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Abstract

:

Simple Summary


Animals are able to flexibly adjust their behavior according to both physical and social environmental changes. In this view, multiple data collections carried out in different settings are crucial to understand proximate and ultimate causes of such a behavioral plasticity. By selecting Theropithecus gelada as a model, we suggest that the complementary strengths and weaknesses of research in captive and wild settings makes such a hybrid approach particularly relevant. By providing information at different scales, the two settings can give a fuller picture of a behavioral trait. The apparent incongruity in behavior across captive and wild data is itself a powerful tool to explore behavioral plasticity and latent propensities. Finally, the two settings allow validating and exploring behavioral aspects that are noticed in the other settings. We really hope that our experiences and ideas can be helpful in stimulating other researchers to consider the captive-wild approach as a valid opportunity to reach a fuller picture of the behavior they are studying.




Abstract


Cognitive ethology explores the ability of animals to flexibly adapt their behavior to rapid physical and social environment fluctuations. Although there is a historical dichotomy between field and captive studies, recently, a growing interest in questions that sit at the intersection of cognitive and adaptive perspectives has helped bridge this divide. By focusing on Theropithecus gelada, we discuss the three main reasons why this hybrid approach is extremely successful. First, captive and wild studies provide data at different social, spatial, and temporal scales that can be synthesized to give a fuller picture of the behavior. Secondly, apparently conflicting results from captive and wild settings are powerful tools to explore behavioral flexibility and latent behavioral tendencies. Third, the different settings provide ways of validating and exploring behaviors that are noticed in the other setting. Although we were able to bring together our captive and wild research to demonstrate these ideas, we could have obtained a more integrated vision on the proximate and ultimate gelada behavioral and cognitive strategies if we had considered this hybrid approach from the beginning. We hope that this manuscript stimulates scholars in designing their studies by taking into account the incredible potential of a complementary captive-wild research approach.
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1. The Complementary Nature of Captive and Wild Studies of Cognitive Ethology


Cognition is a critical driver of how many animals respond adaptively to a changing environment. Cognitive ethology explores the ability of animals to respond flexibly and appropriately to the rapid fluctuations of the physical and social environment through the acquisition, transfer and use of information [1,2]. Although this perspective has been successful, a major difficulty in bringing an adaptive perspective to cognition (and a cognitive perspective to wild behavior) derives from different research needs. Studies of cognition benefit from experimental control while adaptive studies require ecological validity. These diverging needs created a historical dichotomy between researchers working in field and captive settings [3]. However, more recently, a growing interest in questions that sit at the intersection of cognitive and adaptive perspectives has helped bridge this divide (e.g., post-conflict behavior; social learning; animal personalities; communication) [4,5,6,7,8].



The cognitive ethology approach has created inroads from both directions. Captive work has benefited from focusing on behaviors that maintain ecological validity (e.g., the ability to recognize faces is unlikely to be present in one setting but absent in the other) while field work has benefited from incorporating greater experimental control (e.g., playback experiments). These hybrid approaches have proven enormously successful. However, we feel that there is still important information to be gained from bringing together research across both captive and field settings. The synergy between captive and wild studies appears fundamental for at least two main reasons. First, the different environmental challenges help unveil the complexity and flexibility of the behavioral cognition of animals. Essentially, the captive setting provides an (un)natural experiment to look at how animals respond to different situations. Thus, researchers can observe flexibility that can only be found by comparing across captive and natural settings. Second, and perhaps more importantly, the two settings lend themselves to different approaches that complement each other. The greater ease, control, and detail of observation in the captive setting can be used to pilot, validate, and interrogate phenomena in great detail. Conversely, the ecological validity of the wild is necessary for linking these phenomena to fitness consequences. In addition, the large scale of the wild setting (large groups, natural home ranges, intergroup interactions, habitat variation, etc.) expands the horizon of phenomena that can be observed in captivity.



One example of the complementary nature of captive and wild studies comes from the study of multimodal communication in ring-tailed lemurs (Lemur catta). Olfactory cues, associated with the visual ones, regulate many aspects of lemur biology and social life such as intra- and inter-sexual competition, territorial defense and dominance relationships [9,10]. Data collected on captive lemurs provided evidence about the important role of urine (highly neglected for many years) in intra-species communication [11]. In ring-tailed lemurs, urine marking is associated with a conspicuous visual cue: the tail raised up. By first making detailed observations in captivity, the authors were able to identify possibly important variations in how lemurs perform urine deposition. Then, the function of these behavioral variants was explored in the wild, showing that one form of scent marking is a multimodal signal used in inter-troop communication and territorial defense [12]. The complementary approach of captive and wild studies allowed testing both proximate (e.g., olfactory discrimination abilities in captive lemurs) and ultimate factors (e.g., territory defense in wild lemurs) at the basis of the evolution of a multi-modal signal in lemurs.



Another illustration of the complementary approach can be seen in the use of captive settings to validate methodology that is then used in wild settings. This is commonly done in the field of endocrinology. A strong form of physiological validation for novel sampling methods or assays is to administer a pharmacological manipulation that stimulates (or suppresses) a particular hormone. This is often only feasible in captivity. For example, Beehner and McCann [13] administered an ACTH challenge to captive geladas (Theropithecus gelada) to show that the fecal extraction method and glucocorticoid assay reliably captured a glucocorticoid spike following ACTH injection. The method was then used to study glucocorticoid variation in wild geladas in relation to altitude and seasonal variations.



Here we focus on three general themes that illustrate different complementary aspects of captive and wild studies. For each theme, we highlight our own captive and wild research in geladas as an illustration of the strength of the combined approach both retrospectively (i.e., areas where we have been able to bridge captive and wild studies) and prospectively (i.e., areas where we see potential for the combined approach to further advance our current understanding). First, captive and wild approaches naturally lend themselves to studies at different spatial, temporal, and social scales. Captive studies often enable finer scale observations and analysis that might not be possible in field conditions. Conversely, the natural settings often encompass broader scales that might not be present in captive settings. Thus, while captive settings might be better for uncovering the intricacies of particular social interactions, wild studies can look at multi-group dynamics across scales that do not exist in captivity. To illustrate how working at both scales can lead to a fuller understanding of behavior, we focus on the use of social information in geladas. The second theme concerns how wild and captive studies often reveal different behaviors. While this conflict can be confusing and difficult to interpret, it can also reveal flexible aspects of behavior, latent tendencies, and the ability to respond to external changes. Here we focus on an exploration of novel objects by geladas as a way to illustrate this phenomenon. As a third step, captive and wild settings differ in their level of experimental control. Captive settings have relatively high control and low ecological validity, while the reverse is true in the wild. Therefore, different aspects/stages of the research process are favored. Ideas can be piloted in captivity and tested in the wild, but the opposite can also be true. Using both approaches enables a more complete study program. To highlight this theme, we use studies of communication in geladas and anticipate some possible aspects of research that can be addressed by integrating future data from wild and captive settings.




2. The Model Species: Geladas and the Study Sites


The large number of studies carried out both on wild and captive populations of geladas (Theropithecus gelada) make the species a suitable model to evaluate the complementary role of these two environmental settings in the study of animal behavior. Since the publication of the first studies on geladas (Theropithecus gelada), the species has appeared in all its uniqueness not only for its evolutionary history [14] and anatomy [15,16,17], but also for its ecology and behavior [18,19].



