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Various species of primates engage in greeting, a ritualized pattern of nonaggressive behavior that usually occurs during a reunion. Black-and-white colobus (Colobus guereza) perform overhead mounting, mounting, and embracing behavior soon after an aggressive act and in nonagonistic situations. We studied the pattern, distribution, and function of the greeting behavior in 2 captive groups of black-and-white colobus. Overhead mounting was the most frequent pattern, accounting for >60% of all greetings (N = 333). In nonagonistic situations, younger subordinate individuals greeted an older dominant individual more frequently than vice versa. A dominant male in a small multimale group frequently initiated contacts with adult females, though he was the oldest in the group. Conversely, the dominant male in a large 1-male group never greeted group members. Immediately after performing the greeting, the greeter groomed the recipient in more than half the cases. In the large group, greeting frequency correlates positively with the age difference between the pair; however, there is no correlation between the relatedness, affiliation frequency, or aggression frequency of a pair in either the small or large group. The results are consistent with the hypothesis that greeting behavior functions as a tension-reducing mechanism in nonagonistic situations. There is no evidence, however, that greeting functions to express social status or to attract
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a mate. In addition, the frequent greeting by the adult male in the small multimale group may indicate that individuals affirm social bonds via greeting behavior. KEY WORDS: black-and-white colobus; embracing; greeting behavior; mounting; reconciliation; tension reduction.



INTRODUCTION Researchers have reported greeting, defined as a ritualized pattern of nonaggressive behavior that usually occurs during a reunion, in various primate species (chimpanzees, Pan troglodytes: Nishida, 1970; bonobos, Pan paniscus: Hohmann and Fruth, 2000; bonnet macaques, Macaca radiata: Silk, 1994; black macaques, Macaca nigra: Dixson, 1977; baboons, Papio spp.: Colmenares, 1991; Hausfater and Takacs, 1987; Kummer, 1968; Pelaez, 1982; Saayman, 1972; Smuts, 1985; Sugawara, 1979; Whitham and Maestripieri, 2003; capuchins Cebus spp.: Fragaszy et al., 2004; Matheson et al., 1996; Perry et al., 2003; mantled howlers, Alouatta palliata: Wang and Milton, 2003) and in some nonprimate mammals (e.g., spotted hyenas, Crocuta crocuta: East et al., 1993; Kruuk, 1972). Though it is likely that such contact signals a peaceful or at least nonagonistic intention of one individual toward another, researchers have examined the function systematically in only a few species (Hohmann and Fruth, 2000; Whitham and Maestripieri, 2003) and offered several hypotheses to explain greeting behavior. Reconciliation hypothesis: Several species use a ritualized gesture during reconciliation, i.e., an affiliative interaction between opponents soon after an aggressive interaction concludes (Aureli et al., 2002; chimpanzees: de Waal and van Roosmalen, 1979; stump-tailed macaques: de Waal and Ren, 1988; pig-tailed macaques, Macaca nemestrina: Castles et al., 1996). Mate attraction hypothesis: Ritualized greetings between males and females may relate to sexual motivation and serve to attract mates (e.g., yellow baboons, Papio cynocephalus: Anestis, 2004; Hausfater and Takacs, 1987; Hohmann and Fruth, 2000). Tension reduction hypothesis: Greeting behavior can reduce an agonistic tendency of a recipient and can facilitate a friendly interaction in case of uncertainty about a partner’s intention or the quality of the future interaction (Colmenares et al., 2000). In other words, primates use greeting before, during, or after tense conditions such as aggression, with a probable function of conflict management, reassurance, appeasement, and assessment of partners’ tendencies (Colmenares et al., 2000; Hohmann and Fruth, 2000).
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Expression of social status hypothesis: In several species, the direction of greeting behavior is asymmetrical, and a relative dominance relationship often determines its direction (East et al., 1993; Nishida, 1970). Thus, a greeting could function as an expression of social status when exchanged between individuals with power asymmetry or positions of different rank. Social bonding hypothesis: Greeting behavior usually involves a costly gesture for an actor or a recipient (Whitham and Maestripieri, 2003), which may provide clear information about the recipient’s attitude and intention about a future relationship (Zahavi, 1977), affirm the partner’s willingness to cooperate, and strengthen social bonds (Perry et al., 2003; Silk, 1994; Smuts and Watanabe, 1990). Black-and-white colobus (Colobus guereza) perform 3 types of behavior with physical contact: overhead mounting, mounting, and embracing behavior. We examined the pattern, distribution, and contexts of the greetings and tested each of the aforementioned functional hypotheses. Black-and-white colobus monkeys typically form groups of 3–15 individuals. Though at one time researchers considered a 1-male, multifemale group as the usual group structure in the species (Marler, 1972), studies have shown considerable variation in group size, structure, and number of males (Dunbar, 1987; Dunbar and Dunbar, 1976; Fashing, 2001; Oates, 1977; Schenkel and Schenkel-Hulliger, 1967; von Hippel, 1996). Researchers believe that within a group a single adult male is dominant to all other group members (Schenkel and Schenkel-Hulliger, 1967). The relationship among adult females is the resident-egalitarian type (Sterck et al., 1997) because aggressive interactions rarely occur and a dominance relationship among adult females is unclear (Grunau and Kuester, 2001; Schenkel and Schenkel-Hulliger, 1967). Juveniles are subordinate to subadults and adults (Dunbar and Dunbar, 1976; Schenkel and Schenkel-Hulliger, 1967). Based on the socioecological backgrounds of the species, we made the following predictions for each hypothesis. The hypotheses are nonmutually exclusive. ¨ Reconciliation hypothesis: Previously, Bjornsdotter et al. (2000) reported 88 cases of reconciliation in captive black-and-white colobus and occurrence of the 3 types of contact in 7 cases (8%). The contact behaviors may therefore function as reconciliation signals by indicating peaceful intentions to the opponent after an aggressive conflict. If so, opponents should exchange greetings soon after an agonistic interaction. However, the hypothesis does not account for greeting behaviors that occur in nonagonistic situations. We separated greeting behaviors occurring after aggression and those in nonagonistic situations to investigate each separately.
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Mate attraction hypothesis: If black-and-white colobus use greeting behavior to attract a mate, then copulation should occur after greeting between a male and a female. Tension reduction hypothesis: If greetings function to regulate intragroup tension, 1) they should occur after acts of aggression, and should not necessarily involve participants in former events; 2) individuals who engage in greeting behavior should engage in affiliative interactions, but not aggressive interactions, soon after; and 3) subordinate younger individuals should greet dominant older individuals more frequently than vice versa because dominance is determined by age and sex in black-and-white colobus. As a result, a negative correlation is predicted between an individual’s age and greeting frequency. Finally, it is predicted that 4) greetings may occur more frequently between individuals with a greater difference in dominance positions than between individuals with similar dominance positions. The lower one’s rank the greater the power asymmetry between the recipient and the aggressor, and hence the greater the chance that the recipient will be seriously injured during the aggression. Expression of social status hypothesis: If individuals greet to express their dominance, 1) relatively high-ranking individuals such as an adult male or an older individual should initiate greetings, resulting in a positive correlation between an individual’s age and greeting frequency. In contrast, if individuals greet to express a subordinate position, it follows that 2) lower-ranking young individuals initiate greetings with relatively dominant, older individuals, leading to a negative correlation between an individual’s age and greeting frequency. Note that prediction 2 is similar to those of the tension reduction hypothesis. Whether a dominant or subordinate expresses its status via greeting behavior, the expression of social status hypothesis further predicts that 3) greeting behavior is not exchanged among adult females, in which the dominance relationship is less clear. Social bonding hypothesis: Embracing or mounting behavior is costly to some extent, because an individual exposes a vulnerable part of its body to the partner. Thus, black-and-white colobus may use greeting behavior to reaffirm and strengthen social relationships. From the social bonding hypothesis, it follows that the frequency of greeting should 1) positively correlate with the intimacy of a pair, as determined by a relatedness or affiliation index such as proximity or grooming frequency, and 2) negatively correlate with the aggression frequency of a pair.
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METHODS Study Groups We studied 2 captive groups of black-and-white colobus monkeys (Colobus guereza) at the Ueno Zoological Gardens (U group) in Tokyo and the Nogeyama Zoo (N group) in Yokohama, Japan. Each group lived in an outdoor area with several shelves and perches—U group in a 34-m2 × 8-m cage and N group in a 45-m2 × 4.5-m cage. Each zoo kept subjects in an indoor room during the night. Each zoo provided foods (vegetables and fruits in U group; leaves, monkey chow and fruits in N group) twice a day in sufficient amounts to allow the subjects to feed freely throughout the day. U group (a 1-male group) consisted of 14 individuals including 1 adult male and 4 adult females (Table I). N group consisted of 8 individuals including 1 adult male and 2 adult females (Table I). Two adult males, which were the father and the brother of the adult male of N group, were in a neighboring cage. Although the 2 cages were divided by a wall, Ngroup individuals could interact with the 2 males through wire netting about 1 m long. This situation resembled an experimentally composed multimale group.



