected for analysis as it was more sensitive than the average or maximum temperatures recorded (Edgar et al., 2013). The thermal camera used to take images on D63 had better resolution, so the beak area could be measured.





Tonic immobility test

The tonic immobility test was conducted in the hallway outside of the home pen from 0800 to 1100 h on D35 & D63). Each chicken was placed into a wooden V-shaped cradle by a handler, carefully placing the bird on its back in the cradle and restrained for 15 s with one hand gently covering the head and the other over the chicken’s sternum to induce tonic immobility. The handler lifted their hands from the chicken and moved out of the chicken’s line of sight. Induction was successful if the chicken did not attempt to right itself for 10 s after removing the hand. If the chicken attempted to right itself before this time, induction was re-attempted by the handler, with a maximum of 2 additional attempts. Chickens participated in the tonic immobility test for a maximum of 600 s, then were returned to the home pen. Fearfulness was recorded as the latency (s) the chicken spent in tonic immobility before righting itself, with a longer latency indicating greater fearfulness (Gallup, 1979).






Statistical analysis

Statistical analysis of the judgment bias test data was performed using R version 4.4.1 to determine the main effects of breed (RJF, ACRB), sex (male, female), test (JBT, NJBT), and their interactions. Survival analyses were performed to calculate the Cox Hazard Ratio (HR), along with 95% confidence intervals [upper limit (UL), lower limit (LL)] and p-values using the “survival” and “survminer” packages in R to determine the probability of reaching the learning criterion for training, re-training, discrimination 1, discrimination 2 and discrimination 3. To assess the impact of breed, sex, and test on latency to approach each cue during the judgment bias test, a linear mixed-effects model was fitted using the lmer function from the “lme4” package in R. Tonic immobility duration (s) was square root transformed to meet the assumptions of normality and homoscedasticity and the model included fixed effects for breed, sex, and test, and their interactions. Random intercepts were included for individual (ID) nested within pairs, for trials of individuals for the discrimination phases, and for ID for the judgment bias test phases to account for repeated measures and paired observations, respectively. When interactions were significant, post hoc pairwise comparisons of estimated marginal means (‘emmeans’, R package) were carried out with Holm’s adjustment for multiple comparisons. To evaluate the effects of sex, breed, test on the duration of tonic immobility, another lmer mixed-effect model was fit using the log-transformed response duration to transform the data. This model also included the fixed effects of sex, breed, test, and their interactions. An ANOVA was conducted using the aov function in R to evaluate the effects of breed, sex, and their interaction on body weight.

An ANOVA was used in JMP Pro version 17 software for the main effects of breed, sex, test, and their interaction on D35 and D63 eye and D63 beak minimum surface temperatures. Tukey’s Honest Significant Difference (HSD) test was applied to separate the means where significant differences were detected. Results are reported as estimated mean ± the standard error of the estimated mean, with statistical significance determined at a p-value < 0.05.






Results




Judgment bias test

The number and percentage of chickens from both breeds that progressed to each phase of the judgment bias test (JBT) are shown in Table 1.




Training

The hazard ratio analysis revealed a significant effect of breed on the probability of chickens passing training (HR = 3.01, 95% CI = 1.12, 8.11, P < 0.05) but not re-training. Specifically, the Kaplan-Meier survival curve showed that by the 4th trial, 75% of RJF passed, with 80% RJF passing by the 6th trial. At the same time, the ACRB took more trials to pass, with only 50% passing by the end of the 6th trial (Figure 1a). At re-training, while not statistically significant, RJF showed fewer trials to pass, with all (100%) RJF compared with the 90% ACRB passing by the 12th trial (Figure 1b).




Figure 1 | The Kaplan-Meier survival curve of the probability of chickens completing the training phase at (a) Training 1 and (b) Training 2 of the judgment bias test. The dotted lines represent the number of tests taken for 50% of the population to reach the pass criteria. The number at risk for each breed represents the number of individuals who had not failed or met the pass criteria after each repeated training trial.







Discrimination

In discrimination 1, chickens had a shorter (P < 0.0001) latency to approach the POS (22 ± 3 s) compared to NUE (58 ± 5 s) (Table 2). RJF had a shorter (P < 0.01) latency (33 ± 3 s) to approach any cue compared to ACRB (44 ± 4 s), and RJF had a shorter (P < 0.0001) latency to approach the POS cue (16 ± 3 s) than ACRB (29 ± 4 s).


Table 2 | Breed, sex, and cue main effects and their 2-way interactions on the mean (± SE) latency to approach (s) cues of Red Jungle Fowl (RJF) and Athens Canadian Random Bred (ACRB) chickens in the Discrimination phases of the judgment bias test.



