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1 Abstract
An Orang-utan (Pongo pygmaeus wurmbii) nest survey was carried out over ten weeks
in the summer of 2008, in Sebangau, Central Kalimantan, Indonesia. A density was
obtained, as well as one of the largest recorded nest degradation times. Various factors
were investigated for their effects on nest degradation. None of these factors caused a
significantly different degradation time. Nest reuse was within the expected range for a
Bornean site, and a pooled Bornean reuse was higher than the Sumatran.
The literature was analysed for mistakes in survey methodology, and then
recommendations were proposed to prevent this. In particular transect re-walks, which
were deemed unnecessary provided fifty percent of nests had been seen and all nests at
zero metres from the transect were examined. The edge effects of pre-cut trails on nest
distributions, whereby animals are affected by the transects was also discussed causing
left truncation of distance data for this study.
Finally alternative methods for obtaining density were considered. ‘Marked
nest’ was considered the most accurate, as it loses the degradation parameter but
requires intensive effort. Indirect correlations between factors such as pH and density
were rebuked, and plot work was critically examined. Ultimately distance transect
sampling was still required.

2 Introduction
2.1

Orang-utans

Orang-utans are found on the Islands of Borneo and Sumatra. They are solitary
creatures, spending little time together (Morrogh-Bernard et al, 2002; Singleton et al,
2001). This makes them difficult to locate and sample, unlike other more densely
populated animals. This means indirect sampling methods are used, of which the most
widely popular is nests.
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2.2

Nests

2.2.1 Nest building in the primate order
Nests are defined as ‘Arboreal sleeping platforms’ in the great apes (Hearn et al, 2001).
It is present amongst all of them (Basabose et al, 2002; Molyneaux, 2007) except
gibbons. Nest building is also present in some Prosimians (at least 11 bush babies).
Whilst apes build for comfort, the Prosimians build nests for infant protection (in a
similar way to birds). Their nests are reused, and are intended to last as the infant
(which does not initially cling to the fur (SK Bearder, personal communication))
develops (Prasetyo et al, 2009; Kappeler et al, 1998).
Orang-utans are large creatures; flanged males weigh approximately seventy
eight kilograms (Gibson et al, 2005). The females may also be nesting with their infant
(Basebose et al, 2002), because of this a large stable nest is required. The nest also
serves for comfort, predator evasion, shelter from the climate and sun and a platform for
sleep stability (Prasetyo et al, 2009; Gibson et al, 2005; Kappeler et al, 1998). It is then,
not surprising that nest building is taught to infant Orang-utans from a young age
(Prasetyo et al, 2009). It is advantageous to the infant’s fitness.

2.2.2 Building methodology
A new nest is built every night, and occasionally in the day. A nesting tree is first
selected; this is usually close to a fruiting tree. The nest is not necessarily constructed
from the same branches as the nesting tree. A foundation is then laid by snapping one
large supporting branch into a triangular main structure. Smaller branches are then bent
and weaved into a mattress at the base. Finally smaller twigs and other branches are
weaved in, preferably with large comfortable leaves to lock the nest into position.
Additional technology can later be added, such as roof nests and sun covers. However
this is rare in Borneo. This whole process can take up to twenty minutes, averaging
6.5±2.61 for Sebangau. The result is a large, stable platform (Molyneaux, 2007;
McConkey et al, 2005a; McConkey et al, 2005b; Prasetyo et al, 2009; Gibson et al,
2005) which lasts for many days.

2.2.3 Why Sample Nests?
As previously mentioned, Orang-utans are rare. Van Schaik et al (1995b) worked out
that with a density of one per square kilometre, and an ability to see twenty metres, only
6

one Orang-utan would be seen every twenty five kilometres. This would require at least
five times more effort than nests. Orang-utans also fluctuate with conditions (later
discussed) making them highly inappropriate to sample. Instead nests are used; nests
last longer than other signs, such as faeces. They also are more uniformly distributed
than signs or cues, such as calls (made only by the males). Nests do not flee the
surveyor and they are easy to locate (although finding a green nest amongst a tall
canopy is still a challenge) (Hearn et al, 2001; Marshall et al, 2002; Van Schaik et al,
2005b). The difficulties with this method concern the parameters necessary to convert
the density of nests to that of Orang-utans. They can be summarised in the following
equation:

Fig 2: Orang-utan density equation. Dou is orang-utan density, Dn is nest density, p is
proportion of nest builders in the population, r is production rate per animal per day, and t is
degradation rate.

Density has a large dependence on such parameters. Errors in any parameter can
skew the true density, and so population sizes. It is vital that these parameters are
correct in order to report on population trends (Molyneaux, 2007). It is these parameters
which this dissertation focuses on, and the methods used to obtain them.
2.3

Aims

1: Analyse the factors affecting nesting parameters. In particular degradation time (t),
and test various methods of rapid assessment.
2: Critically analyse the use of the transect survey technique amongst the literature
3: Explore other surveying techniques, and conclude on the best method of orang-utan
assessment.
There’s no standard methodology (Which et al, 2008), yet all sites must monitor
populations (Plumptre, 2000). These aims’ results should help guide researchers in the
best methods to use, and prevent common mistakes in survey methodology. Aim 1
could reduce the amount of time researchers invest on site specific ts. This could prove
especially useful in short term studies, where there is insufficient time to wait for nests
7

to degrade. 2 and 3 could improve current transect methods, and consider whether it
should continue to be used.
2.4

Null Hypothesis

Different climatic and behavioural factors do not influence t, or any other parameter,
and the current survey method has been perfected over time without need for alterations
or corrections.
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3 Method
3.1

Site

The site is a tropical peat swamp forest in Central Kalimantan, Borneo, Indonesia. It is
twenty kilometres south west of Palangkaraya, and one kilometre from the west bank of
the Sebangau River (Fig 3.1). The total site contains almost 6,000km2 of rainforest,
however all surveys took place within two square kilometres of the Setia Alam Field
Station (2▫19’S, 114▫00’E). Temperatures range from 18-36˚C. (Prasetyo et al, 2009;
Gibson et al, 2005, OuTrop, 2009a; OuTrop 2009b). The site was intensively logged
until 1997, then selectively logged until 2005 but is now regenerating. It also has a large
population of orang-utans (Pongo pygmaeus wurmbii).

Fig 3.1: map of the field site. The picture on the left is a Map of Borneo. Palangkaraya is
found in the central south and the mark by it represents the field site. The map to the right is
enlarged to show the total site (marked in red). The area marked in blue covers the research
area, in a grid system, and the black square is base camp (OuTrop 2009a).

3.2

Field work

Eight different transects were walked slowly whilst searching for nests (Wich et al,
2004; Van Schaik et al, 1995b Nijman et al, 2005), stopping approximately every
metre. The transects totalled 11,761m, averaging 1470.1± 315.5m (95% CI). They were
9

stratified and occasionally overlapped (see Appendix A for a map of transects walked).
Nests were searched for on both sides, as well as up directly on the transect line.
Looking backwards to fulfil g(0)=1 (whereby all nests directly on, or above the transect
must be seen (Buckland et al, 2005 pp19)). When a nest was found, its direction was
recorded on the transect line (the distances on the transects were marked every 12.5m),
in order to find the nest the second time. Perpendicular distances from the transect line
was measured directly underneath the nest in metres. It was taken at ninety degrees
from the transect line, and thus perpendicular. To further aid in re-finding the nest, all
nesting trees were marked with raffia, as was the perpendicular point at zero metres
from the transect.

Fig 3.2 Nest – A stage B from directly underneath. Photograph taken by the author within the
transect system.