Geladas differ from other closely related taxa of papionine (e.g., Papio, Mandrillus) in several anatomical and physiological features. Due to their phylogenetic position (closely related to the mangabey genus Lophocebus), and ecological and behavioral distinctions, there is a growing consensus in not considering geladas as a species of baboon [20]. For example, from an ecological perspective, they are the only known graminivorous primate species [21]. In their long-term project, Dunbar and Dunbar [18] and Kawai [22] provided the first description and standardized data on the behavioral ecology and social dynamics of wild geladas. Geladas live in multi-level societies with fission–fusion dynamics [23,24]. In the wild, gelada multilevel societies have core units (first level of organization) [25,26] that consist of polygynous reproductive units (hereafter, one-male units, OMUs) and all-male units (hereafter, AMUs) that are easily discernible due to their high levels of consistency in spatial and social cohesion. Such basic groups can fission and fuse with one another across years, days and even hours in a highly plastic way. In wild geladas, AMUs tend to be peripheral and inconsistent in their association patterns while OMUs are arranged in discrete levels of organization. In the intermediate level of the organization, the team makes up individuals associated in 90% of cases and in the upper level, the band includes subjects who generally spend half of their time sleeping and foraging in proximity [27]. The apex level of organization, the community, is the largest association of units that ever encounter each other which is stable over time and differs from the herd, a term indicating a temporary association of OMUs/AMUs that can fluctuate at a daily level [24].



Although inter-unit relationships in the wild are not based on social exchange and affiliation, such a complex fluid system based on units’ specific spatial aggregation underlines the extraordinary level of inter-individual tolerance shown by the species. It has been supposed that geladas’ grass diet is at the basis of such high levels of tolerance between groups; the impossibility of monopolizing such an abundant resource leads to low levels of food competition not only at the intra-, but also at the inter-unit level [23,28]. However, the specific ecological and social factors driving cohesion at different levels of association is still unknown and it will be one of the topics to address in future wild research.



The enormous span of gelada societies may seem to render them a poor candidate for captive studies where the higher-level dynamics are completely absent. However, we feel that the large contrast between captive and wild settings makes such species particularly interesting for research that spans captive and wild observations. Any differences make the dual approach more informative and the detail available in captivity more complementary [29]. Indeed, more than ten years of data on captive groups have been providing important insights on the inter-individual dynamics within the OMU. To date, 436 out of the 466 captive geladas are hosted at the European Zoological Institutions with the most numerous colony (n = 93) hosted at the RheineZoo (Germany), where most of the captive studies took place (source European Endangered Species Programme, 31 December 2020; https://www.eaza.net/assets/Uploads/CCC/BPG-2021/Gelada-baboon-BPG-final-edit-070521-compressed.pdf).




3. Theme 1—Complementary Scales of Research: Geladas’ Use of Social Information


Behavior manifests itself on a variety of scales, and spanning these scales can be facilitated by working on both captive and wild settings. For social behavior, scales can range from dyadic interactions to group movements involving hundreds of animals in some species. While group-level behavior emerges from individual decisions, it is important to understand the causes and consequences of behavior on both narrow and broad scales. This is often difficult to do in a single research setting—the observation conditions for large-scale phenomena often preclude a more fine-grained observation. Conversely, settings that promote fine-scale observation often may not exhibit the large-scale phenomena. In general, captive settings facilitate fine-scale analyses, while field settings are often necessary to explore broader phenomena. By bringing both perspectives together, it is possible to thoroughly document the phenomena across a range of scales. We illustrate this by focusing on geladas’ use of social information.



Social information is important for navigating complex social worlds. It is particularly important in tolerant, flexible societies where power is widely distributed and the dominance slope is weak [30,31]. In such societies, animals need to continuously negotiate their social interactions, which are not strictly codified by rank rules [30]. The need to remove uncertainty in social information is particularly important when we consider the complex ways in which individuals interact with multiple individuals simultaneously [32,33]. Focusing on triadic interactions allows an understanding of if/how third subjects perceive and interpret relationships between others (e.g., agonistic support, consolation) and if/how others are aware of how their own actions are perceived or not by third parties (e.g., tactical concealment). In this view, triadic awareness (sensu de Waal [34]) modifies the behavior of third subjects according to the social world in which they operate [35]. Triadic awareness can improve social integration because individuals, in the long term, become expert in coping with new and unexpected social situations that are extremely frequent in those societies and are characterized by a certain degree of social tolerance [36].



Geladas offer a unique opportunity to explore the role of triadic interactions in the negotiation of relationships at different levels of their social structure. Both in the wild and in captivity, the gelada core unit (one-male unit, OMU) is a “social microcosm” where both the alpha males and females are socially integrated [28,37,38]. In contrast to hamadryas OMUs, gelada females, representing the philopatric sex [23,28], show a linear maternally inherited dominance hierarchy that does not reach the same degree of power asymmetry as that of other Old World monkeys [28,39] (Figure 1). The low dominance steepness characterizing gelada females probably has roots in the geladas’ feeding ecology. As mentioned above, the difficulty in monopolizing widely distributed food resources (i.e., grass) leads to a scramble for competition which, in turn, translates into more relaxed and tolerant relationships [40,41].



Examples of the Role of Triadic Interactions in Geladas Come from Both Captive and Wild Populations


In an aggressive context, in addition to the two opponents, several subjects can directly interact. The possibility of precisely monitoring the subjects involved in each aggressive event can provide interesting data on the role of third parties not only after but also during an ongoing agonistic contact. Understanding whether triadic interventions are driven by contingent social situations (hic et nunc decision making) or are planned by individuals to respond to long-term strategies (a priori decision making) is required to explore the cognitive abilities at the basis of triadic awareness.



A third subject can reduce the arousal of two potential opponents well before the eruption of aggression, thus making clear that animals are able to anticipate conspecifics’ behavior. Under captive conditions, it is common to observe immature and adult geladas’ approaching, lip smacking and grooming a subject who is threatening a groupmate. Immediately after such appeasement interactions, the potential aggressor calms down and starts to exchange grooming with the “peacemaker” (Pallante and Palagi, anecdotal observation in captivity). In geladas’, calming behaviors can be offered also after the end of the conflict in the so-called unsolicited third-party post-conflict affiliation [42]. Pre- and post-conflict interventions are not randomly distributed, but individuals selectively offer support or affiliative contacts to specific subjects and under particular circumstances. Such selectivity indicates that third subjects are aware of the long-term relationship shared between the two opponents (e.g., kinship, rank distance, bonding) and of the contextual factors immediately affecting the conflictual situation (e.g., proximity of a relative, intensity of aggression).



The flexibility in the tactical interventions by third parties can open a window on the social competence and cognitive skills of subjects living in complex social groups. Immediately after an aggression, captive geladas (NaturZoo, Rheine, Germany) spontaneously offer comforting gestures to the victim especially when the conciliatory contact between the former opponents has not yet taken place [38]. The comforting gestures involve short play bouts (mainly offered by immature subjects), touching, embracing and facial expressions and vocalizations (lip-smacking/grunting and moan). The preference for such rapid behavioral patterns could be due to the level of arousal characterizing the minutes immediately following the conflict. Despite their rapidness, triadic contacts provide important direct benefits to the victim; indeed, they seem to a have a direct role in reducing anxiety (i.e., a strong decrease in self-directed behaviors) and the probability of renewed aggression. Interestingly, third parties do not generally concentrate their affiliative contacts on either kin or friends, thus suggesting that such post-conflict interventions are probably aimed at maintaining stability and cohesion at the group level. The role played by the highest-ranking members in providing post-conflict affiliation seems to corroborate the group stability hypothesis. Indeed, the affiliative gestures offered by high-ranking third parties is generally most effective in reducing the likelihood of renewed aggression towards the victims, as well as their level of anxiety [38].



