

[image: image1]
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How animals respond to novelty may have important outcomes in terms of fitness. On the one hand, aversion to novel stimuli may reduce the risks of consuming potentially toxic food or encountering predators. On the other hand, the propensity to approach novel stimuli may allow individuals to explore novel food sources and more flexibly adapt to novel challenges. Different species and individuals may find different ways to balance the costs and benefits that novelty posits. To date, however, little is known on how response to novel food varies across individuals of the same species depending on their previous experience with novelty, risk attitude and presence of higher-ranking conspecifics. In this study, we assessed individual variation in response to novel food by testing captive capuchin monkeys (Sapajus spp.) in an unconstrained social context, where all individuals in a group were able to access the testing area on a voluntary basis. We provided familiar and novel food to 23 study subjects belonging to four social groups differing in (i) previous experience with novel food, (ii) risk attitude (as assessed by a previous risky decision-making task), and (iii) dominance rank. We predicted that, as individuals may generalize their previous experience to novel contexts, those with more previous experience with novel food would be less neophobic than those with less experience. Moreover, if neophobia is a facet of the individual’s risk attitude, we predicted that more risk-prone individuals would be less neophobic than less risk-prone ones. Finally, individuals might flexibly modify their food choices according to the presence of conspecifics; in this respect, we predicted that, in response to monopolization of preferred resources by higher-ranking individuals, lower-ranking individuals would prefer familiar over novel food in the absence of higher-ranking individuals, but would modify their preference in favor of novel food in the presence of higher-ranking individuals. None of these predictions were supported by our results. We observed, however, that neophobia, measured as the latency to retrieve a food item, was more pronounced in lower-ranking than higher-ranking individuals, and that males showed a generally stronger bias than females toward a quicker retrieval of familiar food.
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INTRODUCTION

Animals face a variety of stimuli during their everyday life, some of which entail a degree of novelty because they have never been previously experienced. On the one hand, aversion to novel stimuli may be adaptive to, for instance, reduce the risks of consuming novel and potentially toxic food (Greenberg and Mettke-Hofmann, 2001; Ferrari et al., 2015). On the other hand, individuals attracted by novel stimuli may be more explorative and innovative, and thus more likely to encounter novel resources, solve novel problems and flexibly adapt to novel challenges (birds: Greenberg, 2003; Overington et al., 2011; Sol et al., 2011; Griffin and Diquelou, 2015; primates: Webster and Lefebvre, 2001; Day et al., 2003; Amici et al., 2020a). Therefore, how animals react to novelty may have important outcomes in terms of fitness (Crane et al., 2020), and different species and individuals may find different ways to balance the costs and benefits of novelty, depending on the socio-ecological challenges they face (Greenberg and Mettke-Hofmann, 2001; Mettke-Hofmann et al., 2002; Forss et al., 2017; for a review see Mettke-Hofmann, 2014; Miller et al., 2022).

Animals may avoid novel stimuli (i.e., showing neophobia), they may be attracted by novelty (i.e., showing neophilia) or they may neutrally respond to novel stimuli. Although neophobia and neophilia may be considered two extremes of the same continuum, they are best conceptualized as independent responses (Russell, 1973), resulting from the dynamic balance of fear and curiosity (Hughes, 2007). Here, we will define neophobia as the avoidance behavior that arises when the novel stimulus generates a fear response (Greggor et al., 2015). Neophobia can be context-specific (e.g., gustatory, predator, social, object or spatial neophobia; Crane et al., 2020), and can strongly vary depending on the specific stimuli experienced (Greggor et al., 2015). Different methods can be used to assess neophobia, including the time individuals spend in proximity to the novel stimulus, the latency to approach or retrieve the novel stimulus or the number of novel food items consumed. Therefore, response to novelty may strongly vary within individuals, depending on the context, the stimuli and methods employed to assess this behavior.

To date, the vast majority of studies have compared neophobia across different species, to investigate the socio-ecological conditions that may be linked to the emergence of higher neophobia in certain species (e.g., birds: Mettke-Hofmann et al., 2002; ungulates: Schaffer et al., 2021; primates: Addessi et al., 2004; Addessi and Visalberghi, 2006; Bergman and Kitchen, 2009; Forss et al., 2019; Amici et al., 2020b). Other studies, however, have focused on individual variation in neophobia (e.g., birds: Mettke-Hofmann et al., 2005; Fox and Millam, 2007; Ensminger and Westneat, 2012; ungulates: Schaffer et al., 2021; primates: Amici et al., 2020b). Neophobia, for instance, may vary across conspecifics depending on their age, sex or rank. In birds, Biondi et al. (2010) have shown that adults are more neophobic than juveniles toward novel objects. A similar effect has been found in primates tested with novel food (wild capuchin monkeys (Cebus apella): Visalberghi et al., 2003a; captive chimpanzees (Pan troglodytes): Addessi and Visalberghi, 2006), although other studies have found no significant relation between age and neophobia (wild capuchin monkeys (Cebus libidinosus): Sabbatini et al., 2007; captive great apes (Pan troglodytes, Gorilla gorilla, Pongo pygmaeus, Pongo abelii): Gustafsson et al., 2014) or, in contrast, the opposite pattern was observed (captive marmosets (Callithrix jacchus): Yamamoto and de Araújo Lopes, 2004; Voelkl et al., 2006). Moreover, sex may predict differences in neophobia: some authors argued that males should be less neophobic than females, because competition through sexual selection is more intense for males, who would thus need higher behavioral flexibility (Schuett et al., 2010; Crane et al., 2020). However, since in mammals males are usually higher-ranking than females, sex-rank effects might be confounded (Crane et al., 2020). Indeed, studies on primates have found contrasting results: in captive capuchin monkeys, for instance, sex and rank were not found to affect preference toward novel food (Visalberghi et al., 2003b) but, in a study on wild capuchin monkeys, females showed a less neophobic response toward novel objects than males, while rank had no significant effect (Visalberghi et al., 2003a).