The stage of degradation, like perpendicular distance, was taken after walking
directly underneath the nest. Stage A is a fresh, new nest. It still has green leaves and
the structure is completely stable. This stage is the shortest; as such it is far rarer but
necessary to construct a matrix. Stage B’s (Fig 3.2) leaves have yellowed or browned,
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the transition from A to B is quick, and Bs are relatively simple to detect. The B nest
should still retain most of its branches and all of its structure. C stage nests have lost
most of their basal branches, from beneath 50% of light should pass through this nest.
If the nest was 50% wider and had grown more slender over time, so did not fit the light
criteria; then it was still classified as a C. C is a similar colour to B, as the leaves have
lost their colour leaving only the branches, thus the nest appears brown. Therefore it
would have been useful to have kept data on nest size. State D has lost more branches as
well as structure. All of the leaves are now lost leaving only brown twigs. The main
branch may have broken creating a far smaller nest with many holes. On the resurvey, a
final type of nest was recorded. State Gone refers to a nest which has lost all of its
leaves, branches and structure. If G was seen on the first survey it would not be
assumed to be a nest, instead resembling a vine or fallen twig matter. It is only
identified due to the raffia on the tree. This is the absorbent state, which all nests are
assumed to eventually reach and, like As, are also rare to find (Morrogh Bernard et al,
2002; Russon et al, 2001).
Santiago Sakuragi has been with OuTrop since 2004, with over four years
experience in nest spotting. He is a native who grew up in forest conditions. He aided in
finding the nests, deciding different heights and allocating a local name to the trees.
Total party size ranged from three to four surveyors.
The height of the tree and the nest’s height in the tree were both estimated in
five-metre intervals. Trees rarely exceeded thirty metres, but classifying required brief
training, and assistance from the Indonesian guide. Exposure is classified as full, where
there’s no protection from any direction and the nest is above the canopy; partial,
where one side may be vulnerable and not exposed, where the nest is located below the
canopy on all sides.
The Indonesian guide knew most local tree names; these could later be
translated to their taxonomic position at camp. Nest type concerns how the nest is built,
in terms of its possession in the tree(s) (Fig 1.3). When two, or more, trees were used to
construct a nest; the local names of the trees the nest is predominantly in were named,
or it was excluded from species specific analysis. E type nests could be used for nest
height, however several bent nests disallowed tree height. With type C, where there
were several straight trees, the largest tree was taken for tree height (fig 3.3). Number of
trees present was also recorded.
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Fig 3.3: The five different nest classes. A is in the middle of the tree at the first division, B
is on one branch, C is a bridge between multiple trees, D is at the top of the tree and E (Prasetyo
et al, 2009) is from multiple trees bent over. (Adapted from (Orangutannetwork, 2009; Gibson
et al, 2005; Prasetyo et al, 2009)). A sixth category of ground nests has been suggested,
however none were found so it was not included.

Any ‘Day nests’ found were excluded from analysis, as were ‘infant nests’ and
nests built by other creatures which resembled orang-utan nests. If a nest was re-used
and the Markov transition was not unidirectional, then it is also excluded. Inevitably
some ‘day nests’, or re-used nests will be included, it is hoped that they will be
normally distributed across the variables. Temperature, pH, humidity, peat nutrition,
rainfall, fruit abundance and other abiotic factors could also not be controlled. Time and
location are constant for all nests; it is assumed these abiotic factors will also be.
3.3

Statistics

3.3.1 Markov Technique
Sebangau’s ongoing t takes approximately 365 days (S Husson, personal
communication; Morrogh-Bernard, 2003). This project’s research was only conducted
over fifty seven days from the 2.7.08 to the 30.8.08. So degradation states were
measured twice with an interval of fifty days. A two-stage Markov matrix was then
constructed (Wong et al, 2007; Bosso et al, 1969; Waner et al, 2006b) using software
by S. Waner (2006a), assuming unidirectional movement to the Gone absorbent state.
The project did not seek to correct Sebangau’s current t, as 365 days has remained after
many surveys and years. Instead relative degradation between variables was researched.
Sample sizes were low, so there were not sufficient transitions to the gone state to
12

construct matrixes. Instead state A and G were ignored, due to their low frequencies;
and the B to D transition matrixes were constructed and compared instead. A→B only
takes fifteen days, and can be added on if the reader wishes to (Johnson et al, 2005;
Furuichi et al, 2001).

3.3.2 Distance Sampling
Distance version 5.0 release 2 (Thomas et al, 2006) was used to produce nest density
data. The nest histogram did not peak at zero metres, so the data was grouped into seven
unequal groups. This grouping does not affect distances’ accuracy (Johnson et al, 2005;
Buckland et al, 2005 pp 15, 109). Truncation was performed at twenty one metres
(approximately ten percent) to the right, in order to remove extreme outliers. Increased
truncation decreases sample size, but increases effective strip length and decreases
parameters used (Buckland et al, 2005 pp105, 107). Three metres left truncation was
performed to control for used tracks being walked (Buckland et al, 2005 pp35, 49). The
model and adjustments used were selected via the lowest AIC, and then similar AICs
were compared using χ2 taking the most significant as the model (Buckland et al, 2005
pp49). The density had variance measured by bootstrap analysis repeated 999 times for
the 95%CI at the 2.5% and 97.5% quantiles of the bootstrap estimates.

3.3.3 Other stats and parameters
Production rate, p, was assumed to be 0.88; 1.15 nests were assumed to be built per day,
r. Significance was taken at p=<0.05. The χ2 goodness of fit test was used to see if there
was a significant difference between each factor’s degradation rates. Any factor with a
sample size of less than ten was ignored.
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4 Results
4.1

Degradation times and reuse
2

Table 4 – results. The p values below each factor are for the χ test showing statistical
significance if it is <0.05. Any factor with less than ten in the sample size (n) is highlighted red,
and excluded due to low sample sizes. Na degradation states, t, could not be discovered due to
insufficient transitions to the absorbent state, and so also excluded. Discarded nests moved
backwards, away from the absorbent state. All Markovs were from B to D, except total A to G.
In taxa sc is sub-class, o is order and f is family.
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The χ2 showed a significant difference within the variables of all the factors except tree
height. Mathewson et al (2008) used this test, also finding highly significant results. It
appears that all these factors influence t. Most of these were highly significant because
χ2 is an inappropriate test. It is not used for continuous data, like days, but for
categorical frequency counts (Rees, 1987 pp327, 329,344). ANOVA could not be used
(Ancrenaz et al, 2004) nor the desired multiple regression. Instead the ts (Fig 4) for
non-categorical data (tree number, nest height and tree height) could be analysed
through regression analysis (Buij et al, 2003). Other than regression, few tests are
viable.
4.2

Distance

Truncation resulted in 158 nests. Effective Strip Width was 9.1965 (7.7-10.9, 95%CI).
Nest Density was 949.1km-2 (910.7 if worked out manually from Dn/2wL) (593.11,785.5, 95%CI). Using the equation (fig 1.2), orang-utan density was 2.57km-2 if t =
961.4 days, or 0.98km-2 if t = 365 days (S. Husson, personal communication).
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5 Discussion
This discussion focuses on aim 1 by looking at the nesting parameters affecting density.
5.1

Proportion of nest builders (p)

In the literature p varies between 0.84 ((Prasetyo et al, 2009) amongst Pongo pygmaeus
wurmbii) and 0.9 ((Morrogh Bernard et al, 2002) used for Sebangau).A study in Central
Kalimantan gave p=0.88, from 291 individuals (Van Schaik et al, 2005), and was the
figure used in this study. These differences are far less site specific. It will depend on
the proportion of infants in the population (generally accepted at ten percent), and the
age at which these infants begin building legitimate nests. There was one orang-utan in
Tanjung Puting National park who was not reported to build nests (Prasetyo et al,
2009). When personally travelling to this park, it was reported that this animal slept
underneath a porch on some steps. In Tanjung Putting the orang-utans are fed, fully
habituated to humans and have no real predators. In usual rainforest conditions this does
not seem likely, and p based on population structures is adequate.
5.2

Production rate (r)

If there are adult orang-utans that do not produce any nests, then they should be factored
into p, not r. Unlike p, r varies a lot between the Pongo species. The lowest potential r
is 0.9 (Morrogh-Bernard et al, 2002) and the highest potential of 1.2 (Ancrenaz et al,
2004) nests for P. pygmaeus. From 291 follows in central Kalimantan r was 1.15 nests
(Van Schaik et al, 2005), and so used in this study. Nests built per night will depend
upon the species, how sociable the conditions allow the individuals to be, night time
disturbances (as they may move/ reuse (McConkey et al, 2005)) and parasites. It will
also change with day nests.
5.3

Degradation rate (t)

The degradation rate is the time taken to go from production, stage A, through to
disappearance, G. It is the main source of error in the equation in fig 1.1. p and r differ
by ±0.1 and ±0.15 respectively, but t varies greatly. In chimpanzees this range is
between 10 and 161 days (Plumptre et al, 1996; Plumptre et al, 1997), but in orangutans the differences are 145 to 250 days (Morrogh-Bernard et al, 2002), and reported
as high as 730 (Ancrenaz et al, 2004). The high findings of 961.4 days are not
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surprising, though it is the highest yet recorded (the Markov chain technique was
checked on Morrogh-Bernard et al ( 2003)’s data producing the same result. The figure
is therefore correct from the data used).