In discrimination 2, chickens had a shorter (P < 0.0001) latency to approach the POS (6 ± 1 s) compared to the NEU (59 ± 4 s), and ACRB approached the POS cue faster (4 ± 1 s, P < 0.0001) than RJF (9 ± 1 s; Table 2). In discrimination 3, chickens had a shorter (P < 0.0001) latency to approach the POS (3 ± 0.5 s) compared to the NUE (58 ± 2 s) cue (Table 2).

Results of the hazard ratio analyses showed no effects of breed, sex, or breed and sex interaction on the probability of the chickens passing discrimination 1, discrimination 2, or discrimination 3. While there was no statistical difference, at discrimination 1, the Kaplan-Meier survival curve showed the probability of RJF passing increased notably after the 7th trial, eventually reaching 60% by the 9th trial. In contrast, ACRB showed no increase in the probability of passing reaching 0% by the 9th trial (Figure 2a). Similarly, at discrimination 2 (Figure 2b) and discrimination 3 (Figure 2c), both breeds showed an increase in the probability of passing after the 7th trial.




Figure 2 | The Kaplan-Meier survival curve of the probability of chickens completing the discrimination phase at (a) Discrimination 1, (b) Discrimination 2, and (c) Discrimination 3 of the judgment bias test. The dotted lines represent the number of tests taken for 50% of the population to reach the criteria. The number at risk for each breed represents the number of individuals who had not failed or met the pass criteria after each repeated training trial.







Judgment bias

On D29 of the first JBT (JBT 1), there were no significant differences between ACRB and RJF. However, there was a significant effect of cue on latency to approach cue types, with chickens having a shorter (P < 0.0001) latency to approach the POS (2 ± 0.1 s) followed by MID (23 ± 0.6 s), NPOS (26 ± 0.6 s), NNEU (28 ± 0.6 s), then the NUE cue (30 ± 0.4 s) (Table 3).


Table 3 | Breed, sex, and cue main effects and their 2-way interactions on the mean (± SE) latency to approach (s) the cues of male (M) and female (F) Red Jungle Fowl (RJF) and Athens Canadian Random Bred (ACRB) chickens on D29 and D60 in judgment bias test.



On D60 of the second JBT (JBT 2), the main effects of breed and cue were significant. Chickens had a shorter (P < 0.001) latency to approach the POS (2 ± 0.2 s), followed by the NPOS (25 ± 1 s), MID (26 ± 1 s), NNEU (29 ± 1 s), and NEU (30 ± 1 s) cues, and RJF had a shorter (P < 0.01) latency (19 ± 0.4 s) to approach all cues compared to ACRB (21 ± 0.5 s) (Table 3).






Fear and stress measures




Eye and beak surface temperature

Chickens that did not participate in the JBT (NJBT) had a higher (P < 0.05) minimum eye temperature (32.1 ± 0.46°C) compared to JBT chickens (30.8 ± 0.46°C) on D35 (Figure 3a). NJBT chickens had higher (P < 0.01) minimum eye and beak temperatures (35.1 ± 0.19°C and 34.4 ± 0.32°C, respectively) compared to JBT chickens (34.0 ± 0.19°C and 32.1 ± 0.32°C, respectively) on D63 (Figure 3b). The interaction between test and breed showed that NJBT RJF had a higher (P < 0.05) eye minimum temperature (32.7 ± 0.65°C) compared to JBT RJF (29.8 ± 0.65°C) on D35 (Figure 4a), but this effect was not seen on D63. Unlike D35, an interaction effect was found between the test and breed on D63, where NJBT ACRB had a higher (P < 0.05) beak minimum temperature (35.0 ± 0.46°C) compared to JBT ACRB (31.4 ± 0.46°C) (Figure 4b).




Figure 3 | Minimum eye and beak surface temperature (°C) of Red Junglefowl (RJF) and Athens Canadian Random Bred (ACRB) chickens that were tested (JBT) and untested (NJBT) in the judgment bias test on (a) D35 and (b) D63. Different letters indicate significant differences (Tukey’s Honest Significant Difference test) at p < 0.05.






Figure 4 | Minimum eye surface temperature (°C) on (a) D35 and (b) minimum beak surface temperature (°C) on D63 of Red Junglefowl (RJF) and Athens Canadian Random Bred (ACRB) chickens that were tested (JBT) and untested (NJBT) in the judgment bias test.