In terms of sociality, different factors may explain individual variation in response to novelty. In social species, for example, higher-ranking individuals usually have priority of access to resources (Ellis, 1995; Altmann, 1998; Hohmann et al., 2006). Moreover, primates who are more integrated in their social group may also have better access to resources (Amici et al., 2020b; Dell’Anna et al., 2020). Therefore, higher-ranking or more socially-integrated individuals may receive a lower potential payoff from novel stimuli, and may be more neophobic than lower-ranking or less socially-integrated individuals (Hegner, 1985; Greenberg-Cohen et al., 1994; Lahti, 1998; Wolf et al., 2007; An et al., 2011). Furthermore, in some species the presence of a conspecific may facilitate the acceptance of novel food or objects (birds: Coleman and Mellgren, 1994; Huber et al., 2001; rodents: Forkman, 1991; canids: Moretti et al., 2015; primates: Visalberghi and Addessi, 2000; Voelkl et al., 2006; Hardus et al., 2015). The latter findings may result from very different processes. On the one hand, social facilitation may reduce neophobia (Addessi and Visalberghi, 2001). On the other hand, especially in a foraging context, novel resources may be accepted as a means to reduce competition (Amici et al., 2020b).

Beyond age, sex and sociality, other factors like previous experience and risk attitude might also explain individual variation in response to novelty, although these factors have been usually overlooked in previous studies. Differences in neophobia may partly result from the complex interactions that individuals have with the environment during their life (Greenberg, 2003; Biondi et al., 2010). For instance, response to novelty may depend on how much the novel stimulus differs from other familiar stimuli, and thus on how easily familiar features can be generalized to novel stimuli. Generalizations to novel stimuli have been well documented both in the context of foraging (e.g., Greenberg, 1990; Greenberg and Mettke-Hofmann, 2001) and in the context of predation (e.g., Brown et al., 2013). In lambs, for example, early life experiences with novel food reduces neophobia when individuals are exposed to other kinds of novel food (Catanese et al., 2012). In whitetail damselfish (Pomacentrus chrysurus), previous experiences with predators predict a decrease in neophobia toward predators (Crane and Ferrari, 2017), with higher neophobia (and higher survival rate) in individuals with no previous experiences of escaping from predators (Ferrari et al., 2015). However, the link between previous experiences and neophobia may be context-specific, as shown by a recent study finding that early predator experience did not affect the latency of the daffodil cichlid (Neolamprologus pulcher) to feed near a novel object (Bannier et al., 2017).

Neophobia may also reflect how animals generally assess uncertainty. Animals face uncertainty because they do not always know the outcome of their decisions. Studies with non-human primates have assessed how animals react to uncertainty by testing their risk attitude (Heilbronner et al., 2008; MacLean et al., 2012; Rosati and Hare, 2012; De Petrillo et al., 2015). In these tasks, individuals are usually presented with a series of choices between two options, one yielding a reward that is constant in amount (safe option) and one yielding a reward that varies probabilistically around the mean (risky option), with the two options leading on average to the same payoff. Individuals with a preference for the risky option are considered risk-prone, whereas those with a preference for the safe option are considered risk-averse (Kacelnik and Bateson, 1996). While these studies consider risk as the failure to receive a reward, animals in their own environment also face the risk of losing valuable resources or being physically injured (Paglieri et al., 2014). Neophobic behaviors may represent an individual’s reaction to uncertainty due to a lack of information associated with a novel stimulus (Crane et al., 2020). Risk-prone individuals may focus on the potentially valuable payoff that novelty offers rather than on its risky outcome. Thus, it should be possible that risk proneness and neophobia are two related traits and that the individual attitude to face risk shapes the response to novelty (Greenberg, 2003).

In the present study, we investigated inter-individual variation in neophobia toward novel food and, in particular, the role of previous experience and risk attitude on how individuals respond to novelty in a social setting. We did so in an unconstrained social setting, where all individuals in a group could freely participate in the experiment on a voluntary basis, thus mimicking the social context in which individuals usually interact with novel stimuli in their daily life, and allowing more meaningful comparisons with data collected in the wild. We used capuchin monkeys as a model species, assessing their relative preference for novel and familiar food and their latency to retrieve it under two different conditions. Capuchin monkeys have been largely studied both in the wild and in captivity for their complex foraging strategies (e.g., tool use, Visalberghi and Limongelli, 1994; Fujita et al., 2011; Falótico and Ottoni, 2016; processing of toxic foods, Sirianni and Visalberghi, 2013) and their neophobic response to novel food and objects (e.g., Addessi et al., 2004; Addessi and Visalberghi, 2006). We expected inter-individual differences in how capuchin monkeys react to novel food. In particular, we predicted that more experienced individuals (i.e., having been more frequently exposed to novel food in previous studies) would be less neophobic than less experienced ones. Moreover, we predicted that more risk-prone individuals (i.e., those that preferred a risky option over a safe one when confronted with two options yielding on average the same payoff; De Petrillo et al., 2015) would be less neophobic than less risk-prone ones. Finally, we predicted that the presence of higher-ranking individuals would affect the choice of lower-ranking ones, so that the latter would prefer familiar food to novel food in the absence of higher-ranking individuals, but would reverse their preference in the presence of higher-ranking individuals. We tested for our predictions while controlling for age, sex and rank, which were found to be significant predictors of neophobia in previous studies. We did not explicitly control for reproductive status and past reproductive experience because the last pregnancies in the colony occurred 10 years ago and because reproductive experience is correlated to sex and age, already included in the analysis.



MATERIALS AND METHODS


Ethics

This study complied with protocols approved by the Italian Health Ministry (DM 633/2020-PR to the last author). All procedures were performed in full accordance with the ethics requirements of the Directive 2010/63/EU on the protection of animals used for scientific purposes and conformed to the “Guidelines for the treatment of animals in behavioral research and teaching” (Bee et al., 2020).



Subjects

The study involved 23 subjects belonging to four social groups (Group 1 = 5 subjects; Group 2 = 5 subjects; Group 3 = 4 subjects; Group 4 = 9 subjects; Table 1), hosted at the Primate Center of the Unit of Cognitive Primatology, Institute of Cognitive Science and Technologies, National Research Council of Italy, Rome, Italy. In the colony we tested some changes in group composition occurred in the past years. However, from 2004 the composition of our groups was rather stable. Seventeen out of the 23 subjects had previously participated in studies in which they were presented with novel food (Table 1). Eight out of the 23 subjects had previously participated in a risky decision-making task (Table 1). All groups were housed in enclosures with indoor and outdoor areas. The indoor area measured 25.4 m3 for all groups, and was divided in two sections; the outdoor area measured 53.2–374.0 m3 depending on the study group. All enclosures were furnished with wooden perches, tree trunks and branches. Testing occurred in the morning, between 09:30 and 13:30 h, before the main meal, and water was available ad libitum. Individuals participated on a voluntary basis. Data were collected in November and December 2020.


