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I estimated the minimum area required (MAR) for local populations of Japanese macaques (Macaca fuscata) 

from empirical data on habitat area and population viability. I used logistic regression analysis to examine the 

relationship between habitat area and survival/extinction among 50 populations over 50 yr. Estimated habitat 

areas satisfying 95–99% probability of a population persisting for 100–1000 yr range from 525 to 975 km
2
. 

However, confidence limits of parameters in the logistic regression equation are very large. Moreover, the 

number of extinct population might be underestimated in the empirical data. Consequently, a much wider habitat 

area (>1000 km
2
) should be considered for actual conservation planning for local populations of Japanese 

macaques. The method involves fewer variables and assumptions than previous methods of MAR estimation, and 

therefore may be a more useful way to estimate MAR for various species and regions. 
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INTRODUCTION 

  Population viability analysis (PVA) is an important tool for wildlife conservation planning. Key 

measures are the minimum viable population (MVP) and the minimum area required (MAR; Shaffer, 

1981). More individuals than the MVP and a greater habitat area than the MAR must be maintained for 

local populations to have a high survival probability. In general, MVP and MAR are estimated based 

on a 95% or 99% probability of a population surviving for 100 or 1000 yr (Primack, 1995; Shaffer, 

1981). Researchers have estimated MVP for a variety of species, including some primates (Berger, 

1990; Kinnaird and O’Brien, 1991; Sæther et al., 1998). Some authors have also used mathematical 

modeling (Lande, 1987; Wissel and Zaschke, 1994). In contrast, studies of MAR are limited 

(Armbruster and Lande, 1993; Thiollay, 1989). Nevertheless, MAR is the more practical measure for 

conservation planning. Maintenance of a sufficient habitat area is a critical requirement for wildlife 

conservation because the major cause of species extinction is habitat destruction (Reid and Miller, 

1989). In addition, habitat area measures, such as area of occupancy and extent of occurrence (IUCN, 

2001), are generally much easier to obtain than measures of a population size with various 

demographic parameters. 

  Researchers have usually calculated MAR from MVP combined with many estimates and 

assumptions regarding species ecology. Calculation of MVP requires some estimates and assumptions: 

the survival and reproduction rate of individuals of each sex and age, environmental stochasticity 

(Armbruster and Lande 1993; Sæther et al., 1998), effective population size 

(Kinnaird and O’Brien, 1991), dispersion ability, and metapopulation structures (Lande, 1987). 



Moreover, one should also define the distribution type of each estimate and independence among 

estimates (Sæther et al., 1998). Calculation of MAR also requires other estimates and assumptions, 

such as population density (Armbruster and Lande, 1993; Thiollay, 1989), home range size (Allen et al., 

2001; Thiollay, 1989), social system, habitat condition, and distribution (Lande, 1987; McKelvey et al., 

1993).  

  A weakness of the approach is that it is based on many estimates and assumptions. Moreover, 

estimating the data requires the accumulation of myriad intensive studies of the species’ ecology. 

However, one can estimate MAR directly without the need to estimate MVP if data are available for 

extinction/survival of populations in habitat areas of different size and without the need to incorporate a 

variety of ecological considerations. I estimated MAR for Japanese macaques (Macaca fuscata) 

directly from empirical data on the habitat area and local population viability. 

 

 

METHODS 

Materials 

  Japanese macaques are endemic to Japan, inhabiting a variety of forest types from warm to the cool 

temperate zones (Takasaki, 1981). From 1941 to the mid-1970s (excluding 1945–1950), intensive 

logging of natural forests and widespread establishment of single-species conifer plantations greatly 

disturbed their habitat (Agetsuma, 1999a), causing fragmentation of the population. Though gradual 

recovery occurred in some areas, the macaques began to damage crops seriously (Oi et al., 1997; The 

Southern Kanto Organization for the Study and Information of Japanese Macaques, 1995) and were 

killed as pests. Local governments conducted pest control intensively around 1980, killing 

5000–10,000 macaques each year since 1990 (Agetsuma, 1999a). The attempts at pest control have had 

little effect on reducing crop raiding (Agetsuma, 1998, 1999a), but they may have had a serious impact 

on the conservation status of Japanese macaques. The IUCN listed the Japanese macaque as an 

endangered species (EN) in 1996 and changed the classification to data deficient (DD) in 2000. 

Because the main cause of the great increase in crop raiding could be habitat destruction, protection of 

remaining habitats and improvement of their quality are necessary for both the prevention of crop 

raiding and conservation of Japanese macaques (Agetsuma, 1995, 1998, 1999b). 