The agonistic support provided by third parties to one of the two opponents during intra-OMU ongoing conflicts can be a good model to analyze which is a possible evaluation at the basis of the decision to intervene. Pallante et al. [39] found that in captive geladas the victims received more agonistic support than the aggressors. While the agonistic support directed towards the aggressors was randomly distributed, the agonistic support provided to the victim was more goal-directed. High-ranking subjects provided agonistic support mainly to the lowest-ranking victims with the immediate effect to reduce the probability of a reiteration of the attack thus suggesting that the strategy is effective in the maintenance of social homeostasis. Interestingly, both the alpha male and high-ranking females were active in supporting the victims. This result obtained from the captive population agrees with data coming from the population of the Simien National Park (Ethiopia). In his early work on the social behavior of the species, Dunbar [43,44] underlines the importance of the female alliances independently from the alpha male that intervenes only when the females involved in a conflict lack female supporters.



Data from captive geladas indicate that the potential supporters can evaluate whether helping a victim is convenient or not. Geladas tend to intervene more when the victim does not share either strong bonds or kin relation with the previous aggressor thus suggesting that, by monitoring the behaviors of group members, animals can get information about their relationship. Two weakly bonded or unrelated opponents are generally less likely to engage in conciliatory contacts (i.e., reconciliation, Figure 2) [37] that represent the most effective post-conflict mechanism in limiting the risk of subsequent aggression [45]. In this view, the triadic awareness, unveiled by the capacity of third subjects to modulate their behavior as a function of the relationship quality linking aggressors and victims, has direct implications for the maintenance of the cohesion within the OMU, a phenomenon also known as ‘community concern’ [46].



To date, work with wild geladas has focused on the extent of social knowledge and understanding how geladas make social decisions when navigating their enormous societies. Different from other monkeys organized in multilevel societies containing about 150 individuals (e.g., Papio hamadryas) [47], gelada communities may contain more than 1000 individuals [27,48]. Such large societies pose obvious challenges to the members as they are unlikely to have detailed information about each member of the community. Therefore, it can be difficult to know who might make an easy target for an attack, who is a potential mate, or who is a potential ally.



Bachelor males face challenges in assessing rivals and choosing mates because they are the ones who initiate challenges to the reproductive units [49]. How do they decide which males to attack? Given the costs of the sometimes lethal takeover fights, choosing weak rivals or willing mates can have enormous fitness benefits. One idea is that bachelors might use triadic information about the relationships between particular males and females. Males with weakly bonded females may be easier to oust from a unit as females can side with challenger males and decide the outcome of takeover fights. Therefore, monitoring the relationship status within the dozens of units (and hundreds of individuals) they may encounter in a day would be beneficial, although quite cognitively challenging. However, playback experiments found no evidence of this kind of monitoring [50]. Simulated copulations between males and females (by playing overlapping copulation calls) found no differences in response to ‘normal’ copulations (between males and females in the same unit) and surprising copulations (between males and females in different units, something that almost never occurs). This result contrasts with chacma baboons where males respond strongly to simulations that indicate disruptions of even temporary consortships between other males and females [51]. Thus, it seems that gelada bachelors do not recognize (at least vocally) which males and females belong together in the same unit, which would be necessary for monitoring their relationship quality [49].



These findings from bachelors fit with studies of the use of social information in leader males. Bergman [52] tested the limits of vocal recognition in leader males by simulating the approaches of males by playing non-threatening vocalizations (grunts) from behind a visual barrier 5–10 m away. Leader males responded to males with intermediate social overlap (members of their own band but not their unit or team) the same way they do to completely unknown males. Only males within their own unit (and possibly team--small samples sizes preclude accurate assessment here) seemed to be vocally recognized, meaning that wild geladas are in the very unusual situation for a non-human primates of having frequent contact with strangers [52].



Given that wild geladas seem to be limited in their use of social information, how do they navigate their societies? We have found evidence that they use a combination of simple cues and sexually selected signals [53]. For example, bachelor males attend to fights between other males and recent takeovers as these likely indicate opportunities for surreptitious mating [49]. Furthermore, unit males have both a visual signal (a bright red chest patch) and a vocal signal (the display call) that correlate with condition [54,55]. Therefore, bachelors can attend to these signals and assess males that they do not recognize allowing accurate assessment in the absence of social knowledge [56].



However, it is not the case that wild geladas avoid social information altogether. Zooming in on interactions within reproductive units reveals considerable evidence for sophisticated social monitoring. For example, the rare but observable copulations of subordinate follower males reveal evidence for tactical concealment [50]. From an operational point of view, tactical deception occurs when a subject uses a behavioral pattern (actions or signals) typical of its repertoire in an atypical context to misinform groupmates [57]. The opportunistic modulation of the behavior includes the falsification and/or the suppression of specific signals to preclude the possibility for some groupmates to perceive such signals and use them to their own advantage. In wild geladas, during extra-pair copulations, both males and females strategically inhibit their copulation calls, presumably to avoid being detected by the “cuckolded” male, which can aggressively punish the copulating dyad [50]. Furthermore, the animals modify their calls according to the variability in the detection risk as measured by their distance to the dominant male. Therefore, wild geladas are likely paying very close attention to the behaviors and interactions of other members of their immediate social group.



In sum, combining captive and field studies of gelada use of social information gives a fuller picture of gelada social cognition. Looking at just the field and larger scale breadth questions suggests that geladas are relatively limited in their use of social information as they fail to even recognize other members of their own band. However, captive studies show a rich and sophisticated understanding of other individuals and their relationships and dynamic interactions. Rather than being in conflict, these differences reinforce the idea that animals have different levels of detail in their social knowledge depending on the scale of interaction. Within reproductive units, geladas are clearly using sophisticated social cognition, which also coincides with the use of tactical deception in the wild. A single dimension, such as the number of individuals recognized, cannot give a full picture of how animals use social information.



For social information, field studies are particularly useful for breadth questions and captive studies are particularly useful for depth questions. Only when combining information on the breadth and depth of the use of social information do we understand its importance to the animals.





4. Theme 2—The Value of Variation across Field and Captive Settings: Gelada Novel Object Exploration


Often, we observe behavioral differences across captive and wild settings (e.g., variation in object manipulation and neophilia in wild and captive orangutans) [29]. Indeed, it is precisely these differences that can make captive settings unpredictable for studying questions related to adaptive behavior. It is difficult to even know if what is seen in captivity would also exist in natural conditions. However, this variation also has at least two distinct advantages. First, the variation is, in itself, an indicator of the flexibility of animals. Different captive settings amount to experiments that can be used to test the influence of various physical and social factors on behavior. Second, captivity can reveal latent tendencies (e.g., because of relaxed time pressure) that are not apparent in the wild. The mere existence of the behavior can reveal potential plasticity and flexibility that might help us understand past and future behavior.



Captivity can be particularly important for revealing behavioral innovations. For example, tool use in primates tends to be more common and more elaborate in captivity [58]. Not only do observation conditions in captivity increase the chances of detecting novel behaviors, but the captive environment might also be conducive to generating such behaviors. For example, direct comparisons show that captive orangutans are clearly more neophilic than wild orangutans, which could facilitate innovation [29]. Indeed, captivity has revealed a latent tendency for vocal imitation in orangutans that goes beyond anything seen in the wild [59]. For an innovative behavior to emerge and develop in the repertoire of a group of animals, the costs associated with the enactment of the new behavioral pattern should be lower than the incurred advantages in terms of fitness. Under different environmental conditions (e.g., captive and wild settings) this pay off can vary with captivity generally being associated with lower costs of exploration because of relaxed time and energetic constraints due to provisioning. In such cases, animals are able to flexibly generate new behaviors by co-opting and re-arranging other patterns when they need to resiliently react to environmental changes [60].



