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1. ABSTRACT 
The seasonal home ranges between years of four orang-utan females in Tuanan, Central 
Borneo, were quantified. The study aimed to analyze any eventual changes in size or location 
of home ranges between years for a comparable part of the season, but also to compare the 
kernel method, which is currently the most reliable and unbiased method for estimating home 
ranges, with estimations techniques used in earlier studies based on grid square-, circle-, and 
minimum convex polygon methods. A total of 427 hours between March and June in 2004 
and 249 hours between March and May in 2006 of observational map data were used for 
kernel home range analysis. Using the adaptive kernel method with h_ref as smoothing 
parameter, the mean home range area for 2006 was estimated to be 283 ± 87 ha and for 2004, 
the mean home range area was estimated to 593 ± 296 ha. The differences in home range 
sizes are most likely not to be due to unequal availability of fruits between years, as the two 
periods compared were significantly correlated. All females overlapped in 2006 with the 
home ranges of 2004 in various sizes, suggesting that home ranges are stable over time. The 
seasonal home range sizes of the females in Tuanan estimated by the adaptive kernel method 
were similar to those home range sizes stretching over multiple years of females in Suaq 
Balimbing, Sumatra, estimated with the minimum convex polygon method. For reliable home 
range estimates, cumulative kernel curve results indicate that more then 500 half-hour points 
are necessary from the period analyzed. The kernel method is widely used by researchers to 
study ranging behaviour. However, there is a need to standardise the usage of the kernel 
method. A common consensus with recommendations on sample- and situation specific 
methods is suggested. This would also ease comparison with future studies.        
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2. INTRODUCTION 
 
The Islands of Borneo and Sumatra are inhabited by two genetically and morphologically 
distinct species of orang-utans (Lu et al., 1996; Delgado and van Schaik, 2000; Warren et al, 
2001), the Bornean Pongo pygmaeus and the Sumatran Pongo abelii, with a total population 
count of around 60000 (Singleton et al., 2004) and 3500 (Wich et al., 2003), respectively. 
Orang-utans reach their highest densities between sea level and up to 400m. The higher 
altitude limit possibly reflects the decline of preferred fruit trees, as fruit is known to be an 
important predictor of orang-utans density (van Schaik et al., 1995; Knop et al., 2004). The 
highest densities of orang-utans in the lowlands are found in alluvial forest patches in lowland 
river valleys and also in peat swamp forests in floodplains (Rijksen and Meijaard, 1999). 
Orang-utans show strong sexual dimorphism in size and weight, where males have a large 
lateral extension on their heads consisting of fatty tissue (called flanges or cheek-pads) and 
are also about twice as heavy, ca. 86 kg, as females, ca. 40 kg (Rijksen, 1978; Markham and 
Groves, 1990; Delgado and van Schaik, 2000). 
 
Foraging strategies and dietary preferences vary strongly within the order Primates (Garber, 
1987). Both Sumatran and Bornean orang-utans are primarily frugivorous when fruit is 
abundant. The daily food intake mainly consists of fruit, leaves, bark and insects (Rodman, 
1977; Sugardjito, 1986; Fox et al., 2004). Requiring large amounts of calories, orang-utans 
spend approximately half of their day feeding. When fruit is abundant, it is estimated that 
females at one Bornean site can eat more then 7,000 kcal/day, whereas they eat an average of 
a mere 1,800 kcal/day when fruit is scarce (Knott, 1998).   
 
Sumatran orang-utans in two different sites have been observed to occasionally eat meat 
(Utami and van Hoof, 1997; van Schaik, pers. comm., 2007). Also it is known that females 
spend more time feeding on insects than males (Rodman, 1977; Sugardjito, 1986; Fox et al., 
2004).   
 
Orang-utans are generally thought of as solitary animals. However, aggregations of several 
individuals can occur occasionally (Rijksen, 1978). In Sumatra, Wich et al. (2006a) found no 
indication that party formations of orang-utans in Ketambe (mixed-dipterocarp forest), are 
affected by fruit abundance. They argue that the benefit of high mean party sizes for females 
outweigh the costs of competing for food. Females with offspring could benefit through the 
development of their offspring’s social skills. Sugardjito et al. (1987) recognized two types of 
aggregations: travel bands and temporary aggregations. Travel bands, in which individuals 
coordinate their feeding and movement between fruit patches, can be found when fruit is 
abundant and there is no strong competition when feeding. Temporary aggregations, in which 
individuals feed at the same tree but then leave separately, are more likely to occur when both 
figs and other fruits are low in number. Earlier, Rijksen (1978) observed two similar group 
formations, social groups and temporary associations.   
 
