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Abstract It has been established that various species exhibit personality, defined as intra-individual consistency and inter-individual variation in behavioural phenotypes. For example, certain individuals may demonstrate consistently greater behavioural reactions and elevated stress responses. We conducted playback experiments and hormonal analyses on male chimpanzees (Pan troglodytes) in captivity to investigate the patterns and proximate mediators of individual variations in behavioural reactions. We found intra-individual consistency and inter-individual variation in behavioural reactions (intensive vigilance towards the direction of speakers) to vocalisations by unfamiliar chimpanzees. This behavioural reaction was positively correlated with changes in salivary cortisol concentration, suggesting that stress is a proximate factor mediating the variation in behavioural reactions. The males who were highly responsive to the conspecific vocalisation also exhibited high behavioural reactions towards the neutral broadcast stimulus (the jungle crow’s Corvus macrorhynchos ‘ka’ vocalisation). This observation is consistent with the notion that male chimpanzees vary in intrinsic behavioural tendency to different stimuli.



Introduction The presence of personality, defined as intra-individual consistency and inter-individual differences in behavioural phenotypes across time, has been observed in various species (e.g. fish: Coleman & Wilson 1998; Dugatkin 1992; birds: Drent et al. 2003; Carere et al. 2003; primates: Gosling & John 1999; Gosling 2001; Freeman & Gosling 2010; Koski 2011b). Recent studies have provided theoretical support for the coexistence of different behavioural Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



phenotypes (e.g. Dall et al. 2004; Wolf et al. 2007, 2008) as well as conceptual frameworks for understanding such differences in animals (Sih et al. 2004; Bell 2007; Re´ale et al. 2007; Biro & Stamps 2008; Smith & Blumstein 2008; Bell et al. 2009; Bergmu¨ller 2010; Dingemanse et al. 2010). Many studies have noted the presence of personality in chimpanzees (Pan troglodytes). Chimpanzees are known to live in complex social systems with multi-male and multi-female group structures as well as complex intra-group cooperation and 269
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competition (de Waal 1982; Goodall 1986; Boesch & Boesch-Achermann 2000; reviewed in Mitani 2009). Antagonism towards neighbouring groups, primarily performed by males, is common and affects the resources, survival and fitness of all group members (e.g. Nishida et al. 1985; Goodall 1986; Boesch & Boesch-Achermann 2000; Wilson & Wrangham 2003; Boesch et al. 2008; Mitani 2009). Adult males spend energy and time patrolling their territory and invading other groups’ territories (Amsler 2010). Inter-group encounters result in aggressive responses; in extreme cases, this aggression results in intra-specific killing and the extinction of a neighbouring group (Nishida et al. 1985; Goodall 1986; Mitani 2009). Under conditions of captivity, acoustic encounters with other groups have been shown to elicit agonistic and stress-related responses (Baker & Aureli 1996, 1997; Videan et al. 2005). Previous studies in chimpanzees have used various methods to measure personality, including description (de Waal 1982; Goodall 1986), questionnaires completed by human observers (Dutton et al. 1997; King & Figueredo 1997; Weiss et al. 2000, 2006, 2007; King et al. 2005), psychological tests (Uher & Asendorpf 2008; Uher et al. 2008) and quantitative analyses based on behavioural observations (Anestis 2005; Koski 2011a). The use of observation-based assessment is critical to investigations of the role of personality in social settings. Experimental approaches, which have commonly been used for measuring personality in studies of non-primate animals (e.g. Re´ale et al. 2007), are particularly important for controlling factors that may confound the quantification of personality traits. However, such approaches have been employed less frequently in research on chimpanzees (see Uher & Asendorpf 2008 and Uher et al. 2008 for exceptions). We conducted playback experiments to simulate inter-group encounters (cf. Kajikawa & Hasegawa 2000; Wilson et al. 2001; Herbinger et al. 2009) among captive chimpanzees and investigated intrinsic behavioural tendency to respond to broadcast stimuli. In addition to behavioural analyses, we also conducted hormonal analyses, which are critical for the interpretation of inter-male variations in behavioural reactions. Although we observed behavioural reactions towards the broadcast stimuli, interpretation of motivation solely on the basis of behavioural observation is problematic. For example, individuals who showed active responses to the broadcast stimuli may have done so because those individu270
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als experienced stress or because they became aggressive towards the different group (or both). It is also possible that the level of hormone changes in response to behaviour (Adkins-Regan 2005). In either case, measurement of the proximate factors underlying behavioural reactions constitutes a superior approach to the elucidation of motivation. During stressful conditions, the hypothalamic– pituitary–adrenal axis controls the release of stress hormones, such as cortisol, that regulate energy consumption and behavioural reactions. Androgen plays multiple roles in reproduction and social behaviour, but it is generally believed that testosterone is also linked to aggressiveness (reviewed in Anestis 2010). In the light of previous research showing inter-individual variation in hormonal reactions and styles of coping with stress (Sapolsky 1982; Sapolsky & Ray 1989; Ray & Sapolsky 1992; Koolhaas et al. 1999), it seems likely that investigation of hormonal concentrations should contribute to understanding personality. In the case of chimpanzees, analysis of faecal or urinary samples have shown that cortisol and testosterone concentrations were affected by individual intrinsic factors such as dominance and behavioural type (juveniles: Anestis 2005, 2006) in addition to ecological and social factors (Klinkova et al. 2004; Muehlenbein et al. 2004; Muller & Wrangham 2004a,b). We collected saliva samples before and after each experiment and quantified the levels of salivary cortisol (sC), an indicator of physiological costs (i.e. stress), and testosterone (sT), an indicator of androgen reactivity (Kutsukake et al. 2009). This method enabled us to investigate sequential changes in salivary hormone concentrations (Kutsukake et al. 2009). This paper presents our analyses of data pertinent to the following four questions. (1) Do males exhibit intra-individual consistency and inter-individual variations in behavioural reactions towards the vocalisations of unfamiliar conspecifics? (2) Do males with high behavioural reactions towards unfamiliar conspecific vocalisations show similar behavioural reactions towards other stimuli? To answer this question, we used the jungle crow’s (Corvus macrorhynchos) ‘ka’ vocalisation, an ecologically neutral sound, as one of the control stimuli to test the possibility that some males were highly reactive towards any sounds. (3) How are these behavioural variations associated with differences in hormonal reactions such as stress responses and androgen secretion? We investigated this question by measuring changes in sC and sT. Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