As an example, stone handling is a behavioral innovation that appears to only emerge under relaxed feeding pressure in captive or provisioned primates. Stone handling is a form of solitary object play that ranges from simple to more complex manipulative actions that appear to be self-rewarding for the actor. The behavior has been extensively studied and well-documented in both captive and provisioned free-ranging troops of Japanese macaques (Macaca fuscata) where it seems to be culturally transmitted across generations [61,62,63,64]. Since stone handling has never been reported in non-provisioned wild groups of macaques [65], it seems that, at least in this taxon, large food availability is one of the propulsive engines for the behavior to emerge.



We have found the same pattern in geladas. Captive geladas spend a considerable amount of time in manipulating stones [61]. In the colony of geladas housed at the NaturZoo (Rheine, Germany), stone handling was detected for the first time in 2007 when only a few subjects (some juveniles and one adult male) engaged in the behavior. In the following years, almost 50% of subjects of all age-sex-classes handled the stones in a variable way, thus suggesting that, as it occurs in macaques, the behavior can be culturally transmitted also in geladas. To verify this hypothesis, we would need to collect data on different groups of captive geladas whose subjects never entered into contact with each other to check for the potential presence of the phenomenon. Moreover, if the behavioral trait is culturally transmitted, we should find different patterns forming the stone handling repertoire to be the result of group idiosyncrasies.



During a period of standardized data collection on captive geladas, Cangiano and Palagi [61] found that not all the stone handlers performed complex sequences of actions. Immature subjects manipulated the stones more frequently than adults, although adult sessions were much longer and richer in complexity than those of infants and juveniles. Creating unpredictable and rewarding situations with unfamiliar objects probably fosters the emergence and development of novel manipulative patterns that tend to acquire functional roles over time [66]. Indeed, object play is an activity which is more frequent in species whose diet relies on complex hand movements to extract nutrients from different kinds of food [60].



Stone handling behavior has not been observed in wild geladas. Indeed, wild geladas have a notable lack of interest in novel objects, scoring much lower than baboons on measures of interest in objects that they encounter [67]. While baboons often approach and handle objects like a tennis ball, geladas typically only glance at the object and continue foraging. These striking differences presumably relate to geladas relatively homogenous diet and lack of a benefit to exploring new objects at least in the wild.



The captive–wild comparison suggests that if gelada’s ecology changed to make exploration more beneficial, wild animals would be able quickly to adjust their level of interest in novel objects. Captive data also coincide with the finding that in the wild juvenile geladas show more interest in novel objects than adults [67]. The relatively low levels of curiosity and play with novel objects in wild geladas could be linked to the fact that, to satisfy their daily subsistence necessities, they need to spend a significant amount of time foraging. This obviously leaves little time for some forms of play to emerge. Hence, despite appearing relatively incurious in the wild, geladas maintain developmental and evolutionary flexibility in their propensity to explore.




5. Theme 3—Field and Captivity as Reciprocal Providing Grounds: Communication and Coordination in Geladas


One final way that we see captive and wild studies working together is their ability to generate in one setting and to validate in the other. Differences in observability, ecological validity, and experimental control mean that different aspects of the research process are more feasible in one setting than another. A combined approach harnesses the strength of both settings. For example, we might think of a phenomena or behavior being discovered in captivity (where closer observations might detect subtle or rare events) and then ‘validated’ in the wild. Here, validating can mean anything from documenting its existence to detailed studies of the fitness consequence of the behavior. However, the process also works in the other direction. In particular, phenomena that are observed or studied in the wild can be brought into the laboratory for more robust experimental manipulation. This direction of validation can be seen in the use of captive settings to validate endocrine methodology, as described in the introduction.



Validating and manipulating in captivity is particularly relevant in cognitive studies because similar behaviors can be achieved through very different cognitive means. For example, animals might respond to the alarm calls of others because they understand that the alarm call indicates knowledge on the part of the caller about an unseen predator (a cognitively rich explanation) or they might have a simple association between the sound and the response (a cognitively simpler explanation). Therefore, the ability to experimentally manipulate the situation is particularly important for understanding wild behaviors where the underlying cognition or motivation is of interest. To illustrate this bi-directional relationship, we focus on the communication and cognition of geladas. Note that in this case, some of the validation is prospective and has not been performed; we include it to encourage people to think about linking captive and wild studies early in their research design. Had we done this ourselves, our own research would have progressed more efficiently.



The sensory world as it is experienced by an organism (UMWELT, sensu von Uexküll et al. 1899) [68] is at the basis of the huge variability in signal transmission. The cue components recruited in a signal can rely on different sensory modalities (visual, olfactory, acoustic). In this multi-sensorial world, scents, body postures, facial expressions or vocalizations can be produced to transmit different messages under different situations [69]. In this section, we will describe the variability of communication in geladas and explore how their ability in transmitting and decoding different types of signals increases behavioral coordination at different scales.



The audience of a signal can be represented by the subject directly interacting with the sender (dyadic scale) and by third parties attending the interaction (triadic scale). In captivity, the possibility to closely look at the emission of the signal and the exact receiver responses can help generate ideas and hypotheses that can be later tested in the wild. The wild studies then allow to look for the presence and modality of certain communication patterns and their fitness consequences in natural settings (proximate and ultimate factors, sensu Tinbergen, 1963 revisited in Bateson and Laland, 2013) [70].



One of the relatively well-studied communicative domains under captive condition is physical–locomotor play, also known as play fighting [71,72]. In captive geladas, play can involve not only youngsters but also adults, especially the females that are motivated to play not only with immature subjects but also with other adult females [73]. Although adult social play is favored and amplified by captive conditions (e.g., artificial feeding, low stress level) [74], the adults of some species showing a similar social organization to geladas do not show this behavior either under captive conditions (i.e., hamadryas [75]). More recent studies have unveiled that, in many primate and non-primate species, the presence of adult play is indicative of tolerant and relaxed inter-individual relationships [76]. Interestingly, in captive geladas, adult and immature play fighting correlated with the quality of the relationship shared by the subjects and not with their level of aggressive contacts, thus suggesting that geladas engage in social play to improve their social affiliation more than to gain competitive advantages [73].



The findings on the possible roles of play fighting in geladas have been recently validated in the wild, although the study on natural populations provided a less clear-cut picture of the phenomenon [77]. The authors found that the competitive nature characterizing play fighting in this species can change according to the group membership of the players involved. Thanks to the video-analysis of 527 play fighting sessions, the authors were able to finely evaluate the asymmetry of the play patterns (Figure 3). Although play in wild geladas does not seem to suffer social canalization being equally distributed across age, sex and group membership, play sessions between subjects belonging to different OMUs are shorter, more unbalanced and less coordinated (less role-reversal and self-restraint, more competitive play) compared to those involving same-OMU players (more role-reversal, self-restraint and cooperation, more cooperative play). Hence, in geladas, play can be a tool for both reinforcing social bonds (intra-OMU play, captive and wild studies) and improving the physical skills necessary to cope with either future mates or competitors (inter-OMU play, wild studies). Thanks to the captive-wild synergic approach, it has been possible to unveil that the different behavioral coordination and cooperation of the players can be at the basis of the multifunction role of playful activity in this species.



Gelada facial expressions are characterized by a high degree of structural blending (captive data, full play face; wild data, lip-flip, Figure 2) [78,79] and a high plasticity in the use of the same facial display across different contexts [80,81] that increase the visual communicative complexity of the species. During their play fighting, animals can recruit facial expressions to communicate their benign intent and to anticipate some offensive patterns that, thanks to the preceding facial displays, can acquire different meanings (metacommunication) [82,83]. Such metacommunicative signals have a role in managing the session and avoiding misunderstanding during the roughest sessions [84].