Table I. Composition of the 2 study groups U group



N group



Total Adult (M/F) Large subadult (M) Subadult (M/F) Juvenile (M/F) Infant (M/F)



14 1/4 0 3/1 1/2 2/0



8 ( + 2a ) 1 ( + 2a )/2 0 1/0 1/1 2/0



No. observed greeting Frequency (times/dyad/h) Overhead mounting Mounting Embracing



183 0.16 121 (66%) 43 (23%) 19 (10%)



150 0.16 96 (64%) 32 (21%) 22 (15%)



Note. Age definition is based on Oates (1977). M: male; F: female. Adult: males >6 yr and females >4 yr; large subadult: 4–6-yr-old males; subadult: 2–4-yr-old males and females; juvenile: 1–2-yr-old males and females; infant: 
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Observational Methods We collected data on U group for 17 d (December 2002–February 2003) and on N group for 38 d (April–October 2003). We conducted observations from 1000 to 1600 when the subjects occupied the outdoor playgrounds. Suetsugu made 10-min focal observations (Altmann, 1974) for all individuals ≥1 yr old. In N group, we separated 1 mother-infant pair from the group for 6 d because the infant suffered fatal injuries, probably by falling. During focal observations, we recorded 3 types of greeting behavior (Oates, 1977), including the following: Overhead mounting (OHM): An individual makes a frontal approach to another and mounts it. Each individual faces opposite sides (Fig. 1). Mounting (MT): An individual mounts another from behind. MT is different from sexual mounting and precedes no genital contact or thrusting. Embracing (EM): An individual embraces another with its arms (cf. holding or cuddling: Dunbar and Dunbar, 1976). We also recorded 1) grooming—manipulation of the skin or fur of another by hands or mouth; 2) agonistic behavior, including hitting, kicking, jumping at, stamping, making loud noises by kicking walls, and chasing aggressively; 3) the identities of the actors and recipients; 4) the individuals ¨ in proximity (within arm’s reach per Bjornsdotter et al., 2000) of the focal individual every 2 min during the focal observation. We determined the order of focal observations randomly. We also recorded greeting behavior and agonistic behavior via an ad libitum sampling method during focal observations (Altmann, 1974). As a result of favorable observation conditions in which the observer can see all individuals in a cage, we believe that we did not miss many interactions. The total observation times are 1505 min in U group (individual mean: 151 min) and 3660 min in N group (individual mean: 610 min). The relatively shorter duration of observation time in U group was the result of mass mortality in the group. A 4-yr-old male and a 2-yr-old male died from digestive organ ulcers during the observation period (we excluded their data from the analysis), and, subsequently, another 6 individuals, including the adult male (JP suffering from pleuritis and perihepatitis), 2 adult females (MR for unknown reason; TH from stomach ulcers), 2 subadults (CP from liver abcess; MC from liver abscess and parasitic gastritis), and 1 juvenile (CS from parasitic stomach ulcers) died (Table II). Though the gastrointestinal illness seemed to be the main symptom in dead individuals, the exact causes of death are unknown. The great change in social conditions
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Fig. 1. Overhead mounting behavior. Individual A grasps the shoulder of individual B (a, c) and mounts over B’s head (b, d). In (c) and (d), the body color of individual B is lightened.



forced us to abandon observations in U group. The individuals’ diseases may have altered their behavior. However, we speculate that our data reflect the usual behavior to some extent because 1) it contained few focal samples immediately before death, i.e., 1 week and 2) there is no difference in frequencies of greeting (Mann–Whitney U-test; U = 5.5, p = 0.16; Table IIa) and grooming (U = 10, p = 0.69; Table Va) between individuals that died (N = 6) and those that did not (N = 4).