At Suaq Balimbing (peat swamp forest), Sumatra, a typical adult female had a home range 
size of ca. 850 ha, which can overlap with up to 16 other females, whereas males have a 
comparatively larger home range size of ca. 1500 ha, also with a considerable overlap of up to 
15 adult males (Singleton and van Schaik, 2001). The day range of an orang-utan is 
approximately 1,000m a day in Suaq Balimbing (van Schaik, 1999).  At Tuanan (peat swamp 
forest), Kalimantan, preliminary estimates of female home ranges are smaller than at Suaq 
Balimbing, at approximately 300 ha, and females have shorter day ranges (van Schaik, pers. 
comm., 2005). 
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2.1. Aim of study 
 
The aim of this study is to study whether home ranges of female orang-utans change over 
multiple years.    
 
Little is known about female orang-utan range use and foraging schedules (van Schaik, pers. 
comm., 2005). In primates, knowledge about the distance between feeding sites, their 
productivity and phenological patterns of fruit trees combined with the ability to store and 
utilize specific information, can greatly improve foraging efficiency and success (Garber, 
1987). It is therefore interesting to study if female orang-utan home ranges are stable or if 
there is variation between years for a specific part of the season or both. 
 
Furthermore, the present study also compares the estimates of home range size using grid 
squares, polygons and circles (Tab. 1) by Singleton and van Schaik (2001), with the adaptive 
kernel method used in the present study (Worton, 1989). The grid square method 
superimposes a grid with cells of predetermined size where after the number of half-hour 
points for each individual are counted in each cell. Dependent on the amount of half-hour 
points, the method can produce underestimates of range sizes. This is due to the fact that cells 
that have no half-hour points recorded will not be added to the total amount of cells. In 
addition, this method tends to underestimate the ranges of individuals who are not observed 
frequently. The circle method estimates range size based on the diameter between the two 
most distant points to calculate a circle. This method is likely to produce gross overestimates 
as it does not take into account how half-hour points are spread within the circle or that the 
shape of home ranges often vary in their shape. The polygon method plots range size based on 
the most outer points in an animal’s (minimum convex polygon) range. This method is likely 
to produce the most reliable results of the three. However, the polygon method is very 
dependent on sample size. Low sample size can result in biased estimates of the range 
oforang-utans that are not followed frequently as the distribution of points affects the shape of 
the polygon (Singleton and van Schaik, 2001).       
 
This study postulates two hypotheses. Between years, the home range of a female orang-utan 
will (1) be limited to one specific locality, i.e., they are residents (Rijksen and Meijaard, 
1999), and (2) not fluctuate in size (Singleton and van Schaik, 2001).   
 
 
3. MATERIALS AND METHODS 
 
Field work was carried out at the Tuanan study area in the Mawas Reserve, Central 
Kalimantan, Indonesia between April and July 2006. The data collected in 2006 were 
compared with data collected previously for 2004 between March and June.  
 
3.1. Study site Tuanan 
The Tuanan research area is located in the Mawas Reserve, Central Kalimantan, Indonesia (2° 
09’S; 114° 26’E) and consist of approximately 740 ha of transect systems. The study area is a 
heavily logged peat swamp forest on shallow peat of varying thickness up to ca. 2m. Research 
on orang-utans started in January 2003.  
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3.2. Orang-utans  
The home ranges of four females with offspring were chosen for analysis in the present study: 
Juni with her offspring Jip, Jinak with her offspring Jerry, Sumi with her offspring Susi, and 
Kerry with her offspring Kondor. Both Jinak and Sumi did have dependent offspring in 2004 
and 2006, compared to Kerry whose offspring was still dependent in 2004 but weaned, 
although still in constant association. Kerry also gave birth to another offspring in 
July/August 2006. Juni gave birth to her first offspring in February 2006. See Jaeggi et al. 
(manuscript) for estimated ages of offspring.   
 
3.3. Focal Sampling 
Using 2 minute instantaneous point sampling of behaviour (Altmann, 1974), four female 
orang-utans were followed between April and July 2006.  
 