While playing, geladas show a variety of facial expressions; some of them are highly context-specific (play face and full play face, 78) while others can also be performed in positive contexts different from play (e.g., lip-smacking). Both wild and captive data suggest that geladas are highly attentive to each other’s faces and can frequently engage in face-to-face interactions to regulate their social contacts (e.g., play, mating [80,85]). Geladas are also able to mirror in a very fast way (<1 sec latency) others’ facial expressions, especially during their play fighting contacts [80]. The rapid facial mimicry phenomenon has a significant effect in prolonging the playful sessions and seems to be independent from the number of play faces performed during play [81]. One of the factors that appears to affect the rapidity and the rate of the mimicry response is the familiarity of the two interacting subjects [80]. Data collected in the wild should allow an understanding if the use of play faces and the rapid mimicry phenomenon can be modulated at a higher scale level according to the group membership of the playing subjects. Since play modality differs between intra- and inter-OMU players [77], we would expect that play signals can be adjusted as a function of the more cooperative or competitive nature of the interaction.



Moving outside the playful context, another interesting phenomenon is yawn contagion, a widespread and well-known facial mimicry phenomenon in vertebrates [86]. Notwithstanding the strong debate about the proximate factors underlining the behavior [87], there is a consensus that yawn contagion is a behavioral tool to help synchronization between subjects [88,89] thus probably leading, in the long term, to an increase in familiarity between subjects [90]. In the Rheine colony, Palagi and co-workers [90] found that geladas were infected by others’ yawns. In the long-term project, the authors were able to recognize every single subject forming each of the one-male units and to count in a highly standardized way the exact number of grooming session exchanged between subjects. The authors were able to evaluate whether social bonding significantly affected the rate of yawn contagion and they found that contagious yawning positively correlated with the frequency of the grooming exchanged between subjects, but not with their level of spatial proximity (Figure 4), thus making clear that it is not enough to stay close in space to enhance the level of yawn contagion.



More recently, thanks to the use of video-cameras, Gallo et al. [91] were able to collect standardized data on yawn contagion in the wild (Figure 4). Of course, compared to the captive study, the wild one relied on a reduced dataset. However, it was sufficient to verify that yawn contagion can play a role not only at the most basic levels (i.e., OMU) but also at the upper layer of the gelada multi-level social structure (i.e., teams, bands). In wild geladas, yawn contagion was present at significant rates between individuals belonging to different OMUs, with adult males responding more to others’ yawns. The authors suggest that, within the OMU, yawn contagion might foster synchronization between groupmates sharing strong bonds (i.e., grooming), as suggested by the captive approach [90]. At an upper level, beyond the “OMU boundaries”, yawn contagion may help promote the daily activity coordination of different OMUs, as suggested by the wild approach [91]. Yawn contagion is one of the most iconic examples of a behavior that was first detected and documented in captivity and then ‘validated’ in the wild. Without previous captive studies, the wild research on yawn contagion may not have been possible or to ever have been conceived.



An example of generation and validation going in both directions comes from gelada vocal communication. Geladas have long been noted for their complex vocalizations, with some of the early observations coming from captive geladas [92,93]. Working with wild geladas, Gustison et al. [94] showed that gelada vocal complexity (in terms of repertoire size and propensity to combine calls into diverse sequences) was dimorphic and more pronounced in male geladas. Further exploration and experimentation suggested that the function of this vocal complexity was to facilitate bonds between leader males and the multiple females in their unit [95]. Playback experiments even showed that females were more likely to stay in the vicinity of calls from a strange male if those calls were complex and varied. Therefore, the complex calls seem to function to attract females to males. However, it is possible that rather than being inherently attractive, complex sequences were merely less threatening, perhaps because they tend to be produced in relaxed settings. Therefore, to really understand how vocal complexity relates to female preference and sexual selection, we would want to do more controlled choice tests which are not possible with wild animals. Performing these kinds of follow up cognitive validations with captive geladas would make for a more complete study.




6. Conclusions


The complementary strengths and weaknesses of research in captive and wild settings makes a combined approach particularly powerful. In the most straightforward application of the complementary approach, one setting can provide what is missing in the other. Wild studies can provide ecological validity that is missing in captivity. Captive studies can provide an observational and experimental control that is lacking in the wild. However, the complementary approach extends beyond this simple filling of gaps in at least three ways. First, captive and wild studies also favor research at different scales that can be synthesized to give a fuller picture of the behavior. This is particularly useful when studying socio-cognitive questions that are themselves directly tied to the scale of social interactions. Secondly, variation in behavior across captive and wild settings is itself a potentially powerful means to explore behavioral flexibility and latent behavioral tendencies. Third, the different settings provide ways of validating and further exploring things that are noticed in the other setting. Observations in the wild might suggest that a particular phenomenon is happening and then captive studies can be used to more robustly probe the behavior. Conversely, observations in captivity might suggest a potential function for a behavior that can be validated in the wild. While we were able to bring together our captive and wild research on geladas to demonstrate these ideas, we would have been better able to do so if we had considered this comparative perspective from the beginning. Therefore, we hope that this manuscript encourages other researchers to think about how to unite captive and wild studies in a more designed and efficient way.







Author Contributions


E.P. had the conceptual idea; T.J.B. helped generating the idea; E.P. and T.J.B. wrote and reviewed the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We wish to thank Miquel Llorente and Gloria Fernández-Lázaro for inviting us to contribute to the special issue “Non-human Primates: Emotion, Cognition and Welfare” and Melina Wen for her kind assistance and patience in the editing process. We also wish to thank the Ethiopian Wildlife Conservation Authority (EWCA) for granting us the permission to conduct our research in Ethiopia. Elisabetta Palagi is grateful to the Universities of Pisa and Turin and to the EEP coordinator Achim Johann for supporting and encouraging her in the research on captive geladas and for helping her in fund raising for the gelada research in Kundi (UNIPI, n. 0000384/2018; EAZA funding institutions: Falconara Zoo, Parco Natura Viva, Pistoia Zoo, Italy; Bronx Zoo, US; Colchester Zoo, Dudley Zoological Gardens, UK; Diergaarde Blijdorp Rotterdam zoo, The Netherlands; Espace Zoologique La Boissìere-du Doré, Jardin Zoologique Citadelle de Besançon, Parc des Félins, France; NatureZoo Rheine, Wilhelma Zoologisch-Botanischer Garten Stuttgart, Germany; Zoo Veszprém, Hungary; Zürich Zoo, Switzerland; AIGZoo). For the gelada research in the Simiens, Thore Bergman is grateful to the National Science Foundation (BCS-0715179, IOS-1255974, IOS-1854359), the Leakey Foundation (multiple awards), the National Geographic Society NGS-50409R-18, NGS-8989-11, NGS-8100-06, and the University of Michigan.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Shettleworth, S.J. Darwin, Tinbergen, and the evolution of comparative cognition. In The Oxford Handbook of Comparative Evolutionary Psychology; Vonk, J., Shackelford, T.K., Eds.; Oxford University Press: Oxford, NY, USA, 2012; pp. 529–546. [Google Scholar]

	



Stiso, C. Cognitive ethology. In Encyclopedia of Evolutionary Psychological Science; Weekes-Shackelford, V., Shackelford, T., Weekes-Shackelford, V., Eds.; Springer International Publishing: Cham, Switzerland, 2016. [Google Scholar] [CrossRef]

	



de Waal, F.B.M. Chimpanzee’s adaptive potential. A comparison of social life under captive and wild conditions. In Chimpanzee Cultures; Wrangham, R.W., McGrew, W.C., de Waal, F.B.M., Heltne, P.G., Eds.; Harvard University Press: Cambridge, MA, USA, 1994; pp. 243–260. [Google Scholar]

	



Colmenares, F. Is postconflict affiliation in captive nonhuman primates an artifact of captivity? Int. J. Primatol. 2006, 27, 1311–1336. [Google Scholar] [CrossRef]

	



