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PAST FIELD STUDIES OF JAPANESE MACAQUES 
IN NATURAL HABITATS 

Field studies of Japanese macaques have been conducted for more than 40 years in many 
parts of the Japanese archipelago. Until the 1970's, the main approach involved habituation of 
wild macaques using artificial feeding, and identification of each individual to allow records to 
be made of individual life histories. The main aims of these field studies were to clarify the 
social structure of Japanese macaques and to identify cultural differences in behavior between 
populations (IMANISHI, 1952; ITANI, 1954; ITANI & NISHIMURA, 1973). In the early stages of field 
studies in Japan, therefore, intraspecific variations in social structure and behavior of Japanese 
macaques were rarely discussed in relation to ecological variation, but were considered rather 
from the viewpoint of cultural differences (ITAN1, 1959, 1963; KAWAI, 1964; KAWAMURA, 1959; 
TSUMORI, 1967). 

In the 1950's and 1960's, Japanese primatologists visited various habitats of Japanese 
macaques throughout their distribution conducting preliminary surveys (AZUMA, 1966; 
KAWAMURA & ITANL 1952; IZAWA, 1962, 1963; NISHIDA, 1966; SUZUKI, 1965; WADA, 1964; 
YAMADA, 1966; YOSHIBA, 1959). Some evidence of intraspecific variation in aspects of ecology 
and demography, such as population density, composition of diet, home range size, and group 
size, were reported during this period. However, after the successful habituation of macaques by 
provisioning at Koshima, Takasakiyama, Arashiyama, and Minoo in the 1950's, the majority of 
field studies concentrated on social behavior, as observed in well-habituated macaques at the 
artificial feeding sites. 

By the 1970's, Japanese macaques had been habituated by artificial feeding at more than 30 
sites in Japan. Most of these populations were provisioned by cities, prefectures, or travel 
companies for the purpose of attracting tourists. Heavy provisioning resulted in marked 
increases in group size, as a result of increased birth rate and decreased infant mortality. Large 
groups including more than 100 individuals appeared and then fissioned into several groups 
(SuGIYAMA, 1960; FURUYA, 1960; KOYAMA, 1970). Some important findings, such as permanent 
residence of females in their natal groups, stability of dominance rank relations within and 
between female kin-groups, and male emigration from natal groups and transfer between 
groups, made researchers reconsider their conception of the social organization of Japanese 
macaques (TOKITA 8~; WADA, 1974; ITOIGAWA, 1975; SUGIYAMA, 1976; NORIKOSm & KOYAMA, 
1975). It became clear that natural populations generally consisted of several groups with 
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partially overlapping home ranges (KAWANAKA, 1973). By contrast, most of the well studied 
provisioned groups, such as those at Koshima, Takasakiyama, and Arashiyama, were more or 
less isolated from other groups, and might not, therefore, be representative of a typical local 
population of Japanese macaques. These findings motivated researchers to study local concen- 
trations of groups living under natural conditions. However, it was not easy to habituate wild 
macaques without provisioning. In deciduous forests dense undergrowth often prevented 
researchers from following groups. Most studies were, therefore, conducted in winter, when it 
was possible to track groups by following footprints left in the snow (IZAWA, 1971, 1982; 
WADA, 1964, 1981). 

In the 1970's and 1980's, road construction and deforestation proliferated throughout Japan 
and destroyed or degraded much of the natural habitat of Japanese macaques. A decline in agri- 
culture and increased farm mechanization meant that many fields were abandoned and farmers 
spent less time in those they retained. Abandoned and infrequently tended fields provided wild 
macaques with their first opportunity to feed on crops and consequently led them to raid fields 
and orchards beside villages. The struggle between people and macaques increased and in 
recent years more than 5,000 macaques have been killed or captured annually in pest control 
programs of local governments in Japan (HILL, 1992; JAPAN PRIMATE NEWS LETT'ER, No. 3, 1995). 
At the same time areas of extensive undisturbed natural habitat, in which several groups of 
Japanese macaques range, have severely decreased during this period. 