  Japanese macaques form groups consisting of matrilineally kin-related females and immigrant adult 

males. The groups have relatively fixed ranging areas and reside continuously in many regions; 

neighboring group ranges overlap with one another to some extent. Males migrate from their natal 

groups after sexual maturity (about 5–6 yr old) and immigrate into other mixed-sex groups. The typical 

dispersal distance of adult males from one group to another is ≦11 km (n = 4; Koganezawa, 1995; n = 

1; Muroyama et al., 2000; n = 2; Agetsuma, unpublished data). However, habitat areas of Japanese 

macaques are defined as mixed-sex group locations because males cannot remain in 1 location unless 

they find mixedsex 

groups. Contrarily, female transfer or dispersal is rare (Sugiura et al., 2002). Even when group fissions 

occur, fissioned groups tend to stay nearby and share the original ranges to some extent (Maruhashi, 

1982). Genetic studies of local populations of macaques have shown that some populations ≦20 km 

of each other have different types of mitochondrial DNA (Kawamoto, 2002). 

  Koganezawa (1995) tried to estimate local populations of Japanese macaques from group location 

information. He analyzed locations of groups surveyed in 1923 (Amagasa and Ito, 1978) and in 1978 

(data from Japan Environment Agency) throughout Japan. The source of the information was mainly 

questionnaires from local people who were closely related with wildlife and forests. Reliability of the 

information might have improved by 1978, because researchers repeated similar questionnaire surveys 

in 1953 (Iwano, 1974), 1964 (Uehara and Koganezawa, 1976), and 1978 (Honyurui Bunpu Chousa 

Kaken Group, 1979), and questionnaire protocols were more systematic and sophisticated than in the 



original survey. The Japan Environment Agency obtained data in 1978 consulting results of Honyurui 

Bunpu Chousa Kaken Group (1979). Koganezawa (1995) plotted locations of observed macaque 

groups into approximately 5 × 5 km grid squares on 1:50,000 scale maps published by the 

Geographical Survey Institute of Japan. I assumed that habitats where macaque groups were found ≦
15 km of one another were of the same local population, whereas those isolated by > 15 km or isolated 

by natural barriers from others were of different local populations, which more or less reflects the usual 

male dispersal length and spatial divergence of mitochondrial DNA. In this way, Koganezawa (1995) 

extracted 50 population occupying 25–19,675 km
2
 of habitat area (areas of occupancy [IUCN, 2001]; 

unit of area of 25 km
2
) in 1923. I similarly analyzed data for 1978 and concluded that 16 of the 50 

populations reported in 1923 were extinct by 1978. 

 

 

 
 

Fig. 1. Relationship between habitat area (H) and survival and extinction of 50 local populations of Japanese 

macaques between 1923 and 1978. Surviving populations (circles) are in y = 1 and extinct populations (squares) 

are in y = 0. The broken line shows the logistic regression line, indicating survival probability (P_) in relation to 

habitat area over 55 yr. I transformed the x-axis into a logarithmic scale. 

 

 

Analysis 

  I used empirical data on habitat areas and viability of the 50 local populations of Japanese macaques 

from 1923 to 1978 (Koganezawa, 1995) for MAR estimation. The number of extinct populations is 

likely to be an underestimate. Recolonization of areas where local populations became extinct might 

have occurred within 55 yr. Moreover, populations that recolonized might become extinct again in ≦
55 yr. I assumed that recolonization between the 2 survey periods did not occur.  

  The relationship between habitat area (areas of occupancy in 25 km
2
 unit) and survival or extinction 



of 50 populations of Japanese macaques from 1923 to 1978 (Koganezawa, 1995) is in Fig. 1. I obtained 

the relevant regression equation from a logistic model (Dobson, 1990) via Stat View, ver. 5.0 (SAS 

Institute, 1998), expressed as 

P_ = e(C+A×H)/(1 + e(C+A×H)), 
where P_ represents the probability of survival for a population with habitat area H (km

2
) over 55 yr, A 

is the coefficient of H, and C is a constant. I also express confidence limits (CL) of A and C by 

modifying the CL of odds ratios, 

CL of A = A± (α × SE), CL of C = C± (α × SE), 
wherein α is 1.04 for 70% CL and 1.96 for 95% CL, and SE is the standard error of A or C. I also 

calculated values of P_ taking 70% CL and 95% CL of A and C. By assuming that population 

extinctions occur by demographic and environmental stochasticity following a Poisson process, one 

can calculate the probability of persistence for 100 yr and 1000 yr as P_100/55 and P_1000/55, 

respectively. 

 
 

RESULTS 

  The logistic model (A=0.0086, C= .0.797) shows significant goodness of fit to the relationship 

between probability of survival (P_) and habitat area (H) (R2 = 0.236; likelihood ratio test, χ2 

=14.806, df=1, p<.0001, n=50; Fig. 1). The significant positive value of A (χ2 =4.883, p=.027) 

indicates that survival probability (P_) increased with habitat area (H). 