TABLE 1. Individual characteristics of the study subjects, including their name, group, age (in years), sex, rank (with 1 referring to the highest-ranking individual in each group), experience with novel food (as the number of experiments on neophobia in which each subject had participated before being tested), risk attitude (as the mean proportion of trials in which the subject had chosen the risky over the safe option in a decision-making task; De Petrillo et al., 2015) and number of total sessions of conditions A and B in which each subject participated.
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Experience, Risk Attitude and Social Context

Subjects participated to a variable extent in previous experiments testing their reaction to novel food (Supplementary Table 1). Previous experiments using novel food were carried out for about 10 years since 1992 and used both fresh fruits and vegetables (e.g., pineapple, kiwi, tomato, celery, broccoli) and processed food (e.g., mashed canned “Spagna” beans, colored blue; mashed boiled skinned lentils, colored red; mashed boiled aubergine colored green; mashed canned “borlotti” beans, colored violet; semolina cooked with water and sugar). As a proxy of experience with novel or unfamiliar food, we used the number of such experiments in which each subject had participated before being tested in the present study. Some subjects (N = 8; Table 1) had also participated in a decision-making task requiring them to choose between a safe option (i.e., yielding a constant reward) and a risky option (i.e., yielding a reward that probabilistically varied around the mean; De Petrillo et al., 2015). We used the mean proportion of trials in which each subject had chosen the risky option as a proxy of his/her risk attitude. Although this experiment was performed a few years before the current study, relative risk attitude among subjects seems to be a stable trait in humans (Straznicka, 2012; Josef et al., 2016) and, while detailed information for capuchin monkeys is still lacking, new data collected in 2019 on our study subjects (which we did not employ in the present study as they have not been published yet) showed no significant difference from those collected in 2014 by De Petrillo et al. (2015). Since our study subjects were tested in a social context, we also tested whether reaction to novelty by lower-ranking subjects was affected by the presence of higher-ranking individuals. To evaluate this effect, every time we observed a monkey retrieving a food item, we measured the difference between the rank of the subject retrieving the food item and the rank of the highest-ranking individual present in the testing area at the time of retrieval. The dominance hierarchy was obtained from the observation of the direction of dyadic unidirectional agonistic interactions among group members. Since capuchins’ societies are characterized by a high degree of tolerance, aggressions are very rare and rank determination within capuchin groups held at ISTC-CNR Primate Center is updated continuously based on opportunistic observations. Moreover, before the start of the experiments, we used the “peanut test” to resolve ambiguous cases (i.e., where the hierarchical position of two individuals was not well defined). The test consisted in placing a peanut in the middle of a cage, equidistant from the two individuals and observing which subject retrieved it, and it was administered four times for each of the three “ambiguous” dyads. In all cases, the same subject retrieved all of the peanuts.



Procedure

We exposed subjects to novel and familiar food in a social setting, which better mirrors the natural context in which captive and wild individuals usually interact with novel stimuli. During the sessions, subjects could freely move between the indoor and outdoor areas of their enclosure. Food items (banana slices) were distributed on the floor of two adjacent sections of the indoor area (hereafter, “testing areas”), connected through sliding doors to the outdoor area of the enclosure (Supplementary Figure 1). We distributed food items on the testing area floor so that they were as evenly distributed as possible while ensuring visibility from the point of view of recording cameras (section “Coding”). In each testing area, we distributed a number of food items which was proportional to the number of individuals in the group (i.e., four food items per individual, with the only exception of two groups who received a lower number of food items in the first session, i.e., two food items per individual). Half of the food items were familiar banana slices, and the other half were “novel” banana slices, which had been dyed with odorless and tasteless food coloring (Lo Conte, decorì). Since novelty has been shown to increase with stimulus complexity (Greggor et al., 2015), we also added a novel texture to the “novel” banana slices, covering those with seeds that subjects had never eaten before. We administered two conditions, which were identical except for the kind of novel stimuli used: blue banana slices with sesame seeds (condition A), and red banana slices with poppy seeds (condition B). The order of the two conditions was counterbalanced across the study groups to control for order effects (i.e., Groups 1 and 4 received condition A before condition B, whereas the order was reversed for Groups 2 and 3). We administered 10 sessions (with the exception of two groups who received a lower number of food items in the first session and to which we administered 11 sessions) for each study group and condition (total number of sessions: 82). To maintain motivation high, we only administered one session per day.



Coding

We videotaped each session, and also verbally announced on video the identity of every individual entering the testing areas. Each session started when the sliding doors connecting the indoor and outdoor areas opened so that individuals were able to enter into the testing areas, and it ended when all the banana slices had been eaten (mean session duration: 216 s; min-max 81–511 s). By using the software BORIS (Friard and Gamba, 2016), we later coded from the videoclips, for each episode of food retrieval (i.e., an observed event of one monkey retrieving one banana slice, hereafter, “retrieval episode”), the identity of the individual retrieving the food, and the type of food retrieved (i.e., familiar or novel). Subjects ate almost all of the food items they retrieved. In only 39 instances out of a total of 1,936 observed episodes of food retrieval, the food item was dropped. Moreover, for each session and individual, we coded the latency to retrieve familiar food and the latency to retrieve novel food. Latency to retrieve familiar food was defined as the time elapsed from the first entrance of a subject in one of the two testing areas and the first retrieval of a familiar food item in the session. Similarly, latency to retrieve novel food was the length of the time interval between the first entrance of the subject and the first retrieval of a novel food item. Videos were independently coded by two observers (MV and GSg). Inter-observer reliability was assessed on 20% of recordings for familiar food retrieval (ICC = 0.996), novel food retrieval (ICC = 0.998), latency to retrieve familiar food (ICC = 0.997), and latency to retrieve novel food (ICC = 0.997).



Statistical Analyses

We performed all statistical analyses and plotting using R v. 4.1.0 (R Core Team, 2021). We used the glmmTMB package (version 1.1.2.3; Brooks et al., 2017) to fit (Generalized) Linear Mixed Models (GLMM, Baayen et al., 2008).

In our experimental design, an equal number of familiar and novel food items was presented to the monkeys at the beginning of each session (section “Procedure”). However, as the session proceeded and food items were consumed by the monkeys, the absolute number of available food items decreased, and the relative number of familiar and novel items changed erratically. We operationally defined preference for retrieving familiar over novel food as the marginal probability to retrieve a familiar food item estimated by a binomial model, where the response was whether each retrieved food item was familiar (1) or novel (0) and which included a term to account for the relative availability of familiar over novel food items (i.e., the proportion of familiar to novel food available when each food item was retrieved).