Kinkazan and the west coast of Yakushima are two areas which escaped the worst of the 
habitat destruction, and both islands still support areas Of relatively undisturbed natural forest. 
Visibility is also good because both forests are characterized by little undergrowth owing to 
heavy browsing pressure of deer at Kinkazan, and a closed canopy of warm-temperate ever- 
green forest in Yakushima. The areas of natural forest at both sites are within National Parks, 
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Fig. 1. Map showing the distribution of three types of forest (left) and the distribution of Japanese 
macaques (right) at the Japan Island. (left) Hatched area: Cool-temperate forest; white area: warm-tem- 
perate forest; black area: coniferous forest. (right) Redrawn from UEHARA and KOGANEZAWA (1976). Black 
area shows the distribution of Japanese macaques: ~Shimokita, ~Kinkazan, ~Shiga Heights, @Hakusan, 
Takagoyama, @Hakone, (~Ryozen, (~Arashiyama, (~)Shodoshima, ~Katsuyama, ff]YFakasakiyama, (~Koshima, 
@Yakushima. 
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and there are no human inhabitants (see Preface). After many preliminary surveys, habituation 
of macaques without artificial feeding was achieved in the mid- 1970's in Yakushima and in the 
early 1980's at Kinkazan. Since then the two areas have attracted many researchers who have 
studied various aspects of behavior and ecology. 

Thus, three types of data are now available for the analysis of the socioecology of Japanese 
macaques: long-term data on provisioned groups, short-term data on wild unhabituated groups 
in natural habitats, and long-term data on habituated groups at Kinkazan and Yakushima. Most 
of the papers presented in this volume aim to elucidate ecological factors influencing the social 
organization of Japanese macaques by comparing data for Kinkazan and Yakushima. The 
purpose of this review is to discuss questions posed by the authors against the broader back- 
ground of findings from other study areas, based on the other two types of data source. We 
begin by considering the history of field studies on Japanese macaques, and features of social 
organization which are apparent irrespective of the habitat or provisioning. We go on to exam- 
ine intraspecific variation and then present a classification of local populations. Finally, we 
consider priorities for future field research on Japanese macaques. 

GENERAL FEATURES OF SOCIAL ORGANIZATION 
OF JAPANESE MACAQUES 

Several features of social organization are common to all groups of Japanese macaques, 
irrespective of their habitats or provisioning. Japanese macaques form groups consisting of 
more than two adult males and more than two adult females. The number of groups in a local 
population fluctuates as a result of increases caused by fission and decreases caused by extinc- 
tion of groups. The maximum group size recorded is 1,255 individuals at Takasakiyama 
(SuGIYAMA & OHSAWA, 1988) and the minimum is 3 at Yakushima (TAKAHATA, 1991). The latter 
group consisted of an adult male, an adult female, and a 4-yr-old female. It eventually became 
extinct when the male disappeared and the two females joined a neighboring group 
(MARUHASHI, 1992). This suggests that a group of Japanese macaques may not be maintained 
with only a single male and small number of females. 

Males tend to leave their natal groups before full sexual maturity. Although there are indi- 
vidual variations in age at emigration, maturing males leave their natal groups across a variety 
of habitats (Toimisaki: AZUMA, 1974; Takasakiyama: MASU! et al., 1974; Katsuyama: ITOIGAWA, 
1974; Arashiyama: NORIKOSHI, 1974; Ryozen: SUGIYAMA & OHSAWA, 1974; Yugawara: FUKUDA, 
1982; Shiga: TOKITA & WADA, 1974). SPRAGUE et al. (1998) also report that males leave their 
natal groups around 4 yr old at both Kinkazan and Yakushima. After dispersal from the natal 
group, a male may spend a period of solitary life, join an all-male group, or transfer directly into 
another group. He will stay in the new group for several years, but in most cases will leave 
again and move to another group. It does not seem likely that males return to their natal groups 
after emigration. 

By contrast, females tend to remain in their natal groups throughout their lives, and this sex 
difference in inter-group movements may result in the avoidance of inbreeding (ITANI, 1972). In 
most cases, all females within a group will be matrilineal kin. Closely related females associate 
with each other more than more distant kin, thus forming kin-groups within a group. In this 
respect, Japanese macaques are regarded as forming 'female-bonded groups' (WRANGHAM, 
1980). Group fission occurs between kin-groups in both provisioned and non-provisioned 
groups (KOYAMA, 1970; O), 1988; MARUHASH1, 1992). Females persistently associate with 
females of their own kin-group during and after fission. 
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Dominance rank among females is linear and stable, and the permanent association of 
females with kin may enhance this stability. Kinship is clearly not a prerequisite lbr stability, 
however, as a stable linear dominance hierarchy is also apparent among males within a group, 
although the immigrant males have no mature kin in the group (except for the occasional 
possibility of brothers). 

INTRASPECIFIC VARIATIONS 

Although a wide range of  group sizes have been reported, provisioning has been responsible 
for all of the larger groups. MASUI (1976) calculated the annual rate of  increase in group size at 
Takasakiyama after provisioning began in 1952 to be 1.102, which means that group size dou- 
bled every seven years. Irrespective of location, group size increased after provisioning without 
exception, and tended to exceed 100 individuals after prolonged ( 1 0 - 2 0  years) provisioning 
(NIHONZARU EDITORIAL COMMITTEE, 1977). 

