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Reflection

From June 2012 until July 2013, I was based at Danau Girang Field
Centre (DGFC), Sabah, Malaysia. DGFC is located in lot 6 of the Lower
Kinabatangan Wildlife Sanctuary and is only accessible by boat. I lived onsite
in a studio with other PTYs from Cardiff as well as other visiting students. Life
at DGFC fell into a pattern of three months of work followed by a week or
more of holiday, which continued for 12 months. At the centre conditions are
relatively basic; there is a generator to provide power for nine hours a day, no
hot water and limited internet. But for what is lacking in facilities is made up for
by the incredible wildlife, often waking up to see orang-utans swinging through
the trees or hornbills flying overhead. The day to day encounters with wildlife,
big and small is unrivalled by any other place in the world.

The experience is completely unique and allowed me to understand the
realities of field research and post graduate education. The hours are not
regular, working from 6am until 10pm is normal and weekends are not
recognised in the jungle. Living in DGFC has completely changed me and my
perspective to work and meeting different types of people. Before this year I
thought I might like to do a PhD and now I know it’s the only thing I want to do
next. I have got used to reading papers every day and meeting a constant
turnover of new people, young and old from every background imaginable.

Just surviving everyday out there requires teamwork, from going into
the forest or out to town and negotiating use of equipment. My communication
skills have improved significantly. Every group or important visitor required
presentations on each project, adapted to many different audiences over the
year from local villagers to university students. As a PTY you are the face of
the centre, requiring you to get to know and provide a constant source of help
to all visitors. Also the centre is massively international; during my year at
DGFC we had staff from Malaysia, Mexico, Spain, France and Germany. I
learnt basic Malay and adapting the way you speak to people with English as
a second language, is a skill in itself. This year challenged my ability to
problem solve and adapt to difficult situations; especially when the centre was
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evacuated for 7 weeks. This was a result of a small part of Sabah being
invaded by a group from the Sulu Islands. The time delay meant the PTY
might have ended but once back at the centre, the biggest problem was being
7 weeks behind in the study. I had to make tough decisions in order to
complete the project on time.
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Abstract:
In Sabah 37,600km2 are covered by forest, equivalent to 51% of total
land. The main cause of decreasing forest cover is oil palm (Elaeis
guineensis) plantations covering approximately 14,000km2 of Sabah. Much of
the remaining forest is highly fragmented and isolated, creating a barrier to
movement. The Lower Kinabatangan Wildlife Sanctuary (LKWS), covering
270 km2 along the Kinabatangan River is a prime example. The highly diverse
LKWS is a great landscape to study the effects of fragmentation in the tropics.
Some species are declining in this area, including all 8 species of hornbill.
Hornbills are very important, providing a key source of large seed dispersal,
once dominated by ungulate populations. Possible reasons for hornbills
decline include a lack of large trees and reduction in the number of available
natural cavities, the latter is the primary limitation on hornbill populations.

This study aimed to assess the number of suitable cavities in a small
fragment of the LKWS, lot 6 with a superficy of 26km 2. Whilst also assessing
the carrying capacity of hornbills in lot 6 and other similar lots. The primary
methods employed were line transects, climbing cavity trees and phenology
plots. Future populations were modelled using Vortex to estimate resilience in
the LKWS. The results indicate the lower lots of the LKWS are unsuitable for
hornbills to nest but highlight the area as potential feeding grounds. Entrance
measurements, diameter, distance to the river, nearest tree proximity and
level in the forest were important factors for suitable cavities. Fruit diversity
during the breeding season was high, an estimated 21.76 trees/ha from 15
different food tree families. Future studies should centre on quantifying
population size, breeding season and large-scale movements in a fragmented
landscape. Whilst essential conservation measure such as nest box
installation and cavity modification should be implemented.
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Introduction:

Agricultural expansion is one of the greatest threats to biodiversity in
the tropics of Southeast Asia (Edwards et al. 2010; Sala et al. 2000; Sodhi et
al. 2004; Tilman et al. 2001). In Malaysia, the most abundant and rapidly
expanding crop is oil palm (Edwards et al. 2010; Fitzherbert et al. 2008). Over
70% of agricultural land in Malaysia is currently used for palm oil production
(Lindsay et al. 2012), with plantations expanding over 1% per annum (Koh
and Wilcove, 2007).