Tonic immobility

The main effects of test and the interaction of sex and test significantly affected tonic immobility on D35, while the main effects of test, breed, and sex, as well as the interaction between sex and test, were significant for D63. On D35, RJF had a longer (P < 0.01) duration (77 ± 15 s) compared to ACRB (37 ± 7 s), and NJBT males had a longer (P < 0.01) duration (93 ± 25 s) than NJBT females (29 ± 8 s) (Table 4). On D63, JBT chickens had a longer (P < 0.05) duration (129 ± 25 s) than NJBT chickens (61 s ± 11.80). Similar to D35, RJF had a longer (P < 0.01) duration than ACRB (129 ± 25 s) and NJBT males had a longer (P = 0.005) duration than NJBT females on D63 (Table 4).


Table 4 | Test, breed, and sex main effects and their 2-way interactions on the mean (± SE) duration (s) of tonic immobility of male (M) and female (F) Red Jungle Fowl (RJF) and Athens Canadian Random Bred (ACRB) chickens that were tested (JBT) or untested (NJBT) in the JBT on D35 and D60.








Body weight

Body weight was significantly affected by breed, sex, and their interaction at D35 and by breed and sex on D63. At D35, ACRB had a greater (P < 0.01) body weight (478 ± 10 g) compared to RJF (439 ± 10 g). Similarly, at D63, ACRB had a greater body weight (P < 0.01, 1137 ± 24 g) than RJF (1040 ± 24 g). Males had a greater (P < 0.01) body weight than female birds at both D35 and D63. The interaction between breed and sex on D35 showed that female ACRB had a lower body weight (391 ± 14 g) than male ACRB and both RJF sexes (Table 5).


Table 5 | Significant breed and sex main effects and their two-way interaction on mean body weight (g) on D35 and D63 of male and female Red Jungle Fowl (RJF) and Athens Canadian Random Bred (ACRB) chickens that were tested (JBT) or untested (NJBT) in the JBT.








Discussion

The approach of combining cognitive assessments with fear and stress measures in this study provides a holistic view into the affective states of chickens. This methodology allows for a deeper understanding of how underlying affective states can affect cognitive, fear, and stress responses, and how these can vary between different breeds of chickens. To our knowledge, this study is the first to examine the difference between the Red Junglefowl and the Athens Canadian Random Bred Chickens at the same ages that were reared in the same housing conditions. The stress and fear measures collected in the current study differ from previous studies (Zidar et al., 2018; Anderson et al., 2021) in that an untested baseline population was maintained, which enabled us to observe the inherent differences between breeds, rather than introducing additional variables such as stress-inducing factors or enriched environments to investigate behavioral and physiological responses. This approach offers a distinctive viewpoint by highlighting the breed-specific responses.




Discrimination and judgment bias

The results of the discrimination training showed that chickens successfully learned to approach the positive cue with a shorter latency compared to the neutral cue at all the phases of discrimination learning. These findings align with a study conducted by Pichová et al. (2021), which investigated the cognitive differences between laying hens selectively bred for high and low pecking behavior. At the end of the discrimination training, 36 out of 40 hens successfully discriminated between the positive and negative-colored feeders in their study. The latency to approach the positive cue across the discrimination phases reflects reinforcement learning principles, where chickens learned to associate positive cues with rewards (Zentall et al., 2014). In the current study, chickens consistently approached the positive cue faster than the neutral cue during the three discrimination phases. The results of the current study demonstrate that chickens were able to discriminate between the positive cue, which consistently contained the reward (mealworms), and the neutral stimulus, which remained unrewarded throughout the discrimination learning phase.

No ACRB and eleven RJF passed the first discrimination phase. Further, ACRBs that approached the positive cue did so with a longer latency than RJF. A potential explanation for why the ACRB did not successfully pass the first discrimination phase could have been the lack of a punitive consequence for approaching the neutral cue. In discrimination learning, pairing positive reinforcement with the rewarded cue and a form of punishment or negative feedback for the negative cue enhances learning by creating a clear distinction between stimuli. By not incorporating a punitive consequence for approaching the neutral cue during this study, the ACRB may not have experienced sufficient motivation to avoid the neutral cue and focus exclusively on the positive cue. In contrast, Seehuus et al. (2013) investigated the impact of disrupting the feed reward cycle in laying hen chicks to infer their affective state using a spatial JBT. They reported that the use of a negative (unpalatable rice soaked in quinine) enhanced discrimination learning. Incorporating mild negative reinforcement could have enhanced ACRB discrimination learning outcomes in the present study.