By contrast, groups under natural conditions usually fission frequently, and so a relatively 
small group size is maintained (TAKIZAWA et al., 1994). Mean group sizes calculated for 30 
non-provisioned groups are 51.8 (range: 8 - 1 6 6 )  by MASUI (1976) and 56.4 (range: 10-166)  by 
SUGIYAMA (1985). The mean group size in areas which experience heavy snowfall (33.7, N=  15, 
range: 1 0 - 7 9 )  is smaller than that in areas with lighter snowfall (79.0, N =  15, range: 17-166)  
(SuGIYAMA, 1985). 

Appendix 1 lists group size, number of adult (older than 5 yr) males and females, and socio- 
nomic sex ratio (SSR: number of  adult males/number of adult females within a group) for 93 
groups in 21 areas. For provisioned groups, data are presented for the same group in different 
years. Comparing the size of non-provisioned groups between different types of  forests, group 
size in cool-temperate forest and that in Yakushima were not significantly different, however 
both were significantly smaller than that in warm-temperate forest of areas other than Yakushima 
(Mann-Whitney U-test, p<0.01 and p<0.001 ,  respectively, Table 1). 

Group size at Kinkazan is intermediate between the heavy and the light snowlhll areas. The 
mean group size at Kinkazan was calculated as 37.2 (range: 2 5 - 6 7 ,  N = 5 )  in 1987 (IZAWA & 
ENDO, 1987), which increased slightly to 41.8 (range: 2 5 - 7 5 ,  N=6)  in 1995 (SPRAGUE et al., 
1998). These results correspond to climatic conditions (neither heavy nor light snowfall) at 
Kinkazan. 

Yakushima is the southern limit of  the Japanese macaque's distribution and in the warm 
temperate forest at low altitudes ( 0 - 5 0 0  m) there is very little snow. However, the mean group 
size at Yakushima is very small (32.3, range: 14 -57 ,  N=12 :  IWANO, 1983), compared with 
other areas experiencing light snowfall. The small group size at Yakushima was reported by the 
earliest studies (KAWAMURA & ITANI, 1952) and is still apparent now, as confirmed in Table 1 
and by several papers in this volume. 

Table 1. The mean group size and SSR of Japanese macaques in natural habitats. 
Forest type N Mean group size (range) Mean SSR (range) 
Cool-temperate forest (C) 34 34.9 (8-86) 0.70 (0.3-1.4) 
Warm-temperate forest (W) 18 74.8 ( 17-161 ) 0.43 (0.1 - 1.3) 
Warm-temperate/subtropical (W/T) 17 27.1 (13-47) 0.79 (0.5-1.0) 

Mann-Whitney U-test: group size, C-W, p<0.01; W-W/T, p<0.001; C-W/T, n.s. SSR, C-W, p<0.01; W-W/T, 
p<0.001 ; C-W/T, n.s. 
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Evidence from group fissions also suggests marked differences in the maximum group size 
between different habitats. Under provisioning fission usually occurs, when the group size 
exceeds 100 individuals (Takagoyama: NISHIDA, 1966; Hagachi, Gagyuzan, and Nametoko: 
FURUYA, 1969; Ohirayama: KAWAI, 1964; Arashiyama: KOYAMA, 1970; Takasakiyama: 
SUG|YAMA, 1960), compared with around 70 individuals under natural conditions in Honshu 
(Hakusan: IZAWA, 1982, 1984; Kinkazan: IZAWA, 1983), and less than 50 individuals in the 
warm temperate forest of Yakushima (MARUHASHI, 1982, 1992; YAMAGIWA, 1985; OI, 1988). 

The difference in the mean or the maximum group size may reflect variations in ecological 
and social conditions between habitats. TAKASAKI (1981, 1984) proposed a model (QR=~N)  
that correlated troop size (N) and home range area (R) and incorporated a parameter of habitat 
quality (Q). He showed that the home range area of Japanese macaques was directly propor- 
tional to the group size within the same type of forest and that the per capita range area was far 
larger in deciduous forest than in evergreen forest. As the evergreen forest has more abundant 
food resources, this suggests that food availability may influence group size quantitatively 
through its influence on home range area and individual or group density. 