The movement of the female orang-utans was monitored using a team of observers collecting 
data on multiple individuals simultaneously. Orang-utans were followed from morning- to 
night nest for as many days as possible, however, not more then 10 consecutive days to give 
orang-utans a break and to spread observations over multiple animals within limited time. 
Using a standard compass, the route of a focal animal was recorded constantly when 
following. Longitudinal and latitudinal coordinates for each individual were noted every 30 
minutes, half-hour points, on a map with grid system markings on every 50m, which has a 
corresponding individual marking in the field. This gives an estimate of the time spent at a 
certain location. The map consists of 1:100 scale image of the transect system of the research 
area.     
 
Moreover, the general behaviour between morning and night nests, diurnal behavioural 
activity was also studied. Noted behavioural states were feeding, moving, social interaction 
with physical contact, resting and nesting (Methods basically follow van Schaik, 1999. For 
details of focal method, see website: http://www.aim.uzh.ch/orangutannetwork.html. Also, 
phenological data was collected by the Tuanan research team. 
 
3.4. Home-range analysis 
ArcGis (ESRI, Redlands, CA, USA) was used along with Home Range Tools (Rodgers et al., 
2005) for analysis of home range by adaptive kernel analysis (Worton, 1989) using the 
smoothing parameters reference (h_ref) to select bandwidth. It calculates 95% home range 
volume contours and it tests for independence of observations, autocorrelation, using the 
Schoener’s index and the Swihart and Slade index. These methods analyses data statistically 
for biases in estimates. Observational data are independent when the time of a certain position 
recorded is sampled at random and that the position at a certain time is independent of the 
time at a previous position. An animal’s data would indicate autocorrelation if its movement 
were found to be predictable (Swihart and Slade, 1985). Hawth’s tools (Beyer, 2004) were 
used to generate a random sample of 50 half-hour points from a larger subset of the focal data 
(Table 2.) for kernel home range analysis and also to calculate home range overlap between 
years. A kernel home range estimator calculates an animal’s utilization distribution by 
calculating the probability of occurrence at each point in space (Worton, 1989), this combined 
with the specific periods analysed is set as the definition of home range used in the present 
study. Methodological issues will be addressed further in the discussion.  
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4. RESULTS 
 
Home ranges and their overlap of four orang-utan females were analyzed with the adaptive 
kernel method and compared between the periods of March and May in 2006, March and June 
in 2004. 498 times half hour points were collected in the 2006 sample (Average number of 
half hour points per female 124.50 ± standard deviation 55.10), 855 times (213.75 ± 31.88) 
between March and June 2004. Table 3 show estimates of the home range area and home 
range area overlap obtained for the two periods analyzed. 
 
4.1. Home range and home range overlap 
For all females combined, the mean home range area for 2006 was estimated to be 283 ± 87 
ha and varied from 202 to 405 ha. Between March and June 2004, mean home range area was 
estimated to 593 ± 296 ha with considerable variation from 200 to 847 ha. The home range 
areas of all females in 2006 overlap with the home range areas in 2004. Mean home range 
overlap for 2006 over 2004 was 218 ± 114 ha varying from 74 to 348 ha.  
 
4.2. Cumulative Kernel Curves 
The cumulative relation between the range size of an individual and the number of points 
needed for an accurate estimation of home range size varies between individuals (Fig. 1). To 
estimate home range size during the whole year of 2004, it is necessary to have data of more 
then 500 half-hour points for all individuals, independent of an individuals range size, to be 
able to estimate the home range size with little bias.    
 
4.3. Autocorrelation 
Schoener's index (Table 3.) indicated no autocorrelation for any individual in 2006 or 2004 
except for Kerry in 2004. This would indicate that data for these two sampling periods were 
unbiased. Swihart and Slade index (Table 3.) point to no autocorrelation in 2006 except for 
Kerry. In 2004, data of Juni and Jinak indicated autocorrelation but not Kerry and Sumi. 
Results of the Schoener’s index and the Swihart and Slade index indicate that there are some 
inconsistencies of measurement of autocorrelation between the two statistical methods.  
 
4.4. Individuals 
For 2006, Kerry was the most frequently observed individual (number of half-hour points = 
203), and also has the largest estimated home range area for 2006 (405 ha), 2004 (874 ha). 
Her home range area of 2006 overlapped 85.9% (347.62 ha) with the period between March 
and June 2004. However, Kerry’s used home range in 2004 is more than twice as large as that 
over the same period in 2006. Kerry’s observational data is autocorrelated in 2006 according 
to the Swihart and Slade index, and in 2004 according to the Schoener's index. 
 
