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Matrilineal Rank Inheritance Varies with Absolute Rank in Japanese Macaques NOBUYUKI KUTSUKAKE



The Universityof Tokyo ABSTRACT. In many cercopithecine primates, females form linear dominance hierarchies based on kinship. It is known that female rank follows the rules of matrilineal rank inheritance (MRI): (1) maternal rank inheritance, (2) maternal dominance, and (3) youngest ascendancy among sisters. Although, several studies have highlighted inter-species, inter-population, and intra-group variation in MRI, the factors determining such variation remain largely unknown. In this paper, I investigate the dominance relationships of 69 adult (> 6 yr old) female Japanese macaques (Macacafuscatafuscata) in a free-ranging provisioned troop living in Shiga-Heights (Nagano Prefecture, Japan) and report new evidence of intra-group variation. Dominance relationships among high-ranking females followed MRI within kin units, those among low-ranking females did not. Maternal rank inheritance and youngest ascendancy operated between mother/daughter dyads and sister dyads of high-rank, but not in the dyads of low-rank. The dominance ranks of females from low-ranking kin units were dispersed and less predictable. These findings suggest that MRI varies with absolute dominance rank, and are discussed in relation to other asymmetries between high- and low-rank Key Words: Japanese macaques; Dominance rank; Matrilineal rank inheritance; Youngest ascendancy; lntra-group variation; Support; Provisioning.