As well as group size and home range area, the distribution of food resources may influence 
relationships between neighboring groups. As MITANI and RODMAN (1979) suggested, defend- 
ability, which may depend on home range area and daily path length, may influence 
territoriality. Data on the home range of Japanese macaques seem to support this hypothesis. In 
the evergreen forest in Yakushima, the home range of a group was estimated to be 0.87 km 2 
(MARUHASHI, 1982). The mean day range of another group, which had the same group size and 
ranged in the same area as MARUHASHI'S study group in subsequent years, was estimated to be 
1.02 km (N=31, range: 0.8-2.0,  YAMAGIWA, unpubl, data). WADA (1981) reported that a group 
ranged in an area of 2.35 km 2 and traveled 0.65 km per day on average during heavy snow in 
winter at the Shiga Heights. According to the formula of MITANI and RODMAN (1979), the 
defendability index (D) for Yakushima (0.97) is close to 1.0 (the limit between territorial and 
non-territorial) and far higher than that for Shiga Heights (0.38). In fact, groups living in the 
evergreen forest in Yakushima do show territorial behaviour (MARUHASHI, 1992; MARUHASHI & 
TAKASAKI, 1996; SA1TO et al., 1998), while groups in deciduous forest with heavy snow do not, 
and occasionally intermingle peacefully with neighboring groups (IZAWA, 1982; WADA, 1981). 

The SSR of Japanese macaques varies with group size. The provisioned groups show lower 
SSR than the non-provisioned groups (Mann-Whitney U-test, p<0.01).  Among the non-provi- 
sioned groups, those inhabiting the warm-temperate forest tend to have lower SSR than those in 
the cool-temperate forest or those in Yakushima Island (Table 1). The linear regression between 
group size and SSR is significant for all groups combined ( r=-0 .2454 ,  p<0.05) and for the 
non-provisioned groups ( r=-0 .3404 ,  p<0.0  I). The correlation is not significant for the provi- 
sioned groups or for the non-provisioned groups within the same type of forest (cool-temperate 
forest, warm-temperate forest, and Yakushima Island). These suggest that the SSR may change 
according to environmental conditions as well as group size. TAKASAKI and MASUI (1984) also 
reported that SSR tended to decrease under isolated conditions and in artificially disturbed 
forest. Thus, both social (group size and presence or absence of neighboring groups) and 
ecological (food conditions) factors may influence SSR. 

After emigration from natal groups, male Japanese macaques may spend a period of solitary 
life, join all-male groups or transfer to other reproductive groups. Which they do varies between 
habitats. Many solitary males or all-male groups have been observed around large groups with 
low SSR under isolated conditions at Takasakiyama and Arashiyama (ITANI, 1954; NISHIMURA, 
1973; KOYAMA, 1970; NORIKOSH~,I974), while very few solitary males are found around small 
groups with high SSR in natural populations (MARUHASHI, 1982; IWANO, 1983). Nevertheless, a 
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large number of nonresident males appear around groups during the mating season in Yakushima 
(YAMAGIWA, 1985; SPRAGUE, 1991a,b, 1992). This is caused by temporary and frequent visiting 
by resident males to neighboring groups. The small home ranges enable them to visit other 
groups and to return their own groups within a matter of hours in Yakushima. 

The presence of a large group among small groups may also influence the movement of 
males. At Shiga Heights, a large group appeared after provisioning. Many young males 
emigrated from this large group and some of them transferred into small neighboring groups 
(TOKITA & WADA, 1974). On the other hand, few young males appeared around the large group 
and only adult males transferred into it (WADA, 1979). The emergence of a large group as a 
result of provisioning may have altered the direction of male's movements. 

The seasonality of male movements is also different under different habitat conditions. 
Among non-provisioned groups, movements are most common during the birth season at 
Hakone (FuKuDA, 1982), while they are most frequent during the mating season in Yakushima 
(YAMAGIWA, 1985; SPRAGUE, 1991a,b, 1992). In provisioned groups at Arashiyama, males who 
become solitary tend to leave their groups at any time in the year, while males transferring into 
neighboring groups tend to leave groups during the mating season (NomKOSHI, 1974). In a 
provisioned group at Shiga Heights, young males first left their natal group for a short time dur- 
ing the mating season and finally left it during subsequent birth and mating seasons (TOKITA & 
WADA, 1974). 

The period of stay by immigrant males at a provisioned group is 4 - 5  years at Arashiyama 
(NORIKOSHI, 1974), a maximum of 2 years at Ryozen (SuGIYAMA & OHSAWA, 1974), and a max- 
imum of 5 - 9  years at Shiga Heights (TOKITA & WADA, 1974). In non-provisioned groups at 
both Kinkazan and Yakushima, males stay for an average of 2 - 3  years (SPRAGUE et al., 1998). 