AM AF AF SAM JF JM



(b) Actor of greeting BS KK AT MM AZ DZ 28 — 1 8∗ 16 1∗



KK



BS — 0 0 1 1 0



0 — 0 0 0 2 0 0 1 3



JP



— 0 4 3∗ 6∗ 3∗ 1 1∗ 5 3∗



DI 0∗ 0 0 — 6 1 0 6 6∗ 20



TH 0∗ 0 5 2 — 1 0 3 3 8



VC



19 0 — 16 9∗ 0



AT 2 0∗ 1 — 20 8



MM 0 0 0∗ 1 — 0



AZ 0 0∗ 0 4 2 —



DZ



0∗ 0 0 0 0 — 2 0 3 3



BC



49 0 2 30 48 9



Total



1 0 0∗ 0 0 1 — 0 3 0



CP



Receiver of greeting



Receiver of greeting



0 0 — 4 5 2 0∗ 10 1 9



MR 0∗ 0 1 3 0 1 0 — 10 3



MC 0 0 2 0∗ 1 2 0 2 — 4



CR 0∗ 0 0 0 0 1 0 0 5 —



CS 1 0 12 12 18 14 3 22 37 53



Total



Note. Individuals are listed in descending order of age, e.g., DI in U group and BS in N group are the oldest individuals. For age-sex: A: adult, SA: subadult, J: juvenile, M: male, F: female. Mother-infant pairs are indicated with ∗ . Individuals indicated with + died after the observation (see Methods).



AF AM AF AF AF SAM SAM SAF JF JF



Age-sex



(a) Actor of greeting DI JP+ MR+ TH+ VC BC CP+ MC+ CR CS+



Name



Table II. Number of greetings for each pair (a) in U group and (b) in N group
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Data Analysis We investigated the contexts and consequences of greeting behaviors by focusing on the temporal sequence with regard to other types of social behavior. Concerning the temporal relationship with aggression, we analyzed behavior for 1 min before and 1 min after greeting behavior because most cases of reconciliation occurred ≤1 min of the end of an aggression ¨ (Bjornsdotter et al., 2000). We used Fisher’s exact probability test to determine whether the amount of affiliative or agonistic behavior increased after an interaction in which individuals performed a greeting vs. after an interaction in which individuals did not perform a greeting. Next, we constructed an actor-receiver matrix of the greeting behaviors during focal and ad libitum sampling to visualize the distribution of greeting behaviors. We used Spearman rank correlation to investigate the relationship between the frequency of greeting and an individual’s age. We investigated the relationship between the frequency of greeting behaviors and the pair characteristics—relatedness and age difference—and the frequency of other social behaviors—proximity, grooming, and aggression—via a matrix correlation test (Kr test: Hemelrijk, 1990) with 1000 permutations. We used the frequency of proximity and grooming as an index of pair intimacy. We calculated the proximity frequency via the formula: proximity frequency between individuals A and B = x/(a + b − x), where in a is the number of scan samples during the focal observation for individual A; b is the number of scan samples during the focal observation for individual B; and x is the number of scan samples when A and B were in proximity. We calculated the pair relatedness from zoo records. Because each group contained only 1 adult male we knew the paternity of each individual and could calculate the pair relatedness considering not only maternal but also paternal relations. We did not know the relatedness between individuals who founded each group, and regarded the pair as unrelated. We also calculated the relative age difference via the zoo records. We used an estimated age difference when we did not know an individual’s age. When the results of the 2 groups differed, we used a Fisher’s Omnibus test (Sokal and Rohlf, 1995) and checked for an overall trend by combining p values from the 2 groups. Previous studies have shown that the group size and number of males in a group influence the social behavior in primates including blackand-white colobus (Dunbar and Dunbar, 1976; Goldizen, 1989). Therefore, we analyzed the social behavior in addition to greeting, i.e., grooming and aggression, by a Kr test, and related the results to the different pattern of greeting between 2 groups. We set the significance level at 5%.
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RESULTS Pattern of Greeting Behavior We observed 183 cases of greeting in U group and 150 cases in N group (Table I). OHM was the most frequent pattern of greeting behavior in both groups, comprising 66% (U group) and 64% (N group) of all cases. The mean rate of greeting per dyad calculated from the focal data is 0.16 bouts/h for both groups (Table I). We analyzed each type of contact behavior separately and pooled the data because 1) strict distinction among the 3 types of contact behavior may be less meaningful because 1 type, e.g., mounting, sometimes changed into another type of contact, embracing, after an individual changed its posture; 2) the sample size of mounting and embracing were not sufficient for providing reliable results from a separate analysis. Reconciliation Hypothesis Prediction: Opponents will frequently exchange greetings soon after an agonistic interaction. Aggression occurred ≤1 min before or after the greeting behavior in 11 of 84 cases of aggression in U group (10 after the aggression; 1 before the aggression) and 12 of 17 cases of aggression in N group (11 after the aggression; 1 before the aggression). After aggression, greeting behavior between former antagonists occurred in 2 and 3 cases respectively in U and N group, i.e., reconciliation, suggesting that black-and-white colobus used ¨ the contact behavior during reconciliation (Bjornsdotter et al., 2000). Mate Attraction Hypothesis Prediction: Copulation occurs after greeting between a male and a female or between females. No copulation occurred immediately after a greeting between an adult male and female in either group, suggesting that the greeting behaviors did not facilitate sexual activity. Tension Reduction Hypothesis Prediction 1: Greetings should occur after acts of aggression, and greetings should not necessarily involve participants in former events.
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We observed greeting after aggression 1) between a participant of aggression and a group member that had not participated in the aggression in 8 and 5 cases, respectively, in U and N group and 2) between individuals that had not participated in the aggression in 3 cases in N group. Prediction 2: Individuals that engaged in greeting behavior should subsequently engage in affiliative interactions soon after greeting and rarely engage in aggression. We observed greeting before aggression in 2 cases (1 in U group and 1 in N group). In both, the initiator or the recipient of the greeting attacked a noninvolved individual soon after the greeting. There were no cases of postgreeting aggression between 2 individuals that engaged in greeting behavior. Three hundred and ten cases (93.1%) of greeting behavior occured temporally independent to agonism. To focus on the context and consequences of the greeting behavior during a nonagonistic situation, we excluded greeting that temporally related to aggression and investigated the behavior before and after it. The results were identical between the 2 groups, so we pooled data for the analysis. We observed the complete behavior before and after greeting in 98 cases. In 93% (91/98) of the greetings, the initiator approached its target. After completion of the greeting, 95% (93/98) of the pairs stayed in proximity for ≥5 s. Of the 93 cases, grooming occurred ≤30 s after the greeting in 50 (54%) cases; in 92% (46/50), the initiator of the greeting groomed the recipient. To check whether the occurrence of a grooming interaction increased soon after the greeting, we compared the proportion of cases in which grooming occurred ≤30 s after the greeting ended with that in which 1 individual approached another and stayed in proximity for >5 s without greeting, as a baseline. There is a significant difference in a probability of grooming under the 2 conditions (50/94 vs. 169/1202; Fisher’s exact probability test: p < 0.0001), indicating that greeting facilitates grooming. Prediction 3: Subordinate younger individuals should greet dominant older individuals more frequently than vice versa, resulting in a negative correlation between an individual’s age and greeting frequency. Table II contains the initiator-receiver matrices of greeting behavior in nonagonistic situations in U and N groups. In U group, younger individuals performed greetings more frequently than older individuals did. The proportions of pairs showing asymmetry in greeting frequency are in Table III. There is a negative correlation between the frequency of greeting and an individual’s age (Spearman rank correlation: rs = − 0.85; N = 10; p < 0.01). The adult male in U group (JP) was the second oldest individual