The second most encountered female for 2006 was Sumi (number of half-hour points = 118). 
The home range area was also estimated to be the second largest for all mother-offspring 
couples in 2006 at 274 ha but was also the smallest for 2004 at 200 ha. In 2004 her home 
range area was ca. 73 ha smaller then in 2006, at 298 ha. The home range area of 2006 
overlapped 27.2% (70.40 ha) to that of 2004. No observational data indicated autocorrelation 
for Sumi. It should be noted that in 2004 Sumi ranged closer to a village near the research 
area. This data is not included in the analysis. The data for Sumi in 2004 is limited to the 
observational data within the research area even though her home range also was outside of 
the research area. Therefore, for her comparison of home ranges between the years of 2004 
and 2006 is likely to be biased. 
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In 2006, the number of half-hour points for the female Juni was 118. Her home range size was 
estimated to be 202 ha. The home range area of 2006 was less then half the size of 2004. The 
home range area of 2006 overlapped almost completely in 2004 at 98.3% (198.61 ha). 2006 
years observational data indicated no autocorrelation, 2004 years data showed indication of 
autocorrelation. 
 
Jinak was the least frequently encountered individual for 2006 (number half-hour points = 
76). For 2006, the home range size was estimated to 250 ha, which is ca. one third of the size 
in 2004 (759 ha).  Moreover, 2006 data consisted of considerably less half-hour points then 
2004, at 76 and 216 half-hour points respectively. Furthermore, the home range area of 2006 
overlapped completely with 2004. Data for 2006 indicated no autocorrelation, 2004 indicated 
autocorrelation for Jinak. 
 
4.5. Phenology and party size 
Phenological data (courtesy Tuanan project) the between 2004 and 2006 over the period 
March and July indicates significant positive correlation (r=0.91, d.f.=4, P<0.05).  
Phenological data between January and December over the same years indicates a positive 
trend but is not significant (r=0.35, d.f.=11, P>0.05) (Fig. 2). These data suggests that fruit 
availability were similar over the periods compared in the present study. There was no 
significant correlation between mean monthly party size and phenological data for any 
individual during 2004 (Jinak: r=-0.06, d.f.=8, P>0.05. February, April and September were 
excluded due to no party data. Juni: r=0.42, d.f. = 9, P>0.05. February and August were 
excluded due to no party data. Kerry: r=-0.53, d.f.=8, P>0.05. July, October and November 
were excluded due to no party data. Sumi: r=0.05, d.f.=9, P>0.05. May and June were 
excluded due to no party data.). 
 
 
5. DISCUSSION 
 
5.1 Home range 
In Tuanan, all females’ home ranges sizes varied strongly for a specific part of the season 
between 2004 and 2006. In three out of four cases, the home ranges were larger in 2004 then 
in 2006. The home range sizes of 2004 are well in concordance with Singleton and van 
Schaik (2001) estimation of female home range using a polygon method, whereas the home 
range sizes in 2006 are more comparable with the results of the small grid method. The home 
range localities of orang-utan females in Tuanan were found to be similar between years. All 
females’ home ranges overlapped with the home ranges of the pre-previous year, which could 
indicate that home ranges might be stable over a longer time period. At Tanjung Puting, 
central Borneo, Gladikas (1988) found female orang-utan home ranges to be stable over 
several years. Females occupied home ranges of 500 to 600 hectares and all females remained 
within in the same area as they were first encountered. Using data covering several years, 
Singleton and van Schaik (2001) found no evidence in their study that the home ranges of 
orang-utans in Suaq Balimbing shift with season. They analyzed ranging data for multiple 
centers of activity as an indication of seasonal shifts but found no indication of such changes. 
Yet, changes in home ranges between seasons might be hard to detect within one large, total, 
home range area. Analysing 50% core home ranges with kernel methods (Worton, 1989) each 
year and/or in 6 month periods and their overlap could possibly give different results.  
Moreover,  
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A possible explanation to changes in home range size between samples is that the abundance 
of fruit was different and/or that individual foraging strategies changed between years. If a 
female orang-utan is trying to regulate her feeding by trying to get all available ripe fruit in a 
balanced mix during the day or if the female eats as much as possible wherever the female is, 
differences in home range size/use is expected. It would be expected of the former that a 
female would spend more energy travelling to visit more trees than compared to the later. 
Feeding behaviour is expected to shift with season as fruit availability changes.  However, in 
the present study phenology data indicated that fruit availability was similar for the same 
period in 2004 and 2006, which would indicate that the availability of fruit did not affect 
range size for the females studied. This falls well with the results of Wich et al. (2006a) that 
party sizes were not related to fruit availability. It is possible that orang-utan ranging is not 
affected by the abundance of fruit, that what affects ranging behaviour is linked to their 
physical status. 
 