Indirect problems associated with the palm oil plantations such as
habitat fragmentation is another major threat to tropical biodiversity (Lindsay
et al. 2012). According to Edwards et al. (2010), bird diversity in fragmented
forests was 60 times lower than in continuous forests. However, the largescale ecological effects of fragmentation can be difficult to assess (Carignan
and Villard, 2002). One possible way to overcome this difficulty is to base
studies on the keystone species concept (Carignan and Villard, 2002). A
keystone species is one that exerts extensive effects on its encompassing
ecosystem via strong interactions with different species and, if removed or
lost, results in severe detrimental ecosystem-wide effects (Payne, 1995).

Hornbills (Bucerotidae) are such a keystone species (Chantarata et al.
2011) regulating forests throughout the tropics facilitating extensive seed
dispersal (Chaisuriyanun et al. 2011). Hornbills are highly frugivorous,
especially during the breeding season when up to 95% of their diet is fruit
(Chaisuriyanun et al. 2011). Leighton (1982) demonstrated that hornbill diet
can be highly diverse; for example, Bornean hornbills were shown, to feed on
over 120 different species of fruit, from 20 different tree families. In addition to
a highly diverse diet, hornbills are important dispersers of large seeds
(Sekercioglu, 2006). Large seeds rely on a small number of large frugivores
for dispersal (Sekercioglu, 2006). In the botanic world, as seed size increases,
dispersal efficiency often decreases (Sekercioglu, 2006), but when hornbills
are present in an ecosystem, dispersal efficiency of these large seeds is often
over 70% successful (Whitney et al. 1998). Therefore, their function as large
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seed dispersers is vital in maintaining the high levels of botanical biodiversity,
associated with tropical rainforests (Sekercioglu, 2006). Hornbills can also be
used as a flagship species to attract public attention for conservation of
tropical rainforests (Poonswad et al. 2012). This approach has been used with
great success in Thailand to engage local communities in hornbill
conservation. Poonswad et al. (2005) hired and retrained former poachers to
assist with their research.

Of the 32 Asiatic species of hornbill, eight are found throughout Sabah:
oriental pied (Anthracoceros albirostris), rhinoceros (Buceros rhinoceros),
wreathed (Rhyticeros undulates), wrinkled (Rhyticeros corrugatus), bushycrested (Anorrhinus galeritus), white-crowned (Berenicornis comatus), black
(Anthracoceros malayanus) and helmeted (Rhinoplax vigil) (Phillipps, 2009).
However, hornbills are poorly understood in Borneo and research on all eight
species is significantly lacking (Poonswad et al. 2012). Further research is
necessary to fill the gaps in current knowledge, including many aspects of the
spatial and behavioural ecology (Poonswad et al. 2012). Poonswad et al.
(2012) suggests that hornbill populations in parts of Sabah are decreasing. To
further support this claim, local inhabitants have reported a reduction in the
number of hornbill sightings, noted in interviews conducted by Ancrenaz
(2008). However to fully understand if a population is decreasing, it is
important to consider population stability. There are two recognised methods
for assessing population stability in birds: breeding success and survival rates
(Poonswad et al. 2005). Hornbills display a unique breeding behaviour where
the female is incarcerated inside a tree cavity and is totally dependent on the
male for food (Chong, 2011). However, they are unable to create their own
cavities and so rely on the presence and availability of natural cavities
(Poonswad et al. 2005). Therefore, these structures are a major factor in the
determination of an environment’s carrying capacity for all hornbill species
(Kashiwai, 1995; Ng and Lim, 2011). Therefore, the decline in hornbills in
Sabah may relate to a lack of large trees, vital for nesting.
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Hornbills utilise different habitats for different functions using dry
deciduous forest to forage and riverine forest to nest (Balasubramanian et al.
2011 from India) Therefore, to study hornbill nesting in Sabah an area of
riverine forest such as the Lower Kinabatangan Floodplain in Eastern Sabah
is required, figure 1. In Sabah just 51% of total land is forested, covering
around 37,600km2 (Reynolds et al. 2011).