A marked difference between provisioned and non-provisioned groups is apparent in the 
social status of immigrant males. In provisioned groups, immigrant males usually join groups at 
the lowest dominance rank, while they occasionally join at the top rank in non-provisioned 
group (YAMAGIWA, 1985; SPRAGUE, 1992; SPRAGUE et al., 1996). Acquisition of the alpha-male 
rank by immigrant males involves a long process of succession in the provisioned groups, but is 
sometimes achieved immediately by group take-over or group fission in non-provisioned 
groups at Yakushima (SPRAGUE et al., 1996). Furthermore, SPRAGUE et al. (1998) report that the 
immigrant males join at the top rank more frequently at Yakushima (in 13 out of 28 cases) than 
at Kinkazan (in 1 out 9 cases). These observations suggest that the patterns of associations 
among resident males within groups may vary not only with food supply (provisioning) but also 
with group size. 

FURUICHI (1983, 1985) reported that agonistic interactions occurred less frequently and affil- 
iative behavior (grooming) among mature males occurred more frequently in a small group at 
Yakushima than in large provisioned groups in other habitats. HILL (1994) also reported the 
same tendency in another small group at Yakushima and compared affiliative behavior among 
males with those of other macaque species. He pointed out that affiliative behavior between 
adult males was more frequently observed in small groups with a high SSR than in large groups 
with a low SSR. A shortage of potential grooming partners among the females and their off- 
spring in small groups may stimulate males to choose other males as an alternative. 
Furthermore, provisioning produces large groups and this may preclude the tbrmation of 
affiliative relationships among males through increasing levels of aggression and tension 
(HILL, 1994). 

Variation in ecological and social factors may also influence aspects of relationships among 
females. In large provisioned groups, females acquire their ranks following two principles: (1) 
a daughter is dominant to all females who are subordinate to her mother (KAWAMURA, 1958, 
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1965); (2) maturing daughters become dominant to their older sisters, a process which has been 
termed 'youngest ascendancy' (DATTA, 1988). As a result, females belonging to the same kin- 
group outrank females of other kin-groups, and dominance rank among mature sisters is 
inversely correlated with age. By contrast, HILL and OKAYASU (1995) reported the absence of 
youngest ascendancy in a small group at Yakushima, although in each case the mother was alive 
and well when the younger sister reached sexual maturity. This runs counter to predictions of 
models of youngest ascendancy (DATTA, 1989; DATTA & BEAUCHAMP, 1991) and suggests that a 
different pattern of rank acquisition by female macaques is occurring at Yakushima from that at 
other sites. HmL and OKAYASU (1996) pointed out that the proximate mechanism by which dom- 
inance acquisition takes place is intervention in agonistic encounters, primarily by the mother. 
They suggested that the highly concentrated resource produced by provisioning increases the 
need for the mother's role as protector, and might facilitate the process of youngest ascendancy. 
The occurrence of youngest ascendancy should be examined in relation to the frequency and 
intensity of aggression between females in non-provisioned groups in other areas. 

Group fission tends to occur between kin groups at Yakushima, as observed in the provi- 
sioned groups of other habitats (Or, 1988; MARUHASHI, 1992). However, fission is most likely to 
occur during the mating season at Yakushima, while not in other habitats. YAMAGIWA (1985) 
reported that the prolonged consort by estrous females and nonresident males caused frequent 
subgrouping between kin groups and facilitated the process of fission. The weak alliance among 
resident males and the infrequent support from the mother may cause frequent takeover by out- 
side males or fission reported at Yakushima (YAMAGIWA, 1985; MARUHASHI, 1992; TAKAHATA et 
al., 1994). The lack of positive support from the mother may reflect relatively loose relation- 
ships among females and may contribute to the maintenance of small group size through fre- 
quent fissions in Yakushima. 

TYPES OF LOCAL POPULATIONS OF JAPANESE MACAQUES 

Based on these variations, we can recognize four types of local populations of Japanese 
macaques (Table 2). 

The first type is a local concentration of small groups with small home ranges, such as groups 
in the warm-temperate forest of Yakushima. They live at high density (individual and group) in 
a habitat characterized by relatively high quality and abundant food resources (MARUHASHI, 
1980; IWANO, 1983; AGETSUMA, 1995a,b). The SSR is close to 1, and solitary males and all- 
male groups are rarely found. Inter-group relationships are usually antagonistic and territorial, 
and larger groups are dominant to smaller groups (MARUHASHI, 1982). Emigration or immigra- 
tion by males is frequent during the mating season (YAMAGIWA, 1985; SPRAGUE, 1991a, 1992). 
Because temporary visits by males from other groups are frequent during this season, a large 
number of nonresident males appear around groups, and group fission or takeovers by outside 
males often occur (YAMAGIWA, 1985; SPRAGUE, 1991a; SPRAGUE et al., 1996; MARUHASHI, 
1992). Immigrant males join groups at any social status, although the majority of them join at 
the bottom or top rank (SPRAGUE et al., 1996). Mature resident males frequently associate with 
each other and youngest ascendancy is not observed in rank acquisition among females 
(FURUICm, 1985; HmL, 1994; HILL & OKAYASU, 1995, 1996). 