5.3.1 pH
It is time consumptive to discover t, especially for researchers with limited funding. To
solve this, various ‘rapid’ methods have been proposed. Buij (et al, 2003) linked the
acidity of the soil and t through a linear regression analysis where r is 0.61 and p <0.05,
however only seven points were used. From this t = -38.682*pH +397.67. The theory
was that t depends on the density of wood from which the nest is constructed. Secondly
those infertile acidic soils produce higher density wood. Certain ions decrease below pH
5.5, whilst others increase. Acidic soils also damage bacteria necessary for nitrogen
production and the breakdown of organic matter (Molyneaux, 2007; Paoli et al, 2006).
The peat is a low pH (around 2-3 (Page et al, 1999; Singleton et al, 2001)) and so more
infertile. This increases competition in the plants occupying it, and so theoretically
increasing wood density. Buij was confident of this method, using it a year later (Wich
et al, 2004). Since then various studies have tested the pH: t relationship. It would seem
that it does not hold for Borneo, though Johnson et al (2005) linked it to Calcium
chloride pH (99% of long term data’s t). The pH varies depending on how deep the
equipment is placed, so it is hardly an appropriate measure (Paoli et al, 2006), yet it has
been used directly to link to density of figs and orang-utans. Rapid assessment via pHis
a good system of thought; however t is more complicated than it alone.

5.3.2 Altitude
Altitude was the original ‘rapid factor’ by Van Schaik et al (1995b); considering this,
little follow up work has occurred. It proposed that t= 0.07002*altitude +258.3 from
three points. Molyneaux (2007) proposed that it may underestimate by as much as three
hundred percent. This relationship was not meant to be exponential; Buij et al (2003)
noticed that rather, t decreases beyond a certain height. With increasing altitude it gets
colder (-0. 625ºC per 100m from 27ºC (Van Schaik et al, 1995b)), the canopy height
falls as does litter fall, and humidity increases (although rainfall is static).
Dipterocapaceae and Euphorbiaceae tree species diversity drops from 700-900m
altitude, whilst Fagaceae increase (Caldecott et al, 2005; Djojosudharmo et al, 1992).
The result is less fruit (-10.2% per 100m (Djojosudharmo et al, 1992)) and less orang17

utans. They prefer 0.5-1km altitude (Johnson et al, 2005) and are not found beyond
1.5km (Hearn et al, 2001). Altitude has also been used to predict t and density. It works
well for viable habitats to support orang-utans, and in density extrapolation. However
altitude alone should also not become a rapid method. Rather it breaks down to tree
compositions, temperature and humidity. It represents another good idea when time is
limited, however alone may also be too simplistic. It is already apparent that the soil pH
influences t, and pH can vary on one set altitude. It should, therefore, not be the only
method to discover t for a new site.

5.3.3 Tree species

5.3.3.1 These Results
The species of tree was the main variable of this project. Unfortunately Orang-utan
preferentially chose certain nesting trees over others. This caused low sample sizes for
some trees, and higher for others. Because the grouping of taxa was not the same (to
allow analysis), direct comparison is complicated. With more nests, Markov becomes
more accurate and so the taxa with low sample size, e.g. Fagaceae, have large
confidence intervals, whilst the Sapindales order is more certain. These different orders
do have differences amongst their degradation states, but different taxonomic groups
and low sample sizes makes statistical analysis difficult. If t has a normal distribution
than ninety-five percent of the data should be within two Standard Deviations of the
mean (273.8±2SD(66)), making any point greater than 2SDs significantly different from
the mean (Niles, 2008). All tree taxa were within one, except the Elaeocarpaceae
family which was within 1.7SD (Fig 4). The differences between the taxa is statistically
a chance event.

5.3.3.2 Literature
Tree species have only recently been studied concerning t. The earliest reference is in
Van Schaik (et al, 1995b) who simply said that vegetation did not seem to be a
determinant. Later Ancrenaz (et al, 2004b) analysed seven families. ANOVA gave
p<0.0001 and a Tukey test separated the groups of Eusideroxylon and Dimocarpus
species (431±170 days) and all the other trees (153±93 days) (Ancrenaz et al, 2004a).
However the Tukey results for both of these gave p>0.05, questioning why these were
split as they were? Ancrenaz’s experiment was similar to this one; of all factors only
18

tree species had significance on t. These results were later tested revealing significance
at the family and genus level, probably due to wood density (Matthewson et al, 2008 via
χ2). The main trouble with tree species is that the nesting tree is not necessarily the
branches used for nesting. In chimpanzees, in fact, over ninety percent of building
matter was from fruiting trees (Basebose et al, 2002). However orang-utans rarely sleep
in fruiting trees, and so most nests are not constructed from the tree they were found in.

5.3.4 Height, rainfall, canopy cover and exposure
The proximity to the top relates to exposure. The exposure affects wind’s activity on
nest degradation, unlike canopy cover which relates closer to rainfall. More exposed
nests, above the canopy, should have more wind and light (Wösten et al, 2008). As
expected fully exposed nests had the lowest t, as they are most vulnerable to climatic
conditions. Surprisingly the partially exposed nests took longest to degrade. Partial was
a broad category incorporating nests from various different cover percentages, all of
these would be more exposed to climatic conditions than the unexposed nests. More
research would be required to test whether this trend is statistically viable. Perhaps
partially exposed nests are constructed differently, and so firmer, than unexposed? The
unexposed nests had an intermediate t, protected from the wind by the canopy (Fig 4).
Generally nests were built towards the top of the tree for the view (Prasetyo et
al, 2009), being rare at the bottom or below five metres. This means most nests are
exposed to such wind and light levels. The winds in Sebangau were generally mild, and
so little difference would be expected, however the frequent storms in the rainy season
are more intense. Previous research has found that nest height affected t (Mathewson et
al, 2008 – using χ2). This study found the nests at the top of the tree had a lower t than
those at the bottom (table 4, both respectable sample sizes), however this did not
control for canopy size.
Tree height had insufficient samples to analyse correctly. Of the two viable
degradation rates, larger trees offered some protection, making nests last longer. This
relationship was strongly positively correlated, however low samples prevented tests for
significance. Tree height alone does not show where the nest was and so the relative
height is a better measure, percentage height would have been ideal. The larger trees
would intercept more rainwater, protect from falling litter and shade the nests from the
temperature of the sun.
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Fig 5.1 – degradation rates across tree and nest heights. Tree height shows a positive
correlation, whereas nest height shows a negative correlation with t. nest heights were
insignificant (p= 0.220, regression analysis), and tree height had too small a sample size.