  Next, I calculated the probabilities of persistence for 100 and 1000 yr. For populations occupying 25 

km2 and 250 km2 for 100 yr the probabilities are 16% and 66%, respectively. Habitat areas satisfying 

95% probability of a population persisting for 100 yr and 99% for 1000 yr are 525 and 975 km
2
, 

respectively (the unit of area is 25 km
2
; Table I). However, the confidence limits of both A and C in the 

regression equation are large (A: 70% CL, .0046–.0127; 95% CL, .0010–.0163; C: 70% CL, .1.419 

to .0.177; 95% CL, .1.973 to .376). Assuming lower 70% and 95% CL for A and C, respectively, 

habitat areas satisfying each conservation target range from 975 to 1975 km
2
 and from 5600 to 9600 

km
2
, respectively (Table I). 

 

 

 
Note. The unit of habitat area was 25 km2. 

aHabitat area calculated from P_ corresponding to 95% and 99% of survival. 

bHabitat area calculated from lower 70% confidence limits of A and C corresponding to 95% and 99% of survival. 

cHabitat area calculated from lower 95% confidence limits of A and C corresponding to 95% and 99% of survival. 

 

 

DISCUSSION 

  I examined 4 categories of conservation targets: 95% and 99% probability of persistence for 100 yr 

and 1000 yr. I estimated the MAR for a population of Japanese macaques to be 525–975 km
2
 (Table I). 



However, one must pay attention to the large confidence limits of A and C in the logistic regression 

equation. Moreover, probabilities of extinction might be underestimates, because I could not take into 

account recolonizations during survey periods in the empirical data. In addition, because of probable 

lower reliability of information obtained in 1923, extinctions of populations undetected in 1923 might 

have occurred. Therefore, a much wider habitat area, of ≧1000 km
2
, is required for actual 

conservation planning for local populations of Japanese macaques. The figures are based on data 

obtained in the periods when great destructions of habitat occurred, during which population extinction 

rates may have been higher than in other periods. However, habitat condition has not improved since 

1978. Many areas of single-species conifer plantations, which decrease habitat quality for macaques 

(Hill et al., 1994), are likely to be maintained in the future.  

  The partial regression coefficient of the habitat area (A) is significant, though the significance level is 

low (p = .027). Japanese macaques inhabit various environments from warm temperate to cool 

temperate zones, and from coastal forests to subalpine areas. Key aspects of their ecology, such as 

population density, ranging pattern, feeding ecology, and social structure, may differ across their 

distribution with habitat type (Agetsuma and Nakagawa, 1998; Takasaki, 1981). Also, human 

activities—logging, plantation, farmland, pest control, protection policy—may vary with location. 

Analysis including natural environmental factors and human activities relevant to survival of macaque 

populations will improve the accuracy of MAR estimation. Further, the analysis will be effective for 

examining the probability of persistence in the future, even when some environmental changes occur as 

a result of human activities, management policies, and climatic changes. The approach should be useful 

to establish conservation plans for local populations of Japanese macaques.  

  The method of estimating MAR is much simpler and has fewer assumptions and estimates than 

others (Armbruster and Lande, 1993; Lande, 1987; Thiollay, 1989). One of the assumptions is that 

extinction occurs stochastically, and that it follows a Poisson process. Other researchers have 

commonly made a similar assumption in PVA (Lande, 1987; Sæther et al., 1998; Shaffer, 1981). 

Another assumption, which researchers also commonly use to estimate probabilities of occurrence of 2 

categorical variables (Dixon, 1985; Dobson, 1990), is that the one can estimate probability of survival 

or extinction via logistic regression analysis. Moreover, this method requires only habitat area 

information and viability of populations during a certain period as variables, though detection of 

recolonizations to once extinct areas within the period may be difficult. Moreover, it is much easier to 

detect habitat area as a variable. Therefore, this method is widely applicable for comparisons with 

previous methods. Of course, understanding the long-term distributional changes of each wildlife 

species requires great effort. However, since the 1990s, researchers have collected distributional data 

for various species for use in Gap Analysis, which is a good conservation tool for wider scale 

approaches to species and biodiversity (Allen et al., 2001; Joly and Mayers, 2001; Scott et al., 1993). 

Some organizations have gathered information systematically (Joly and Mayers, 2001), which may 

provide the data required to estimate MAR for other species via a method similar to that presented here.  

  I focused on the viability of individual local populations, which are somewhat isolated. Even if some 

occasional genetic exchanges occur via long-distance immigrations by male Japanese macaques, their 

movements alone would not allow recolonization after local extinction of isolated populations. 

However, researchers observed extension of distribution through the expansion of habitat areas of local 

populations between 1923 and 1978 (Koganezawa, 1995). As a result, some local populations fused 

with one another and formed larger populations, in which case one can treat each local population as 

part of a larger metapopulation. For conservation of the whole population of Japanese macaques, one 

should also consider such habitat expansions, recolonizations, and fusion of local populations. 
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