Figure 1: The location of the Lower Kinabatangan Floodplain in relation
to the State of Sabah, Eastern Malaysia (Map by Danica Stark).

Throughout Malaysia including Sabah, selective logging is a continuing
problem with approximately 11 million hectares of forest undergoing selective
logging (Wilcove and Koh, 2010). In the last 120 years, over a third of Sabah’s
original forest has been lost (McMorrow and Talip, 2001) with 1.04 million
hectares converted to oil palm plantation between 1990 and 2005 (Fitzherbert
et al. 2008). As of 2010, oil palm plantations covered at least 14,000 km2 of
Sabah (Reynolds et al. 2011). The Lower Kinabatangan Floodplain is a highly
degraded forested area that has undergone severe selective logging since the
1890s (McMorrow and Talip, 2001). In 2005, an area covering 27,000 ha of
the Lower Kinabatangan Floodplain was gazetted as a wildlife sanctuary by
the Sabah State government (Goossens et al. 2005), figure 1. In addition to
the wildlife sanctuary, 15,000 ha of protected virgin jungle forest reserves and
8

10,000 ha of privately owned forest comprised an area of over 50,000 ha of
forest surrounding the Kinabatangan River (Ancrenaz et al. 2004). The overall
aim of the wildlife sanctuary was to create a corridor to aid movement of
wildlife through a highly disturbed landscape (Goossens et al. 2005).

In order to assess hornbill populations in the LKWS, a study of natural
cavities is necessary. Firstly estimating the number of cavities in lot 6 and
then assessing cavity features, to approximate the number of suitable natural
cavities in similar logged fragments of forest (lots 1-6). This information can
then be used to estimate the resilience of hornbills in parts of the Lower
Kinabatangan by calculating the carrying capacity of the forest. Additionally,
habitat factors such as fruit diversity and density of food trees will be
considered to determine density. This will allow for comparisons to be made
with hornbills in other regions. Additionally, this information will be used to
inform decision makers of how to manage hornbill conservation in Sabah.

Materials and Methods:

Study area:
This study was based in the LKWS (5 ° 20 ′− 5 ° 45 ′ N, 117 ° 40 ′− 118
° 30 ′ E) Sabah, Malaysia, figure 1. The LKWS consists of 10 forest lots linking
the coastal mangrove forest with inland riverine forest (Goossens et al. 2005).
The climate is constant between years; temperatures fluctuate between 21
and 34°C and precipitation is regularly around 3000mm per annum (Ancrenaz
et al. 2004).
This study assessed lot 6, a forest block encompassing 26.73km2, for
potential hornbill nesting trees and cavities. Lot 6 is classified as disturbed,
semi-inundated or disturbed, dry, riverine forest (Ancrenaz et al. 2004). A
study site of 6.2km2 was randomly selected and surveyed intensively to
identify all nests and potential nesting cavities, figure 2.
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Figure 2: Location of the randomly selected study site comprising
6.2km2, the boundary of lot 6 is shown in black and the boundary of the
study site is in green.

Practice survey:

In order to ensure accurate identification of cavity trees during the main
study, known cavities from Poonswad et al. (2012), were studied between the
6th and 12th of November 2012. This involved walking all pre-cut trails
surrounding Danau Girang Field Centre looking for cavities with a field
assistant trained by Dr Pilai Poonswad, figure 3. Measurements such as
diameter and height were taken and the trees were sampled to aid
familiarisation.
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Figure 3: The practice surveys were carried out on a series of pre-cut
trails surrounding Danau Girang Field Centre. The house symbol
indicates the location of the main building, whilst each of the coloured
lines refers to a pre-cut trail.