INTRODUCTION Many cercopithecine species form female-bonded societies, where females remain in their natal troop and males emigrate to other troops (PUSEY & PACKER, 1987), Among adult females, a linear dominance hierarchy based on kinship exists, and a female's rank is determined by a social process of rank inheritance. KAWAI(1958) and KAWAMURA(1958) produced the first studies of female rank in a cercopithecine species, Japanese macaques (Macaca fuscata fuscata). KAWAMURA(1958) reported rules of matrilineal rank inheritance (MRI) that determine the dominance relationships among adult females. The rules of MRI are threefold: (1) maternal rank inheritance: a daughter's rank depends on her mother's rank and a daughter becomes dominant to all females who were subordinate to her mother; (2) maternal dominance: a daughter ranks below her mother; and (3) youngest ascendancy: among sisters, a younger sister becomes dominant to her elder sisters, resulting in an age-inversed hierarchy among sisters. Consequently, related females form cohesive units in a dominance hierarchy and dominance relationships among matrilineal units (inter-matriline dominance relationships) are automatically formed (KOYAMA, 1967). Following KAWAMURA,dominance relationships among females were intensively studied in many cercopithecine species with frequent confirmation of the principle of matrilineal linear dominance (Japanese macaques: KOYAMA, 1967, 1970; MORt et al., 1989; TAKAHATA, 1991; NAKAMICHIet al., 1995; other macaques: MlSSAKIAN, 1972; DE WAAL, 1977; GOUZOULES, 1975; SILK et al., 1981; BERNSTEIN, 1969; PAUL • KUESTER, 1987; baboons: CHENEY, 1977; HAUSFATERet al., 1982; geladas: DUNBAR,1980; vervet monkeys: BRAMBLETTet al., 1982, reviewed in CHAPAIS, 1992; HILL t~ OKAYASU,1996).
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However, not all of these studies confirmed MRI and many reported disagreements with some of the rules of MRI. These disagreements could be classified into three types. In the first type, referred to as intra-group variation, the rules of MRI were kept by most of the females in the population but some females did not conform. For example, a female's alliance with a highranking individual, such as an alpha male, may allow her to outrank females she should have been subordinate to (GouZOULES, 1980; TAKAHATA, 1982; MORI et al., 1989; CHAPAIS, 1985; CHAPAIS & LECOMTE,1995). Mother-daughter rank reversals are rare but reported sporadically (MISSAKIAN,1972; CHIKAZAWAet al., 1979; SILK et al., 1981; HAUSFATERet al., 1982; MORI et al., 1989; TAKAHATA, 1991). It is also known that orphans sometimes cannot attain their expected matrilineal rank (HASEGAWA& HIRAIWA, 1980; WALTERS, 1980). The second type - inter-population variation - comprises cases where MRI was confirmed in some populations but not in other populations of the same species. For example, MRI was strictly adhered to in the populations of provisioned or captive Japanese macaques but maternal rank inheritance and youngest ascendancy were not confirmed in troops of wild Japanese macaques (FuRUICHI, 1983; HILL & OKAYASU, 1995). The third type, referred to as inter-specific variation, includes cases where some rules of MRI could not be confirmed in some species even in captive or provisioned populations (e.g. captive bonnet macaques: SInK et al., 1981; provisioned Barbary macaques: PAUL & KUESTER, 1987; PRUD'HOMME & CHAPA1S, 1993a). From these studies, it becomes obvious that the rules of MRI are not universal and discrepancies not rare in cercopithecine species. However, the causes of such variation are still not well understood. From the ultimate perspective, inter-species variation may be related to the speciesspecific dominance styles (DE WAAL & LUTTRELL, 1989; THIERRY, 1990). From the proximate perspective, several factors seem to influence the dominance relationships of females. First, some studies indicate that demographic factors, such as mother's age or age difference between sisters, affect dominance relationships (CHIKAZAWAet al., 1979; HAUSFATERet al., 1982; PAUL & KUESTER, 1987), but some suggest that demographic factors are additional rather than primary factors determining female dominance relationships (HILL & OKAYASU,1995; PRUD'HOMME & CHAPAIS, 1993a). Further, on the basis of observations of wild Japanese macaques on Yakushima Island, HILL and OKAYASU (1996) proposed that ecological conditions determine dominance relationships among females, since they affect rates of aggression and opportunities for support. One convincing factor that could explain such variation is agonistic support during rank inheritance. There is much observational evidence that support, mainly from close relatives such as mothers, is crucial in rank inheritance (CHENEY, 1977; KURLAND, 1977; BERMAN, 1980; WALTERS, 1980; HORROCKS & HUNTE, 1983; SILK, 1982; DATTA, 1988; reviewed in CHAPAIS, 1992; but see also SILK et al., 1999). Experimental evidence was presented by CHAPAlS and his colleagues who created subgroups of female Japanese macaques designed to induce rank reversals and noted the importance of alliances with kin (CHAPAIS, 1988) and non-kin (CHAPAISet al., 1991, 1994; CHAPAlS & ST-PIERRE, 1997) in the process of rank inheritance. These proximate factors are not completely independent, therefore, several factors may simultaneously affect the determination of dominance relationships among females. To reveal factors that cause such variation, it is necessary to study female dominance relationships and the rules of MRI both in multiple species and in several troops of the same species. In the latter respect, Japanese macaques are especially good candidates for analysis of the effects of the rules of MRI. Japanese macaques have been the subjects of long-term studies covering many groups living in various conditions, resulting in many reports of intra-group and inter-popula-
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tion variation, enabling clarification of the factors that produce such variation. For example, NAKAMICHIet al. (1995) reported that females of a provisioned troop based in Katsuyama from high-ranking kin units formed cohesive units, while, females in middle- and low-ranking kin units formed more dispersed hierarchies. Thus, they concluded that the effects of MRI vary with dominance rank. In their study, however, there were many kin units (17) and few females (1-8 females: mean 4.5 females) in each kin unit; a demographic composition which did not facilitate a detailed study of the differences between high- and low-ranking kin units. In this study, I investigated the dominance relationships among female Japanese macaques in a provisioned troop, Shiga A-1 troop. This troop contains only two matrilines and one matriline contained 94% of the adult females, which enables us to study details of differences between high- and low-rank. The aim of this paper is to investigate agreements/disagreements with MRI between high- and low-rank kin units in a provisioned troop of Japanese macaques of a distinct composition relative to other troops, providing new evidence of intra-group variation in Japanese macaques.