To test if each individual’s preference for retrieving familiar or novel food (i.e., the probability to retrieve one type of food or the other, accounting for their availability) depended on his/her experience and the presence of higher-ranking individuals, we fitted a GLMM (M1) with binomial error structure and logit link function, where the binary dependent variable was whether, for each retrieval episode, the food retrieved was familiar or novel (food type). As test predictors, we entered the subject’s experience (experience, i.e., number of previous experiments involving the presentation of novel foods in which she/he had participated), the difference between the subject’s rank and the rank of the highest-ranking individual in the testing area at the moment of food retrieval (rank difference), the cumulative number of food items retrieved by the subject in the course of the experiment for each condition before the current retrieval episode (n. retrieved items, which allowed to control for the decreasing novelty of the “novel” food in the course of the experiment), the subject’s rank, and the 2-way interactions of experience, rank difference and rank with n. retrieved items. The three interactions model the predictions that the effect of experience, rank difference and rank may change as the novel items become increasingly familiar (in particular, the effect of rank difference on food preference may change as the higher-ranking individuals change their preference across sessions, which affects their potential monopolization of preferred food). We note that our definition of the term controlling for decreasing novelty of the “novel” food as the number of retrieved food items formally implies the assumption that monkeys only acquire experience when they do retrieve food items, rather than by just standing by while the experimental sessions unfold. While this assumption appears reasonable to us, we appreciate that, at least when they enter the cages, monkeys may acquire some familiarity with the novel food by just standing by and looking. However, we remark that, by including a term for the interaction of rank and n. retrieved items our analysis is in fact flexible enough to adjust to either of these assumptions or to a combination of them (of course, with potential changes in the interpretation given to significant terms for rank, n. retrieved items and their interaction). As controls, we included the individuals’ age, sex and group, the condition (A or B), the number of food items which was proportional to the number of individuals in the group (food per subject) and, importantly, the proportion of familiar vs. novel food available when food was retrieved (proportion familiar, which ensured that our analysis actually modeled retrieval preference, rather than choices dictated by availability). Individual identity (subject) was included as a random intercept. As a binomial model only allows for probabilities (in this case representing retrieval preferences) to “plateau” at 0 or 1, we aimed at avoiding episodes of food retrieval happening after complete disappearance of “novelty” effect (i.e., when the plateau had been reached) by only including the first 10 retrieval episodes for each individual, condition and food type. We fitted model M1 on 383 observations from 22 individuals.

In a second model (M2), we further tested whether individuals preferentially retrieved familiar or novel food depending on their risk attitude, as measured in De Petrillo et al. (2015). As we did not have risk-attitude data for all individuals, we only used a subset of 8 individuals. Model M2 was similar to M1 and considered the same test predictors as M1, plus the individual risk-attitude score (risk attitude, see section “Materials and Methods”) and the 2-way interaction between risk attitude and n. retrieved items. In order to overcome collinearity, we had to remove group (only one subject in group 4), age (collinear with experience) and sex (collinear with rank) from the controls. In M2, therefore, we included, as controls, proportion familiar, food per subject and condition, as well as subject, modeled as a random intercept. Again, only the first 10 retrieval episodes for each individual, condition and food type were considered (total number of observations = 148).

In a third model, we assessed which factors predicted participation in the experiment by fitting a GLMM (M3) with binomial error structure and logit link, where the binary response variable was whether the subject entered the testing area at least once during each session (participation). As test predictors, we included the 2-way interaction of subject’s experience with session number (the cumulative number of sessions for each group and condition), and the 2-way interaction of subject’s rank with session number (for a rationale, see M1). As, in this model, each observation represented a combination of one individual and one whole session, in which all members of its group could, potentially, participate, it would not make sense to consider rank difference as a predictor. As controls, we included individuals’ age and sex, and condition. Group was not included as a control factor in this model because we detected high collinearity of group and rank (VIF = 12.6 and 11.5, respectively). Individual identity (subject) was included as a random intercept. We fitted model M3 on 469 observations of 23 individuals.

To test whether experience and rank of individuals affected their latency to retrieve familiar or novel food, we fitted a LMM (M4) where the (log-transformed) latency time was the response variable (see section “Materials and Methods” for latency definition). As test predictors, we included the 3-way interaction of subject’s experience with session number and food type (familiar or novel), and the 3-way interaction of subject’s rank with session number and food type, plus all the 2-way interactions and main effects included in them. We did not include rank difference in this model because observations referred to time intervals that could extend up to more than 2 min (max latency time was 139 s), so that it was not possible to determine a single value for the rank difference which would be valid for the whole observation. The rationale for this model structure was that the difference in latency times between novel and familiar food is expected to decrease according to the subject’s experience and rank, but this effect may be weaker in higher-ranking individuals, and might decrease through sessions. As controls, we included individuals’ age, sex, and group, the condition, plus the interaction of sex and food type (modeling sex differences in neophobia). We included random intercepts for subject and session identity, as more than one data point was entered for each individual in each session. As not all individuals participated in all sessions, latency times were not available for all individuals in all sessions (number of observations = 549, number of subjects = 22).

Last, we fitted a model similar to M4 which also included risk attitude among the predictors and a term for the 3-way interaction of risk attitude with session number and food type (M5). We fitted M5 on a subset of 219 observations from the 8 individuals for which risk-attitude scores were available. As for M2, we had to remove group, age and sex from the controls so to avoid collinearity issues. Moreover, we could not include a random intercept for session identity as this would have resulted in over parameterization and lack of convergence.

In all models, we z-transformed all quantitative predictors. We compared full models (containing test predictors, controls, and random factors) to null models (only containing controls and random factors) by Likelihood Ratio Test, using the R function “ANOVA.” We obtained the p-values for each term using the R function “drop1” (Dobson and Barnett, 2018). If full-null model comparison was not significant (α = 0.05), we only computed p-values for control terms. If an interaction was not significant, we re-run the model after downgrading it. We used the DHARMa R package v. 0.4.4 (Hartig, 2021) to assess the distribution of residuals and check for violation assumptions. Collinearity among predictors was measured by Variance Inflation Factors (VIF) estimated using the function “check_collinearity” (R package performance, Lüdecke et al., 2021). We considered the thresholds suggested by the performance package. VIF < 5: low collinearity; 5–10: moderate collinearity; > 10: high collinearity. We found no convergence or over/under-dispersion issues in the models presented. We checked for the robustness of model results to influential cases by re-fitting each of the final models after removing observations from one subject at a time. Except where noted, we did not detect any important effect of influential cases.