Cavity survey:
This study was based on 48 line transects covering the entire 6.2km 2
study site, figure 2. The basic requirements used to assess the forest for
potential nests were as follow: trees with a diameter over 40cm (Poonswad,
1995) and the cavity height of 1.5-30m (Poonswad et al. 2005). In addition,
the entrance of the cavity was assessed to ensure it was large enough for a
hornbill to enter. Pasuwan et al. (2011), suggested ideal entrance
measurements; length 22-25cm, width 10-15cm and depth 10cm. Nearest
neighbour distances, the distance required between nests to prevent
competition were also considered, usually at least 400 to 500 metres
(Pasuwan et al. 2011). Transects were walked at a rate of roughly 1 km per
hour by two observers (following Poonswad et al. 2012). Each transect began
at the river bank and ran until the edge of the study site, which resulted in
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transects of lengths from 221-2120m. The start of each transect was 100
metres apart. Along each transect, any large trees within eye sight were
inspected on both sides to find cavities using Viking 8 x 32 binoculars.
Detection probability was assumed to be 100% given the ease of observation
of large trees, in disturbed secondary forest. For every cavity found, a GPS
point was recorded as well as tree height, cavity height and circumference.
Tree and cavity height were taken using a clinometer and circumference was
taken 1.3m above the ground. Each tree species was also identified to genus
level by photographs of leaves and bark and, where possible, obtaining leaf,
bark, fruit or flower samples.

Habitat analysis:

Habitat analysis consisted of setting up a 20m by 20m plot centred on
the cavity tree. Percentage canopy cover was estimated from photographs by
the software Image J (Rasband, 2011). Occupation of each cavity was
recorded during the breeding season, estimated to be from January to August
in Indonesia (Chong, 2011). The position of the cavity in the tree (branch or
trunk) was recorded, as well as perch presence in relation to the cavity i.e.
above, below or in front (Chong, 2011). The position of the cavity in relation to
canopy height was recorded as different hornbill species nest at different
relative heights; for example, Buceros rhinoceros will usually nest above the
canopy (Poonswad et al. 2012). The aspect of the cavity entrance was
recorded as a bearing as hornbills favour cavities that receive adequate
sunlight in order to maintain a constant internal temperature (Chong, 2011).
Observing the shape of the cavity indicated how it was made (Poonswad et al.
2012). Distance to the nearest tree was recorded as the nearest tree over 10
cm diameter in any direction from the cavity tree. The no tree area
surrounding a cavity was recorded by measuring the distance at right angles,
between the cavity and the nearest tree, figure 4. Numbers of vines were
recorded at cavity height as some birds will use these as perches (pers. obs.);
photograph of male oriental pied hornbill at the nest from this study, appendix
1. Numbers of ground level vines were also recorded.
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Figure 4: Calculation of the area without trees around the cavity.
Where the blue circle is the cavity tree, R is radius, D is diameter, A
is area and π=3.14. The distance to nearest tree was taken from the
cavity tree to the nearest tree in four directions each separated by
90°.
Vegetation at cavity height was recorded as the number of branches directly
in front of the potential cavity. Chong (2011) noted that observed hornbill
nests were secluded from view and often covered by heavy vegetation. The
final element was to assess the phenology of the plot as in Chaisuriyanun et
al. (2011) who suggest chick development coincides with availability of ripe
fruit. Phenology involved recording all Ficus trees over 10 cm diameter and all
other trees over 10 cm in diameter in fruit or flower. Using the ruler tool on
Basecamp, distances were estimated from each cavity to the river and
plantation respectively.

Climbing investigation:

During this study, 20% of cavities were selected using a random
number generator and climbed, as in Poonswad et al. (2012). The information
recorded when climbing included cavity volume and entrance measurements
(per length, width and depth). Internal and external temperatures were
recorded using a mercury thermometer. Slope of the entrance was recorded
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using the inverse angle of a clinometer. Lastly, floor depth and tree diameter
at cavity height were recorded.