Individual Variation in Chimpanzees



N. Kutsukake et al.



Methods Animals



We conducted the experiments between Oct. and Dec. 2006 on two groups of male chimpanzees (group A: n = 9, age range = 13–36 yr; group B: n = 5, age range = 24–28 yr) kept in the Uto Chimpanzee Sanctuary (Kumamoto, Japan). Groups A and B were formed in Aug. 2004 and June 2003, respectively, and have been socially stable with no severe aggression and no explicitly stereotyped behaviour. The chimpanzees were kept in individual indoor rooms (1.84 · 1.91 · 2.74 m) linked to large outdoor enclosures (10 · 12.8 · 3.8 m and 8.5 · 12.8 · 3.8 m, for groups A and B, respectively), in which group members could freely interact every day. Climbing structures consisting of logs, hammocks constructed of burlap sacks, and used fire hoses were present for environmental enrichment. The chimpanzees were fed monkey pellets supplemented with fresh fruits and vegetables every day. Water was provided ad libitum. All housing was illuminated with indoor room lights from 0800 to 1800 h and with natural sunlight through windows. Males interacted in the large outdoor enclosure for at least 1 h daily. We conducted our experiments during this routine activity to integrate the stimuli into the usual lives of subjects. Experimental Procedures



We conducted 1 h of observation in which one of three sound stimuli was broadcast (from 9:30 to 10:30 in group A and from 12:30 to 13:30 in group B). The broadcast experiments were divided into four sessions. The first two sessions were conducted during two consecutive weeks, followed by 1 week



without a session; the final two sessions were then conducted during two consecutive weeks. In each session, three experiments were separately conducted on consecutive days in random order. The first stimulus consisted of the pant-hoot vocalisations of individually identified males recorded by TH in Tanzania (Kajikawa & Hasegawa 2000). The study animals had never encountered these males. The chimpanzee vocalisation stimulus was composed of four pant-hoot vocalisations made by four different males separated by 1 min (Table 1). The stimulus was played at the natural peak pressure level in front of the speaker (95 dB at 10 m, the maximum pressure level recorded when the study animals emit pant-hoot vocalisation, measured by Aco Co., Integrating sound level metre Type 6226). To avoid habituation to the experimental settings, sessions using the chimpanzee stimulus were always separated by at least 1 week. The second stimulus was a jungle crow ‘ka’ vocalisation recorded in Tokyo (Soma & Hasegawa 2003). These vocalisations were familiar to the chimpanzees tested in this study because this crow species is common in the area. The vocalisation was played at the peak pressure level in front of the speaker to approximate natural conditions (80 dB at 10 m, the maximum pressure level when crows at our study site vocalised, measured by the above-mentioned sound level metre). The third stimulus consisted of no sound (i.e. the experimenter turned on the equipment to maintain an environment comparable to that under the other conditions, but no sound was emitted), and the hidden speaker remained in the same location as under the other two conditions. The total length of these stimuli, including four vocalisations presented in three 1-min intervals, is presented in Table 1. The lengths of the crow



Table 1: Duration of the chimpanzee pant-hoot vocalisations. Stimuli were separated by 1-min intervals Stimulus (s)



Group A



Group B



Session



1st



2nd



3rd



4th



Total duration



Total duration of stimulus including interval



1 2 3 4 1 2 3 4 Mean (SD)



10a 11a 10a 21a 11a 8a 19a 12a



23c 9d 15d 22e 11b 19b 25c 14c



12f 14g 14h 31i 12c 17c 15e 16f



17d 14h 21k 18l 13j 13j 32f 16i



62 48 60 92 47 57 91 58 64.38 (17.57)



242 228 240 272 227 237 271 238 244.38 (17.57)



Small letters (a to l) indicate the identity of males used for broadcast.
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vocalisation and no-sound stimuli were matched to the length of the chimpanzee vocalisation stimulus used in the same session. All stimulus broadcasts used different vocalisations to avoid pseudo-replication of responses caused by the same stimulus. All stimuli were broadcast through a Macintosh computer (G3; Apple, Cupertino, CA, USA) linked to a loudspeaker (MA-5D; Roland, Shizuoka, Japan). Behavioural Observation



Behavioural observations were conducted, while the chimpanzees were in the outdoor enclosure. At the beginning of each experiment, the males were released into the enclosure. We played the sound stimuli from the hidden speaker 40 min after the start of the experiment. The speaker was located approx. 25 m from the chimpanzees. Fifteen minutes after the end of a broadcast, the males returned to their individual indoor cages. All behaviour during the experimental sessions was recorded by two observers with portable video cameras and by three stationary video cameras (GR-DVP7; JVC Co., Yokohama, Japan) that covered the entire outdoor enclosure. The all-occurrence sampling method (Altmann 1974) was used to code the behaviour of all individuals. Dominance rank was assessed by the direction of pant-grunt vocalisations (Noe¨ et al. 1980) observed during the experimental periods. However, the number of pant-grunt vocalisation was not sufficient (n = 48 for 24 h of observation) to permit determination of the relative dominance rank of any but the alpha male in each group. Saliva Collection and Salivary Hormonal Assays



To measure the concentrations of sC and sT, we collected saliva samples from all males immediately before (9:30 and 12:30 for each group, respectively) and after the experiment (70 min later, at 10:40 and 13:40, respectively), while they were located in their familiar individual indoor cages. Saliva was noninvasively collected by allowing the chimpanzees to chew ropes (Kutsukake et al. 2009). According to Matthew et al. (2011), who measured chimpanzees’ salivary cortisol concentrations with enzyme immunoassays (EIA) after adrenocorticotropic hormone (ACTH) challenge tests, increases in salivary cortisol concentrations were evident immediately after the ACTH challenge test and lasted for 3 h. We collected saliva an average of 22 min 48 s (range: 19 min 4 s–24 min 22 s) after the test. Thus, it is highly likely that our samples reflect hormonal reactions to broadcast stimuli. 272
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We assayed the salivary samples according to the established procedures using liquid chromatography– tandem mass spectrometry (LC–MS ⁄ MS). Use of saliva enabled us to investigate immediate changes in hormone concentrations because saliva samples were collected according to a pre-determined schedule. We were therefore able to seek relationships between social events and hormonal changes by comparing samples collected before and after the experiments. Compared with the commonly used radio-immunoassays, the LC–MS ⁄ MS assay provided an accurate estimate of hormone concentrations that overcame the problem of cross-reactivity to compounds chemically similar to the target hormone. The hormonal assay methods used in this study are detailed elsewhere (Kutsukake et al. 2009). All assays were conducted under blind conditions (i.e. researchers performing the assays did not know which stimulus was broadcast for each saliva sample). Data Analyses



To quantify behavioural reactions to the broadcast stimuli, we measured the total time spent by each male attending to the direction from which the stimulus was broadcasted. One fence in the outdoor enclosure faced straight ahead in the direction of the broadcast speaker, and responsive males typically moved to within 1 m of that fence and stared in the direction of the hidden speaker. Thus, we identified a male as vigilant when he (1) was within 1 m of the fence and (2) fixed his gaze towards the hidden speaker. Glances lasting 