As the four social groups involved in our study comprise different numbers of subjects (section “Experience, Risk Attitude and Social Context,” Table 1), we also considered employing a standardized measure of rank (and rank differences), so as to eliminate correlation between absolute rank and belonging to a particular group. We refitted all of our models after standardizing rank and rank difference within each group to a [0,1] interval. This procedure allowed to eliminate the collinearity between group and rank in model M3 allowing to keep group among the control terms in M3. However, the results of none of the models changed appreciably.

Data tables and the complete R script including all steps of data analysis are available as Supplementary Data Sheet 1.




RESULTS

In M1 and M2, we assessed which factors predicted individual preferences to retrieve familiar over novel food. For M1, the full-null comparison was not significant (χ2 = 8.85 df = 7, p = 0.264). Among the controls, besides the trivial effect of the proportion of familiar food items available (proportion familiar), only condition was significant (p < 0.001; Table 2), with monkeys retrieving novel items more likely in condition A (i.e., blue banana slices with sesame poppy seeds) than in condition B (i.e., red banana slices with poppy seeds), indicating that the different treatment of “novel” food items significantly affected the reaction of monkeys. In particular, by taking the estimated values from model M1 for the intercept, proportion of familiar items available and condition (and keeping all other, non-significant, coefficients at their sample mean), the overall probability for a monkey to retrieve the novel item when both familiar and novel items were equally available, throughout the first 10 retrieval episodes for each subject and condition, could be calculated at 0.63 and 0.37, respectively, for condition A and B (Figure 1), indicating that, as far as the preference for novel over familiar food is concerned, the neophobic effect—if there was any—was generally low in our experiment, and definitely weak in condition A. In model M1, we detected moderate collinearity of experience and age (VIF = 6.7 and 6.5, respectively). We, thus, re-fitted the model after excluding age from the predictors, but the results did not change appreciably.


TABLE 2. For models M1 and M2, test predictors and controls (in italics) included in the final model, estimates, standard errors (SE), z-values (z), confidence intervals (CIs), likelihood ratio test’s χ2 (LRT), degrees of freedom (df) and p-values.
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FIGURE 1. Overall probability to retrieve the familiar (blue) or novel (red) food when both types of food were equally available in conditions A and B in the first (up to) 10 retrieval episodes for each subject and condition. Probabilities were estimated according to coefficients of model M1 (see Table 2), keeping all non-significant predictors at their sample mean.


The full model M2 was a significantly better fit than the corresponding null model (χ2 = 22.18, df = 9, p = 0.008) to the reduced data set (including data from 8 individuals with risk-attitude score). The final M2 model revealed a significant effect of rank, with higher rank corresponding to a lower preference for the familiar food (p < 0.001, Table 2), and the interaction of experience and n. retrieved items, whereby more experienced individuals would decrease their preference for the familiar food with more retrieval episodes accumulated, while less experienced individuals would do the opposite (p = 0.024, Table 2). While the effect of rank may be interpreted as a higher neophobic attitude of lower-ranking subjects, the effect of the interaction is less interpretable. Moreover, that the same effect was not found to be significant in the whole dataset and was significant in an analysis of a subset of data was definitely unexpected and required deeper investigation. Model M2 differs from model M1 under three aspects: (i) risk attitude is a predictor in M2 but not in M1; (ii) group, age and sex are controls in M1 but not in M2; (iii) M1 was fitted on 383 observations from 22 subjects while M2 was fitted on a subset of 148 observations from 8 subjects. To check whether the inclusion of risk attitude as a predictor was responsible for the significant interaction of experience and food type in M2, we fitted a reduced version of the (final) M2 model where risk attitude was removed on the subset of 8 subjects (M2a). To check whether the absence of group, age and sex as controls was responsible for the significant interaction of experience and food type in M2, we fitted a model with the same structure as M2a to the complete data set (M2b). Both rank and the interaction of experience and n. retrieved items were still significant in M2a (rank: χ2 = 11.76, df = 1, p < 0.001, experience:n. retrieved items : χ2 = 5.53, df = 1, p = 0.019), but obviously non-significant in M2b (rank: χ2 = 0.007, df = 1, p = 0.93, experience:n. retrieved items : χ2 = 0.203, df = 1, p = 0.65), thus indicating that neither the inclusion of risk attitude nor the removal of group, age and sex were responsible for the differences between results of M1 and M2 and that the statistically significant effects of rank and the interaction of experience and n. retrieved items is an idiosyncratic feature of the smaller dataset used to fit M2.

The full model M3 significantly differed from the corresponding null model (χ2 = 29.83, df = 5, p < 0.001). All subjects, with the exception of one individual, participated at least once in the experimental session (Table 1). The final model revealed a significant effect of the 2-way interaction of rank and session number (p < 0.001; Table 3). In particular, higher-ranking individuals participated more than lower-ranking ones (indeed, rank 1 individuals participated in all sessions) and participation of low-ranking individuals decreased through sessions (Figure 2). We signal that the p-value for the interaction between experience and session number was 0.054 (participation would be higher for more experienced individuals, which would also show more marked change between early and late sessions, not shown). Among the controls, only condition was significant (p = 0.021; Table 3), with monkeys participating more often in condition A.


TABLE 3. For model M3, test predictors and controls (in italics) included in the final model, estimates, standard errors (SE), z-values (z), confidence intervals (CIs), likelihood ratio test’s χ2 (LRT), degrees of freedom (df) and p-values.
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FIGURE 2. Results from model M3. Participation in an experimental session as a function of the interaction between rank and session number. Lines show probabilities to participate in a session according to the (binned) session number and (binned) ranks as estimated by model M3 (all other predictors were kept at their sample mean). Circles show the observed frequency of participation for each rank and session bin. Shade of lines and circles represents rank (darker = higher ranking, see legend). Circles size is proportional to the number of sessions for each rank and session number bin. High-ranking individuals participated more often overall, and participation of lower-ranking individuals decreased markedly throughout the course of the experiment.