Statistical analysis:

By using the number of potential nests for lot 6, it was possible to
estimate the number of potential nests for similar lots 1 to 6. Potential nests
are the biggest population limiting factor for hornbills (Poonswad, 1995);
therefore this figure could be used as carrying capacity for subsequent
modelling. Hornbills need large territories to support each nest and therefore
should be at least 500m apart (Pasuwan et al. 2011); this value for nearest
neighbour distance was also incorporated into the carrying capacity. Using
Vortex the carrying capacity for lots 1 to 6 were modelled under different
circumstances, to predict the resilience of hornbill populations, using oriental
pied hornbill (Anthracoceros albirostris), as a proxy for other species in the
Lower Kinabatangan. Using R, a General Linear Model (GLM) was performed
to determine which factors were most important for a tree to contain a suitable
nesting cavity. The GLM took all variables and sequentially removed the least
significant from each model until only significant variables remained. Important
cavity features were analysed using a Principle Component Analysis (PCA)
from the climbing data via MINITAB. A PCA evaluates the cavity factors from
climbing and provides a series of eigenvalues, a measure of importance in
terms of how much of the variation each factor explains. According to
Marsden et al. (2001), factors with an eigenvalue >1.0 were removed by PCA
and used to explain the variation detected amongst remaining variables.
General correlations were indicated using the loading plot in figure 7 and r
values, appendix 3. Strongest correlations were seen where the r values are
greatest and the lines from origin to point were longest. Lastly, food diversity
during the breeding season was estimated using a Simpson’s Index of
Diversity, based on the phenology data.
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Results:

Carrying capacity and population modelling:
Across the 6.2km2 study site, 41 potential nesting cavities, 1 active nest
and 14 unsuitable cavities were found. Using Ancrenaz et al. (2004)’s
estimate for the area of lot 6 (26.73km2), the approximate number of nests
were 1.61 x 10-3 nests/ha, appendix 2. Carrying capacity is the maximum
number of individuals an area can support, based on ability to breed, and
availability of suitable food and habitat (Kashiwai, 1995). Lots 1-5 although not
sampled by this study are classified as the same forest type as lot 6
(Ancrenaz et al. 2004). Therefore the numbers of nesting cavities that our
survey estimated for lot 6, were extrapolated across lots 1-5 to provide an
estimate, of hornbill carrying capacity across the area encompassed by lots 16, a total area size of 212.87km2 within the LKWS. Note the number of
potential nests is equivalent to carrying capacity (K), as nest availability
imposes the greatest restriction on hornbill populations (Poonswad, 1995).
Additionally the minimum distance between nests to avoid competition
(500m), known as nearest neighbour distance was incorporated into the
estimate for carrying capacity (Pasuwan et al. 2011). To ensure nest
availability is the main limiting factor on hornbill populations, maximum density
was also estimated and modelled for lots 1-6. Carrying capacity was adjusted
to model for suitable cavities, hornbill density and annual cavity turnover to
estimate the resilience of the oriental pied hornbill (A. albirostris) in lots 1-6,
using Vortex. Each model was run for 100 years and 100 iterations. The
trends produced whilst using maximum number of potential nests and density
was the same overall, with a rapid population increase to carrying capacity
then the population remains at a constant level, figure 5. However including
an annual cavity loss of 1.5% (Poonswad et al. 2005), the population despite
initial increases, rapidly declines and reaches extinction after 69 years.
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Projected population changes for A. albirostris in
lots 1-6 of the LKWS
Mean population size (N)
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Figure 5: Modelling oriental pied hornbill (A. albirostris) populations at
varying carrying capacities (K) in lots 1-6 of the LKWS. The blue line is
when maximum potential nests=K, the red line density=K and the green
line potential nest and annual cavity turnover=K.