Nest height (Fig 5.1) generally decreased t with distance towards, and above the
canopy. This relationship was insignificant with the current sample size, but still lends
support to the idea of the canopy offering protection. Borneo’s rainy weather storms are
intense. The hydraulic action of rain on exposed nests is likely to break the structure,
and hasten the transition to D. Rainfall has been shown to affect chimpanzee nest
degradation (Poulsen et al, 2004), however Matthewson et al (2008) did not find a
significant link in orang-utans. This data also did not find a significant link, requiring
further research to test the influences of wind and rainfall.
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5.3.5 Nest type and Tree number
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Fig 5.2 – Degradation rates amongst different numbers of trees. The R2 value shows a
strong positive correlation between number of trees and t, however it is also insignificant
according to regression analysis (p=0.078). Three trees, coloured in red, had a sample size of
nine, so is not considered a large enough sample size.

Increasing the number of trees increased t. All groups of greater than four were grouped
into the four plus category due to low sample sizes. Three also had a small sample size,
but was included nonetheless. These trees included both type C and E nests, which may
explain some of the variance. Type E nests generally have more trees than type C.
Currently an insignificant trend is apparent. A nest built in more trees should have a
larger area of support if branches snap. More trees could also mean more protection
from the canopy, or the structure may be more firm to connect several trees. Given more
data, a significant correlation may be expected from this positive trend.
Nest type relates partially to tree number. Type C and E had the second largest t,
perhaps because of having more trees. With all categorical data, like with species, no
viable statistics can yet be performed. These differences could thus be chance events,
and so comments can simply be made until more data is collected. Type A had the
longest t; these nests are on the trunk, in the middle, and so protected from rain, wind
and light. This cover could protect them, and they have a large stable supporting
platform. Types D are high up, and more exposed so should have the lowest t but rather
have the second lowest. Type B has by far the lowest t, and also a fairly low sample
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size. They are built on one main branch, and so less supported than the other types of
nest. This type is not necessarily more exposed, but may have less interception from the
tree it is in. Any ground nest would be assumed to degrade quickly in the acidic peat,
but none were found.

5.3.6 Nest purpose
The harder a nest is, the longer it should take to disappear. Plumptre et al (2007)
included this into their methods after follows. They found after a chimpanzee had used a
nest it was both solid and clear (like stage A), having light pass through the base or
unrecognisable as a nest. In chimpanzees a fresh nest could, then, look like a type C
with green leaves or even a state G. If this is true for orang-utans then sample sizes are
under-represented and t is too long. Any additions made to the nest (e.g. covers (Van
Schaik et al, 2003)) or longer times in construction would add to this t.

5.3.7 Human Disturbance
It would be difficult to use human disturbance as a rapid assessment technique. It could,
however, affect t (Morgan et al, 2006). A regenerating forest gave ts of 169 (unlogged),
and 248 (logged) (Knop et al, 2003); whilst Felton et al (2003) found no significant
difference (71 and 73). More research is necessary to establish if there is any affect on
the time to disappear. Logging fells large trees, the more intensive this is the larger the
gaps appear in the canopy, which grows smaller (Felton et al, 2003; Sodhi et al, 2004).
This causes less interception and so rain falls harder on the nests (Dietz et al, 2006). In
Sebangau, canals were dug to float the logs out along the old railway. This drains the
peat of water causing it to dry, and perhaps increasing the density of trees already built
there (Husson et al, 2004). Human influences could therefore influence t. Finally, the
presence of humans may affect nest building behaviour e.g. more day nests to hide from
hunters who are passing through the transect. The forest itself is considered rumah
bersama (same house) by the local Dyaks, so entering to hunt is no rarity (Laxman et al,
2004).
As well as t, human disturbance influences density. Primates generally fear
humans, so will flee when in contact (Tutin et al, 1984; Wilson et al, 1982). This could
be temporary, or more permanent provided the orang-utan have fruit elsewhere. A study
five years after logging in Gunung Leuser revealed that only sixty-four percent of the
time in unlogged forest, was spent in logged (Rao et al, 1997). So logging shifts
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populations of orang-utan thereby decreasing density. As well as this it could increase
visibility, resulting in more nests being observed, interfering with the distance
calculations and artificially increasing the calculated density (Rao et al, 1997).
Researchers should be aware at how their degradation times and densities may vary
with the methods and intensity of their studies. The densities of Sebangau could still be
suffering as a result of the forest still regenerating.
5.4

Nest Reuse

Nest re-use is the reconstruction of a used nest, thus causing a transition away from the
absorbent state, and error in the Markov matrix. Matrix techniques can function without
being unidirectional; however it would further complicate parameters (which cause
error). The current method is to exclude any nests which are reused to sleep in, or for
insects (and thus destroyed (Van Schaik et al, 2003)). Although rare, it will increase
both density and t recordings.
Table 5.3 – Different recorded re-use rates in the literature.

A total of 262/ 2,895 (9.05%) reuse was observed from all comparable data (data
which only gave percentages could not be compared). Kalimantan’s reuse is less than
Sumatra’s (Gibson et al, 2005) and so only the Pongo pygmaeus data is relevant. From
these 139/1,087 (12.8%) were reused. Looking only at sub-species 21/ 211 (9.95%),
which compares well to Tuan’s figure of 10.8% ((Table 5.3) a site close to
Sebangau).This study’s potential reuse is well within these figures (17/197 (8.63%)),
although perhaps it is due to methodological error in nest identification? No data yet
suggests a significant difference between sub-species, so either could legitimately be
used. Sumatra’s figure of 6.8% (close to McConkey’s reported 5%) disproves Gibson’s
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suggestion of Sumatrans reusing more. Bornean orang-utans rebuild more, whilst
Sumatrans have a higher r (perhaps because of restricted fruit abundances in Borneo
with no Dipterocarp masting).
This study took reuse as a backwards movement in the Markov chain. The
eighty-nine night nests reused were either by the producer, for up to four nights, or
others over days or weeks. Instead most reuse occasions were ‘day nests’ rebuilt in the
evening (p<0.0001) ((Ancrenaz et al, 2004; Prasetyo et al, 2009) also suggested
amongst chimpanzees (Plumptre et al, 1996; Plumptre et al, 1997)). This suggests that
state A or B nests are most likely to be re-used. The reuse events totalled four D→Cs,
one D → B, and twelve C → Bs in this study. If these nests are being rebuilt, then they
have been left for a long time, and the literature seems to disagree. Theses reuses could
then be a mistake in nest identification (addressed later).
5.5

Day Nests and infantile nests

If possible, both of these were excluded from the counts. In one instance a day nest was
identified, however there is little in the way of knowing the nest’s purpose from sight.
Both nests are poorer quality than a mature nest. Generally day nests are for shorter
breaks, and so less firm (Prasetyo et al, 2009; Gibson et al, 2005). In Sebangau, a night
nest is reported to take 8.54 minutes, whilst a day nest takes only 2.79 minutes
(Prasetyo et al, 2009). Days will thus take less time to degrade, as they are less solid
(Plumptre et al, 1997). Equations do not factor this in, but rather take a total t assuming
day nest representation to be the same as actuality, or ignore them (like this study), and
thus overestimate t. Accurate data is not present on day nest numbers, Ancrenaz et al
(2004b) found 17.1% day nests (n=744, follows) of which 41.7% were rebuilt to firm
nests in the evening. This leaves 9.94% of nests as days. Many day nests are produced
by the infants (Van Schaik et al, 1995b) yet p assumes that infants do not produce nests.
The orang-utan is heavily k-selected; the result is an infant spending all of its early
years with its mother. In this time the infant learns vital information such as which fruits
to build, as well as nest building. Nest building is not innate in the apes (P r a s e t y o e t
a l , 2 0 0 9 ) , so must be learnt through trial and error. The resulting nest will be lower
quality affecting t and so density. Further research would benefit from discovering the
age nest building occurs, working out the percentage of infant day nests (as well as
adult day nests) and the working out a separate t for infants (multiplied by p), and for
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adult day nests (added separately to the equation multiplied by the occurrence
percentage).