In M4, the full-null model comparison was significant (χ2 = 54.05, df = 10, p < 0.001), with the final model revealing a significant effect of the 2-way interactions of rank and food type (p < 0.001; Table 4) and session number and food type (p = 0.043; Table 4). In particular, Figures 3, 4 show that latency to retrieve food was overall higher for higher-ranking than for lower-ranking individuals and that, while latency times for familiar food did not change much during the course of the experiment, latency times for novel food items decreased markedly throughout the sessions, reflecting the decreasing novelty of modified bananas. Among the controls, the interaction of sex and food type was highly significant (p < 0.001; Table 4), with females showing longer latency times than males, but only markedly so for familiar foods (Figures 3, 4). Interestingly, while low-ranking individuals initially displayed longer latencies for the novel food than for the familiar food, and ended up with more similar latencies for the two types of food, the behavior of higher-ranking subjects differed among sexes, with males starting the experiment with similar latencies for the two types of food and ending up with shorter latencies for the novel food than for the familiar food, and females showing shorter latencies for the novel food throughout the whole experiment (Figure 4). Group was another significant control (p = 0.020; Table 4), with the longest latencies observed in group 4. In model M4, we detected moderate collinearity of experience and age (VIF = 6.6 and 6.4, respectively). We, thus, re-fitted the model after excluding age from the predictors, but the results did not change appreciably.


TABLE 4. For models M4 and M5, test predictors and controls (in italics) included in the final model, estimates, standard errors (SE), z-values (Z), confidence intervals (CIs), likelihood ratio test’s χ2 (LRT), degrees of freedom (df) and p-values.
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FIGURE 3. Violin plots showing the distribution of latency times for novel and familiar food items for each rank and sex.
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FIGURE 4. Results from model M4. Interactions of sex, rank and session number with food type (familiar or novel). Lines represent estimated latency times as a function of session number for novel (red) and familiar (blue) foods and different ranks, indicated by numbers on the right (for novel) or left (for familiar) of each line. The plot on the left concerns females, while the plot on the right concerns males. All other predictors were kept at their sample mean. Line width is proportional to the number of observations for each combination of food type, rank and sex. Lines extend from the minimum to the maximum session number for each combination of food type, rank and sex. Font size of numbers indicating rank is proportional to the number of subjects in each rank in the study sample. Latency time is generally shorter for low-ranking individuals and latency time for novel food decreases markedly from early to late sessions.


The full-null model comparison for M5 was highly significant (χ2 = 55.11, df = 15, p < 0.001). None of the 3-way interactions tested was significant. Similar to M4, the final model M5 contained a significant term for the interaction of rank and food type (p < 0.001; Table 4). To enhance comparison with M4, we retained the interaction of session number and food type despite it being non-significant at α = 0.05 (p = 0.074), but all of the following also applied when this interaction was downgraded (not shown). Risk attitude was found to be a significant predictor of latency times (p = 0.002), which was shorter for more risk-prone subjects (Table 4), but this was not different for novel and familiar food (non-significant interaction of risk attitude and food type). However, in contrast to M4, M5 revealed a significant effect of the interaction of experience and food type (p = 0.008; Table 4), corresponding to higher neophobia in less experienced subjects. To check whether the differences between results of M4 and M5 were due to the inclusion of risk attitude as a predictor or the absence of group, age and sex as controls in M5, we proceeded as with M2 and M1. Again, the interaction of experience and food type was still significant in a model equivalent to (final) M5 without risk attitude among predictors (M5a: χ2 = 6.700, df = 1, p = 0.010), but obviously non-significant in a similar model applied to the complete data set (M5b: χ2 = 0.424, df = 1, p = 0.516), thus indicating that neither the inclusion of risk attitude nor the removal of group, age and sex were responsible for the difference between results of M4 and M5 and that the statistically significant interaction of experience and food type is an idiosyncratic feature of the smaller dataset used to fit M5. Indeed, checking for influential cases (see section “Materials and Methods”) showed that the final model fitted on a subset of data excluding observations from Sandokan (Table 1) revealed a clearly outlier (much lower than the estimate for the final model) and a non-significant value for the coefficient of the interaction of experience and food type.



DISCUSSION

In this study, we tested neophobic response toward novel food in 23 captive capuchin monkeys. When neophobia was measured in terms of the preference (relative probability after controlling for availability) to retrieve familiar over novel food, we did not observe a clear bias in favor of the familiar food items in the first 10 retrieval episodes for each individual and condition (model M1; Table 2 and Figure 1). Actually, a neophobic response does not necessarily imply an overall preference for retrieving familiar food items rather than novel food items. The relative preference for retrieving one or the other type of food may be seen as resulting from the combination of the overall attractiveness of each of the food items and the potential neophobic response against the novelty. As neophobia concerns a bias against novelty per se, the presence of a neophobic response can straightforwardly be revealed by a decrease in the relative preferences for familiar food over novel food as the subjects become acquainted with the novel food, which we modeled by an interaction of food type (familiar or novel) and number of retrieved items in models M1 and M2. Our analyses, however, did not reveal this interaction to be significant. Therefore, as long as the relative preference for retrieving familiar over novel food is concerned, we did not find clear evidence of a neophobic response. Conversely, in terms of latency to retrieve food, we observed the kind of significant interaction (in that case, between food type and session number) predicted by a neophobic response, with latency to retrieve novel food decreasing throughout the experiment, and latency to retrieve familiar food approximately constant over time (Figure 4). The better performance of analyses of latency over those of preference to retrieve food in revealing neophobia may, at least in part, depend on the more straightforward statistical modeling that can be applied to (log-transformed) latency times, which may be effectively modeled as a normally-distributed response in a linear (mixed) model. Preference for familiar over novel food, conversely, is better modeled as a probability that asymptotically converges to an arbitrary value (reflecting the relative palatability of each food type) and approximating it by a binomial GLMMs may not be ideal (despite we attempted to overcome this limitations by only analyzing pre-convergence observations, see section “Materials and Methods”).