Suitable cavity factors:

Factor

Diameter
Distance to
river
Position of
cavity in tree
Distance to
nearest tree

Degrees of
freedom
1

1

2

1

Deviance

17.24

12.37

13.27

13.40

P value
3.23x10-5
(

***)

4.37x10-4
(

***)

1.32x 10-3
(

**)

2.52x10-4
(

***)

Table 1: The primary factors in determining, whether a tree will contain a
cavity suitable for hornbills to nest. The stars indicate the level at which
each factor is significant, *** is when p=0 (100% confidence level) and **
when p=0.01 (99.9% confidence level).
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Of all the factors which made trees more likely to contain a suitable cavity,
tree diameter (p=3.23x10-5), distance from the river (p=4.37x10-4), nearby tree
proximity (p=2.52x10 -4) and level in the forest (p=1.32x 10-3) were most
important, table 1. Average diameter of suitable cavity trees were
87.19cm±47.48cm indicating large trees are more suitable for nesting cavities.
Most trees with cavities were found close to the riverbank, indicating important
resources such as Ficus may be located here. Cavity trees were usually found
in high density areas of forest as nearby trees can provide protection whilst
nesting. The position of cavities in the tree is important, 76% of suitable
cavities were found in the mid or upper canopy. In summary, suitable cavity
trees should have a large diameter and are most likely found near the river,
with nearby trees and, in the mid or upper level of the canopy. Cavity height,
distance to plantation, perch presence, vegetation at cavity level, entrance
direction, origin, area with no trees and vines at cavity level, were not
significant.

The PCA considered all factors and removed those which best
explained the variation between suitable and unsuitable nesting cavities. The
results suggest entrance measurements (per length, width and depth) are the
best variables by which to separate suitable and unsuitable cavities,
accounting for 90.3% of the variation, figure 6. The r values relate to the type
of correlation, a positive value for r indicates a positive correlation where both
factors increased together. Alternatively negative r values relate to a negative
correlation where one variable increased as the other decreased. R values
are used to graphically display the correlations between factors in a loading
plot, figure 7.
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Eigenvalue

Most important variables to separate suitable
and unsuitable cavities
3.5
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Cavity features

Figure 6: The cavity factors that are most important in dividing cavities
into suitable and unsuitable are those above the point of separation, at
factor 3 in this example. Where 1-3: canopy entrance (per length, width
and depth), 4: cavity volume, 5: floor depth, 6: slope and 7: internal
temperature.

Entrance length (eigenvalue=3.12) best explains variation in entrance
width (r=+0.50) and depth (r=+0.46) between cavities, figure 7. Entrance
length increases sequentially with width and depth in suitable cavities. Whist
entrance width (eigenvalue=2.13) can be used to explain differences in
internal temperature (r=-0.61) between suitable and unsuitable cavities.
Entrance width increases in line with a reduction in temperature within the
cavity. Lastly, the entrance depth (eigenvalue=1.08) best explains variation in
cavity volume (r=+0.71) between suitable and unsuitable cavities. Entrance
depth and cavity volume increase in synchrony. Overall, floor depth, slope
and internal temperature were not important to differentiate between suitable
and unsuitable cavities. The results indicate a suitable cavity should have a
long, wide and deep entrance on average (22cm x 10.25cm x 8.17cm) with
shallow floors (average=11.25cm±13.75), low internal temperatures
(average=28.75°C±1.51) and large total volume
(average=0.016m3±0.013/15.86 litres±12.80).
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Correlation between variables separating
suitable and unsuitable cavities.

0.6

6
4

0.4

1

2

PC2

0.2
0
3

-0.2
-0.4

5

7

-0.6
-0.8
-0.5

-0.3

-0.1

0.1

0.3

0.5

PC1

Figure 7: Correlations amongst variables are shown by the proximity of r
values to each other, with each r value represented by a point. Where
points are close together they are positively correlated whilst those on
opposing sides are negatively correlated. 1-3: canopy entrance (per
length, width and depth) and 4: cavity volume, 5: floor depth, 6: slope
and 7: internal temperature.