N. Kutsukake et al.



of the broadcast stimulus (Table 1) and subtracted the total vigilance duration observed during the prebroadcast period from that for the broadcast period for each day. In both analyses, we calculated the proportion of total vigilance duration (after subtraction) during the total duration of the broadcast stimulus (Table 1) to control for differences in the lengths of the broadcasts. Not surprisingly, the two data sets reflecting behavioural reactions during the broadcast periods were positively associated (general linear mixed model with the identity of the male set as a random term: b = 1.012 + 0.024, t97 = 42.035, p < 0.001). We used those data sets in the analyses investigating the intra-individual consistency and relations with hormonal variables. Because the analyses based on these two data sets produced the same results, we report only the results based on the data obtained when the no-sound condition was used as a control condition. We calculated the reactions of the salivary hormone (H) for each session as follows. We first calculated the difference in salivary hormonal concentrations before and after the experiment (Hdifference = Hbefore the experiment ) Hafter the experiment) for each stimulus. Next, we subtracted Hdifference to chimpanzee from Hdifference to no sound to calculate the reactions of the salivary hormone (Hreaction to chimpanzee). We calculated reactions to the crow vocalisations in the same manner. Statistical Analyses



We used a general linear mixed model (LMM, lme function in R 2.7.1) or a generalised linear mixed model (GLMM, lmer function in R 2.7.1). The identities of the males and the groups were set as nested random terms.
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Intra-individual consistency in behavioural reactions



To investigate intra-male consistency in behavioural reactions (after controlling for the no-sound session; see above), we conducted a one-way ANOVA in which the identity of the males was set as an independent term. We also calculated the consistency of the behavioural reactions with R software ‘rptR’ (Nakagawa & Schielzeth 2010). This package calculates the value of intra-individual repeatability with its confidential interval (CI). To investigate intra-male consistency in behavioural reactions to a stimulus, we conducted two analyses. First, we used the GLMM to compare the relationship between behavioural reactions towards the chimpanzee stimulus (independent term) and that towards the crow stimulus (dependent term) within an experimental session. Given that the production of consistent behavioural responses within an experimental session was not always feasible, we conducted the second analysis at the individual level by performing a Spearman’s rank correlation using the mean proportion of behavioural reactions. Given that we investigated the correlation between two variables from which we subtracted the behavioural reactions during the control session, both variables were affected by the subtraction of the same value. However, with the exception of three cases, no behavioural response occurred under control conditions, and the exclusion of these cases did not change the results. To investigate whether dominance rank explained behavioural reactions, we compared the behavioural reactions exhibited by alpha males with that exhibited by other males using the GLMM. Hormonal and behavioural reactions



Variation in vigilance duration



To analyse factors affecting the vigilance duration, the proportion of each stimulus presentation in which each male was vigilant was set as the dependent term in the GLMM using a binomial error structure and logit link function. We investigated the effects of (1) the timing of the experiment (before, during and after the playback) and (2) the type of broadcast stimulus (chimpanzee, crow or no sound) by treating these as independent terms. At the same time, we set (3) the number of the session (1–4) as an additional independent term to test whether behavioural reactions decreased because of habituation as the experimental sessions continued. Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



First, we determined whether the hormonal reactions reflected habituation to the experiments by using a GLMM in which the number of the experimental session was set as an independent term. To investigate relationships between behavioural and hormonal reactions, we used a GLMM. We investigated the variation of H according to the broadcast stimulus and tested the difference between Hreaction to chimpanzee and Hreaction to crow. We then investigated the relationship between behavioural reactions and hormonal reactions (Hreaction to chimpanzee and Hreaction to crow). Similarly, we also determined whether the hormonal concentration before or after the playback was associated with behavioural reactions. 273
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Ethical Considerations of This Study



These playback experiments investigated the behavioural and hormonal reactions of male chimpanzees towards unfamiliar conspecific vocalisations. Ethical issues may have arisen if this experiment produced unusually negative effects on the study subjects. Our observations, however, detected no such negative impacts. Inter-group threats are common among chimpanzees, and responses to such threats are within the natural behavioural repertoire of wild groups. Social stress responses caused by daily aggression and other social interactions are also a normal part of life for chimpanzees under both captive and wild conditions. Inter-group auditory encounters occur frequently in wild conditions, and the behavioural responses observed in this study were similar to those of wild chimpanzees (directly facing the vocalisation, increased level of vigilance). We did not observe any incidents in which the chimpanzees showed abnormal behaviour or incurred wounds during or as a result of these broadcast experiments. Therefore, we infer that the consequences of this experiment were within the range of natural chimpanzee behaviour and experience. Results Variation in Vigilance Duration



The vocalisations of unfamiliar chimpanzees elicited a longer duration of vigilance by males than did the other stimuli. The main effects of two independent terms, the timing of the experiments (before vs. during vs. after the broadcast; GLMM: v22 = 19.431, 274



p < 0.001) and the types of experimental stimuli (no sound vs. crow vs. and chimpanzees: v22 = 19.176, p < 0.001), were significant. The results for timing suggest that the vigilance duration was longest during the broadcast period (p < 0.015) but that it did not differ between the pre- and post-broadcast periods (p = 0.15). The results for the type of experimental procedure suggest that the vigilance in response to the chimpanzee stimulus lasted longer than did that in response to the other stimuli (p < 0.03) and that the vigilance in response to the crow vocalisation lasted longer than did that in response to the control stimulus (both p < 0.001; Fig. 1). We found no statistically significant effects related to the number of the experimental session (v21 = 1.994, p = 0.158) and no significant two-way interactions with other independent terms. These results suggest that no behavioural habituation to the broadcast stimuli was statistically evident. Intra-Individual Consistency in Behavioural Reactions