A younger individual greeted in all cases A younger individual greeted more often than an older one did A younger and older greeted at the same rate An older individual greeted more often than a younger one did An older individual greeted in all cases No greeting occurred 7% (3/45)



60% (9/15)



27% (12/45) 58% (26/45) 71% (32/45) 24% (11/45) 20% (3/15)



0% (0/15) 13% (2/15)



2% (1/45)



7% (1/15) 13% (2/15)



4% (2/45)



4% (2/45)



0% (0/15)



4% (2/45)



0% (0/45)



0% (0/15)



20% (3/15)



2% (1/45)



4% (2/45)



18% (8/45)



2% (1/45)



0% (0/45)



2% (1/45)



EM



40% (6/15)



20% (3/15)



0% (0/15)



0% (0/15)



7% (1/15)



33% (5/15)



N group



4% (2/45)



MT



0% (0/45)



OHM



7% (1/15)



Total



7% (3/45)



EM



4% (0/45)



U group



20% (3/15)



MT



62% (28/45) 22% (10/45) 22% (10/45) 47% (21/45) 40% (6/15)



OHM



13% (2/15)



20% (3/15)



7% (1/15)



0% (0/15)



20% (3/15)



40% (6/15)



Total



Table III. Proportion of pairs in which a distribution of greeting behavior was asymmetrical in (a) U group and in (b) N group
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in the group and never greeted the group members. Also, adult females never greeted JP (Table II). In N group, the younger individual of a pair (Tables II and III) mainly performed the greeting. One prominent exception to the pattern is the adult male (BS), which greeted 2 adult females 49 times, though he was the oldest individual in N group. The frequency of greeting does not correlate with an individual’s age (Spearman rank correlation: rs = − 0.09; N = 5; p = 0.80). Prediction 4: Greetings may occur more frequently between individuals with a greater difference in dominance positions than between individuals with similar dominance positions. In greetings from a younger to an older individual, there are positive correlations between the greeting frequency and the age difference in U group, but not in N group (Table IV). Via Fisher’s Omnibus test, the combined results are significant for OHM (χ2(4) = 11.6; p < 0.05) and for the pooling of the 3 types of contact behavior (χ2 = 11.5; p < 0.05), but not for EM (χ2(4) = 7.4; p = 0.12), suggesting that the frequency of greeting is associated with age difference.



Table IV. Correlations between greeting behavior and age difference, proximity, grooming frequency, and relatedness of a pair (a) in U group and (b) in N group Age difference (a) OHM MT EM Total (b) OHM MT EM Total a Significant.



τ p τ p τ p τ p τ p τ p τ p τ p



0.38 0.004a 0.21 0.09 0.27 0.05a 0.40 0.01a −0.24 0.75 −0.31 0.8 0.03 0.49 0.16 0.32



No. grooming (independent to greeting)



Proximity



No. grooming



0.03 0.36 0.03 0.43 0.07 0.27 0.05 0.27



0.18 0.03a 0.22 0.03a 0.34 0.004a 0.28 0.001a



−0.06 0.77 −0.04 0.64 0.12 0.18 −0.06 0.7



0.25 0.002a 0.16 0.08 −0.13 0.85 0.16 0.06



0.2 0.16 0 0.56 0.35 0.08 0.20 0.18



0.23 0.22 0.36 0.11 0.07 0.44 0.23 0.20



−0.12 0.68 0.12 0.32 −0.07 0.58 −0.02 0.52



−0.28 0.88 −0.65 0.99 −0.27 0.84 −0.28 0.90



Relatedness
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Expression of Social Status Hypothesis Prediction 1: Relatively high-ranking individuals should initiate greetings and the frequency of greeting and an individual’s age should correlate positively. As demonstrated in the preceding text, younger individuals performed greetings more frequently than older individuals did, except for the adult male in N group (Table II). Therefore, we found a negative correlation between the frequency of greeting and an individual’s age in U group and no correlation in N group. Prediction 2: Lower-ranking young individuals should perform greetings to relatively dominant, older individuals, leading to a negative correlation between an individual’s age and greeting frequency. As described in the preceding text, younger individuals performed greetings more frequently than older individuals did (Tables II and III) and the frequency of greeting correlates negatively with an individual’s age in U group and no correlation is present in N group. Prediction 3: Adult females, which have a less clear dominance relationship, do not exchange greeting behavior. Contrary to the expectation, adult females exchanged greeting behavior (Table II).



Social Bonding Hypothesis Prediction 1: The frequency of greeting should correlate positively with the intimacy of a pair. Prediction 2: The frequency of greeting should correlate negatively with the aggression frequency of a pair. Via matrix correlation tests, greeting frequency from a younger to an elder individual do not correlate with relatedness, pair aggression frequency, or proximity index, though pair relatedness and OHM frequency correlate positively (Table IV). There are significant correlations between greeting and grooming frequency in the 2 groups, which supports the social bonding hypothesis. However, positive correlations are not surprising because grooming occurred after 54% of greetings. We therefore performed another analysis using grooming data independent from the greeting interaction and the correlations are not significant, which is inconsistent with the social bonding hypothesis.
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Aggression, Grooming, and Difference of Adult Males’ Behavior In U group, the number of attacks within a pair (total: N = 73) does not correlate with the pair age difference (Kr test: τ = 0.038; p = 0.40). In 26 of 73 cases (36%), an older individual displayed aggression toward a younger individual, suggesting that the direction of aggression does not necessarily follow the age—and dominance—order. In N group, we observed only 17 cases of aggression in 