The second type is a local concentration of medium-size groups with relatively large home 
ranges, such as groups in the cool-temperate forests of Shimokita, Kinkazan, or Hakusan. They 
live at low density (individual and group) and utilize relatively scarce, low quality foods, 
particularly in winter (IZAWA, 1982; NAKAGAWA, 1989a,b; WATANUKI & NAKAYAMA, 1993). 
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The group size does not exceed 100 individuals and local populations usually include small 
groups (TAKIZAWA et al., 1994). Group fission occurs at about 70 individuals and is most likely 
during the mating season (IZAWA, 1984). Inter-group encounters are infrequent and are not 
antagonistic in many cases (IZAWA, 1982). Territoriality or dominance/subordinate relationships 
are not apparent between groups (SAJTO et al., 1998). Although solitary males and all-male 
groups are occasionally observed around groups, the number of outside males appearing around 
groups during the mating season may not exceed the number of resident males (SATO, 1976). 
Affiliative behavior among mature resident males is infrequent, and the majority of immigrant 
males join at the bottom rank of the dominance hierarchy (TAKAHASHI & FURUICHI, 1998; 
SPRAGUE et al., 1998). 

The third type is a local concentration of medium-size groups including a large group with 
relatively large home range, such as groups in the cool-temperate forest at Shiga Heights, and in 
the warm-temperate forests at Hakone and Ryozen. The large group, which exceeds 100 
individuals, is produced by provisioning. In this type of population, male transfer occurs 
unevenly between groups (FUKUDA, 1988). A large number of young males from the large group 
transfer into neighboring small groups, while only mature males join the large group. Immigrant 
males sometimes join small groups at the top rank, while they usually join large groups at 
bottom rank (HARA, 1971; FUKUDA et al., 1974; TOK1TA & WADA, 1974; SUGIYAMA, 1976). 
Solitary males and all-male groups of various sizes are observed around the large group. In the 
provisioned group, some males remain in their natal group after reaching maturity, and females 
occasionally leave to form all-female groups (TOKITA & WADA, 1974; SUGIYAMA & OHSAWA, 
1982; FUKUDA, 1983, 1989). Group fission occurs during the non-mating season in large, 
provisioned groups. Inter-group relationships are not territorial, but large groups are dominant 
to small groups (WADA, 1979; TOKITA, 1980). 

The last type is one or more large, provisioned groups living under isolated conditions, such 
as those at Takasakiyama, Koshima, and Arashiyama. The field studies of Japanese primatolo- 
gists were initiated on these populations and the majority of data on social structure and behav- 
ior has come from them since provisioning. These groups consist of more than 100 individuals. 
Since no other groups are found close to them, many males who emigrate from them spend a 
solitary life or form all-male groups around them (KAWANAKA, 1973; NORIKOSHI, 1974; 
N1SH1MURA, 1977). These non-resident males eventually disperse and may rarely return to their 
natal groups. Although the number of outside males increases during the mating season, it does 
not exceed the number of resident males (N1SHIMURA, 1977; TAKAHATA, 1980). Some males do 
not leave their natal groups after maturity (TAKAHATA, 1980). The period of emigration or 
immigration is not limited to any particular time of year (NOR1KOSHI & KOYAMA, 1975). 
Immigrant males join the group at the bottom of the male dominance hierarchy. Group fission 
tends to occur during the non-mating season (SuGIYAMA, 1960; NORIKOSH1 & KOYAMA, 1975). The 
ability to maintain close proximity to dominant males or mothers may play an important role in 
rank acquisition by females at the artificial feeding site (KITAMURA, 1977; TAKAHATA, 1982). 

Recently, the habitats of Japanese macaques have been disturbed by deforestation, replace- 
ment with conifer plantations (non-food species for Japanese macaques), road construction and 
cultivation throughout Japan. Macaques are regarded as agricultural pests and have been killed 
or caught in all prefectures where they survive. Undisturbed natural forests, in which several 
groups of Japanese macaques range without feeding on artificial foods, are now limited to a few 
areas, such as Yakushima and Kinkazan. If the former distribution of Japanese macaques 
consisted of local concentrations of multiple groups (KAWANAKA, 1973), then the populations 
at Yakushima and Kinkazan may represent this pattern for warm-temperate forest and cool-tem- 
perate forest, respectively. Although there are transitional vegetation types between these two, 
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these sites will allow us to study the ecological variables toward the two extremes of 
the species distribution. The third and fourth population types have both been modified by 
provisioning or other human disturbances in the recent past. 