We found intra-individual consistency in behavioural reactions to both the chimpanzee and crow vocalisations (one-way ANOVA: chimpanzee: F42 = 2.101, p = 0.03, repeatability = 0.335 + 0.15, CI: 0.012–0.658; crow: F42 = 6.732, p < 0.001, repeatability = 0.664 + 0.113, CI: 0.42–0.908). Furthermore, we found a positive relationship between behavioural responses to chimpanzee and crow vocalisations at the individual level (Spearman’s rank correlation: q = 0.694, N = 14, p = 0.006; Fig. 2), although the behavioural reactions to the chimpanzee and crow stimuli did not show a positive relationship within
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To investigate whether other types of social behaviour confounded the results regarding relationships between hormone levels and behaviour, we also investigated how behaviour that was not classified as behavioural reactions affected hormonal reactions. Of all the individual behaviours coded with the alloccurrence method, three types of behaviour, grooming (n = 830 bouts given and received), agonistic display (n = 151) and pant-hoot vocalisation (n = 267), are reported because other behaviour (e.g. aggression and affiliation other than grooming) occurred too rarely for statistical analysis. Finally, we investigated the effect of dominance rank on hormonal reactions with a method similar to that used for the analysis of behavioural reactions.
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significant effects on behavioural reactions (GLMM: b = )0.050 + 0.151, t12 = )0.327, p = 0.749). Hormonal and Behavioural Reactions
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–0.2 Fig. 2: Relationship between the proportions of behavioural reactions during the chimpanzee and crow vocalisations after subtracting the proportion of behavioural reactions during the control session (see Methods). Each data point represents the mean for each male (diamond: group A; square: group B; grey points indicate the data of the alpha males). Two data points overlap at the origin (indicated by the number ‘2’).



each experimental session (GLMM: b = 0.077 + 0.196, t41 = 0.392, p = 0.697). These results suggest that individual behavioural reactions was consistent across contexts, with some males responding to both chimpanzee and crow vocalisations with greater intensity and others responding with less intensity. One possible explanation of the inter-individual variation is that males who were nearest to the broadcast stimulus at the beginning of the broadcast responded most intensively irrespective of intraindividual consistency. However, the following analysis suggests that this possibility is unlikely. Indeed, behavioural reactions to the chimpanzee or crow stimulus was not associated with whether the subject was in the front of the space (GLMM; chimpanzee: b = 1.328 + 1.067, z = 1.245, p = 0.213; crow: b = 0.369 + 1.080, z = 0.342, p = 0.732) or was closest to the speaker (chimpanzee: b = 1.075 + 0.824, z = 1.305, p = 0.192; crow: b = 0.265 + 0.865, z = 0.306, p = 0.760). The effect of dominance rank on behavioural reactions was equivocal (Fig. 2). In group A, the alpha male showed a relatively low level of behavioural reactions towards the chimpanzee stimulus. In group B, however, the alpha male was the most vigilant individual (Fig. 2). Comparison of behavioural reactions between alpha and non-alpha males using data obtained from groups A and B showed non-
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The statistical analysis did not reveal an effect of habituation on hormonal concentrations in that no effect of the number of the experimental session on hormonal reactions was observed (GLMM: chimpanzees: sT: b = 0.225 + 0.444, t41 = 0.507, p = 0.6152; sC: )126.031 + 100.068, t41 = )1.259, p = 0.215; crow: sT: b = )0.133 + 1.822, t41 = )0.073, p = 0.942; sC: b = )164.531 + 108.075, t41 = )1.522, p = 0.136). Overall, hormonal reactions did not differ according to broadcast stimulus (sC: b = 173.86 + 170.88, t97 = 1.017, p = 0.311, sT: b = 2.675 + 2.247, t97 = 1.191, p = 0.237). However, males who responded to conspecific vocalisations showed higher physiological reactions than did the males who did not respond. The salivary hormone analysis revealed that individual behavioural reactions were positively correlated with sC reactions to the chimpanzee vocalisation (GLMM: b = 959.55 + 417.88, t41 = 2.296, p = 0.0268; Fig. 3a), but were not correlated with sC reactions to the crow vocalisation (GLMM: b = 580.413 + 695.377, t41 = 0.835, p = 0.409; Fig. 3c). sT reactions were not related to behavioural reactions (GLMM: chimpanzee, b = 1.047 + 1.878, t41 = 0.557, p = 0.580; crow, b = 2.059 + 12.122, t41 = 0.170, p = 0.866; Fig. 3b, d), suggesting that the broadcast stimuli had no immediate effect on androgen secretion. The concentration of salivary steroid hormones before and after the broadcast did not differ according to the broadcast stimulus (GLMM: pre-broadcast sT: b = )1.452 + 1.635, t97 = )0.888, p = 0.377, t50 = )0.457, p = 0.645; sC: b = )17.350 + 265.546, t97 = )0.065, p = 0.948; post-broadcast sT: b = )0.181 + 0.562, t97 = )0.323, p = 0.748, t50 = )0.433, p = 0.662; sC: t50 = )1.283, p = 0.193, b = 68.917 + 279.858, t97 = 0.246, p = 0.806). The salivary hormone level before the broadcast did not predict the behavioural reactions towards the broadcast stimulus (sC: chimpanzees: b = 0 + 0, t41 = )0.067, p = 0.947, crow: 0 + 0, t41 = )0.751, p = 0.457, sT chimpanzees: 0 + 0, t41 = )1.055, p = 0.297; crow b = 0 + 0, t41 = )0.533, p = 0.597). Hormonal concentration after the broadcast was not associated with behavioural reactions (chimpanzees: sC: b = 1208.57 + 627.94, t41 = 1.927, p = 0.061; sT: b = )0.112 + 1.662, t41 = )0.068, p = 0.947; crow: sC: b = 580.85 + 1436.22, t41 = )0.404, p = 0.688; sT: b = )1.942 + 2.016, t41 = )0.963, p = 0.341). 275
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Fig. 3: Relationships between behavioural and hormonal (sC and sT) reactions to chimpanzee (a, b) and crow (c, d) vocalisations. For an explanation of behavioural reactions, see the caption for Fig. 2. The diamonds and squares indicate males in group A and group B, respectively. Grey points indicate the data of the alpha males. The data dependence caused by repeated measures of males and groups was considered by using generalised linear mixed models (see Methods).



The association between behavioural reactions and sC reactions may have been confounded by the influence of the behaviour of other individuals. However, such behaviour (grooming given and received, pant-hoots and agonistic displays) during the entire course of the experiments did not affect hormonal reactions (summarised in Table 2). Comparisons suggest that the hormonal reactions of alpha and non-alpha males did not differ statistically (GLMM: sC: b = )137.40 + 323.85, t12 = )0.424, p = 0.679; sT: b = 1.721 + 1.415, t12 = 1.216, p = 0.247). Discussion In this study, we conducted playback experiments to investigate the patterns and proximate backgrounds of inter-individual variations in behavioural reactions among captive male chimpanzees. Males showed higher behavioural reactions to conspecific vocalisations than to other broadcast stimuli during 276



the broadcast period (Fig. 1). At the same time, we also found individual variations in behavioural reactions. This reaction was repeatable within males, suggesting that some males were consistently more responsive than others. The sC analysis showed that behavioural reaction was associated with changes in stress between the pre- and post-playback conditions. Associations between stress-related hormones (e.g. cortisol and corticosterone) and behavioural responsiveness have also been reported in various animals (Koolhaas et al. 1999; Nunn & Deaner 2004). In the present study, behavioural reactions were not associated with a change in sT; thus, the androgen-related trait of aggression does not explain the variation. Furthermore, baseline levels of sC and sT were not related to behavioural reactions. This suggests that the variation in baseline hormonal states was not a proximate factor underlying individual variations. Although researchers have frequently investigated the relationship between social behaviour and Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH
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Table 2: Summary of the results of the generalised linear mixed model investigating the relationships between hormonal reactions and the frequency of individual behaviour in each experimental session Grooming givena Salivary cortisol Chimpanzee b 88.872 SE 56.720 t41 1.567 p 0.125 Crow b 2.257 SE 47.360 t41 0.048 p 0.962 Salivary testosterone Chimpanzee b )0.114 SE 0.251 t41 )0.455 p 0.652 Crow b )0.574 SE 0.696 t41 )0.825 p 0.414