Studies show that females spend the same amount of time feeding when fruit is scarce as 
when it is abundant, suggesting that they are trying to maximize their caloric intake (Knott, 
1998). Therefore, it is expected that changes in feeding behaviour would also result in a shift 
in travelling behaviour, in an effort to maximize caloric intake relative to travelling costs 
(Wheatley, 1982). However, in Ketambe Wich et al. (2006b) found no indication that fruit 
availability had any effect on orang-utan diet. Moreover, orang-utan home ranges might also 
shift against other orang-utans due to changes in fruit abundance. Avoidance of other orang-
utans is expected to be less strong when fruit is abundant, as high fruit abundance minimizes 
competition and allows orang-utans to congregate in bigger numbers, as an opposite to when 
fruit is scarce where they avoid each other (Sugardjito et al., 1987).  This is contradicted by 
Wich et al. (2006a) as they found no indication that fruit availability affects party size. Orang-
utans formed parties regardless of fruit availability. This is also supported in the present 
study, as there was no significant correlation between mean monthly party size and fruit 
availability. This is interesting as for optimal foraging and home range issues. If orang-utans 
do not avoid other orang-utans in times of fruit scarcity, it would also indicate that home 
range do not shift with seasons as found by Singleton and van Schaik (2001). 
 
A possible explanation, however not likely, is that the dependence of offspring to the mother 
affects her home range size. There could be a small but significant difference in energetic 
expense while travelling with a clinging offspring compared to having independent offspring 
or no offspring at all. Still, it might be that carrying offspring does not affect or only make 
minor changes in home range size or moving patterns. 
 
Home ranges can also be affected by human interference, due to both present and historical 
disturbances. Selective logging and hunting can push animals from their natural home ranges, 
possibly confining them to smaller areas near other conspecifics. The orang-utan female Sumi 
was found and seen regularly to the south of the research area. Due to interference by local 
inhabitants, her home range has been limited to southern parts of the research area (van 
Noordwijk, pers. comm., 2007). 
 
5.2. Determination and size of home range 
Several authors have discussed what determines an animal’s home range size. MacNab (1963) 
suggest that home range size of mammals is dependent on its rate of metabolism, as a larger 
animal requires more energy and should therefore have a larger home range area due to its 
energetic needs. A similar viewpoint is raised by Kelt and van Vuren (2001), that home range 
size for an animal is limited by the energy expense when searching for resources and the 
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increasing costs relative to the benefits of maintaining a larger home range area, showing that 
home range is positively related to an individual’s body mass. 
 
Home range sizes of primates are positively correlated to body weight, and dietary 
preferences affect home range size (Milton and May, 1976). At Suaq Balimbing, Singleton 
and van Schaik (2001) concluded that orang-utan home range size is the result of the mixed 
composition of the habitats in which orang-utans live in. Convergence between individual 
orang-utan home ranges occurs in habitats where preferred fruit trees occur at high density. It 
is possible that orang-utans create a mental map of their surroundings with passing years, 
collecting knowledge of the home range habitat composition and how it varies with season, as 
this could greatly optimize foraging (van Schaik; pers. comm., 2006). For example, 
Sugardjito et al. (1987) argued earlier that since fig trees are a very important food source and 
also occur in limited numbers, orang-utans must visit specific fig trees regularly to meet the 
daily energy intake. Such knowledge can result in home range changes of different 
magnitudes. To infer what knowledge primates know of their surroundings, a first task is to 
estimate an animal’s ability to search and detect resources where after predictions and 
experiments on movement can be made (Janson and Byrne, 2007).  
 
5.3. Methodological issues 
When analyzing for differences in home range sizes multiple factors need to be taken into 
account all of which could cause variation in home range size: quantity and quality of data 
analyzed, method of analyzing data, changes in individual physical condition between years, 
individual moving and feeding strategies, between year differences in fruit abundance, habitat 
changes, etc. All these could cause differences in how the estimated home range size would 
vary between years.  
 