Nevertheless, ACRB chickens seemed to learn at a slower rate than RJF. RJF initially approached the positive cue faster than ACRB during the first discrimination phase, but the ACRB were faster than RJF at approaching the positive cue during the second discrimination phase. By the third discrimination phase, the latencies for both breeds to approach the positive cue were faster, and there was no difference between breeds, indicating they both remembered and discriminated between positive and neutral cues. Inconsistencies exist in similar research. Interestingly, Svensson and Lindahl (2023) investigated the cognitive learning capabilities between White Leghorn chickens and RJF in associative and spatial learning tests. The authors reported that the White Leghorns were initially faster learners than the RJF in an associative learning test. They concluded that domestication has increased boldness and exploration and the risk-aversive behavior of the RJF may serve as an adaptive trait for predator avoidance in the wild. Similar to our results, the results from previous studies report that domestication impairs spatial cognition, with RJF having heightened spatial learning abilities than White Leghorn hens (Lindqvist et al., 2002, 2007; Lindqvist and Jensen, 2009). Lindqvist et al. (2007) reported that both male and female RJF outperformed WL in navigating to a food reward during a spatial learning test, suggesting superior spatial learning abilities. Further investigations by Lindqvist and Jensen (2009) examined contra-freeloading behavior, the tendency to work for food when the same food is freely available, and spatial learning in both breeds. The authors found that RJF exhibited more contra freeloading behavior and better spatial learning performance than WL. These results indicate that domestication may have altered cognition and stress susceptibility, which can also affect fearfulness in the domesticated phenotype.

Both breeds of chickens consistently exhibited shorter latencies to approach the positive cue during the JBT. This rapid approach to the ambiguous cues highlights the effectiveness of the test as a measure of learning and memory in chickens by the association of the positive cue with positive reinforcement (mealworms). Although we did not find breed differences in their latencies to approach the ambiguous cues during the JBT, RJF had a slightly shorter latency to approach cues when they were older, which indicates they may have better memory or a more proactive coping style (Lindroth, 2020) compared to ACRB. This suggests that RJF were more proficient at remembering and associating the cues with previously learned outcomes or it may reflect their natural behavioral traits, such as an increased inclination to explore (Koolhaas et al., 1999; Lindqvist and Jensen, 2009; Lindroth, 2020), which may have been preserved through minimal domestication.

Another possible reason why chickens approached ambiguous cues with similar latencies might be related to their experiences during training and testing sessions. Repeated testing is known to induce anticipation, as reported by previous studies (Wichman et al., 2012; Anderson et al., 2021), where chickens develop an expectation of future events based on past experiences. In the current study, although there were no significant differences between breed and cue interactions, the responses observed during the second phase of the JBT may reflect the effects of prior reinforcement and learning. For instance, the RJF, which exhibited more consistent responses, may have developed a stronger anticipation of favorable outcomes of the JBT than the ACRB. This suggests that differences in previous learning rates during reinforcement at younger ages could influence how chickens approach ambiguous cues at older ages.




Stress

Traditional physiological methods for assessing stress in chickens often rely on measuring stress hormones, such as corticosterone, which necessitates handling and restraint for blood sampling (Mormede et al., 2007; Weimer et al., 2018). While reliable, these methods can induce stress and alter the affective and physiological states of the chickens due to restraint and venipuncture. Restraint and pain can confound the results when the objective is to assess baseline stress levels or reactions to repeated handling (Bortolotti et al., 2008; Alm et al., 2014). To reduce the confounds of blood collection, our study used thermography, a validated non-invasive technique to measure stress responses in chickens (Moe et al., 2017; Weimer et al., 2021), aligning with the growing emphasis on reducing animal distress in research settings.

Chickens that had participated in the JBT showed significantly lower eye surface temperatures than untested chickens at both ages, suggesting they likely had higher residual levels of stress in response to handling for thermal image capture. This was particularly evident at the older age, when the eye surface temperature of JBT chickens was 1.04°C lower than JBT, and 2.36°C for the beak. The magnitude of the difference between eye and beak surface temperatures indicates that the surface temperature of the beak region may be a more reliable measure of stress than the eye (Weimer et al., 2021). The beak region is highly innervated by the sympathetic nervous system, making it sensitive to temperature fluctuations due to changes in blood flow (Kuenzel, 2007). As a result, monitoring beak temperature may provide a valuable indicator of affective states in chickens, reflecting their emotional and physiological responses (Iqbal and Moss, 2021).

Despite repeated gentle human handling and relocation during the testing facility, JBT chickens showed higher stress levels, which may indicate an inability to acclimate to human interaction over time. Studies by Edgar et al. (2013) and Herborn et al. (2015) have shown that repeatedly handling chickens induced significant stress, evidenced by a rapid decrease in surface and eye temperatures. This suggests that the processes involved in cognitive testing procedures may be inherently stressful, potentially exceeding the capacity of chickens to habituate to the handling and movement involved in the test. Our findings further support these observations, particularly highlighting the distinct differences in facial surface temperatures between chickens that participated in the JBT and those untested.