Our results provided no clear support to the hypothesis that previous experience generally decreases the neophobic response toward novel food. In fact, we did not find evidence that previous experience with experiments involving the presentation of unfamiliar food was related to a lower neophobia toward novel food items, in terms of either the probability or in the latency to retrieve familiar over novel food. These results are in contrast with findings showing that individuals with previous experience with novel stimuli, food or predators, have lower levels of neophobia when exposed to other types of novel food or predators (food: Catanese et al., 2012; predators: Ferrari et al., 2015; Crane and Ferrari, 2017). Indeed, it has been suggested that reduction of neophobia associated with previous experience with novelty is limited to very specific contexts (e.g., Bannier et al., 2017). However, we deem unlikely that our results may depend on a lack of context-specificity, because we measured “experience” specifically in terms of past exposure to experiments involving novel food (some of which with rather similar stimuli, Supplementary Table 1). On the contrary, we might speculate that generalization in capuchins is actually less context-specific than suggested by Bannier et al. (2017) in a fish model. In this view, as the captive capuchins involved in this study were all exposed to a variety of experimental conditions in the course of their lives, they could have all accumulated a “saturated” level of experience with novelty, making our measure actually irrelevant. Moreover, all the experiments with unfamiliar food, that we considered as part of subjects’ experience, were performed many years before the current study; thus, their effect may have been diluted over time. Future studies should include more detailed measures of individuals’ previous experience with novelty, and better assess how such experience might affect response to novelty in a variety of different contexts (Ferrari et al., 2015; Bannier et al., 2017; Crane and Ferrari, 2017). However, it is possible that the stimuli we presented were not novel enough to the study subjects, reducing our ability to detect the effect of previous exposure to novelty on neophobia, or that the capuchins’ long habituation to being fed in captivity made them perceive any food presented as essentially harmless. In other words, regardless of their specific previous experience with novel food, capuchins may have perceived the “novel” bananas as being rather familiar or, anyway, benign, thus showing overall little neophobia. This interpretation is consistent with the small (if any) bias in favor of familiar food that we have observed (Figure 1). Finally, we must note that our analysis of the reduced dataset including the 8 individuals with risk-attitude data did actually reveal statistical significance for the effect of the interaction between experience and food type on latency times (model M5, Table 4), suggesting that neophobia was lower in subjects with more previous experience. As the same result was not confirmed by the analysis of the whole data set, we cannot consider this as sufficient evidence, but it suggests that the relation of primates’ neophobia with past experience in a feeding context deserves further investigation. We also found no support to the hypothesis that risk-proneness is linked to lower neophobia, as we did not find differences in the relative preference for familiar over novel food associated with previous measures of individuals’ risk attitude (model M1, Table 2), nor a significant effect of the interaction between risk attitude and food type on latency to retrieve food (model M5, Table 4). Since novelty is associated with uncertainty, it is reasonable to expect risk-proneness (i.e., the preference for riskier over safer options; De Petrillo et al., 2015) to be associated with low neophobia. Most of the studies that found an association of neophobia with risk, however, have investigated neophobic responses in dangerous situations, as predation (fishes: Brown et al., 2013; Brown et al., 2016; review in Crane and Ferrari, 2017) or anthropogenic disturbance (birds: Bókony et al., 2012; Greggor et al., 2016), suggesting that being exposed to a risky situation induces neophobia (e.g., predator avoidance; Brown et al., 2013). It is possible that the way in which we operationalized risk attitude (i.e., propensity to seek a randomly varying reward over a more predictable one) simply does not mirror the uncertainty that is instead linked to novelty, when subjects lack any information about the possible payoffs associated with novel stimuli (see Paglieri et al., 2014). However, as risk-attitude scores were available for only 8 out of our 23 subjects, low sample size certainly limited our power to detect a link between risk attitude and neophobia. Future studies should investigate the relationship between risk attitude and neophobia using different measures of risk proneness and including a larger sample of individuals.

We did not find that individuals reversed their food preferences in the presence of higher-ranking group members, nor that the presence of other conspecifics affected individuals’ preference for familiar over novel food (model M1, full-null not significant, Table 2). This result seems to be in contrast with other studies showing that the presence of a conspecific facilitates the acceptance of novel food in primates (Visalberghi and Addessi, 2000, 2001; Addessi and Visalberghi, 2001; Addessi et al., 2007; Hardus et al., 2015; Englerova et al., 2019). In these studies, however, conspecifics were not directly in contact with the focal subject (i.e., they had only visual but not physical contact). Therefore, the presence of conspecifics may decrease neophobic response, although only in a non-competitive context, in which individuals do not have access to the same food resources (but see Visalberghi and Fragaszy, 1995).

We found that several aspects of sociality were linked to neophobia. First, in agreement with the literature (Ellis, 1995; Altmann, 1998; Hohmann et al., 2006), higher-ranking monkeys had priority of access to resources, participating more than lower-ranking individuals in our experiment (model M3; Table 3 and Figure 2). Moreover, participation decreased for lower-ranking individuals (Figure 2), suggesting that, as all subjects familiarized with the experimental setup, higher-ranking individuals strengthened their control over the provided food. Then, in contrast to what reported by Crane et al. (2020), our data indicated separate detectable effects of rank and sex on latency times (model M4; Table 4 and Figure 4). Higher-ranking individuals showed generally longer latency to retrieve food (both familiar and novel) than lower-ranking ones, probably because the former do not need to be quick in order to outcompete conspecifics (Figures 3, 4). Notably, lower-ranking individuals typically retrieved their first food item in about one second or less (Figures 3, 4). Moreover, higher-ranking individuals appeared generally less neophobic than lower-ranking ones, showing a stronger bias toward a quicker retrieval of the familiar food than the novel food. Based on results from model M4, we estimated that, in the earliest sessions of the experiment, lower-ranking subjects (females ranking ≥ 5 and males ranking ≥ 2) retrieved the familiar food more quickly than the novel food (Figure 4), while, for higher-ranking individuals, there was no such a clear trend (higher-ranking females tended to retrieve the familiar food more slowly than the novel food, and higher-ranking males had similar times for both types). Toward the end of the experiment, higher-ranking monkeys (both females and males) retrieved the novel food more quickly than the familiar one and it seems reasonable that they learned to appreciate the texture and small added nutritional value provided by the seeds covering the “novel” banana slices (Addessi et al., 2004). Rank and session number being equal, latency times for females were significantly longer than for males when both retrieved familiar foods, while the effect of sex on latency times to retrieve novel food was much smaller (Figure 4). This observation may indicate that, at least in this captive population, female capuchins are actually less neophobic than males (in line with a study on wild capuchin monkeys; Visalberghi et al., 2003a; but in contrast to Crane et al., 2020). However, given that this effect seems to be driven by the longer times female took to retrieve familiar items, rather than by their quicker retrieval of novel items, it is still possible that this sex difference actually depends on other social aspects of the feeding behavior of males and females which could not be revealed by our measures. Overall, these results suggest that individuals flexibly adjust their behavior when tested in a social context, while it does not clearly support the idea that lower-ranking individuals preferentially retrieve the food that reduces occasions for competitive interactions (Gomez-Melara et al., 2021). On the one hand, we did not observe a significant effect of rank difference (presence of higher ranking individuals) on preference for familiar over novel food (model M1, Table 2). On the other hand, if differences in latency to food retrieval can be taken as an alternative measure of preference, we would expect that, as higher-ranking individuals shifted more toward novel food over the course of the experiment, lower-ranking individuals did the opposite, which was not the case (Figure 4).