25

6 Transect Methodology
This section aims to fulfil aim 2 by examining the methods and troubles with current
nest surveying techniques.
6.1

Distance assumptions

6.1.1 Random Transect Placement
For density to be correct the transects should be random and straight or else bias exists
(Ancrenaz et al, 2004a; Buckland et al, 2005 pp3; Morgan et al, 2006). The density
figure from this study is thus incorrect, as the transects were not randomly placed.
Density was not a primary objective, rather finding nests to observe t in different
conditions were. Transect D, for example, was not walked (it ran alongside a canal,
which means less trees and lower densities). The transects also crossed over, and so
were not parallel. Molyneaux (2007; Johnson et al, 2005; Whiteside et al, 1988)
claimed the same object could not be detected twice (which occurred in this study). The
Distance user guide does not advocate transects crossing over (Thomas et al, 2006
pp72), although it is not explicitly mentioned. Buckland et al (2005 pp37) however, said
that an object can be detected from several lines without violating any of distance’s
assumptions. It would then seem that straight, parallel transects in a grid are acceptable,
so long as they are random (best through GIS) in accordance with the inventors of
Distance.

6.1.1.1 Trails
Even if the transects were random, the data would still be incorrect because Sebangau
follows a grid system instead of cutting fresh transects. ‘The use of transects along trails
or roads does not contribute a random sample and represents poor survey practice in
most circumstances’ (Buckland et al, 2005 pp18). Sebangau’s trails are thin, around a
metre in diameter, and run throughout the forest. Trees can still connect above them so
it is possible for nests to occur on the transect line, however they are a disturbance, and
if an object is repelled or attracted to the surveyor then biased exists (Buckland et al,
2005 pp32). Freshly cutting new transects requires a lot of effort to produce, measure
the distances and observe nests whilst walking this terrain (full of tripping hazards like
roots). Finally transects can re-grow within the fifty day interval if too small, and
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ephemeral (Plumptre et al, 2000).It is thus understandable that Sebangau use permanent
transects. These transects do not impede the random assumption as much as Tanjung
Puting’s trails (which are far wider, and have no growth on the transect), but may still
affects nesting.
Chimpanzees were shown to nest away from human trails (Plumptre et al,
1997). This could be the same for the orang-utans, however being tamed in follows
(which many of Sebangau’s orang-utans are) could do vice versa. Trails create small
edges; the edges of forests are known to increase environmental stresses such as wind
and sun exposure, thus temperature (Laurance et al, 2000). This will affect the trees
differently, creating different fruiting patterns in these transitional zones (Wilson et al,
1982). The orang-utans prefer such areas because of this. Edges allow the nesting
orang-utan to see further, which is usually obtained by nesting higher. All of these
would suggest preferential nesting towards forest edges. The question remains as to
whether trails form significant edges, if so the nest distribution could be biased towards
the transects.
The same difficulties have occurred via recce walks in Africa. Recce walks also
follow a pre-existing trail, only cutting a path when necessary. It is not a straight line,
nor does it take perpendicular distances, but rather maps positions on GPS (White et al,
2000. pp221, 260, 263). This also has the associated biased with pre-cut transects, and
so a correction factor is fitted from freshly cut trails. Recce walks and transects have
been found to correlate well (Plumptre, 2000), so sites such as Sebangau and Tanjung
Puting should correct their density calculations appropriately. One such way to do so is
left truncation. Usually truncation is done to the far right in order to remove outliers. In
this study outliers were seen at thirty eight, thirty three and thirty two metres, thus right
truncation. Left truncation was also decided, at three metres, after g(0) was not 1 before
grouping. This was supported by the use of tracks (Buckland et al, 2005 pp108), so
there is an expected absence of nests on the transect. Two metres was an estimated
distance based on the one metre transect, more research on edge effects and transects
would be required for an exact truncation distance.

6.1.2 Accurate measurements
Some studies have estimated perpendicular distances in classes (e.g. Tutin et al, 1984).
It is better practice to measure distances accurately (Molyneaux, 2007) in metres, then
group distances later if necessary. This study measured to the metre, allowing later
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grouping if necessary. The distance should also be perpendicular, at ninety degrees.
This study wrongly judged this by eye. Others have followed recommendations by
Buckland et al (2005) to record the angle at which the nest is seen, and then walk to it
and work out the perpendicular distance through trigonometry. Objects are assumed to
not move, and be seen at their initial location. Nests do not move making perpendicular
distances at ninety degrees simpler.

6.1.3 Even nest distribution
Distance sampling assumes the object being sampled is distributed uniformly (Casey et
al, 1999). If this is not so, then ranging data is required to account for the animal’s
movements (Buckland et al, 2005 pp125). If this is so for orang-utans then bias exists
depending on where they are, and when the survey was taken. This site is a peat swamp
known to support high densities (biased compared to the sedge, which cannot support
any), however the time of the year led to low fig densities, which in turn deterred orangutans. Nests last a year (two and a half by this study) in Sebangau, so seasonal
movements will not influence the study with nests as much as direct encounters.
Orang-utan densities have been shown to be influenced by fruit availability (Te
Broekhurst et al, 1990), so much so that the correlation can reflect density (p =0.0002
(Buij et al, 2002)). The fruit is also seasonal (Caldecott et al, 2005), so low fruit
abundances at the time of study could explain the lack of stage A nests, relative to
Morrogh-Bernard et al (2003). A similar deterrent is logging, as mentioned in
disturbances (Blouch et al, 1997; Felton et al, 2003; Brearley et al, 2004) which in turn
affects fruit availability (Knop et al, 2004). Conversely, the disturbances temporarily
attracts due to the edges mentioned earlier (Ancrenaz et al, 2004a). Disturbances are
unlikely to be a major source of bias since the 2003 study, but temporal fruit availability
prevented distributions being uniform. It is apparent that animals, like orang-utans,
living in such uncertain conditions, need to be patchily distributed (Ancrenaz et al,
2005; Poulsen et al, 2004). Ranging data is thus required to accurately understand
orang-utan densities.

6.1.3.1 Home Range
Orang-utans are not completely solitary, as previously thought; nor are they randomly
distributed, as diffusion would dictate (Setia et al, 2009; Singleton et al, 2002). Rather
the alpha male has a large range (Singleton et al, 2001; Wich et al, 2008), which
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overlaps with several females (Husson et al, 2004). The females stay close, but still at a
great distance (Setia et al, 2009), appearing solitary. In this range other males, both
unflanged and flanged, roam. The large size of the alpha male’s range shows that orangutans travel further than the study area, to areas of higher fruiting, during this study. The
density will be greatest in the centre of the alpha male’s range (Plumptre et al, 1996),
and so the location of the site will lead to bias.
6.2

Extrapolation

This study worked on two square kilometres and obtained a density. Extrapolating this
density to the 6,000km2 to obtain a population size, however, would be foolish (Russon
et al, 2001; Ancrenaz et al, 2005). Different strata may have different densities, or this
studies density may be incorrect (Tutin et al, 1984).It has already been said that nests
are not uniformly distributed, and orang-utans may range elsewhere. Yet many surveys
do not use GIS to map habitats (Van Schaik et al, 1995a), or survey all the different
habitats (Morgan et al, 2006). The resulting total population densities for orang-utans
thus have high rates of error.
If extrapolation were desired, then Husson (et al, 2004) gives comparative
densities between the different sites in Sebangau, which could be multiplied by the two
square kilometre’s density per stratum. Using this method, however, would still produce
poor densities because the map is outdated (Ancrenaz et al, 2004) and this study’s data
is based on a small sample size. This study is guilty of surveying too few habitats
(Poulsen et al, 2004), rendering population estimates inappropriate. Conservation is
underfunded (making helicopters to map densities and habitat unrealistic (Ancrenaz et
al, 2004a)), and transect sampling requires extensive effort. The lack of complete maps,
or varied strata sampling, is thus unsurprising. Without these, however, extrapolation is
not accurately possible.