Grooming receiveda



Pant-hoot



Agonistic display



54.598 52.524 1.039 0.305



17.252 43.031 0.401 0.691



)0.657 66.160 )0.010 0.992



)10.389 42.367 )0.245 0.808



)119.623 71.457 )1.674 0.102



)52.553 88.216 )0.596 0.555



0.239 0.184 1.301 0.201



0.423 0.281 1.508 0.139



0.268 1.084 0.248 0.806



2.104 1.276 1.647 0.107



0.0299 0.230 0.130 0.897 )0.135 0.627 )0.215 0.831



a When grooming duration rather than grooming frequency was used as the independent term, the lack of significance remained.



hormone concentrations that were measured only once, the results of this study highlight the importance of quantifying changes in hormonal concentrations by measuring on multiple occasions before and after the behavioural manipulations. Although faecal or urinary samples have been commonly used to measure hormonal concentrations non-invasively (Anestis 2010), it has not always been possible to collect the samples following a schedule pre-determined by researchers. This study emphasised the advantage of salivary hormonal measures in that saliva samples can be collected following a schedule, enabling comparisons of hormonal concentrations before and after the designated social events (see also Wobber et al. 2010 for the same approach). Some males showed behavioural reactions towards crow vocalisation, resulting in a positive correlation between behavioural reactions to chimpanzee vocalisation and crow vocalisation at the individual level. In this context, the behavioural trait found in the present study appears to be most closely related to neuroticism (Dutton et al. 1997; Weiss et al. 2009). Given that the role played by the personal traits measured by questionnaires in social behaviour has remained unclear, this study contributes to the literEthology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



ature by clarifying the role of personality in the social lives of chimpanzees. Overall, this study showed that male chimpanzees vary in intrinsic behavioural tendency to different stimuli. Personality has been reported to play important roles in many areas of animal behaviour (see Introduction), and it is feasible that these variations also operate in other arenas of social behaviour. Because this study investigated only captive individuals, the functional implications of the results may be limited. Nonetheless, the inter-individual variations in behavioural reactions towards unfamiliar vocalisations may have implications for inter-individual variations in participation in inter-group encounters between wild groups. Indeed, the frequency with which members of many group-living territorial animals participate in inter-group conflict varies (Heinsohn & Packer 1995; Nunn & Deaner 2004; Kitchen & Beehner 2007). Previous studies have identified several biological factors that can explain these individual variations (reviewed in Kitchen & Beehner 2007; Nunn 2000), and one plausible hypothesis suggests that participation is based on the social benefits involved (Nunn 2000). For example, individuals who accrue greater benefits may have a greater incentive to defend the territory and thus may participate in inter-group conflict more frequently than other individuals (Nunn 2000; Kitchen & Beehner 2007). One study among wild chimpanzees supported this hypothesis in that the frequency of male participation in inter-group patrolling behaviour was correlated with mating success (Watts & Mitani 2001). In contrast, it remains unclear whether social benefits can always explain inter-individual variation in wild chimpanzees, as data about the effect of dominance rank among males, which is commonly believed to be related to social benefits, are absent or weak (Watts & Mitani 2001; Wilson et al. 2001). Studies of groupliving mammals other than chimpanzees have reported individual variations in behaviour during inter-group encounters that cannot be attributed to the social benefits accruing to individuals (e.g. wild lionesses: Heinsohn & Packer 1995; Pusey & Packer 1997; wild spotted hyenas: Benson-Amram et al. 2011; Kitchen & Beehner 2007). Thus, the role of personality in behavioural variation in the context of inter-group encounters, an issue that relates to hypotheses regarding social benefits, may be worth examining. Acknowledgements This research was financially supported by a 21st Century Center of Excellence (COE) to the Center 277
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Literature Cited Adkins-Regan, E. 2005: Hormones and Animal Socal Behavior. Princeton Univ. Press, Princeton, NJ. Altmann, J. 1974: Observational study of behavior: sampling methods. Behaviour 49, 227—267. Amsler, S. J. 2010: Energetic costs of territorial boundary patrols by wild chimpanzees. Am. J. Primatol. 72, 93—103. Anestis, S. F. 2005: Behavioral style, dominance rank, and urinary cortisol in young chimpanzees (Pan troglodytes). Behaviour 142, 1245—1268. Anestis, S. F. 2006: Testosterone in juvenile and adolescent male chimpanzees (Pan troglodytes): effects of dominance rank, aggression, and behavioral style. Am. J. Phys. Anthropol. 130, 536—545. Anestis, S. F. 2010: Hormones and social behavior in primates. Evol. Antholopol. 19, 66—78. Baker, K. C. & Aureli, F. 1996: The neighbor effect: other groups influence intragroup behavior in captive chimpanzees. Am. J. Primatol. 40, 283—291. Baker, K. C. & Aureli, F. 1997: Behavioural indicators of anxiety: an empirical test in chimpanzees. Behaviour 134, 1031—1050. Bell, A. M. 2007: Future directions in behavioural syndromes research. Proc. R. Soc. Lond. B 274, 755—761. Bell, A. M., Hankison, S. J. & Laskowski, K. L. 2009: The repeatability of behaviour: a meta-analysis. Anim. Behav. 77, 771—783. Benson-Amram, S., Heinen, V. K., Dryer, S. L. & Holekamp, K. E. 2011: Numerical assessment and individual discrimination in wild spotted hyaenas (Crocuta crocuta). Anim. Behav. 82, 743—752. Bergmu¨ller, R. 2010: Animal personality and behavioural syndromes. In: Animal Behaviour – Evolution and Mechanisms (Kappeler, P., ed.). Springer, Heidelberg, pp. 587—621. Biro, P. A. & Stamps, J. A. 2008: Are animal personality traits linked to life-history productivity? Trends Ecol. Evol. 23, 361—368.