An arguably odd feature of our study was the observation of statistically significant effects of interactions involving previous experience with novel food in the reduced data set comprising those monkeys with risk-attitude scores available. None of these effects could be confirmed in the complete data set, and our checks seem to indicate that they were indeed idiosyncratic features of the subsets of data used to fit models M2 and M5, comprising observations from eight subjects. Those eight individuals belonged to all four social groups and included all of the dominant males plus four females that are known to be particularly willing to participate in experiments, and may represent a sample that is not entirely representative of the whole colony. Interestingly, the distribution of experience with novel food in this data set is relatively unbalanced, with two subjects that have not been involved in previous experiments (experience = 0) and the remaining six individuals having performed from four to eight experiments. At least in the case of model M5, the influence of a single individual was clearly decisive while, for model M2, there was no such an obvious explanation. While it is difficult to determine if and how the peculiar features of each data set may drive to statistically significant signals that cannot be straightforwardly generalized, this finding highlights the difficulty to generate robust and general conclusions about inter-individual as well as inter-and intraspecific behavioral patterns. We, therefore, strongly embrace the call for investigating individual differences and its causes in animal cognition possibly through large, collaborative open-science projects (e.g., Thornton and Lukas, 2012; Many Primates et al., 2019).

Although our study failed to confirm our main predictions, its findings contribute to our understanding of individual variation in primate response to novelty. Future research should extend the study of neophobia in social settings, by using a larger variety of social contexts with different levels of competition over food, in order to monitor how the presence of conspecifics affects changes in the individual response to novelty. Moreover, it would be interesting to use a larger variety of novel stimuli, to systematically address how primates generalize previous experience and novelty depending on the specific characteristics of the stimuli they are exposed to. A better understanding of how animals respond to novelty will provide us with crucial information about their ability to respond to novel socio-ecological challenges and, importantly, it will have ethical implications, by contributing to improve the welfare of captive animals (Buchanan-Smith, 2011), to increase the effectiveness of reintroduction programs (Hardus et al., 2015), and to carry out more effective conservation programs in habitats where rapid environmental changes arise (e.g., in deforested or urbanized environments; McLennan et al., 2017) resulting in animals facing more frequently the necessity to switch over novel food sources for their survival.
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Supplementary Figure 1 | Structure of the enclosure and experimental setting. Food items (banana slices) were provided in both indoor areas, connected through sliding doors to the outdoor area of the enclosure. Yellow circles indicate the familiar bananas, blue circles indicate the novel bananas in condition A (i.e., blue banana slices with sesame seeds). Food items were as evenly distributed as possible while ensuring visibility from the point of view of recording cameras.

Supplementary Table 1 | List of studies on individual reaction to novel food and, in the last line, on risk attitude, which have been carried out at the Primate Centre of the ISTC-CNR, Rome, Italy.
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Term Estimate SE Z 2.5 10 97.5% LRT df P

Cl
Intercept 0.64 0.28 2.31 0.10t0 1.18 = ~ =
Experience 0.02 0.20 0.09 —0.37 t0 0.40 0.01 1 0.931
Food type 0.57 017 3.33 0.23t0 0.90 - - -
Session number —0.23 0.07 —-3.21 —0.36 to —0.09 = ~ =
Rank -0.27 0.12 —2.28 —0.50 to —0.04 - — =
Session number: food type 0.19 0.09 2.03 0.01100.37 411 1 0.043*
Rank: food type —0.58 0.12 —4.84 —0.82to —0.35 22.96 1 «<0.00:1*
Sex: food type —0.84 0.24 —3.45 —1.32to —0.36 11.73 1 <0.001***
Sex (male) —0.46 0.27 —-1.72 —0.99 to —0.07 - - -
Age 0.05 0.19 0.28 —0.32t0 0.43 0.08 1 0.777
Condition (B) —0.05 0.11 —0.51 —0.26t00.15 0.26 1 0.611
Group - - - - 9.85 3 0.020*
Group (2) 0.29 0.28 1.02 —0.27 t0 0.85 - - -
Group (3) —0.21 0.26 —0.81 —0.72 t0 0.30 - - -
Group (4) 0.63 0.23 2.73 0.18to0 1.09 - - -
M5: neophobia as (log-transformed) latency time to retrieve familiar vs. novel food (Gaussian), including risk attitude
Term Estimate SE Z 2.5 10 97.5% LRT df P

Cl
Intercept 0.51 0.22 2.35 0.46 to 0.91 = — =
Experience —0.32 0.12 —2.54 —0.56 to —0.07 = ~ =
Food type —0.41 0.13 —-3.22 —0.66 to —0.16 - - -
Session number —0.31 0.09 —3.40 —0.48t0 —-0.13 = = =
Rank 0.15 0.10 1.45 —0.05 t0 0.36 - - -
Risk —0.35 0.09 —-3.95 —0.52t0 —-0.18 9.10 1 0.002**
Experience: food type 0.37 0.14 2.66 0.10to0 0.64 6.95 1 0.008**
Session number: food type 0.23 0.13 1.79 —0.021t00.47 3.17 1 0.074
Rank: food type —0.52 0.14 -3.70 —0.79to —0.24 13.28 1 <0.001***
Condition (B) 0.17 0.13 1.37 —0.07 to 0.42 1.88 1 0.170

The symbol * refers to p-value < 0.05; the symbol ** refers to p-value < 0.01,; the symbol *** refers to p-value < 0.001.





OPS/images/fevo-10-820323-t003.jpg
Ma3: participation in a session (binomial)

Term

Intercept

Experience

Session number

Rank

Rank: session number
Sex (male)

Age

Condition (B)

Estimate

4.00
1.64
—0.32
—3.11
—0.70
—0.11
—-1.97
—0.82

SE

1.84
1.71
0.19
1.32
0.23
2.73
1.67
0.36

z

217
0.96
—1.66
—1.66
—2.98
—0.04
—1.18
—2.27

The symbol * refers to p-value < 0.05; the symbol ** refers to p-value < 0.001.

2510 97.5%
Cl

0.39 to 7.61
—1.71 t0 4.99
—0.69t0 0.06
—5.71 to —0.51
—1.16to0 —0.23
—5.47 10 5.25
—5.24 10 1.30
—1.62 to —0.11

LRT

0.93

10.80
0.00
1.37
5.35

df

4 a4

0.334

<0.001**
0.967
0.241
0.021*





OPS/images/fevo-10-820323-t002.jpg
M1: neophobia as preference for familiar over novel food (binomial)
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