6.2.1 g(0)=1
States that all objects on the transect line must be detected. Distance works by assuming
a uniform distribution. Objects are missed because they are further away, and so the
distribution of nests should peak at lower distances, disappearing with distance away
from the transect. To fulfil this zero metres must have the highest nesting frequency, or
else grouping of distances is required. To have zero at the highest frequency, all nests
on the transect must be seen (Thomas et al, 2002; Cassey et al, 1999). The forest is
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densely covered in vegetation and many nests will be high up (even above the canopy).
It is thus uncertain whether this assumption is fulfilled (Van Schaik et al, 1995b; Van
Schaik et al, 2005). Instead careful attention must be paid to looking up, and behind on
the canopy to find nests. Buckland et al (2004) acknowledge the difficulty in fulfilling
this criterion in certain conditions, suggesting calibration through re-survey to correct
by new objects found (Buckland et al, 2004 pp108).
6.3

Re-survey

In the literature, re-surveys are common; however they normally pool their results from
all distances. Resurveys can correct when g(0)<1 (Johnson et al, 2005), however not all
objects need detecting (Buckland et al, 2004 pp2; Molyneaux, 2007).Re-surveys do not
need to find more nests beyond zero metres. Buij et al (2003) found nests above the
transect on re-survey, thus legitimately allowing correction in program distance. Two
re-surveys obtained plus eleven, and sixteen percent nests respectively, however none
were above the transect (Van Schaik et al, 1995b) so unnecessary. One decade later
however, Van Schaik et al (2005) published a paper claiming re-surveys increase
density. In their study, all the nests were pooled to produce a correction factor, as even
the experienced teams underestimated. They found that more nests, upon re-survey
increased density. Their reasoning is that experienced and inexperienced observers
produce different density figures when they should be similar (as inexperienced have an
increased effective strip length (Van Schaik et al, 1995b)). However their re-surveys
searched for nests throughout the transect, and not just at zero metres. Distance theory
says effective strip length will increase with lower counts if the assumptions (like
g(0)=1) are fulfilled. Van Schaik’s paper did not take this into account and corrected
total density. Researchers should re-survey, but only to fulfil g(0)=1, otherwise it is
excess effort.
6.4

Minimal effort

The transect methodology does not require a total count of nest (Ancrenaz et al, 2004),
but rather transects to represent the area. The minimal effort to obtain a realistic view of
the true density is thus under question. The more effort put into sampling, the larger the
sample size, and the better the perspective of the area. Researchers should look to
survey as greater area as possible, in order to increase accuracy.
Van Schaik et al (1995b) recommend at least one and a half kilometre transects,
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which they abide to in the 2005 study. Most of the transects in this study were not this
length, however total effort more than suffices by this standard. Johnson et al (2005)
had a different method, in which a series of smaller transects were set up along a
transect line running in parallel and of equal length (500m). Others have set up
exceptionally long transects (5,000m), which may well run into several strata (Furuichi
et al, 1997). Of these two the prior is more correct (Cassey et al, 1999), as it removes
biased in transect placement.
Distance requires a minimum sample of forty, and preferably greater than sixty
(Buckland et al, 2005 pp14). In this study the fortieth nest was found on transect two
after 1,978m; the sixtieth nest was found on transect three, after 2,737m. Nests found
depend on density, and will differ in different conditions; but 1.5-2km (Nijman et al,
2005) minimum length seems appropriate for a minimal size from this study. This study
was slightly different in that transect length was not fixed. Instead time in the forest or
number of nests found was the effort. Whether transect length, or target number of nests
is random does not change the statistical qualities (Buckland et al, 2005 pp327),
however it is recommended to keep transect length fixed. This study used density as a
secondary objective, whilst obtaining a large sample size was primary. Because of this,
lines differ in length and so are biased.
6.5

Observer’s abilities
6.5.1 Experience

Nest spotting in a dense forest is difficult; the nests are cryptic. Often they are high in a
tree, or hidden so as to only be visible at certain angles from the transect. The
experience of knowing what nests look like, and how to find them is thus necessary for
transect methodology, hence there was an experienced Indonesian guide in the team.
Observers need a level of training (Ancrenaz et al, 2004a), or most nests will be missed
and assumptions like g(0)=1 will not be fulfilled. Distance mentions that up to fifty
percent of objects can be missed, so long as objects on the line are found (Buckland et
al, 2005 pp19-20), without density being majorly affected. Furuichi et al (1997)
incorporated observer experience into their density equation as a parameter. The
surveyors need to have enough skill to detect more than half of the nests. If this is not
the case then correction factors, and pooled data (like than of Van Schaik et al, 2005)
may be justified, however Furuichi’s idea seems unnecessary given some training.
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6.5.2 Exhaustion and beginning
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Fig 6.1 – nest detection frequency along the transect
The Rainforest is humid and warm; the tracks are difficult to manoeuvre and surveyors
will lose water through perspiration. Without a good level of physical fitness exhaustion
begins, especially towards the end of the transect. This fatigue could decrease detection
probabilities (Molyneaux,2007; Van Schaik et al, 2005). If this is true then longer
transects should increase error, and nests close to the transect may be missed. To test
this, frequencies of detection were plotted against the relative progress through the
transect (in five percent intervals). If exhaustion influenced spotting ability then a
decline in frequencies should be expected with transect distance. The result was a weak
insignificant relationship (p=0.42, regression analysis (Fig 6.1)) on the linear trend line.
Exhaustion did not influence nest frequencies detected. So a 1.47km transect is safe to
walk, without risking the loss of accuracy due to exhaustion. On the larger five
kilometre walks, exhaustion may be more of an influential factor; however this study
had short transects, and several surveyors in the team (so dependence does not rely on
one individual, who may tier).
The moving averages trend line suggests a pattern contrary to expectations.
Rather than frequencies decreasing with length, two peaks towards the beginning and
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end were found, with fewer nests in the middle. No trend line fitted particularly well,
and so this view does not carry significance, however bias at the beginning of the
transect is still a potential. Surveyors could be too eager to begin, or not yet into an
observing routine and so miss nests. To resolve this, surveyors should be reasonably fit,
take breaks when necessary, and have a team to help as others fatigue.
6.6

Nest aggregation

Orang-utans are not considered clustered, as orang-utans are solitary creatures. In reality
however they do have a social structure, and groups could exist. If this is so, should
surveyors measure cluster sizes? The average Bornean group size ranges from 1.05-1.30
excluding infants (Setia et al, 2009), and so nest aggregation should be expected in
some areas. Research has shown that nests are clumped (Gibson et al, 2005; Van Schaik
et al, 1995b). If this is true then distance to the centre of the cluster, and cluster size
should be measured instead (Thomas et al, 2002), which creates biased as groups of
nests are easier to see. To test this, these groups must be identified. Furuichi et al (2001)
defined a cluster as ‘the same age class that are ≤30m from the nearest other nest’, so
they must be close and decay states must be identical (Furuichi et al, 1997). The
distances within which a group is considered may be different to Furuichi’s suggestion,
i.e. twenty metres (as suggested for chimpanzees (Tutin et al, 1984)), or as far as one
kilometre (if females stay within the one kilometre audible distance of a male’s loud
call). Many nests in this study fitted such ideas being within twenty or thirty metres of
one another, and recorded at a similar state of degradation. This could prove that nests
are clustered due to group sizes. A recent book chapter, however, refuted these ideas
saying that orang-utans can spend multiple days feeding on the same tree. They wake
near it, and eat its fruit rebuilding nests around and near it. This would suggest that
orang-utans are not in nesting groups, but rather it is one individual building several
nests (Prasetyo et al, 2009) over several days. On some occasions up to four nests were
found on the same tree within a few metres. This could be considered a breeding pair, or
a small cluster. Rather it is probably one individual over several days, or an infant
practicing day nests (Felton et al, 2003). Ultimately orang-utan groups are small enough
to measure each nest individually, so groups or individual observations should not affect
density estimates like with chimpanzees. The only negative of clustered nests, is that
several nests are easier to locate than one, and so bias exists.
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6.7