DISCUSSION Function of Greeting Behavior in Agonistic and Nonagonistic Situations Black-and-white colobus used 3 types of contact behavior during a postaggression affiliation with an opponent: reconciliation. However, greeting behavior was quite rare, accounting for only 1.5% (5/330) of the ob¨ served cases of greeting behavior. Bjornsdotter et al. (2000) also reported
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Kutsukake, Suetsugu, and Hasegawa Table V. Number of groomings for each pair in (a) U group and (b) N group Receiver of grooming



Name



Age-sex DI



(a) Actor of grooming DI AF JP+ AM MR+ AF TH+ AF VC AF BC SAM CP+ SAM MC+ SAF CR JF CS+ JF



— 0 3 0∗ 1∗ 2∗ 2 1∗ 3 3∗



JP



MR



TH VC BC



0 — 4 6 6 2 4 5 1 3



2 0 — 3 1 1 2∗ 5 1 0



0∗ 2 2 — 4 0 2 4 0∗ 5



0∗ 3 1 2 — 0 1 0 1 3



1∗ 0 0 3 2 — 0 1 0 0



CP 0 0 1∗ 0 1 3 — 1 0 3



MC CR CS Total 0∗ 2 1 2 1 1 1 — 1 2



0 0 0 0∗ 0 2 1 2 — 0



0∗ 0 1 1 2 0 1 1 0 —



3 7 13 17 18 11 14 20 7 19



Receiver of grooming (b) Actor of grooming BS AM KK AF AT AF MM SAM AZ JF DZ JM



BS KK AT



MM AZ DZ



Total



— 0 0 7 3 3



2 2∗ 0 — 5 0



19 4 0 1 8 19



10 — 0 0∗ 3 3∗



6 0 — 0 4∗ 0



1 0 1∗ 1 — 1



0 2∗ 0 0 4 —



Note. Individuals are listed in descending order of age, e.g., DI in U group and BS in N group are the oldest individuals. For age-sex, A: adult; SA: subadult; J: juvenile; M: male; F: female. Mother-infant pairs are indicated with ∗ . Individuals indicated with + died after the observation (see Methods).



that their subjects rarely used contact behaviors for reconciliation (8%). The pattern does not necessarily reject a reconciliatory function of the behavior, but suggests that the main function of greeting is not reconciliation. The mate attraction hypothesis predicts that greeting behavior facilitates copulation. However, we observed no greeting between the adult male and adult females in U group. Sexual motivation among U group females may have been low during the observation period; a postmortem examination after the mass mortality and subsequent observation showed that, during the study, 2 of the 4 adult females were possibly pregnant and 1 female was pregnant, giving birth after the observation period. We did not have data on the reproductive cycle of each female because there are no fixed breeding seasons and females do not show genital swelling. Though the limitations may weaken our testing of the hypothesis, we suspect that the mate attraction hypothesis cannot explain the overall pattern of greeting behavior we observed because 1) no copulation occurred immediately after greeting; 2) it is not possible to explain the observed asymmetry of
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greeting behavior by age via the mate attraction hypothesis; and 3) greeting by juveniles is unlikely to be unrelated to sexual purposes. After aggression, individuals that did not participate in the aggression engaged in greeting behavior in 16 cases. In contrast, no case of aggression occurred after greeting. The results support the tension reduction hypothesis because aggression increases tension within a group. We obtained further support for the tension reduction hypothesis from the analysis of greeting in nonagonistic situations. First, there are asymmetries in the distributions of greeting behaviors in the 2 groups, with a younger individual greeting an older individual more frequently than vice versa. One exception is the behavior of the adult male in N group. In U group, an individual’s age and the greeting frequency correlate negatively, and the greeting frequency and the pair’s age difference correlate positively. Second, an initiator of a greeting also initiated grooming of the recipient after a greeting more frequently than in the control condition, suggesting that greeting can facilitate an occurrence of affiliation. The social status hypothesis predicted either a positive or a negative correlation between an individual’s age and the greeting frequency. The negative correlation between age and greeting frequency seems to support the hypothesis that individuals greet to express a subordinate position, but the hypothesis cannot explain the relatively common greeting interactions among adult females because a dominance relationship is unclear in blackand-white colobus (resident-egalitarian type: Sterck et al., 1997). Grunau and Kuester (2001) also reported no asymmetry in the directions of mounting and embracing behavior among 3–20-yr-old females. The social bonding hypothesis predicted a positive correlation between intimacy and greeting frequency and a negative correlation between aggression and greeting frequency of a pair. In our study, greeting behavior from younger to older individuals does not correlate with any frequency of social behavior or relatedness, suggesting that greetings by subordinate to dominant individuals did not function to affirm and strengthen the relationship, as observed in some species (Perry et al., 2003; Whitham and Maestripieri, 2003; cf. Arnold and Barton, 2001b). The reason may be that colobus do not form a despotic society with clear dominance relationships among group members. In some Old World monkey societies, grooming commonly goes up the hierarchy and individuals use it as an exchange commodity for grooming itself or other social services such as coalition formation (Schino, 2001; Seyfarth, 1977). However, researchers did not confirm coalitions in black-and-white colobus monkeys (Dunbar and Dunbar, 1976; personal observation), and individuals did not reciprocate grooming at the group level (Table V). Also, dominance relationships were unclear among adult females (Grunau and Kuester, 2001; Schenkel and Schenkel-Hulliger,
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1967). In such a society, it may be less important for individuals to reaffirm relationships with cooperative partners, if any, via greeting behaviors.



Difference of Male Greeting Behavior Between the 2 Groups In analyses of matrix correlation tests, we used greeting behaviors that occurred from a younger to an older individual but not ones from older to younger individuals. Thus, we need another explanation for the frequent greeting behavior by the adult male in N group (BS) and the difference in greeting patterns by the adult male(s) in the 2 groups. One possibility is that the frequency of greeting by the adult male (JP) in U group was low because of his fatal disease. Another possibility is that BS needed to guard and interact actively with the adult females because his group contained additional male competitors (Dunbar and Dunbar, 1976; Goldizen, 1989). Analyses of grooming and proximity indicate that the quality of male-female relationships was higher in the smaller group owing to its composition. If so, the greeting behavior by BS might indicate that individuals affirm the social bonds by greeting behavior—social bonding hypothesis—though the pattern of greeting behavior does not support the hypothesis. Our data do not allow us to distinguish between the 2 possibilities.