METHODS STUDY GROUP AND TROOP COMPOSITION



This study was conducted on Shiga A- 1, a free-ranging troop of Japanese macaques living in Shiga-Heights, Nagano Prefecture, Japan. Demographic records (i.e. births, deaths, immigrants, and emigrants) have been kept since 1962 and all individuals are individually identifiable. Barleycorn and soy beans were scattered three times (09:00, 12:00, and 15:00) and apples one time (16:30) daily by the staff of Jigokudani Monkey Park. Tourists were prohibited from feeding them. The troop's ecological conditions are described in more detail by WADA and IcntKl (1980). Data were collected on a total of 94 days from January (mating season) until October in 1998 (non-mating season) intermittently. Observations were taken from 08:00 to 17:00. Total observation time was 652.5 hr. During the study period, the troop consisted of 199 - 218 individuals (19 infants were born). At the beginning of April 1998, there were 21 adult males (>6 yr old), 69 adult females (>6 yr old), and 128 juveniles and infants. This study focused on 69 adult females of which 20 were nulliparous, 9 primiparous, and 40 multiparous when the study began. Shiga A-1 troop stemmed from Shiga A troop which had five matrilines when first observed in 1962. As a product of several bouts of troop fission, t w o o f these five matrilines remain in the present Shiga A-1 troop. Figure 1 shows the genealogy of 69 adult females in this troop. Since 94.2% (65/69) of the adult females came from one matriline, I divided this matriline into four kin units (R, K, N, and T) so that the daughters of Keg become the founders of each kin unit. Following this procedure, five kin units (R, K, N, T, and M) exist in the troop. Since observation began, females of M matriline were subordinate to the matriline that included the four present kin units. Based on the rules of MRI, the dominance order among the five kin units can be predicted to be R>K>N>T>M. However, since Keg died when Kro and Krl were still immature, it was possible that Kro and Krl failed to inherit their mother's rank (see Introduction). Thus, I calculated the average rank in each kin unit to assess the relative rank of matriline. From this procedure, the dominance rank among kin units was determined as T>M>N>R>K. Hereafter, I refer to this female's rank as predicted by rules of MRI as 'predicted' rank, and the female's rank as determined in the present study to 'absolute' rank.
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Fig. 1. The genealogy of Japanese macaques in Shiga A-1 troop. A circle indicates an adult female, and a black circle indicates the adult females whose rank disagreed with the rules of MRI. As indicated by the dotted line, R, K, N, and T kin units were from the same matriline. Kin units (except for M kin unit) were arranged from top to bottom vertically in the order of the dominance. An arrow refers to the females who emigrated to the neighboring troop (see Discussion). The asterisk indicates the sister dyad in which the younger sister became subordinate to her elder sister due to their mother's death (see Method).



OBSERVATIONMETHODS



Dominance relationships were usually observed by the ad lib sampling method, although the focal animal sampling method (ALTMANN, 1974) was occasionally employed where ad lib sampling failed to provide sufficient data. Ignoring the effect of other individuals, female A was considered to be dominant to the female B if (1) As a consequence of A's approaching B, A supplanted B, or B expressed a 'bared-teeth display' (DE WAAL 8Z LUTTRELL, 1985); or (2) A unilaterally attacked B. Soybeans were occasionally given to the subjects in order to induce (1) and (2). However to minimize the effect of artificially induced aggression, soybeans were used in only 28 (1.1%) dominance interactions covering 27 dyads (1.2% in the whole). As consorting males influence dominance relationships between estrous and other females (TAKAHATA,1982), I ignored the dominance interactions of consorting females. A dominance hierarchy was constructed such that the number of interactions below the diagonal of the matrix were minimized (MARTIN & BATESON, 1990). The linearity index, h' (DE
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VRIES, 1995) was used to test the linearity of dominance hierarchy. The h' index ranges between