278



N. Kutsukake et al.



Boesch, C. & Boesch-Achermann, H. 2000: The Chimpanzees of the Tai Forest. Oxford Univ. Press, Oxford. Boesch, C., Crockford, C., Herbinger, I., Wittig, R. M., Moebius, Y. & Normand, E. 2008: Intergroup conflicts among chimpanzees in Tai National Park: lethal violence and the female perspective. Am. J. Primatol. 70, 519—532. Carere, C., Groothuis, T. G. G., Moestl, E., Daan, S. & Koolhaas, J. M. 2003: Fecal corticosteroids in a territorial bird selected for different personalities: daily rhythm and the response to social stress. Horm. Behav. 43, 540—548. Coleman, K. & Wilson, D. S. 1998: Shyness and boldness in pumpkinseed sunfish: individual differences are context- specific. Anim. Behav. 56, 927—936. Dall, S. R. X., Houston, A. I. & McNamara, J. M. 2004: The behavioural ecology of personality: consistent individual differences from an adaptive perspective. Ecol. Lett. 7, 734—739. Dingemanse, N. J., Kazem, A. J. N., Re´ale, D. & Wright, J. 2010: Behavioural reaction norms: where animal personality meets individual plasticity. Trends Ecol. Evol. 25, 81—89. Drent, P. J., van Oers, K. & Van Noordwijk, A. J. 2003: Realised heritability of personalities in the great tit (Parus major). Proc. Biol. Sci. 270, 45—51. Dugatkin, L. A. 1992: Tendency to inspect predators predicts mortality risk in the guppy. Behav. Ecol. 3, 124—127. Dutton, D., Clark, R. A. & Dickins, D. W. 1997: Personality in captive chimpanzees: use of a novel rating procedure. Int. J. Primatol. 18, 539—552. Freeman, H. D. & Gosling, S. D. 2010: Personality in nonhuman primates: a review and evaluation of past research. Am. J. Primatol. 72, 653—671. Goodall, J. 1986: The Chimpanzees of Gombe. Harvard Univ. Press, Cambridge. Gosling, S. D. 2001: From mice to men: what can we learn about personality from animal research? Psychol. Bull. 127, 45—86. Gosling, S. D. & John, O. P. 1999: Personality dimensions in nonhuman animals: a cross-species review. Curr. Dir. Psychol. Sci. 8, 69—75. Heinsohn, R. & Packer, C. 1995: Complex cooperative strategies in group-territorial African lions. Science 269, 1260—1262. Herbinger, I., Papworth, S., Boesch, C. & Zuberbu¨hler, K. 2009: Vocal, gestural and locomotor responses of wild chimpanzees to familiar and unfamiliar intruders: a playback study. Anim. Behav. 78, 1389—1396. Kajikawa, S. & Hasegawa, T. 2000: Acoustic variation of pant hoot calls by male chimpanzees: a playback experiment. J. Ethol. 18, 133—139.



Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



N. Kutsukake et al.



King, J. E. & Figueredo, A. J. 1997: The five factor model plus dominance in chimpanzee personality. J. Res. Pers. 31, 257—271. King, J. E., Weiss, A. & Farmer, K. H. 2005: A chimpanzee (Pan troglodytes) analogue of cross-national generalization of personality structure: zoological parks and an African sanctuary. J. Pers. 73, 389—410. Kitchen, D. M. & Beehner, J. C. 2007: Factors affecting individual participation in group-level aggression in non-human primates. Behaviour 144, 1551—1581. Klinkova, E., Heistermann, M. & Hodges, J. K. 2004: Social parameters and urinary testosterone level in male chimpanzees (Pan troglodytes). Horm. Behav. 46, 474—481. Koolhaas, J. M., Korte, S. M., De Boer, S. F., Van der Vegt, B. J., Van Reenen, C. G., Hopster, H., De Jong, I. C., Ruis, M. A. & Blokhuis, H. J. 1999: Coping styles in animals: current status in behaviour and stress physiology. Neurosci. Biobehav. Rev. 23, 925—935. Koski, S. E. 2011a: Social personality traits in chimpanzees: temporal stability and structure of behaviourally assessed personality traits in three captive populations. Behav. Ecol. Sociobiol. 65, 2161—2174. Koski, S. E. 2011b: How to measure animal personality and why does it matter? Integrating the psychological and biological approaches to animal personality. In: From Genes to Animal Behavior (Inoue-Murayama, M., Kawamura, S. & Weiss, A., eds). Springer, Heidelberg, pp. 115—136. Kutsukake, N., Ikeda, K., Honma, S., Teramoto, M., Mori, Y., Hayasaka, I., Yamamoto, R., Ishida, T., Yoshikawa, Y. & Hasegawa, T. 2009: Validation of salivary cortisol and testosterone assays in chimpanzees by liquid chromatography-tandem mass spectrometry. Am. J. Primatol. 71, 696—706. Matthew, R. H., Santymire, R. M., Parr, L. A. & Lonsdorf, E. V. 2011: Validation of a cortisol enzyme immunoassay and characterization of salivary cortisol circadian rhythm in chimpanzees (Pan troglodytes). Am. J. Primatol. 73, 903—908. Mitani, J. C. 2009: Cooperation and competition in chimpanzees: current understanding and future challenges. Evol. Anthropol. 18, 215—227. Muehlenbein, M. P., Watts, D. P. & Whitten, P. L. 2004: Dominance rank and fecal testosterone levels in adult male chimpanzees (Pan troglodytes schweinfurthii) at Ngogo, Kibale National Park, Uganda. Am. J. Primatol. 64, 71—82. Muller, M. N. & Wrangham, R. W. 2004a: Testosterone, dominance and aggression in wild chimpanzees: a test of the challenge hypothesis. Anim. Behav. 67, 113—123.



Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



Individual Variation in Chimpanzees



Muller, M. N. & Wrangham, R. W. 2004b: Dominance, cortisol and stress in wild chimpanzees (Pan troglodytes schweinfurthii). Behav. Ecol. Sociobiol. 55, 332—340. Nakagawa, S. & Schielzeth, H. 2010: Repeatability for Gaussian and non- Gaussian data: a practical guide for biologists. Biol. Rev. 85, 935—956. Nishida, T., Hiraiwa-Hasegawa, M., Hasegawa, T. & Takahata, Y. 1985: Group extinction and female transfer in wild chimpanzees in the Mahale National Park, Tanzania. Zeitschr Tierpsychol 67, 284—301. Noe¨, R., de Waal, F. B. M. & van Hooff, J. A. R. A. M. 1980: Types of dominance in a chimpanzee colony. Folia Primatol. 34, 90—110. Nunn, C. L. 2000: Collective benefits, free riders, and male extra-group effort. In: Primate Males: Causes and Consequences of Variation in Group Composition (Kappeler, P. M., ed.). Cambridge Univ. Press, Cambridge, pp. 192—204. Nunn, C. L. & Deaner, R. O. 2004: Patterns of participation and free riding in territorial conflicts among ringtailed lemurs (Lemur catta). Behav. Ecol. Sociobiol. 57, 50—61. Pusey, A. E. & Packer, C. 1997: The ecology of relationships. In: Behavioural Ecology: An Evolutionary Approach (Krebs, J. R. & Davies, N. B., eds). Blackwell Scientific, Oxford, pp. 254—283. Ray, J. & Sapolsky, R. 1992: Styles of male social behavior and their endocrine correlates among high-ranking wild baboons. Am. J. Primatol. 28, 231—250. Re´ale, D., Reader, S. M., Sol, D., McDougall, P. T. & Dingemanse, N. J. 2007: Integrating animal temperament within ecology and evolution. Biol. Rev. 82, 291—318. Sapolsky, R. M. 1982: The endocrine stress response and social status in the wild baboon. Horm. Behav. 16, 279—292. Sapolsky, R. M. & Ray, J. C. 1989: Styles of dominance and their endocrine correlates among wild baboons (Papio anubis). Am. J. Primatol. 18, 1—13. Sih, A., Bell, A. M. & Johnson, J. C. 2004: Behavioral syndromes: an ecological and evolutionary overview. Trends Ecol. Evol. 19, 372—378. Smith, B. R. & Blumstein, D. T. 2008: Fitness consequences of personality: a meta-analysis. Behav. Ecol. 19, 448—455. Soma, M. & Hasegawa, T. 2003: Formation of foraging flocks with recruitment calls in Jungle Crows, Corvus macrorhynchos. Jpn. J. Ornithol. 52, 97—106. Uher, J. & Asendorpf, J. B. 2008: Personality assessment in the great apes: comparing ecologically valid behavior measures, behavior ratings and adjective ratings. J. Res. Pers. 42, 821—838. Uher, J., Asendorpf, J. B. & Call, J. 2008: Personality in the behaviour of great apes: temporal stability,



279



Individual Variation in Chimpanzees



cross-situational consistency and coherence in response. Anim. Behav. 75, 99—112. Videan, E. N., Fritz, J., Schwandt, M. & Howell, S. 2005: The neighbor effect: evidence of affiliative and agonistic social contagion in captive chimpanzees (Pan troglodytes). Am. J. Primatol. 66, 131—144. de Waal, F. B. M. 1982: Chimpanzee Politics: Power and Sex Among Apes. The Johns Hopkins Univ. Press, Baltimore, MD. Watts, D. & Mitani, J. 2001: Boundary patrols and intergroup encounters in wild chimpanzees. Behaviour 138, 299—327. Weiss, A., King, J. E. & Figueredo, A. J. 2000: The heritability of personality factors in chimpanzees (Pan troglodytes). Behav. Genet. 30, 213—221. Weiss, A., King, J. E. & Perkins, L. 2006: Personality and subjective well- being in orangutans (Pongo pygmaeus and Pongo abelii). J. Pers. Soc. Psychol. 90, 501—511. Weiss, A., King, J. E. & Hopkins, W. D. 2007: A crosssetting study of chimpanzee (Pan troglodytes) personality structure and development: zoological parks and Yerkes national primate research centre. Am. J. Primatol. 69, 1264—1277.



280



N. Kutsukake et al.



Weiss, A., Inoue-Murayama, M., Hong, K.-W., Inoue, E., Udono, T., Ochiai, T., Matsuzawa, T., Hirata, S. & King, J. E. 2009: Assessing chimpanzee personality and subjective well-being in Japan. Am. J. Primatol. 71, 283—292. Wilson, M. L. & Wrangham, R. W. 2003: Intergroup relations in chimpanzees. Annu. Rev. Anthropol. 32, 363—392. Wilson, M. L., Hauser, M. D. & Wrangham, R. W. 2001: Does participation in intergroup conflict depend on numerical assessment, range location, or rank for wild chimpanzees? Anim. Behav. 61, 1203—1216. Wobber, V., Hare, B., Maboto, J., Lipson, S., Wrangham, R. & Ellison, P. T. 2010: Differential changes in steroid hormones before competition in bonobos and chimpanzees. Proc. Natl Acad. Sci. USA 107, 12457—12462. Wolf, M., van Doorn, G. S., Leimer, O. & Weissing, F. J. 2007: Life-history trade-offs favour the evolution of animal personalities. Nature 447, 581—584. Wolf, M., van Doorn, G. S. & Weissing, F. J. 2008: Evolutionary emergence of responsive and unresponsive personalities. Proc. Natl Acad. Sci. USA 105, 15825—15830.



Ethology 118 (2012) 269–280 ª 2011 Blackwell Verlag GmbH



























[image: Individual Variation in Migration Speed of Upriver ...]
Individual Variation in Migration Speed of Upriver ...












[image: Individual variation in reproductive costs of reproduction]
Individual variation in reproductive costs of reproduction












[image: Individual and Geographic Variation of Skin Alkaloids in ...]
Individual and Geographic Variation of Skin Alkaloids in ...












[image: Individual variation in reproductive costs of ... - Wiley Online Library]
Individual variation in reproductive costs of ... - Wiley Online Library












[image: Students' Reactions to Undergraduate Science]
Students' Reactions to Undergraduate Science












[image: Students' Reactions to Undergraduate Science]
Students' Reactions to Undergraduate Science












[image: Students' Reactions to Undergraduate Science]
Students' Reactions to Undergraduate Science












[image: Recent advances in asymmetric Strecker reactions - Arkivoc]
Recent advances in asymmetric Strecker reactions - Arkivoc












[image: Behavioural Sciences in Medical Practice, 2nd Edition.pdf]
Behavioural Sciences in Medical Practice, 2nd Edition.pdf












[image: Reactions to Ostracism in Adolescents with Autism ...]
Reactions to Ostracism in Adolescents with Autism ...












[image: Group Polarisation in Reactions to Dishonesty]
Group Polarisation in Reactions to Dishonesty












[image: Behavioural Problems]
Behavioural Problems












[image: Emergent structured transition from variation to repetition in ... - Frontiers]
Emergent structured transition from variation to repetition in ... - Frontiers












[image: Behavioural Development in the Cat]
Behavioural Development in the Cat












[image: Recent advances in asymmetric Strecker reactions - Arkivoc]
Recent advances in asymmetric Strecker reactions - Arkivoc












[image: Recent advances in asymmetric Strecker reactions - Arkivoc]
Recent advances in asymmetric Strecker reactions - Arkivoc












[image: Superelectrophiles in ring-forming reactions - Arkivoc]
Superelectrophiles in ring-forming reactions - Arkivoc












[image: Recent advances in ipso-nitration reactions - Arkivoc]
Recent advances in ipso-nitration reactions - Arkivoc












[image: Recent advances in ipso-nitration reactions - Arkivoc]
Recent advances in ipso-nitration reactions - Arkivoc












[image: Individual differences in visual search: relationship to ...]
Individual differences in visual search: relationship to ...