Conclusion and Implications Our study supports the tension reduction hypothesis as an overall explanation of greeting behavior in nonagonistic situations in black-and-white colobus. The social bonding hypothesis may explain the differences in greeting patterns between the adult males of the 2 groups, though we could not rule out the possibility that the sickness of the male in U group contributed to the observed differences. In addition, subjects used contact behavior occasionally during reconciliation, which supports its reconciliatory function ¨ (Bjornsdotter et al., 2000). The study has ≥ 2 important implications. First, previous studies of tension reduction and conflict management focused mainly on macaques, baboons, and apes, and less on colobine species (Arnold and Barton, 2001a,b; Gruter, 2004; Ren et al., 1991; Sommer et al., 2002). Our study expands understanding of relationship regulation and conflict management. Second, the study is valuable in analyzing the pattern of greeting behavior in cohesive-grouping primates. Researchers have studied greeting behavior mainly in species living in a society characterized by a high degree of fissionfusion (East et al., 1993; Hohmann and Fruth, 2000; Kruuk, 1972; Nishida,
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1970). Greeting behavior after a separation in the societies is not surprising given that individuals need to establish and to reaffirm relationships after a separation. However, our study and others indicate that greeting behavior also has an important function in cohesive-grouping species (Dixson, 1977; Silk, 1994; Smuts and Watanabe, 1990). Future studies that focus on greeting patterns in primate and nonprimate species living in cohesive societies may provide new insights into relationship regulation and conflict management mechanisms. ACKNOWLEDGMENTS We thank M.Yoshiwara, M. Natsume, Y. Inomata, and T. Izawa at Ueno Zoological Gardens and S. Yokoyama, Y. Nakao, and A. Yamada at Nogeyama Zoo for their understanding and extensive support. C. K. Hemelrijk provided the Matrixtester program. We thank T. H. CluttonBrock, A. King, N. Koyama, and E. Palagi for their support and M. Laidre for editorial assistance. JSPS Research Fellowships (to N. Kutsuake) and the 21st Century COE Program (Center for Evolutionary Cognitive Sciences at the University of Tokyo) supported the study. Finally, the conditions under which we observed the subjects followed Japanese laws and guidelines.



REFERENCES Altmann, J. (1974). Observational study of behaviour: Sampling methods. Behaviour 49: 227– 266. Anestis, S. F. (2004). Female genito-genital rubbing in a group of captive chimpanzees. Int. J. Primatol. 25: 477–488. Arnold, K., and Barton, R. A. (2001a). Postconflict behavior of spectacled leaf monkeys (Trachypithecus obscurus) I. Reconciliation. Int. J. Primatol. 22: 243–266. Arnold, K., and Barton, R. A. (2001b). Postconflict behavior of spectacled leaf monkeys (Trachypithecus obscurus). II. Contact with third parties. Int. J. Primatol. 22: 267– 286. Aureli, F., Cords, M., and van Schaik, C. P. (2002). Conflict resolution following aggression in gregarious animals: A predictive framework. Anim. Behav. 64: 325–343. ¨ Bjornsdotter, M., Larsson, L., and Ljungberg, T. (2000). Post-conflict affiliation in two captive groups of black-and-white guereza Colobus guereza. Ethology 106: 289–300. Castles, D. L., Aureli, F., and de Waal, F. B. M. (1996). Variation in conciliatory tendency and relationship quality across groups of pigtail macaques. Anim. Behav. 52: 389–403. Colmenares, F. (1991). Greeting behaviour between male baboons: Oestrous females, rivalry and negotiation. Anim. Behav. 41: 49–60. Colmenares, F., Hofer, H., and East, M. L. (2000). Greeting ceremonies in baboons and hyenas. In Aureli, F., and de Waal, F. B. M. (eds.), Natural Conflict Resolution. University of California Press, Berkeley, pp. 94–96. de Waal, F. B. M., and Ren, R. M. (1988). Comparison of the reconciliation behavior of stumptail and rhesus macaques. Ethology 78: 129–142.



1290



Kutsukake, Suetsugu, and Hasegawa



de Waal, F. B. M., and van Roosmalen, A. (1979). Reconciliation and consolation among chimpanzees. Behav. Ecol. Sociobiol. 5: 55–66. Dixson, A. F. (1977). Observations on the displays, menstrual cycles and sexual behaviour of the ‘black ape’ of Celebes (Macaca nigra). J. Zool. 182: 63–84. Dunbar, R. I. M. (1987). Habitat quality, population dynamics, and group composition in colobus monkeys (Colobus guereza). Int. J. Primatol. 8: 299–329. Dunbar, R. I. M., and Dunbar, E. P. (1976). Contrasts in social structure among black-andwhite colobus monkey groups. Anim. Behav. 24: 84–92. East, M. L., Hofer, H., and Wickler, W. (1993). The erect “penis” is a flag of submission in a female-dominated society: Greetings in serengeti spotted hyenas. Behav. Ecol. Sociobiol. 33: 355–370. Fashing, P. J. (2001). Activity and ranging patterns of guerezas in the Kakamega Forest: Intergroup variation and implications for intragroup feeding competition. Int. J. Primatol. 22: 549–577. Fragaszy, D. M., Fedigan, L. M., and Visalberghi, E. (2004). The Complete Capuchin: The Biology of the Genus Cebus. Cambridge University Press, New York. Goldizen, A. W. (1989). Social relationships in a cooperatively polyandrous group of tamarins (Saguinus fuscicollis). Behav. Ecol. Sociobiol. 24: 79–89. Grunau, T., and Kuester, J. (2001). Dominance style in female guerezas (Colobus guereza ¨ Ruppel 1835). Primates 42: 301–307. Gruter, C. C. (2004). Conflict and postconflict behaviour in captive black-and-white snubnosed monkeys (Rhinopithecus bieti). Primates 45: 197–200. Hausfater, G., and Takacs, D. (1987). Structure and function of hindquarter presentations in yellow baboons (Papio cynocephalus). Ethology 74: 297–319. Hemelrijk, C. K. (1990). Models of, and test for, reciprocity, undirectionality and other social interaction patterns at a group level. Anim. Behav. 39: 1013–1029. Hohmann, G., and Fruth, B. (2000). Use and function of genital contacts among female bonobos. Anim. Behav. 60: 107–120. Kruuk, H. (1972). The Spotted Hyena. University of Chicago Press, Chicago. Kummer, H. (1968). Social Organization of Hamadryas Baboons. University of Chicago Press, Chicago. Marler, P. (1972). Vocalizations of east African monkeys II: Black and white colobus. Behaviour 42: 175–197. Matheson, M. D., Johnson, J. S., and Feuerstein, J. (1996). Male reunion displays in tufted capuchin monkeys (Cebus apella). Am. J. Primatol. 40: 183–188. Nishida, T. (1970). Social behaviour and relationship among wild chimpanzees of the Mahali Mountains. Primates 11: 47–87. Oates, J. F. (1977). The social life of a black and white colobus monkey, Colobus guereza. Z. Tierpsychol. 45: 1–60. Pelaez, F. (1982). Greeting movements among adult males in a colony of baboons: Papio hamadryas, P. cynocephalus and their hybrids. Primates 23: 233–244. Perry, S., Baker, M., Fedigan, L., Gros-Louis, J., Jack, K., MacKinnon, K. C., Manson, J. H., Panger, M., Pyle, K., and Rose, L. (2003). Social conventions in wild white-faced capuchin monkeys—evidence for traditions in a neotropical primate. Curr. Anthropol 44: 241– 268. Ren, R., Yan, K., Su, Y., Qi, H., Liang, B., Bao, W., and de Waal, F. M. B. (1991). The reconciliation behavior of golden monkeys (Rhinopithecus roxellanae roxellanae) in small breeding groups. Primates 32: 321–327. Saayman, G. S. (1972). Effects of ovarian hormones upon the sexual skin and mounting behavior in the free-ranging chacma baboon (Papio ursinus). Folia Primatol. 17: 297–303. Schenkel, R., and Schenkel-Hulliger, L. (1967). On the sociology of free ranging colobus (Colobus guereza caudatus Thomas 1885). In Starck, D., Schneider, R., and Kuhn, H-J. (eds.), Progress in Primatology. Gustav Fischer, Stuttgart, pp. 185–194. Schino, G. (2001). Grooming, competition and social rank among female primates: A metaanalysis. Anim. Behav. 62: 265–271.