0 and 1 and if the linearity is complete, h' equals 1. I excluded four M kin unit females from some analyses because they frequently formed alliances with the alpha male (KuTSUKAKE, in prep.) and had unstable dominance relationships (TAKAHATA, 1982). I also removed four 'orphans' whose mothers died before they reached 4 yr of age, because orphans may not achieve their matrilineal rank (see Introduction). There was also one case, at the top of the dominance hierarchy in the T kin unit, in which the mother died before her youngest daughter reached 4 yr of age, and this youngest daughter became subordinate to her elder daughter. After that, the dominance relationship between the sisters remained stable and those ranks were inherited by their daughters. This case was not considered in a disagreement with the rules of MRI (indicated by * in Fig. 1). I divided the 61 females into 2 classes: 30 females of the highest half as "high-rank" and the 31 females of the other half as "low-rank." By this definition, high-ranking females include females of part of the T kin unit, and low-ranking females include the remaining females of the T kin unit plus all females of N, R, and K kin units.



RESULTS COMPARISON BETWEEN PREDICTED RANKS AND ABSOLUTE RANKS



Two thousand four hundred and fifty (2450) dominance interactions were observed among 1824 dyads, involving 77.7% of all the dyads. Twenty-seven dominance interactions (1.1% of interactions) occurring in 25 dyads (1.4% of the observed dyads) contradicted the absolute rank hierarchy. I observed a single dominance interaction in 1308 dyads, and two or more interactions in 516 dyads. Of these 516 dyads, 10 dyads (1.9%) were tied; there were equal numbers of both wins and loses. This suggests that dominance relationships were stable, and that observation of one interaction was sufficient to define the direction of dominance in a relationship. A linear dominance hierarchy was found (h'=0.59, p-=0.001) and there was a strong positive correlation between predicted rank and absolute rank (Fig. 2, r=-0.93, p


Within Kin Units In the top and third highest ranking kin units, T and N, there were positive correlations between predicted and absolute ranks (Table. 1). In the fourth highest-ranking kin unit, R, there was a negative but non significant correlation. In the second highest and bottom ranking kin units, M and K, statistical analysis were not possible because of the small sample size. Overall it appears that the rules of MRI held within the high-ranking kin units but not within the lowranking kin units. Overall Disagreements Disagreements with MRI were found for 26 of the 61 females (42.6%) in 119 dyads (6.5%). For high-rankers, disagreements were found for 4 of 30 females (13.3%) in 13 dyads. For lowrankers disagreements were found for 22 of 31 females (71.0%) in 106 dyads (Fig. 3). A significant difference was found between high- and low-rank in the number of females that disagreed
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Fig, 2. Comparison of the females' absolute and predicted ranks. On the dotted line, predicted rank is equal to absolute rank, in which case the rules of MRI would hold.



Tablel. Agreements/disagreements with MR| within kin units. Correlation coefficient No. of dyads contradictKin No. of betweenpredicted ranks ing MRI (% of dyads unit females* and absolute ranks p value within kin unit) T 41 0.96 


No. of females contradicting MRI (% of females within kin unit) 9 (22) I (25) 2 (22) 4 (50) 2 (67)



with M R I (Fisher's exact probability test, p=0.0037) and in the number of females that were expected to be subordinate in predicted rank but were actually dominant (Mann-Whitney U-test, nHigh= 30, nLow=31, U=181.0, p


Rule of Maternal Rank Inheritance Usually, daughters rank just below their mother. In this group, there were five mother-daughter dyads in which females other than the daughter's sisters ranked between them. All of these separated mother/daughter dyads were low rankers (Fig. 5).
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Rule of Maternal Dominance Mothers are usually dominant to their daughters. In the present group, 4 of 31 mother-daughter dyads (12.9%) wcrc composed of daughtcrs dominant to their mothcrs (Fig. 6). One dyad was high-ranking, and three were low-ranking. Although there was insufficient data for statistical analyses, disagreements with maternal dominance did not appear to bc rclated to absolute rank.
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mother-daughter dyads arranged from high-rank Fig. 6. Dominance relationships between mothers and daughters.