For the present study, the best indication that female orang-utan home ranges sizes is likely to 
vary between years is data of the female Kerry. Kerry had an equal number of half-hour 
points available for 2004 and 2006. Still, her home range size in 2006 is approximately less 
then half of that in 2004. This is unlikely to be due to the quantity of the data analysed as 
2006 has 203 half-hour points and 2004 has 192 half-hour points, respectively. A random 
selection of data should generate a similar home range size for both years if conditions were 
similar between years. However, the reason for her decrease in home range size in 2006 
compared to 2004 remains unknown. For the other females it is always possible to argue that 
sample size bias is the reason for the differences of home range sizes between years.  
 
5.4. Selection of data 
It is possible that the differences in home range size are due to how data was treated and 
selected. In almost all cases, the number of half-hour points in 2004 is ca. twice as large as 
that in 2006. Yet, following Seaman et al. (1999), the minimum number (50) of half hour 
points was randomly selected out of the data in an effort to achieve independence between 
data points. A random selection of a larger set of data would perhaps yield more half-hour 
points located in the outskirts of an individual’s home range, hence the larger home range 
sizes in 2004. The randomisation of data by selecting 50 random half-hour points could also 
result in smaller home range size estimation as half-hour points, just by chance, could be 
selected that are close to each other in time and space. Moreover, the results from the 
cumulative kernel curve indicates that for any given period, one would need more then 500 
half-hour points to be able to give a accurate estimate of home range size. This indicates that 
the amount of data in this study were insufficient to estimate home range for the given period. 
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5.5. Choice of kernel home range estimation method 
Worton (1995) proposed using a fixed kernel home range estimator using 0.5% or 0.8% of h 
calculated by least square cross validation (h_lscv), depending on the properties of the data, 
e.g. normally- or uniform distribution, after using simulated telemetry data on brush rabbits to 
imitate various distributions. Using computer simulations, Seaman and Powell (1996) 
concluded that using a fixed kernel density estimator with least square cross validation 
choosing smoothing parameter resulted in home range estimate with the least bias and highest 
precision. The adaptive kernel with h_ref choosing smoothing parameter had the highest 
standard deviation and overestimated the home range area with about 50% as compared to 
about 30% with the fixed kernel estimator using least square cross validation. Seaman et al. 
(1999) came to a similar conclusion. Their results also indicated that the volume contours 
over 80% in adaptive kernels using h_ref as smoothing parameter will likely oversmooth the 
utilization distribution. Also, larger sample sizes resulted in more accurate estimates. It should 
also be noted that simulated data has completely independent data points and therefore cannot 
analyse the effects of autocorrelation. Blundell et al. (2001) simulated linear home ranges 
using both simulated and empirical data from coastal river otters to analyze strengths of 
various estimation techniques. Their results indicated that using a fixed kernel estimator with 
h_ref to choose bandwidth results in the most reliable results for 95% home range estimates, 
as the results when choosing least square cross validation for smoothing were inconsistent and 
underestimated linear home ranges. However, orang-utan home ranges have a more circular 
home range type, compared to the linear home ranges of sea otters. Furthermore, Blundell et 
al. (2001) also showed that the effect autocorrelation on home range estimates was minimal 
but significant. Both Blundell et al. (2001) and Seaman and Powell (1996) agree that 
choosing the smoothing parameter is a very important factor when using kernel home range 
estimators. Analysing telemetry data of lions in Makgadikgadi Pans National Park in 
Botswana, Hemson et al. (2005) concludes that the least square cross validation to calculate 
the smoothing factor h performs poorly at sample sizes smaller then 200 but also at large 
sample sizes (500). This due to data points occurring close to previous positions or at identical 
locations. In view of several research articles, there seems to be no commonly accepted 
method using kernel density estimators to analyze home range. Hemson et al. (2005) argue 
that efforts to reach a common consensus on the usage of kernel methods must be made.  
 