Greeting in Black-and-White Colobus



1291



Seyfarth, R. M. (1977). A model of social grooming among adult female monkeys. J. Theor. Biol. 65: 671–698. Silk, J. B. (1994). Social relationships of male bonnet macaques: Male bonding in a matrilineal society. Behaviour 130: 271–291. Smuts, B. B. (1985). Sex and Friendship in Baboons. Aldine, New York. Smuts, B. B., and Watanabe, J. M. (1990). Social relationships and ritualized greetings in adult male baboons (Papio cynocephaulus anubis). Int. J. Primatol. 11: 1–60. Sokal, R. R., and Rohlf, F. J. (1995). Biometry, 3rd ed. W. H. Freeman, New York. Sommer, V., Denham, A., and Little, K. (2002). Postconflict behaviour of wild Indian langur monkeys: Avoidance of opponents but rarely affinity. Anim. Behav. 63: 637–648. Sterck, E. H. M., Watts, D. P., and van Schaik, C. P. (1997). The evolution of female social relationships in nonhuman primates. Behav. Ecol. Sociobiol. 41: 291–309. Sugawara, K. (1979). Sociological study of a wild group of hybrid baboons between Papio anubis and P. hamadryas in the Awash Valley, Ethiopia. Primates 20: 21–56. von Hippel, F. A. (1996). Interactions between overlapping multimale groups of black and white colobus monkeys (Colobus guereza) in the Kakamega forest, Kenya. Am. J. Primatol. 38: 193–209. Wang, E., and Milton, K. (2003). Intergroup social relationships of male Alouatta palliata on Barro Colorado Island, Republic of Panama. Int. J. Primatol. 24: 1227–1242. Whitham, J. C., and Maestripieri, D. (2003). Primate rituals: The function of greetings between male guinea baboons. Ethology 109: 847–859. Zahavi, A. (1977). Testing of a bond. Anim. Behav. 25: 246–247.



























[image: Trajectory Pattern Mining - Springer Link]
Trajectory Pattern Mining - Springer Link












[image: Conflict, Distribution and Population Growth - Springer Link]
Conflict, Distribution and Population Growth - Springer Link












[image: Conflict, Distribution and Population Growth - Springer Link]
Conflict, Distribution and Population Growth - Springer Link












[image: Population and distribution of wolf in the world - Springer Link]
Population and distribution of wolf in the world - Springer Link












[image: Survey nonresponse and the distribution of income - Springer Link]
Survey nonresponse and the distribution of income - Springer Link












[image: Iterative species distribution modelling and ground ... - Springer Link]
Iterative species distribution modelling and ground ... - Springer Link












[image: Mapping the geographic distribution of Aglaia ... - Springer Link]
Mapping the geographic distribution of Aglaia ... - Springer Link












[image: The Impact of Ethics Education on Reporting Behavior - Springer Link]
The Impact of Ethics Education on Reporting Behavior - Springer Link












[image: The challenge of ethical behavior in organizations - Springer Link]
The challenge of ethical behavior in organizations - Springer Link












[image: The dynamic nature of antipredator behavior: prey fish ... - Springer Link]
The dynamic nature of antipredator behavior: prey fish ... - Springer Link












[image: LNCS 7335 - Usage Pattern-Based Prefetching: Quick ... - Springer Link]
LNCS 7335 - Usage Pattern-Based Prefetching: Quick ... - Springer Link












[image: PyMVPA: a Python Toolbox for Multivariate Pattern ... - Springer Link]
PyMVPA: a Python Toolbox for Multivariate Pattern ... - Springer Link












[image: LNCS 3973 - Local Volatility Function Approximation ... - Springer Link]
LNCS 3973 - Local Volatility Function Approximation ... - Springer Link












[image: Is Inequality Inevitable in Society? Income Distribution ... - Springer Link]
Is Inequality Inevitable in Society? Income Distribution ... - Springer Link












[image: Calculus of Variations - Springer Link]
Calculus of Variations - Springer Link












[image: Conflict and Health - Springer Link]
Conflict and Health - Springer Link












[image: Tinospora crispa - Springer Link]
Tinospora crispa - Springer Link












[image: Chloraea alpina - Springer Link]
Chloraea alpina - Springer Link












[image: GOODMAN'S - Springer Link]
GOODMAN'S - Springer Link












[image: Bubo bubo - Springer Link]
Bubo bubo - Springer Link












[image: Quantum Programming - Springer Link]
Quantum Programming - Springer Link












[image: BMC Bioinformatics - Springer Link]
BMC Bioinformatics - Springer Link












[image: Candidate quality - Springer Link]
Candidate quality - Springer Link















Pattern, Distribution, and Function of Greeting Behavior ... - Springer Link






Oct 17, 2006 - We studied the pattern, distribution, and function of the greeting ... 0164-0291/06/1000-1271/0 C 2006 Springer Science+Business Media, Inc. 