Watson, S.K.; Botting, J.; Whiten, A.; van de Waal, E. Culture and selective social learning in wild and captive primates. In Evolution of Primate Social Cognition; Di Paolo, L.D., Di Vincenzo, F., De Petrillo, F., Eds.; Springer International Publishing: Berlin/Heidelberg, Germany, 2018; pp. 211–230. [Google Scholar]

	



Herborn, K.A.; Macleod, R.; Miles, W.T.S.; Schofield, A.N.B.; Alexander, L.; Arnold, K.E. Personality in captivity reflects personality in the wild. Anim. Behav. 2010, 79, 835–843. [Google Scholar] [CrossRef]

	



Fisher, D.N.; James, A.; Rodrìguez-Muñoz, R.; Tregenza, T. Behaviour in captivity predicts some aspects of natural behaviour, but not others, in a wild cricket population. Proc. R. Soc. B 2015, 282, 20150708. [Google Scholar] [CrossRef] [PubMed]

	



Dudzinski, K.M. Overlap between information gained from complementary and comparative studies of captive and wild dolphins. Int. J. Comp. Psychol. 2010, 23, 566–586. [Google Scholar]

	



Jolly, A. Lemur Behaviour: A Madagascar Field Study; The University of Chicago Press: Chicago, IL, USA, 1966. [Google Scholar]

	



Kappeler, P.M. To whom it may concern: The transmission and function of chemical signals in Lemur catta. Behav. Ecol. Sociobiol. 1998, 42, 411–421. [Google Scholar] [CrossRef]

	



Palagi, E.; Dapporto, L.; Borgognini-Tarli, S. The neglected scent: On the marking function of urine in Lemur catta. Behav. Ecol. Sociobiol. 2005, 58, 437–445. [Google Scholar] [CrossRef]

	



Palagi, E.; Norscia, I. Multimodal signaling in wild Lemur catta: Economic design and territorial function of urine marking. Am. J. Phys. Anthropol. 2009, 139, 182–192. [Google Scholar] [CrossRef] [PubMed]

	



Beehner, J.C.; McCann, C. Seasonal and altitudinal effects on glucocorticoid metabolites in a wild primate (Theropithecus gelada). Physiol. Behav. 2008, 95, 508–514. [Google Scholar] [CrossRef]

	



Jablonski, N. (Ed.) Theropithecus: The Rise and Fall of a Primate Genus; Cambridge University Press: Cambridge, UK, 1994. [Google Scholar]

	



Krentz, H.B. Postcranial anatomy of extant and extinct species of Theropithecus. In Theropithecus: The Rise and Fall of a Primate Genus; Jablonski, N.G., Ed.; Cambridge University Press: Cambridge, UK, 1994; pp. 383–422. [Google Scholar]

	



Jolly, C.J. The classification and natural history of Theropithecus baboons of the African Plio-Pleistocene. Bull. Br. Mus. Nat. Hist. Geol. 1972, 22, 1–23. [Google Scholar]

	



Jolly, C.J. A proper study for mankind: Analogies from the papionin monkeys and their implications for human evolution. Yb Phys. Anthropol. 2001, 44, 177–204. [Google Scholar] [CrossRef]

	



Dunbar, R.I.M.; Dunbar, P. Social dynamics of gelada baboons. In Contributions to Primatology; Kuhn, H., Luckett, W.P., Noback, C.R., Schultz, A.H., Starck, D., Szalay, F.S., Eds.; S. Karger: Basel, Switzerland, 1975; pp. 1–157. [Google Scholar]

	



Dunbar, R.I.M. Reproductive Decisions: An Economic Analysis of Gelada Baboon Social Strategies; Princeton University Press: Princeton, NJ, USA, 2014. [Google Scholar]

	



Bergman, T.J.; Azanaw Haile, A.; Beehner, J.C. What is (not) a baboon? Int. J. Primatol. 2018, 39, 1005–1008. [Google Scholar] [CrossRef]

	



Mau, M.; Südekum, K.H.; Johann, A.; Sliwa, A.; Kaiser, T.M. Saliva of the graminivorous Theropithecus gelada lacks proline-rich proteins and tannin-binding capacity. Am. J. Primatol. 2009, 71, 663–669. [Google Scholar] [CrossRef] [PubMed]

	



Kawai, M. Primate Behavior: Ecological and Sociological Studies of Gelada Baboons; Contributions to Primatology; Kodansha: Tokyo, Japan; Karger: Basel, Switzerland, 1978; Volume 16, 344p. [Google Scholar]

	



Kawai, M.; Ohsawa, H.; Mori, U.; Dunbar, R. Social organization of gelada baboons: Social units and definitions. Primates 1983, 24, 13–24. [Google Scholar] [CrossRef]

	



Dunbar, R.I.M. Social organization of the gelada. In Theropithecus: The Rise and Fall of a Primate Genus; Jablonski, N.G., Ed.; Cambridge University Press: Cambridge, UK, 1993; pp. 425–439. [Google Scholar]

	



Grueter, C.C.; Qi, X.; Li, B.; Li, M. Multilevel societies. Curr. Biol. 2017, 27, R984–R986. [Google Scholar] [CrossRef] [PubMed]

	



Grueter, C.C.; Qi, X.; Zinner, D.; Bergman, T.J.; Li, M.; Xiang, Z.; Zhu, P.; Migliano, A.B.; Miller, A.; Krützen, M.; et al. Multilevel organisation of animal sociality. Trends Ecol. Evol. 2020, 35, 834–847. [Google Scholar] [CrossRef]

	



Snyder-Mackler, N.; Beehner, J.C.; Bergman, T.J. Defining higher levels in the multilevel societies of geladas (Theropithecus gelada). Int. J. Primatol. 2012, 33, 1054–1068. [Google Scholar] [CrossRef]

	



Le Roux, A.; Beehner, J.C.; Bergman, T.J. Female philopatry and dominance patterns in wild geladas. Am. J. Primatol. 2011, 73, 422–430. [Google Scholar] [CrossRef]

	



Forss, S.I.; Schuppli, C.; Haiden, D.; Zweifel, N.; van Schaik, C.P. Contrasting responses to novelty by wild and captive orangutans. Am. J. Primatol. 2015, 77, 1109–1121. [Google Scholar] [CrossRef]

	



Flack, J.C.; de Waal, F.B.M. Dominance style, social power, and conflict management: A conceptual framework. In Macaque Societies: A Model for the Study of Social Organization; Thierry, B., Singh, M., Kaumanns, W., Eds.; Cambridge University Press: Cambridge, UK, 2004; pp. 155–182. [Google Scholar]

	



Preuschoft, S. Power and communication. In Macaque Societies: A Model for the Study of Social Organization; Thierry, B., Singh, M., Kaumanns, W., Eds.; Cambridge University Press: Cambridge, UK, 2004; pp. 56–60. [Google Scholar]

	



Chapais, B. Alliances as a means of competition in primates: Evolutionary, developmental, and cognitive aspects. Am. J. Phys. Anthropol. 1995, 38, 115–136. [Google Scholar] [CrossRef]

	



Tomonaga, M. Triadic relations and emergence of mind in nonhuman primates. Jpn. J. Anim. Psychol. 2006, 56, 67–78. [Google Scholar] [CrossRef]

	



de Waal, F.B.M. Chimpanzee Politics: Power and Sex among Apes; The Johns Hopkins University Press: Baltimore, ML, USA, 1982. [Google Scholar]

	



Gore, M.A. Dyadic and triadic aggression and assertiveness in adult female rhesus monkeys, Macaca mulatta, and hamadryas baboons, Papio hamadryas. Anim. Behav. 1994, 48, 385–392. [Google Scholar] [CrossRef]

	