Rule of Youngest Ascendancy Among Sisters Usually, younger sisters dominate their older sisters. Disagreements with the rule of youngest ascendancy were found for 7 females in 9 dyads of the 35 sister dyads (25.7%). While there was just one case o f disagreement among 21 high-ranking sister-dyads (4.8%), there were 8 cases among the 14 low-ranking dyads (57.1%; Fig. 7). These data indicated youngest ascendancy was adhered to by high-rankers, but not by low-rankers (Fisher's exact probability test, p=0.021). However, this does not mean that older sisters usually dominated their younger sister (binomial test, p--0.79).
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sister dyads arranged from high-rank Fig. 7. Dominance relationships between sisters. The three sister dyads linked by a line indicates that one female was subordinate to her three older sisters.



RANKS OF FEMALES IN M KIN UNIT



Four females in the M kin unit were excluded from the above analyses since they formed alliances with the alpha-male and had unstable dominance ranks. However, analyses in the context of within-kin unit were available. There were no mother-daughter rank reversals (Fig. 6). In one M kin unit sister dyad, the older sister was dominant to her younger sister (Fig. 7). RANKS OF ORPHANS



Three of the four orphaned females had a lower absolute rank the one predicted, from 14th (predicted rank) to 30th (absolute rank), 37th to 55th, 55th to 69th. One female, from 35th to 38th, seemed to retain her mother's rank. The three females who fell in rank were outranked by all their (respectively 4, 2, and 1) older sisters. EFFECTS OF DEMOGRAPHICFACTORS



As noted in the Introduction, it is known that demographic factors, especially age differences between sister's and mother's age, affect dominance relationships among females. To test whether disagreements with predicted rank resulted from demographic factors, I investigated demographic differences between high-/low-rank and between the dyads that agreed/disagreed with MRI. There was no statistical difference in the age difference of sisters who followed and those who did not follow the rule of youngest ascendancy (Agree=5.27 yr, Disagree=3.2 yr; MannWhitney U-test, nAgree=26, nDisagree=lO, U=83.00, p=0.09). There was also no statistical difference between the age of mother who followed or failed to follow the rule of maternal dominance (Agree=l8.5 yr, Disagree=l8.5 yr; Mann-Whitney U-test, nAgree=27, nDisagree=4, U=41.50, p=0.46). No statistical difference was found in the age difference between mothers
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and daughters who followed and those who did not follow the rule of maternal dominance (Agree=8.55 yr, Disagree=7.25 yr; Mann-Whitney U-test, nAgree=27,nDisagree=4, U=45.50, p=0.49). There was also no statistical difference between the age of mothers that agreed and disagreed with maternal rank inheritance (Agree=18.30 yr, Disagree=17.2 yr; Mann-Whitney U-test, nAgree=26, nDisagree=5, U=61.50, p=0.85). Since agonistic support, mainly by close relatives, is important in the dynamics of MRI (see Introduction), I also tested the possibility that the difference between high- and low-rank was a product of a difference in the number of close relatives. In this paper, I defined close relatives as r_~0.25 (CHAPAlS et al., 1997). There was no statistical difference in the number of close relatives between high-rankers and lowrankers had (High=2.67, Low=2.26; Mann-Whitney U-test, nHigh=30, nLow=31, U=396.0, p=0.32). In summary, I was unable to find any effect of demographic factors on MRI. Special attention should be paid to maternal dominance. Some studies have shown that old mothers of weakened physical condition tended to be outranked by their daughter (see Introduction). However, in this study, statistical analyses failed to uncover a relationship between mother's age and mother/daughter dominance relationships. Furthermore, two of the four outranked mothers bore infants during April 1998, suggesting that in this population, mother/daughter rank reversals are not related to mother's age, reproductive condition or absolute rank.