[image: How is phonological processing related to individual differences in ...]
How is phonological processing related to individual differences in ...















Individual Variation in Behavioural Reactions to ...






Aco Co., Integrating sound level metre Type 6226). To avoid habituation to the ... puter (G3; Apple, Cupertino, CA, USA) linked to a loudspeaker (MA-5D; Roland, ... 






 Download PDF 



















 778KB Sizes
 1 Downloads
 220 Views








 Report























Recommend Documents







[image: alt]





Individual Variation in Migration Speed of Upriver ... 

Feb 26, 2008 - 1125 Colonel By Drive, Ottawa, Ontario K1S 5B6, Canada;. 2Centre for ..... in the holding tote for !1 h to facilitate recovery and then released as a group .... 43.5% (segment C [Harrison River junction to Hope]) of the variance in ...














[image: alt]





Individual variation in reproductive costs of reproduction 

(Rissa tridactyla Linnaeus; Cam et al. 1998) and fur seals ...... suggested in other recent studies (Cam et al. 2002 ..... Handling Editor: Atle Mysterud. Supporting ...














[image: alt]





Individual and Geographic Variation of Skin Alkaloids in ... 

Jan 15, 2008 - Springer Science + Business Media, LLC 2007. Abstract ... alkaloid composition (number, type, and amount) were .... All of these species are small, diurnal frogs ..... details concerning structures of the more than 800 alkaloids.














[image: alt]





Individual variation in reproductive costs of ... - Wiley Online Library 

The principle of energy allocation (Williams 1966) is central to life-history theory. ... of resources for somatic allocation, females should face a trade-off ...... Tuomi, J., Hakala, T. & Haukioja, E. (1983) Alternative concepts of repro- ductive e














[image: alt]





Students' Reactions to Undergraduate Science 

The Higher Education Learning Project is a working alliance of teachers in higher ... Dietrich Brandt; to the Institute for Educational Technology, University of ...














[image: alt]





Students' Reactions to Undergraduate Science 

and things which are bigger than us, and things we can't see. These are ..... Such a view of the data ought to inform a critical reading of the book. The extracts ...














[image: alt]





Students' Reactions to Undergraduate Science 

Such a view of the data ought to inform a critical reading of the book. ...... while good events tend to become surrounded in a rather general halo of good feelings.














[image: alt]





Recent advances in asymmetric Strecker reactions - Arkivoc 

of ketimines bearing electron-withdrawing and electron-donating substituents at different positions ...... Yan, H. L. Oh, J. S.; Lee, J. -W.; Song, C. E. Nat. Commun ...














[image: alt]





Behavioural Sciences in Medical Practice, 2nd Edition.pdf 

Manju Mehta - Behavioural Sciences in Medical Practice, 2nd Edition.pdf. Manju Mehta - Behavioural Sciences in Medical Practice, 2nd Edition.pdf. Open.














[image: alt]





Reactions to Ostracism in Adolescents with Autism ... 

measures. TD participants were recruited from a database ..... ostracism, it has the strength of allowing direct access to the way in ... without further replication.














[image: alt]





Group Polarisation in Reactions to Dishonesty 

Fax: +3316079117. 11/07/11. Acknowledgments ... Dykema-Engblade (2009) report thatâ€”in a simulated computer-mediated .... All recipients were required to send a particular suggestion concerning how to split the â‚¬10, but they had the ...














[image: alt]





Behavioural Problems 

be highly frustrating for family members, who may perceive the behaviour as â€œlazinessâ€� or the patient as â€œnot pulling his or her weightâ€�. It can be a great source of ...














[image: alt]





Emergent structured transition from variation to repetition in ... - Frontiers 

Feb 11, 2014 - We also present analyses that describe the structured transition from variation .... by an exploratory mechanism, â€œE (Explorer),â€� and are engaged in positive ...... Learning by statistical cooperation of self-interested neuron-like














[image: alt]





Behavioural Development in the Cat 

Under free-living conditions, mothers start to bring live prey to their kittens ... box) learning, though not in active avoidance (step-up) learning. According to ...... As some patterns of behaviour drop out of the kitten's repertoire, others come i














[image: alt]





Recent advances in asymmetric Strecker reactions - Arkivoc 

Scheme 3. In 2011, Brigaud and coworkers32 reported a concise synthesis of enantiopure (S)- and (R)- Î±-Tfm-aspartic acid (Scheme 4) and Î±-Tfm-serine ...














[image: alt]





Recent advances in asymmetric Strecker reactions - Arkivoc 

Lu, W-Y.; Chen, P-R.; Lin, G-Q. Tetrahedron, 2008, 64, 7822. http://dx.doi.org/10.1016/j.tet.2008.05.113. 25. GarcÃa, R. J. L.; MartÃn-Castro, A. M.; Tato, F.; Alonso, ...














[image: alt]





Superelectrophiles in ring-forming reactions - Arkivoc 

Dec 11, 2017 - procedure has been reported for the quantitative recycling of triflic acid. 5. Occasionally ... LUMO with formation of the trication â€“ an electronic effect that likely triggers cyclization. ... The two isoelectronic species 20 and 21














[image: alt]





Recent advances in ipso-nitration reactions - Arkivoc 

Â©ARKAT USA, Inc. The Free ..... indicated, ipso-nitration with acetic anhydride/nitric acid ensures a good yield of p-nitrocalix[n]arenes; ...... Iyer, L. M. Formation and reactions of adducts from ipso nitration of nitroarenes, University of Victor














[image: alt]





Recent advances in ipso-nitration reactions - Arkivoc 

presence of a protonable site at the Î³-position of the phenolic oxygen atom. Due to .... In those reactions, aryl-/heteroaryl-/polyaryl carboxylic acids with electron ...














[image: alt]





Individual differences in visual search: relationship to ... 

still easily discriminable, and other direct investigations of visual ... found no evidence linking performance on visual-search tasks to the ability to make .... This article may be downloaded from the Perception website for personal research.














[image: alt]





How is phonological processing related to individual differences in ... 

How is phonological processing related to individual differences in childrens arithmetic skills.pdf. How is phonological processing related to individual ...


























×
Report Individual Variation in Behavioural Reactions to ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