Wittig, R.M.; Crockford, C.; Langergraber, K.E.; Zuberbühler, K. Triadic social interactions operate across time: A field experiment with wild chimpanzees. Proc. R. Soc. B 2014, 281, 20133155. [Google Scholar] [CrossRef]

	



Leone, A.; Palagi, E. Reconciling conflicts in a one-male society: The case of geladas. Primates 2010, 51, 203–212. [Google Scholar] [CrossRef] [PubMed]

	



Palagi, E.; Leone, A.; Demuru, E.; Ferrari, P.F. High-ranking geladas protect and comfort others after conflicts. Sci. Rep. 2018, 8, 15291. [Google Scholar] [CrossRef] [PubMed]

	



Pallante, V.; Stanyon, R.; Palagi, E. Agonistic support towards victims buffers aggression in geladas (Theropithecus gelada). Behaviour 2016, 153, 1217–1243. [Google Scholar] [CrossRef]

	



Isbell, L.A. Contest and scramble competition: Patterns of female aggression and ranging behavior among primates. Behav. Ecol. 1991, 2, 143–155. [Google Scholar] [CrossRef]

	



Preuschoft, S.; van Schaik, C.P. Dominance and communication: Conflict management in various social settings. In Natural Conflict Resolution; Aureli, F., de Waal, F.B.M., Eds.; University of California Press: Berkeley, CA, USA, 2000; pp. 77–105. [Google Scholar]

	



Pallante, V.; Ferrari, P.F.; Gamba, M.; Palagi, E. Embracing in a female bonded monkey species (Theropithecus gelada). J. Comp. Psychol. 2019, 133, 442–451. [Google Scholar] [CrossRef] [PubMed]

	



Dunbar, R.I.M. Determinants and the evolutionary consequences of dominance among female gelada baboons. Behav. Ecol. Sociobiol. 1980, 7, 253–265. [Google Scholar] [CrossRef]

	



Dunbar, R.I.M. Structure of gelada baboon reproductive units II. Social relationship between reproductive females. Anim. Behav. 1983, 31, 556–564. [Google Scholar] [CrossRef]

	



Aureli, F.; de Waal, F.B.M. Natural Conflict Resolution; University of California Press: Berkeley, CA, USA, 2000. [Google Scholar]

	



von Rohr, C.R.; Koski, S.E.; Burkart, J.M.; Caws, C.; Fraser, O.N.; Ziltener, A.; van Schaik, C.P. Impartial third-party interventions in captive chimpanzees: A reflection of community concern. PLoS ONE 2012, 7, e32494. [Google Scholar] [CrossRef]

	



Swedell, L. Affiliation among females in wild Hamadryas baboons (Papio hamadryas hamadryas). Int. J. Primatol. 2002, 23, 1205–1226. [Google Scholar] [CrossRef]

	



Beehner, J.C.; Berhanu, G.; Bergman, T.J.; McCann, C. Population estimate for geladas (Theropithecus gelada) living in and around the Simien Mountains National Park, Ethiopia. Ethiop. J. Sci. 2007, 30, 149–154. [Google Scholar] [CrossRef]

	



le Roux, A.; Bergman, T.J. Indirect rival assessment in a social primate, Theropithecus gelada. Anim. Behav. 2012, 83, 249–255. [Google Scholar] [CrossRef]

	



Le Roux, A.; Snyder-Mackler, N.; Roberts, E.K.; Beehner, J.C.; Bergman, T.J. Evidence for tactical concealment in a wild primate. Nat. Commun. 2013, 4, 1462. [Google Scholar] [CrossRef] [PubMed]

	



Crockford, C.; Wittig, R.M.; Seyfarth, R.M.; Cheney, D.L. Baboons eavesdrop to deduce mating opportunities. Anim. Behav. 2007, 73, 885–890. [Google Scholar] [CrossRef]

	



Bergman, T.J. Experimental evidence for limited vocal recognition in a wild primate: Implications for the social complexity hypothesis. Proc. R. Soc. B. 2010, 277, 3045–3053. [Google Scholar] [CrossRef] [PubMed]

	



Bergman, T.J.; Sheehan, M.J. Social knowledge and signals in primates. Am. J. Primatol. 2013, 75, 683–694. [Google Scholar] [CrossRef] [PubMed]

	



Bergman, T.J.; Ho, L.; Beehner, J.C. Chest color and social status in male geladas (Theropithecus gelada). Int. J. Primatol. 2009, 30, 791–806. [Google Scholar] [CrossRef]

	



Benítez, M.E.; Pappano, D.J.; Beehner, J.C.; Bergman, T.J. Evidence for mutual assessment in a wild primate. Sci. Rep. 2017, 7, 2952. [Google Scholar] [CrossRef]

	



Sheehan, M.J.; Bergman, T.J. Is there an evolutionary trade-off between quality signaling and social recognition? Behav. Ecol. 2016, 27, 1–12. [Google Scholar] [CrossRef]

	



Whiten, A.; Byrne, R. Tactical deception in primates. Behav. Brain Sci. 1988, 11, 233–244. [Google Scholar] [CrossRef]

	



Haslam, M. ‘Captivity bias’ in animal tool use and its implications for the evolution of hominin technology. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2013, 368, 1630. [Google Scholar] [CrossRef] [PubMed]

	



Wich, S.A.; Swartz, K.B.; Hardus, M.E.; Lameira, A.R.; Stromberg, E.; Shumaker, R.W. A case of spontaneous acquisition of a human sound by an orangutan. Primates 2009, 50, 56–64. [Google Scholar] [CrossRef] [PubMed]

	



Burghardt, G.M. The Genesis of Animal Play: Testing the Limits; The Massachusetts Institute of Technology Press: Cambridge, MA, USA, 2005. [Google Scholar]

	



Cangiano, M.; Palagi, E. First evidence of stone handling in geladas: From simple to more complex forms of object play. Behav. Proc. 2020, 180, 104253. [Google Scholar] [CrossRef]

	



Huffman, M.A. Stone-play of Macaca fuscata in Arashiyama B troop: Transmission of a non-adaptive behavior. J. Hum. Evol. 1984, 13, 725–735. [Google Scholar] [CrossRef]

	



Leca, J.B.; Gunst, N.; Huffman, M.A. Japanese macaque cultures: Inter- and intra-troop behavioral variability of stone handling patterns across 10 troops. Behaviour 2007, 144, 251–281. [Google Scholar]

	



Huffman, M.A.; Leca, J.B.; Nahallage, C.A.D. Cultured Japanese macaques: A multidisciplinary approach to stone handling behavior and its implications for the evolution of behavioral tradition in nonhuman primates. In The Japanese Macaques; Nakagawa, N., Nakamichi, M., Sugiura, H., Eds.; Springer: Tokyo, Japan, 2010; pp. 191–219. [Google Scholar]

	



Nahallage, C.A.; Leca, J.; Huffman, M.A. Stone handling, an object play behaviour in macaques: Welfare and neurological health implications of a bio-culturally driven tradition. Behaviour 2016, 153, 845–869. [Google Scholar] [CrossRef]

	



Pellis, S.M.; Burghardt, G.M. Play and Exploration. In APA Handbook of Comparative Psychology: Basic Concepts, Methods, Neural Substrate, and Behavior; Call, J., Burghardt, G.M., Pepperberg, I.M., Snowdon, C.T., Zentall, T., Eds.; American Psychological Association: Washington, DC, USA, 2017; pp. 699–722. [Google Scholar] [CrossRef]

	



Bergman, T.J.; Kitchen, D.M. Comparing responses to novel objects in wild baboons (Papio ursinus) and geladas (Theropithecus gelada). Anim. Cognit. 2009, 12, 63–73. [Google Scholar] [CrossRef]