DISCUSSION In the present study, new evidence of intra-group variation in MRI dominance relationships was found. MRi characterized high-ranking females, but not low-ranking females. The detail of differences between high- and low-rank were summarized as follows: (1) dominance relationships within low-ranking kin units did not follow MRI; (2) maternal rank inheritance was not followed in low-ranking mother/daughter dyads; (3) youngest ascendancy was not followed in low-ranking sister dyads; and (4) the ranks of low-ranking females were dispersed and intermatrilineal dominance relationships became equivocal. Previous studies of provisioned Japanese macaques confirmed the strong effects of the rules of MRI, but also reported that MRI varies with absolute rank. For example, MORI et al. (1989) reported long-term changes of dominance relationships among adult females (number of females: minimum: 7; maximum: 49) over 29 years in Koshima group, noting that dominance ranks changed frequently among low-rankers but not high-rankers. NAKAMICHI et al. (1995) studied dominance relationships among 74 females in a provisioned troop at Katsuyama, and reported that females in high-ranking kin units formed cohesive units, while, females in middleand low-ranking kin units had more dispersed hierarchies. How did these differences between high- and low-rank arise? To answer this question, it is necessary to consider other asymmetries between high- and low-rank. ASYMMETRIES BETWEEN HIGH- AND LOW-RANK



Previous studies of cercopithicine species highlighted many asymmetries between high- and low-rank. For example, it is known that high-ranking females have more active and powerful allies than low-ranking females (CHAPAIS, 1992; PRUD'HOMME & CHAPAIS, 1993b) and that asymmetries cause strong kin unit cohesion in high-rank but weak cohesion in low-rank (CHENEY, 1983). NAKAMICHIet al. (1995) argued that rank dispersion in low-ranking kin units is
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related to the weak kin unit cohesion, but failed to provide data, such as differences in grooming or spatial proximity to support their idea. In this study, there is some evidence supporting NAKAMICHI et al. idea, that is, that three females in R kin unit subsequently emigrated to a neighboring troop (KuTSUKAKE,pers. observ., see Fig. 1) both in the preliminary study period (November 1997) and after the study period (October and December 1998). In particular, one female left her mother and older (dominant) sister in the natal troop, abandoning benefits received from close relatives such as grooming and agonistic support, suggesting that relationships between relatives were of low value and kin unit cohesion weak in R kin unit. It is also known that lower-ranking females attempt to affiliate with higher-ranking females (CHENEu & SEYVARTH, 1990; CHAPAISet al., 1995; but see also DE WAAL & LUTTRELL,1986). Because low-ranking females do not have active and powerful allies, they may attempt to follow an individualistic strategy, such as, forming bridging alliances with high-ranking females (CHAPAIS, 1992) and/or males (GouZOULES, 1980; TAKAHATA,1982; MORI et al., 1989; CHAPAIS, 1985; CHAPAIS& LECOMTE, 1995), at the expense of kin unit cohesion and support of close relatives. Alternatively, it is possible that weak kin unit cohesion can encourage females of lowrank to adopt individualistic strategies. This strategy appeared to be adopted by females in M kin unit who formed alliances with the alpha male and succeeded in outranking females expected to be dominant. However, the fact that they were more widely dispersed in the dominance hierarchy than other kin units indicates that inter-matriline dominance relationships became equivocal (Fig. 2). Further, food distribution also seems to produce differences between high- and low-rankers. In provisioned conditions, food resources are highly concentrated at the feeding site producing relatively high aggression rates among individuals (MORI, 1977). Because they are attracted to clumped food resources, high-ranking females tend to concentrate in the central area of the feeding site, while, low-ranking females remain in the periphery. Consequently, low-ranking individuals feed on provisioned food less than high-ranking individuals and tend to rely more on the natural resources (SouMAH & YOKOTA, 1991). The distribution of natural resources is less dense than artificial food, and inter-individual distance increases reducing the rate of agonistic interactions and support from close relatives. It is possible that, in this study troop, some disagreements were the products of social factors and others of ecological factors. Therefore, these explanations are not mutually exclusive, and empirical data on agonistic support are needed to reveal details of the process causing disagreements with MRI. VARIATIONAMONGPROVISIONEDTROOPSOF JAPANESEMACAQUES MRI did not characterize the dominance relationships of low-ranking females in the provisioned troop of Japanese macaques at Shiga (this study), Koshima (MOR1 et al., 1989), and Katsuyama (NAKAMICHIet al., 1995). However, other studies did not report such an effect of MRI among low-rankers. For example, KOYAMA(1970) studied dominance relationships among 54 adult females in a provisioned troop of Japanese macaques in Arashiyama and found few disagreements with MRI both in the high- and low-rank. This suggests that a weak effect of MRI in low-rankers is not common in every provisioned troop of Japanese macaques, and variation among provisioned troops exists. However, each provisioned troop lives in a different environment, and has distinct troop composition, troop history, demography (e.g. WATANABEet al., 1992; KOYAMAet al., 1992; ITOIGAWAet al., 1992), and style of provisioning (HILL, 1999). Therefore, it would not be surprising that parts of social behavior were determined by those factors which are distinct to a troop, resulting in variation among provisioned troops.
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MORI et al. (1989) speculated that the limited disagreements with MRI in Arashiyama group may relate to troop conditions, that is, that troop membership increased in the period of KOYAMA (1970). To support this, in Koshima group, changes of dominance relationships among females and disagreements with MRI increased during a period of population decline, mainly due to the restriction of provisioning (Morn et al., 1989; WATANABEet al., 1992). Increase and decrease of individuals in the group seems to be closely related to the provisioning style, such as type, amount and the density of provisioned food. Since the style of provisioning determines the intensity of competition on food, inter-individual distance during feeding, rate of aggression (HILL, 1999), and the opportunity for support, it is possible that the effects of MRI were affected by provisioning style. To test this possibility, detailed information about provisioning style and reproductive/demographic factors in each provisioned troop is indispensable. Unfortunately, reproductive/demographic factors of this study troop were not analyzed quantitatively, preventing further analysis and comparison with other provisioned troops. Future study should pay more attention to variation within provisioned troops of Japanese macaques, especially the relationships between reproductive/demographic factors, style of provisioning, and social behavior such as the effect of MRI on determining dominance relationships among females. IS YOUNGESTASCENDANCYINTRINSICTO JAPANESE MACAQUESOR A PRODUCTOF PROVISIONING?