On the other hand, the JBT could have had heightened emotional arousal due to test anticipation for the positive reward (mealworm). Moe et al. (2012) demonstrated that arousal in anticipation of a reward resulted in a measurable decrease in peripheral temperature, reflecting an emotional and physiological response to positive expectations. This suggests that the test elicits an arousal response, influencing both physiological states and optimistic or pessimistic decision-making. Interestingly, while breeds did not differ in eye minimum temperatures at the younger age, the interaction between breed and test conditions did. Specifically, at the younger age, RJF chickens that participated in the JBT displayed lower eye minimum temperatures than untested RJF. However, the reciprocal effect was found in beak minimum surface temperatures at the older age, where JBT-tested ACRB chickens had lower beak minimum temperatures than untested ACRB. The absence of a similar pattern between the stress response and cognition indicates that behavioral and physiological stress responses are independent traits and suggests that individual variation in these responses can be dependent on individual personality (Koolhaas et al., 1999; Lindroth, 2020).





Fear

Chickens that participated in the JBT exhibited longer durations of tonic immobility than untested chickens at the older, but not younger age in the current study. This may indicate that older chickens may be more fearful of repeated testing and handling during the JBT (Jones and Waddington, 1992). Neuhauser et al. (2023) investigated the effects of cognitive judgment bias test training on the tonic immobility of tested and untested laying hens. The authors concluded that such training did not significantly influence fear responses, challenging earlier assumptions about the relationship between cognitive tests and affective states in animals (Zidar et al., 2018). The observed contradiction between our findings and those of Neuhauser et al. (2023) may be attributed to breed and age-specific variations observed in the RJF and ACRB chickens or variations in the JBT experimental design.

Animals experiencing increased negative affective states, such as increased fearfulness (Hicks and Patrick, 2006; Forkman et al., 2007) and stress (Kozak et al., 2019) are more likely to remain longer in tonic immobility. The longer tonic immobility durations observed in males compared to females at the older age suggest that sex influences fear responses. The effects of sex on tonic immobility are inconsistent. For example, Jones and Faure (1981) reported no significant sex differences across chicken strains, while others have reported that males exhibit longer tonic immobility durations (Janczak et al., 2007; Archer, 2018) and increased fearfulness with age in males, but not females (Nakasai et al, 2013) These variations suggest that sex differences in tonic immobility depend on age, hormonal development, strain, and environmental conditions. Testosterone, which is more prominent in males, may increase fear-related behaviors (Archer, 1976). Understanding the effect of sex is crucial for interpreting tonic immobility data in behavioral studies.

In the current study, RJF chickens had a longer tonic immobility duration compared to ACRB at both ages, suggesting that RJF may possess a greater innate fear response which serves as an essential evolutionary function enhancing their survival rates to effectively avoid predators in the wild (Jones, 1996). Domestication attenuates the frequency and intensity of fear-related behaviors in animals (Agnvall et al., 2012). Previous research confirms breed-specific differences in the fear response of chickens. Campler et al. (2009) reported that the RJF showed a higher fear response compared to White Leghorns. This trend is consistent with our findings, where the RJF displayed higher fear levels in the tonic immobility test than the ACRB. Additionally, a study conducted by Gjøen et al. (2023) compared the risk-taking effect of domestication of RJF and White Leghorns on behavior in social and non-social environments and reported that RJF chickens exhibited more fear of a novel object than White Leghorn chickens. This result aligns with the present findings of this study, as observed in the longer tonic immobility duration in the RJF.







Conclusion

Our study combined a cognitive assessment with fear and stress measures of Red Junglefowl and Athens Canadian Random Bred chickens to provide a comprehensive understanding of the effect of domestication on the welfare of chickens. Both breeds successfully learned to discriminate between positive and neutral cues, but not ambiguous cues, in the judgment bias test. Participation increased the stress response at both ages and the fear response at the older age. We hypothesized that the Red Junglefowl chickens would respond more pessimistically to the judgment bias test and exhibit heightened fear and stress responses compared to the Athens Canadian Random Bred chickens. Our hypothesis was only partially supported, as Red Junglefowl chickens tended to approach cues more quickly and exhibited longer durations of tonic immobility, suggesting a proactive affective state and greater fearfulness than Athens Canadian Random Bred. These findings provide evidence that the link between domestication and physiological and behavioral responses remains nebulous and highlight the importance of considering fear and stress in measuring the affective states of animals.
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