Nest identification

6.7.1 Similar looking objects
Orang-utan nests are often high in trees, situated in visually obscured places. This
makes them difficult to identify (Nijman et al, 2005). There are also other objects which
resemble them. Whilst surveying the author located three types of non-nests. The first
was high up on a tree, and a great distance from the transect. It was built like a type A
(See fig 1.3) around a branch and circular in shape, however the Indonesian guide said it
was an ant nest. If this nest was close it would probably be easily identifiable, however
distance and height make identification difficult. The second was from a sun bear
according to the Indonesian guide. The final type was liana, and other such climbers
which had fallen and resembled a state D nest.
No reference to ant nests mistakes was found in the literature. Sun bear are a
similar weight to orang-utan, and found at similar altitudes/ conditions. It appears that
they rarely build nests in trees; preferring fallen logs, trunk cavities or canopy branches.
However they can build arboreal nests. Reports of building bear nests have been made
in Central Kalimantan (Te Wong et al, 2003), and so the nest identified as a bear nest
could be. Questions would then be how often these bears build nests, if they are easily
distinguished from orang-utans and have they changed the recorded ts? Old climbers
resembling old nests are a common mistake (Plumptre et al, 1996 and 1997), especially
with type Es where they may have collapsed when the trees bend back. Finally reports
of giant squirrel nests resembling orang-utan nests have been made (McConkey et al,
2005). It is advised that caution should be used before classifying a nest, and an
experienced individual (who knows what nests look like, and how to distinguish them
from similar looking objects) should accompany the survey team.

6.7.2 Between degradation states
Different sighting abilities between the stages have already been mentioned. Height, age
and size are known to influence this detection probability (Morrogh-Bernard et al,
2002). There are also difficulties classifying different stages. As mentioned state C is
classified as loosing 50% of itself via light passing through, or peripheral
disappearance. In order to classify the latter, data on original size is required, however
no clues as to the original state were taken into the field on the re-survey (to reduce
bias). The B to C transition is thus hard to classify. State G is also difficult to deduce
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(Morgan et al, 2006), due to the knowledge of where a nest was. To reduce this strict
categories of nest states are required. It may also be useful to add a camera to the
equipment list, and take pictures from beneath, in case identification troubles do
immerge. Inaccurate state identification could overestimate t, and create backwards
movements in the states, thus artificially increasing reuse.
6.8

Correction factors

Correction factors exist for many different aspects of both density and t. Molyneaux
(2007) asked for these to be justified if used in studies; or if possible, evaded.
Correction factors can change the discovered values highly; if they are not noted and
explained, then the figures presented could deviate substantially from the true value.
The Markov matrix technique overestimates when compared to long term data,
so a correction factor may be used. State B is more likely to be seen than A or D so
density nest surveys underestimate. Van Schaik et al (2005) suggested a correction
factor for experience. There are also other correction factors, for a list of some see table
6.2. All of them change results, and if not explained can be deceptive. If they are used,
they should be accompanied by uncorrected figures.
Table 6.2: some of the different correction factors used in the literature
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7 Alternate Methods
This section focuses on aim 3 by looking at other methods of obtaining density
7.1

Helicopter surveys

It is a transect surveying technique used to increase the effective strip length, and so
sample size. Instead of slowly walking a transect, a helicopter flies sixty to eighty
metres above at a speed of seventy kilometres an hour. These surveys are quicker, and
increase the effort of surveying. They also correlate well with ground surveys
(Ancrenaz et al, 2005). It has the weakness of not finding nests below the canopy as
well as ground surveys. It travels quickly and so nest may well be missed. Nests directly
below the transect would be missed due to the directions in which the helicopter can see
(requiring left truncation). Nests specifics like age, and species will be more difficult to
allocate. Helicopter surveys need calibration from ground surveys. They should not be
used for collecting parameters such as t, and they should follow a random line, or else
they are also like recee walks. If the other parameters are already known for a site, and
the researcher is able to afford a helicopter then it will increase the effort. It could also
be used to analyse suitable habitats for extrapolation.
7.2

Home Range

Home range does not have to follow the same assumptions as distance, nor does it have
parameters; however nests are static without a range. Home ranges would require orangutans to be located instead. These are rare (Section 2.2.3), and so home range may not
be as appropriate as nests for orang-utans. The desired large sample size (Fashing et al,
2000) is unlikely to be obtained with orang-utans (throughout the ten weeks, only two
wild orang-utans were seen by the surveyor, and one of which was in a follow,
compared to almost two-hundred nests). Follows of animals may edit their home ranges,
and orang-utan ranges (Plumptre et al, 1997) themselves are very seasonal. Range
mapping may be useful and accurate for gibbon surveys (Nijman et al, 2005), but it is
inappropriate for orang-utans.
7.3

Correlations

Correlations are a potential because the density of certain factors strongly correlates
with that of orang-utans. Nest density is one such factor, which with the parameters
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previously mentioned, correlates to orang-utan densities. A different significant
correlation has been found between Orang-utans and figs (Djojosudharmo et al, 1992;
Wich et al, 2004; Van Schaik et al, 1995b; Singleton et al, 2001), or other fruits (Knop
et al, 2004). The difficulties with these are the same with rapid factors on t: they are not
the only factor. Wich et al (2004) found strangling fig density with pH explained only
47.5% of the variation in orang-utan density. This is a substantial amount, however not
all of the variation, so one method of rapid assessment alone cannot explain everything.
Fig densities could give a carrying capacity; but the density of figs alone is insufficient.
7.4

Marked nest

The ‘Marked Nest’ method is used to track new nests built in a certain area, within
certain durations (Furuichi et al, 2001). It works the same as transect sampling for nests,
except looking at new nests built, instead of a total count. This method requires a
minimum of two surveys, and would assume that all nests are detected on the first
survey. It also assumes that all new nests resemble degradation stage A, however
section 5.3.6 shows some new nests may not appear so new. If the interval between
surveys is wider than fifteen days (the time for the A to B transition) then even more
precision is lost in deciding whether a nest is new, or a previously missed B. This
method will take longer to collect a similar sample size relative to total nest sampling,
so it could work for long term data (Plumptre et al, 1996), not short. The lack of the
influential variable parameter, t, makes this technique far more precise.
7.5

Plot work

In the same paper advocating re-surveys to correct densities Van Schaik et al (2005)
proposed the use of plots instead of transects. They found twenty seven nests amongst
eleven plots of 0.2-ha, were closer to the pooled transect density of a one and a half
kilometre transect, than the transect surveys. More research is required to ascertain
whether plots give a reliable density. All the parameters would remain, but distance
assumptions such as accurate measurements, and g(0)=1would be lost. Rather every
nest in the plot must be found and marked. Distance is far more lenient to error in nest
spotting than this technique. Nests are also spatially clustered, so some 0.2-ha plots may
not find any nests at all. Plots will limit vision of nests from infinity to the plot length,
and so are more suited to common objects such as saplings.
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8

Conclusion

The current survey method is not perfect, and there are many mistakes in the literature.
Degradation is a complex multi-factorial parameter. This project found no significant
determinants of t (unless χ2 is inappropriately used), though more data is likely to yield
significance. Other parameters are fairly immune to climate and behaviour. Therefore
the null (2.4) hypothesis is neglected on grounds of survey methodology, and partially
excepted for the parameter t. There are also other parameters considered less in the
literature which are also important such as reuse and ‘day nests’.
8.1

Parameters

Rapid methods should not take over survey techniques (Molyneaux, 2007) for
degradation, due to the uncertainty of them. This data was insignificant, but attempted
to explain most variation via height, exposure and stability were made. Degradation is
the most influential parameter, so focus should be made to improve its accuracy. Nest
reuse is common; being almost as influential as p. Future studies should recognise that
Markov nest chains are not unidirectional, increasing t. This studies high t serves as an
example of the fluctuations in degradation rates within sites, and the importance of long
term studies instead of ten weeks.
8.2