5.6. Autocorrealtion 
Swihart and Slade (1985) proposed that autocorrelation is negligible when a certain time lag 
has passed between past and present observations, that there is no influence of past 
observations on an animals present position in time. They suggest that autocorrelation gets 
weaker as the animals movement becomes less predictable. However, animals tend not to 
move in a non-random way, which is why the effort to minimize autocorrelation might also 
minimize valuable insight and information in animal moving behaviour. De Solla et al. (1999) 
argue that efforts to minimize autocorrelation by subsampling, as done in the present study, 
also reduce the statistical power and the accuracy of kernel home range analysis. It can also 
diminish any important and relevant biological information. To increase the precision of 
home range analysis, they recommend researchers to maximize sampling intervals using 
constant time intervals, as home range estimates will be less biased with stronger 
autocorrelated observations. Swihart and Slade (1997) later argue that home range estimates 
based on kernel methods or minimum convex polygons using independent observations are 
unnecessary, as the effect of moderately autocorrelated data on home range estimates are 
minor. However, a method that tries to accomplish independency of data is time kernel, a 
home range estimation method proposed by Katajisto and Moilanen (2006) that effectively 
minimizes autocorrelation. It uses the standard kernel statistics describe by Worton (1989), 
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but gives less importance to observations that are close to each other in time and space. Their 
results from testing the time kernel method on Brown bear indicated that it would always 
perform better then the standard kernel.  
 
5.7. For further studies on home range and habitat utilisation 
For present study, perhaps a better approach would have been to not use a random 
subsampling procedure of the data in an effort to minimize autocorrelations as it appears to 
have low effect on home range size estimates (Blundell et al., 2001) and also risks 
minimilazing the biological relevance of the results (De Solla et al., 1999). Hence, the 
importance of analysing autocorrelation of ones data is questionable. Moreover, selecting the 
appropriate value of the smoothing parameter h is still highly debated, as compared to 
selecting between adaptive or fixed kernel, and there seems to be no standardised way of 
selecting kernel method and parameters. As there is no common consensus on which method 
to choose, a researcher would have to use his/her knowledge and intuition about how a certain 
species or individual ranges to select the appropriate method. Comparison using the standard 
minimum convex polygon is also warranted, as this would ease comparison with earlier 
studies. However, the accuracy of its home range estimates is questionable (Börger et al., 
2006).  
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8. TABLES 
 
Table 1. Estimates of female orang-utan 
home range sizes (ha) in Suaq Balimbing 
by Singleton and van Schaik (2001) of data 
collected between June 1994 and 
September 1998. 
Individual 

 
Small 
grid 

Large 
grid 

Polygon 
method 

Circle 
method 

Ani 323 488 608 1521 
Butet 197 436 636 1437 
Mega 296 520 853 1599 
 
 
 

 
Table 2. Number of half-hour points for 
four female orang-utans. 2006 sample 
consists of points between March and May, 
2004 between March and June. 

Individual 2006 2004 
Jinak 76 216 
Juni 101 189 

Kerry 203 192 
Sumi 118 258 

Table 3. Adaptive kernel estimates (h_ref) of 95% home range size and home range overlap 
size between the years 2004 and 2006 for four female orang-utans. 2006 consists of points 
between March and May, 2004 between March and June. For the Swihart and Slade index, a 
value less then 1.6 or more then 2.4 indicates significant autocorrelation. For the Schoener's 
index, a value over 0.6 indicates significant autocorrelation. Area overlap is how much of the 
estimated home range area in 2006 overlaps with the home range area in 2004. 
Individual 

 
Year 

 
Swihart and Slade 

index 
Schoener's 

index 
Area 
(ha) 

Area overlap 
(ha) 

Area overlap 
(%) 

Jinak 2006 2.28 0.04 250   
Jinak 2004 3.40 0.21 759 250 100 
Juni 2006 2.32 0.05 202   
Juni 2004 2.50 0.36 540 199 98.3 
Kerry 2006 2.51 0.45 405   
Kerry 2004 2.25 0.60 874 348 85.9 
Sumi 2006 2.28 0.31 274   
Sumi 2004 2.04 0.33 200 74 27.2 
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9. FIGURES 
 

 
Figure 1. Cumulative Kernel curve of half-hour points of the year 2004 for four female orang-
utans. More then 500 half-hour points are needed to make a reliable estimate of home range 
within a certain period.  The last point in the figure for each individual represents the total 
number of half-hour points collected in 2004. 
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Figure 2. Fruit availability index between January and December of 2004 and 2006 in the 
Tuanan research area for orang-utans. The period March and June between 2004 and 2006 are 
significantly correlated (r=0.91, d.f.=4, P<0.05) whereas the period January through 
December is not significantly correlated (r=0.35, d.f.=11, P>0.05).  
 
 
 