	



von Uexküll, J.; Beer, T.; Bethe, A. Vorschläge zu einer objectivierenden Nomenklatur in der Physiologie des Nervensystems. Biol. Centralblatt 1899, 19, 517–521. [Google Scholar]

	



Hebets, E.A.; Barron, A.B.; Balakrishnan, C.N.; Hauber, M.E.; Mason, P.H. A systems approach to animal communication. Proc. R. Soc. B 2016, 283, 20152889. [Google Scholar] [CrossRef]

	



Bateson, P.; Laland, K.N. Tinbergen’s four questions: An appreciation and an update. Trends Ecol. Evol. 2013, 28, 712–718. [Google Scholar] [CrossRef] [PubMed]

	



Palagi, E.; Burghardt, G.M.; Smuts, B.; Cordoni, G.; Dall’Olio, S.; Fouts, H.N.; Řeháková-Petrů, M.; Siviy, S.M.; Pellis, S.M. Rough-and-tumble play as a window on animal communication. Biol. Rev. 2016, 91, 311–327. [Google Scholar] [CrossRef] [PubMed]

	



Nolfo, A.P.; Casetta, G.; Palagi, E. Play fighting in wild spotted hyaenas: Like a bridge over the troubled water of a hierarchical society. Anim. Behav. 2021, 180, 363–373. [Google Scholar] [CrossRef]

	



Mancini, G.; Palagi, E. Play and social dynamics in a captive herd of gelada baboons (Theropithecus gelada). Behav. Proc. 2009, 82, 286–292. [Google Scholar] [CrossRef] [PubMed]

	



Fagen, R. Animal Play Behavior; Oxford University Press: New York, NY, USA, 1981. [Google Scholar]

	



Pereira, M.E.; Preisser, M.C. Do strong primate players “self-handicap” during competitive social play? Folia Primatol. 1998, 69, 177–181. [Google Scholar] [CrossRef]

	



Pellis, S.M.; Pellis, V.C. The Playful Brain: Venturing to the Limits of Neuroscience; Oneworld Publications: Oxford, UK, 2009. [Google Scholar]

	



Gallo, A.; Caselli, M.; Norscia, I.; Palagi, E. Let’s unite in play! Play modality and group membership in wild geladas. Behav. Proc. 2021, 184, 104338. [Google Scholar] [CrossRef]

	



Palagi, E.; Mancini, G. Playing with the face: Playful facial chattering and its modulation in a monkey species. J. Comp. Psychol. 2011, 125, 11–21. [Google Scholar] [CrossRef]

	



Lazow, S.P.; Bergman, T.J. The structural and motivational role of the unique lip-flip movement in the gelada (Theropithecus gelada) facial display repertoire. Am. J. Phys. Anthropol. 2020, 172, 280–290. [Google Scholar] [CrossRef]

	



Mancini, G.; Ferrari, P.F.; Palagi, E. Rapid facial mimicry in geladas. Sci. Rep. 2013, 3, 1527. [Google Scholar] [CrossRef]

	



Mancini, G.; Ferrari, P.F.; Palagi, E. In play we trust. Rapid facial mimicry predicts the duration of playful interactions in geladas. PLoS ONE 2013, 8, e66481. [Google Scholar] [CrossRef]

	



Bateson, G. Information and codification; and conventions of communication. In Communication: The Social Matrix of Psychiatry; Bateson, G., Ruesch, J., Eds.; Norton and Co.: New York, NY, USA, 1951; pp. 168–227. [Google Scholar]

	



Bateson, G. Steps to an Ecology of Mind: Collected Essays in Anthropology, Psychiatry, Evolution, and Epistemology; University of Chicago Press: Chicago, IL, USA, 1972. [Google Scholar]

	



Bekoff, M. Play signals as punctuation: The structure of social play in canids. Behaviour 1995, 132, 419–429. [Google Scholar] [CrossRef]

	



Zanoli, A.; Gamba, M.; Lemasson, A.; Palagi, E.; Norscia, I. Looking into each other’s eyes makes it better: Eye-to-Eye Contact enhances sexual interactions in geladas. Anim. Behav. 2021, 177, 269–276. [Google Scholar] [CrossRef]

	



Palagi, E.; Celeghin, A.; Tamietto, M.; Winkielman, P.; Norscia, I. The neuroethology of spontaneous mimicry and emotional contagion in human and non-human animals. Neurosci. Biobehav. Rev. 2020, 111, 149–165. [Google Scholar] [CrossRef]

	



Massen, J.J.M.; Gallup, A.C. Why contagious yawning does not (yet) equate to empathy. Neurosci. Biobehav. Rev. 2017, 80, 573–585. [Google Scholar] [CrossRef]

	



Casetta, G.; Nolfo, P.A.; Palagi, E. Yawn contagion promotes motor synchrony in wild lions, Panthera leo. Anim. Behav. 2021, 174, 149–159. [Google Scholar] [CrossRef]

	



Gallup, A.C.; Meyers, K. Seeing others yawn selectively enhances vigilance: An eye-tracking study of snake detection. Anim. Cognit. 2021, 24, 583–592. [Google Scholar] [CrossRef]

	



Palagi, E.; Leone, A.; Mancini, G.; Ferrari, P.F. Contagious yawning in gelada baboons as a possible expression of empathy. Proc. Natl. Acad. Sci. USA 2009, 106, 19262–19267. [Google Scholar] [CrossRef] [PubMed]

	



Gallo, A.; Zanoli, A.; Caselli, M.; Palagi, E.; Norscia, I. First evidence of yawn contagion in a wild monkey species. Sci. Rep. 2021, 11, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Richman, B. Some vocal distinctive features used by gelada monkeys. J. Acoust. Soc. Am. 1976, 60, 718–724. [Google Scholar] [CrossRef] [PubMed]

	



Richman, B. Rhythm and melody in gelada vocal exchanges. Primates 1987, 28, 199–223. [Google Scholar] [CrossRef]

	



Gustison, M.L.; le Roux, A.; Bergman, T.J. Derived vocalizations of geladas (Theropithecus gelada) and the evolution of vocal complexity in primates. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2012, 367, 1847–1859. [Google Scholar] [CrossRef] [PubMed]

	



Gustison, M.L.; Johnson, E.T.; Beehner, J.C.; Bergman, T.J. The social functions of complex vocal sequences in wild geladas. Behav. Ecol. Sociobiol. 2019, 73, 14. [Google Scholar] [CrossRef]








[image: Animals 11 03003 g001 550] 





Figure 1. A group of adult females and immature subjects of geladas (Theropithecus gelada) (a) from the Kundi plateau in the Wof-Washa area (Amhara region, Ethiopia) and (b) from the NaturZoo (Rheine, Germany). Photo: Elisabetta Palagi. 
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Figure 2. Post-conflict interaction between two adult males belonging to a bachelor group (Amhara region, Ethiopia). The subject on the right side is performing a lip-flip, a facial expression indicating benign intent. Photo: Elisabetta Palagi. 
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Figure 3. Social play in geladas. (a–c) sequences of an alloparental play fighting session involving an adult female and an immature subject (Amhara region, Ethiopia); (d) rapid facial mimicry of full play face between two subadult males at the NaturZoo (Rheine, Germany); (e) play running between two black infants at the NaturZoo (Rheine, Germany). Photo: Elisabetta Palagi. 
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Figure 4. The same yawn variability is present both in captive and wild conditions. Two examples of yawning in geladas (a-b: Amhara region, Ethiopia; c-f: NaturZoo, Rheine). (a) yawn with covered teeth from a subadult male and (b) yawn with uncovered gums from an adult male. (c–f) Sequence of a yawning event performed by an adult female while receiving grooming from a juvenile female. Yawns with uncovered gums can be performed both by males and females. Photo: Elisabetta Palagi. 
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