The papers in this volume examine a range of aspects of  social behavior and ecology. 
AGETSUMA and NAKAGAWA (1998) suggest that the longer feeding time at Kinkazan may be 
influenced by the larger energy requirement for thermoregulation, and by the fact that food 
quality is lower than at Yakushima. These differences are responsible for the larger home range 
and the longer inter-patch distance at Kinkazan (MARUHASHI et al., 1998), where the population 
consists of larger groups with more highly skewed sex ratios than at Yakushima (SPRAGUE et al., 
1998; TAKAHASHI ,Sz FURUICHI, 1998). The fact that inter-group encounters are infrequent at 
Kinkazan may be related to the large home range, while frequent agonistic interactions and 
inter-group dominance at Yakushima may be related to the clumped distribution of  high quality 
foods. Based on this comparison, SArro et al. (1998) examined the influence of  the cost and 
benefit of  resource defense on inter-group relationships and suggest that antagonism at inter- 
group encounters may occur in the context of  competition for mates between males, rather than 
the context of resource defense. 

TAKAHATA et al. (1998) report that female Japanese macaques of  both Kinkazan and 
Yakushima populations exhibit similar reproductive features. The annual variations in produc- 
tion of  fruits during autumn influence the nutritional conditions of Japanese macaques and 
eventually their birth rate in the following spring (IzAwA, 1990, 1992). SUZUKI et al. (1998) 
point out that the frequency of inter-group encounters tends to increase during a bad fruiting 
season, and suggest that the smaller group might suffer from increased inter-group competition 
at such times. From the results of  papers in this volume, it is suggested that clumped food 
resources may increase inter-group competition which facilitates frequent affiliative interactions 
between males within groups at Yakushima. 

The socioecological approaches in this volume are still at a preliminary stage. It is too early 
to elucidate the evolutionary processes that led to the social organization or ecology of  the 
Japanese macaques, or to their ability to adapt to the changing environments. The tentative 
nature of many of  the conclusions reflect the need for more data for these two sites. At the same 
time, the existing data allow us to identify certain priorities for future research. Long-term data 
are collected by series of fieldworkers whose primary research goals differ. There is clearly a 
need to co-ordinate the collection of  basic data so that the results are directly comparable 
between research periods and sites. Conservation of  these sites must be a major priority to 
ensure that at least some populations of  Japanese macaques continue to thrive in relatively 
undisturbed conditions. Ideally additional sites should be established between these two, to 
provide data for conditions between the two extremes. Finally, there is a need to assess the 
relevance of findings from the many studies of provisioned groups of  Japanese macaques. How 
do provisioning and habitat disruption influence the socioecology of this species, and what 
implications does this have for populations living under relatively undisturbed conditions? 
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A p p e n d i x  1. Group  size and soc ionomic  sex ratio of  Japanese  macaques  reported in var ious  habitats.  

Number** 

Locality (prefecture) Forest type Group size Male Female SSR*** References 

Shimokita (Aomori) C 13 4 4 1.0 
8 3 4 0.8 

36 5 13 0.4 
42 7 18 0.4 
21 8 7 l.I 
II 3 4 0.8 
24 10 7 1.4 

IZAWA ~r NISHIDA, 1963 

IZAWA et al., 1971 

SWRG, 1985 
SWRG, 1987 

Kinkazan (Miyagi) A C 53 11 17 0.6 
BI 36 10 11 0.9 
B2 42 11 15 0.7 
CI 31 9 11 0.8 
C2 51 17 15 1.1 
D 79 19 29 0.7 

IZAWA, 1997 

Shiga Heights (Nagano) 1962 A C 23 7 8 0.9 SUZUKi et all, 1975 
1965 A 32* 3 10 0.3 , ,  

1970 A 53* 5 18 0.3 - 
1975 A 95* 8 30 0.3 ,, 
B2 19 8 6 1.3 
C 34 II 14 08  ,, 
1972 B2 24 8 8 1.0 WADA, 1981 

Hakusan (Ishikawa) C 45 9 16 0.6 KAWAI et at., 1970 
O 29 3 12 0.3 IZAWA, 1972 
KC 39 3 7 0.4 MASUI • OGURA, 1972 
IX 31 4 8 0.5 ', 
KMA 101" 7 30 0.2 TAKIZAWA et al., 1995 
KMD 21 2 8 0.3 
TA2-1 71 13 20 0.7 
TA2-2 22 3 5 0.6 ,, 
HR 27 3 9 0.3 ,, 
OAI 67 10 17 0.6 ,, 
OB 1 58 7 18 0.4 
OB2 45 13 16 0.8 ,, 
KR 86 14 22 0.6 
KNR 27 6 9 0.7 
KNB 19 4 7 0.6 ,, 