Survey technique

Inaccuracies of rapid assessment techniques and the difference between species and
sites mean they should not yet take over. Mark-release-recapture, direct counts or other
signs are unlikely to obtain the same sample sizes as nest. Nests are more reliable
indirect indicator, so are satisfactory to maintain as the surveyed objects. More research
is needed to test Van Schaik’s proposal of plots. In principle plots remove the freedom
distance sampling allows by constraining the sampling area. It also prevents the ease of
confidence intervals, data relevant analysis (via model fit) and the potential to use GIS
alongside the data.
Nests are sufficiently common to analyse via straight line transects without the
need for recce walks or range mapping. These would fluctuate with season and
resources because of orang-utan movements. If these or helicopter surveys are used,
they should be calibrated to transect densities. Line transects are currently the best
method (Johnson et al, 2005) but the parameters are a trouble. The ‘Marked Nest’
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Method is the most accurate for long term data, however it should be analysed at
different seasons to account for movements, and track it. This method will require more
effort resurveying regularly. If this method is used, then previous degradation rates can
be taken into the field on resurvey.
8.3

Recommendations

•

Ensure all of distances’ assumptions are met

•

Resurveys are only necessary for multipliers, when g(0)<1

•

Group perpendicular distances after data collection, not before

•

Avoid the use of human used trails

•

Ensure experience and training amongst surveyors to find more than fifty
percent of nests.

•

Extrapolate to wider areas if recent maps of viable habitat allow it, or survey
several strata for their affects on density.

•

Justify any correction factors used, acknowledging the original value before
correction.
.
8.4

•

Further Research Recommendations

The effect of trail edges on nesting preferences, in order to decide the level of
left truncation necessary, if applicable. Correction factors of trail: freshly cut
transect data.

•

The effects of observer exhaustion on nest detection over longer transect.

•

Further studies on t similar to Fig 4 to increase sample size for rigorous
statistical analysis. Tree taxa especially needed larger sample sizes for analysis,
and grouping at the family or class level.
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11 Appendices
11.1 Appendix A – map of the transects walked
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11.2 Appendix B – raw data
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11.3 Appendix C – Distance Data

11.3.1

Selection Based on lowest AIC

Half normal with Cosine selected due to lowest AIC, most significant χ2 and fewest
errors/ parameters.

11.3.2

Half Normal model with cosine adjustments.

Effort
:
# samples
:
Width
:
Left
:
# observations:

11761.00
8
21.00000
3.000000
158

Model
Half-normal key, k(y) = Exp(-y**2/(2*A(1)**2))

Point
Standard
Percent Coef.
95 Percent
Parameter
Estimate
Error
of Variation
Confidence Interval
--------- ----------- ----------- -------------- ---------------------A( 1)
10.07
0.8353
f(0)
0.10874
0.94945E-02
8.73
0.91541E-01 0.12916
p
0.43793
0.38238E-01
8.73
0.36868
0.52019
ESW
9.1965
0.80301
8.73
7.7422
10.924
--------- ----------- ----------- -------------- ---------------------Cell
Cut
Observed
Expected
Chi-square
i
Points
Values
Values
Values
----------------------------------------------------------------1
3.00
5.00
41
31.71
2.722
2
5.00
8.00
34
41.76
1.441
3
8.00
12.0
37
41.96
0.587
4
12.0
14.0
17
14.95
0.282
5
14.0
16.0
14
11.35
0.618
6
16.0
19.0
9
11.47
0.531
7
19.0
21.0
6
4.80
0.299
----------------------------------------------------------------Total Chi-square value =
6.4791 Degrees of Freedom = 5.00
Probability of a greater chi-square value, P = 0.26235
The program has limited capability for pooling. The user should
judge the necessity for pooling and if necessary, do pooling by hand.

Effort
:
# samples
:
Width
:
Left
:
# observations:

11761.00
8
21.00000
3.000000
158
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Model 1
Half-normal key, k(y) = Exp(-y**2/(2*A(1)**2))

Parameter
--------D
N
---------

Point
Estimate
----------0.73040E-03
1.0000
-----------

Standard
Error
----------0.12364E-03
0.16928
-----------

Percent Coef.
95% Percent
of Variation
Confidence Interval
-------------- ---------------------16.93
0.50788E-03 0.10504E-02
16.93
1.0000
2.0000
-------------- ----------------------

Measurement Units
--------------------------------Density: Numbers/Sq. meters
ESW: meters
Component Percentages of Var(D)
------------------------------Detection probability
: 26.6
Encounter rate
: 73.4

n
k
L
n/L
Left
Width

Estimate
%CV
df
95% Confidence Interval
-----------------------------------------------------158.00
8.0000
11761.
0.13434E-01
14.50
7.00 0.95513E-02 0.18896E-01
3.0000
21.000
Estimate
%CV
df
95% Confidence Interval
------------------------------------------------------

Half-normal/Cosine
m
LnL
AIC
AICc
BIC
Chi-p
f(0)
p
ESW

1.0000
-281.66
565.33
565.35
568.39
0.26235
0.10874
0.43793
9.1965

8.73
8.73
8.73

157.00 0.91541E-01
157.00 0.36868
157.00 7.7422

0.12916
0.52019
10.924

Estimate
%CV
df
95% Confidence Interval
-----------------------------------------------------Half-normal/Cosine
D
N
Estimate

%CV

#

Half-normal/Cosine
n/L

0.73040E-03
1.0000

16.93
16.93

12.92 0.50788E-03
12.92 1.0000

0.10504E-02
2.0000

df
95% Confidence Interval
-------------------------------------------------------0.13555E-01 13.64

999

7.00 0.98321E-02
0.10143E-01

0.18688E-01
0.17403E-01

Note: Confidence interval 1 uses bootstrap SE and log-normal 95% intervals.
Interval 2 is the 2.5% and 97.5% quantiles of the bootstrap estimates.
Estimate
%CV
#
df
95% Confidence Interval
-------------------------------------------------------Half-normal/Cosine
f(0) 0.14150
33.03 999
157.00 0.74945E-01
0.26716
0.92889E-01
0.26818

Note: Confidence interval 1 uses bootstrap SE and log-normal 95% intervals.
Interval 2 is the 2.5% and 97.5% quantiles of the bootstrap estimates.
Estimate
%CV
#
df
95% Confidence Interval
-------------------------------------------------------Half-normal/Cosine
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D
Half-normal/Cosine
N

0.94914E-03 32.82

1.9009

38.23

999

12.92 0.47535E-03
0.59382E-03

999

12.92

1.0000
1.0000

0.18952E-02
0.17855E-02
4.0000
4.0000

Note: Confidence interval 1 uses bootstrap SE and log-normal 95% intervals.
Interval 2 is the 2.5% and 97.5% quantiles of the bootstrap estimates.
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11.4 Appendix D - Health and safety
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11.5 Appendix E - Cut sections

11.5.1

Nesting Preferences

Nests are usually built within twenty metres of a fruiting tree (Felton et al, 2003). These
nests keep them cryptic against predation (Basebose et al, 2002), although this has not
been reported for orang-utans (McConkey et al, 2005). Although no animals such as
leopard or python have been documented to kill orang-utan, they feasibly could still;
especially when they are sleeping and vulnerable. Sebangau has clouded leopards (BBC
News, 2008) which are nocturnal, and so a potential threat. A more obvious predator is
the mosquito, which become abundant after dark. These carry infection and leave
painful bite marks. Orang-utans may be using the nest (In the same way humans use a
net) for mosquito protection, indeed mosquito exist alongside all the apes to further this
view. Finally nests have the obvious use of comfort and rest (Blouch et al, 1997;
Prasetyo et al, 2009). Orang-utan density should then vary depending on fruit, predation
and parasites. It may also be that areas with higher mosquito numbers may use different
technologies, e.g. nest roofs (affecting t).
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