In studies of MRI in cercopithecine species, youngest ascendancy between sisters has been a controversial issue, being confirmed in free-ranging provisioned and captive populations of Japanese and rhesus macaques, but not in provisioned Barbary and bonnet macaques (FuRuICHI, 1983; SILK et al., 1981; PAUL • KUESTER, 1987; PRUD'HOMME& CHAPAIS, 1993a). Concerning inter-population variation, youngest ascendancy between sisters was not confirmed in wild troops of Japanese macaques in Yakushima (HILL & OKAYASU, 1995) and Kinkazan (NAKAGAWA & TAKAHASHI,pers. comm., cited in HILL, 1999), suggesting that youngest ascendancy in Japanese macaques is a by-product of provisioning (HILL & OKAYASU, 1996). It is known that youngest ascendancy is a product of powerful, long-term support, mainly by close-relatives (DATTA, 1988; but see also SILK et al., 1999). Therefore, the absence of youngest ascendancy between low-ranking sisters in this study may result from the absence of support caused by weak kin unit cohesion due to social or ecological conditions. If the absence of youngest ascendancy between low-ranking sisters was caused by social asymmetries between high- and low-rankers (e.g. attraction to higher-ranker individuals), the way in which disagreements with MRI arose is opposite to that of wild troop: the former resulted from high frequency, complex social interactions, and the later from an absence of social interactions such as aggression and support. Similarly, if ecological factors caused disagreements with youngest ascendancy between sisters, the way in which disagreements with MRI arose seems to be different from that of wild troops since the rate of aggressive interactions was extremely high in the provisioned troop relative to the wild troop (HILL, 1999). Thus, the absence of youngest ascendancy between low-ranking sisters in this troop should not be regarded in the same light as that of wild troops even if, at first glance, it seems to be a similar phenomenon to that of wild troops. That is to say that, even if though we have found provisioned troops in which youngest ascendancy does not occur, this does not necessarily mean that youngest ascendancy is unrelated to provisioning. Therefore, we cannot unequivocally answer the question of whether youngest ascendancy is a by-product of provisioning or not. However, it is clear that disagreements with youngest ascendancy occur even when the mother is alive and even in provisioned groups of Japanese macaques.
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