Kurobe (Toyama) C 20 2 6 0.3 AKAZA, 1988 
20 3 7 0.4 ,, 
13 3 3 1.0 ,, 

Takagoyama (Chiba) W 56 6 15 0.4 IWANO et al., 1971 
109 4 33 0.1 NUMATA, 1974 

Hakone (Kanagawa) W 46 13 19 0.7 MASUI, 1976 
18 3 10 0.3 - 

134" 28 72 0.4 FUKUDA, 1989 

Ryozen (Shiga) a) 1974 W 59* 3 25 0.1 SUGIYAMA & OHSAWA, 1974 

Makino (Shiga) W 49 5 15 0.3 NAKAMICUl et al., 1989 
26 4 9 0.4 ,, 

Hino (Shiga) W 108 4 31 0.1 KANAZAWA et al., 1989 
134 12 49 0.2 - 
83 12 22 0.5 ,, 

Arashiyama (Kyoto) 1972 A W 158" 21 45 0.5 KOYAMA et al., 1975 
1972 B 143" 19 40 0.5 ,, 

Minoo (Osaka) W 86 6 22 0.3 MASUI, 1976 
17 1 5 0.3 KAWAMURA 8z KAWAI, 1956 

(continued) 
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A p p e n d i x  1. (continued) 
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Number** 

Locality (prefecture) Forest type Group size M a l e  Female SSR*** References 

Shodoshima (Kagawa) W 129 48 37 1.3 YAMADA, 1966 
161 17 41 0.4 
52 13 17 0.8 

Gagyusan (Okayama) W 120 10 35 0.3 FURUYA, 1956 
196" 9 69 0.1 YOSHIHIRO, 1982 

Katsuyama (Okayama) 1958 W 112" 13 31 0.4 1TOmAWA et al., 1992 
1960 143' 13 36 0.4 
1965 210" 20 56 0.4 
1970 217" 12 53 0.2 " 

Taishakukyo (Hiroshima) W 29 5 9 0.6 MIZUHARA, 1957 

Kawaradake (Fukuoka) W 102 7 33 0.2 EGucm, 1970 

Takasakiyama (Oita) 1960 W 320* 44 120 0.4 FURUYA, 1960 
1962 A 517" 71 123 0.6 ITANI, 1975 
1962 B 150" 32 23 1.4 - 
1962 C 73* 17 11 1.5 ,' 
1972 A 890* 90 280 0.3 " 
1972 B 260* 40 65 0.6 ,' 
1972 C 250* 40 75 0.5 ,, 

Koshima (Miyazaki) 1952 W 22 4 6 0.7 ITANJ & TOKUDA, 1958 
1962 52* 11 21 0.5 KAWAI, 1964 

Toimisaki (Miyazaki) 1958-59 W 78* 11 20 0.6 AZUMA, 1974 
1960-61 99* 9 23 0.4 " 
1965 170" 16 41 0.4 

Yakushima (Kagoshima) To W/T 27 7 7 1.0 MARUHASHJ, 1982 
Ka 13 4 4 1.0 " 
Ha 45 12 12 1.0 ,' 
Ko 47 12 18 0.7 ,, 
Ni 25 7 10 0.7 - 
Kw 17 4 6 0.7 ,' 
Sk 28 8 8 1.0 - 
M# 22 4 6 0.7 YAMAGIWA, 1985 
N# 15 2 3 0.7 " 
A# 27 3 5 0.6 " 
P 18 6 6 1.0 SUGIURA, 1993 
M 28 4 8 0.5 FURUICm, 1985 
T 17 7 9 0.8 SUZUKI, 1991 
A 38 13 15 0.9 TSUKAHARA, 1990 
H 26 6 10 0.6 TAKAHATa et al., 1994 
NA 46 12 15 0.8 This study 
B 22 5 6 0.8 This study 

*Provisioned groups; **number of males and females is calculated for older than 5 years; ***SSR: number of 
males/number of females. Forest type: C: cool temperate; W: warm temperate; T: subtropical. References: SWRG: 
Shimokita Wild Animal Research Group, No. groups reformed in 2 years after the Ko group fissioned, a) The group had 
been provisioned in 1966- 1973. 
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