 Download PDF 



















 246KB Sizes
 1 Downloads
 274 Views








 Report























Recommend Documents







[image: alt]





Trajectory Pattern Mining - Springer Link 

In addition, Internet map services (e.g. ... t1 t2 t3 t4 o1 â†—â†—â†˜â†’ o2 â†—â†’â†’â†’ o3 â†—â†˜â†—â†’. (a) raw trajectories ... move with the same motion azimuth â†— at time t1.














[image: alt]





Conflict, Distribution and Population Growth - Springer Link 

class or King maximizes the surplus, engender the choice of more efficient productive combinations and to a smaller population relative to egalitarian societies.














[image: alt]





Conflict, Distribution and Population Growth - Springer Link 

net rate of return of energy per unit of foraging time, therefore it focus its ... Malthus model of renewable resource use to explain natural depletion in Easter. Island. .... 4 foragers in two gangs of 2 foragers each: Ï€3 Â¼ [2(9)Ï€(9) ÑŽ 4Ï€(2)]/2














[image: alt]





Population and distribution of wolf in the world - Springer Link 

In addition, 50 wolves live in the forest of the low ar- ... gulates groups (mostly red deer) to live forever. .... wolf, holding a meeting every a certain period, pub-.














[image: alt]





Survey nonresponse and the distribution of income - Springer Link 

E-mail: [email protected]. (Received: 4 May 2004; accepted: 19 ... because they explicitly refuse to do so or nobody is at home. In the literature, this.














[image: alt]





Iterative species distribution modelling and ground ... - Springer Link 

Aug 4, 2012 - Abstract Endemic species play an important role in conservation ecology. However, knowledge of the real distribution and ecology is still scarce for many endemics. The aims of this study were to predict the distribution of the short-ran














[image: alt]





Mapping the geographic distribution of Aglaia ... - Springer Link 

broad availability of continuous spatial information about various ..... Conserv Ecol [online] (Available from the Internet: http://wwwconsecolorg /vol1/iss1./art6/) 1.














[image: alt]





The Impact of Ethics Education on Reporting Behavior - Springer Link 

education program on reporting behavior using two groups of students: fourth year ...... Management Control Systems: Developing Technical and Moral Values' ...














[image: alt]





The challenge of ethical behavior in organizations - Springer Link 

Ronatd R. Sims is Associate Professor in the School of Business. Administration at the ... and management training and development, and organizational transitions. His articles ... While these challenges must all be met by organiza- tions and manager














[image: alt]





The dynamic nature of antipredator behavior: prey fish ... - Springer Link 

Received: 8 February 2006 /Revised: 5 May 2006 /Accepted: 30 May 2006 / Published online: 28 ... the intensity of their antipredator behavior to the degree of.














[image: alt]





LNCS 7335 - Usage Pattern-Based Prefetching: Quick ... - Springer Link 

Oct 8, 2010 - The proposed scheme is implemented on both Android 2.2 and Linux kernel 2.6.29. ... solution for reducing page faults [1, 2, 3, 10]. The number ...














[image: alt]





PyMVPA: a Python Toolbox for Multivariate Pattern ... - Springer Link 

Jan 28, 2009 - Standard univariate fMRI analy- sis methods, which correlate cognitive and perceptual function with the blood oxygenation-level dependent.














[image: alt]





LNCS 3973 - Local Volatility Function Approximation ... - Springer Link 

S&P 500 call option market data to illustrate a local volatility surface estimated ... One practical solution for the volatility smile is the constant implied volatility approach .... Eq. (4) into Eq. (2) makes us to rewrite Ë†ÏƒRBF (w; K, T) as Ë†Ïƒ














[image: alt]





Is Inequality Inevitable in Society? Income Distribution ... - Springer Link 

4. a highly structured system of human organization for large-scale community living that ... indeed explain the power law form of income distribution in society. In the .... from rank-and-file members (full members did not pay dues) and extortion.














[image: alt]





Calculus of Variations - Springer Link 

Jun 27, 2012 - the associated energy functional, allowing a variational treatment of the .... groups of the type U(n1) Ã— Â·Â·Â· Ã— U(nl) Ã— {1} for various splittings of the dimension ...... u, using the Green theorem, the subelliptic Hardy inequali














[image: alt]





Conflict and Health - Springer Link 

Mar 14, 2008 - cle.php?art_id=5804]. May 30, 2006. 21. Tin Tad Clinic: Proposal for a Village-Based Health Care. Project at Ban Mai Ton Hoong, Fang District, ...














[image: alt]





Tinospora crispa - Springer Link 

naturally free from side effects are still in use by diabetic patients, especially in Third .... For the perifusion studies, data from rat islets are presented as mean absolute .... treated animals showed signs of recovery in body weight gains, reach














[image: alt]





Chloraea alpina - Springer Link 

Many floral characters influence not only pollen receipt and seed set but also pollen export and the number of seeds sired in the .... inserted by natural agents were not included in the final data set. Data were analysed with a ..... Ashman, T.L. an














[image: alt]





GOODMAN'S - Springer Link 

relation (evidential support) in â€œgrueâ€� contexts, not a logical relation (the ...... Fitelson, B.: The paradox of confirmation, Philosophy Compass, in B. Weatherson.














[image: alt]





Bubo bubo - Springer Link 

a local spatial-scale analysis. JoaquÄ±n Ortego Ã† Pedro J. Cordero. Received: 16 March 2009 / Accepted: 17 August 2009 / Published online: 4 September 2009. Ã“ Springer Science+Business Media B.V. 2009. Abstract Knowledge of the factors influencing 














[image: alt]





Quantum Programming - Springer Link 

Abstract. In this paper a programming language, qGCL, is presented for the expression of quantum algorithms. It contains the features re- quired to program a 'universal' quantum computer (including initiali- sation and observation), has a formal sema














[image: alt]





BMC Bioinformatics - Springer Link 

Apr 11, 2008 - Abstract. Background: This paper describes the design of an event ontology being developed for application in the machine understanding of infectious disease-related events reported in natural language text. This event ontology is desi














[image: alt]





Candidate quality - Springer Link 

didate quality when the campaigning costs are sufficiently high. Keywords Politicians' competence . Career concerns . Campaigning costs . Rewards for elected ...


























×
Report Pattern, Distribution, and Function of Greeting Behavior ... - Springer Link





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.
