Fruit diversity and density:

Phenology was carried out in the middle of the breeding season
following Chong (2011), from April to May. Habitat plots covering 0.0224km2
(0.000224ha) contained 62 potential feeding trees (either fruiting or flowering),
equivalent to 21.76 food trees/ha, appendix 4. Some papers have suggested
that fig makes up on average 72.3% of the hornbill diet, highlighting the
importance of considering fig density during hornbill studies (Chaisuriyanun et
al. 2011). The recorded fig tree density was 3.57 trees/ha, with just 0.44
trees/ha in fruit, during the April and May 2013.
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Proportion of trees recorded
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Potential food tree families recorded during the
breeding season

Tree family

Figure 8: Evaluating the diversity of fruiting tree families recorded during
phenology plots between April and May 2013.
The Simpson’s Index of Diversity was 0.87 indicating a high diversity of
fruiting trees in the lower lots of the LKWS, appendix 4. The primary families
fruiting at this time of year are Sterculiaceae (19%) and Euphorbiaceae
(19%), figure 8. The high density (15 families) and abundance (21.76
trees/ha) of potential feeding trees, highlight lots 1-6 as a potential feeding
ground for hornbills.

Discussion:

Carrying capacity and breeding concerns:

The results highlight lots 1-6 of the LKWS can only support low
numbers of breeding hornbills (Poonswad et al. 2012). Recorded numbers of
potential cavities were 0.051 per hectare, whilst carrying capacity was
estimated at just 1084 potential nests in 21,287ha. Population models for the
oriental pied hornbill (Anthracoceros albirostris), indicated where cavity
turnover was incorporated the population initially increases whilst more
cavities are available than required (Poonswad et al. 2005). But once 22
years have passed the population rapidly declines, followed by extinction after
20

just 69 years. The estimated population decline is due to a lack of suitable
cavities in the area, possibly caused by a lack of cavities in preferred large
trees, reduced numbers of primary cavity nesters, fragmentation effects and
secondary succession.

Due to a history of selective logging in the Kinabatangan (Ancrenaz et
al. 2004), preferred nesting trees Dipterocarpus, Shorea, Parashorea,
Cleistocalyx and Syzygium, are scarce or absent in lot 6 (Poonswad et al.
2012). This study was dominated by Nauclea, with Cratoxylum, Ficus, Vitex
and Pterospermum, also present at moderately high densities. Only Nauclea
and Cratoxylum regularly contain cavities but often have small average
diameters (Poonswad et al. 2012). The type of cavity found in this study will
primarily support smaller species such as oriental pied hornbill (Anthracoceros
albirostris) (Poonswad et al. 2012).

Hornbills are secondary nesters (Charde et al. 2011), using cavities
created by primary nesting birds, such as the great slaty woodpecker
(Mulleripicus pulverulentus) (Sekercioglu, 2006). Listed as vulnerable, in
Indonesia M. pulverulentus prefers primary forest and suffers reduced
densities in logged habitats (Lammertink, 2004). Assuming a similar situation
in the heavily logged Kinabatangan (Ancrenaz et al. 2004), density and
therefore new cavities from M. pulverulentus are decreasing. This is just one
example of how losing other species can have broader effects on the whole
ecosystem (Sekercioglu, 2006).

The entire LKWS is classified as highly fragmented secondary forest
(Ancrenaz et al. 2004). In forest fragments, small generalist birds such as
dusky munia’s (Lonchura fuscans) are most abundant (Lindermayer et al.
2011). In contrast, large birds like hornbills prefer to nest in continuous
primary forest (Chong, 2011). This suggests the LKWS provides sub-par
breeding habitat for hornbills; primarily supporting edge habitat specialist such
as A. albirostris, A. malayanus and R. corrugatus (Poonswad et al. 2012).
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The forests of the LKWS are undergoing a period of secondary
succession, containing very few large trees (2 trees/ha) and numerous small
trees (142 trees/ha) (Poonswad et al. 2012). Indicating the forest is at low
productivity, a key characteristic of succession (Poonswad et al. 2012). Large
trees are more prominent in secondary forests and, as such are at greater risk
of storm damage, appendix 5 (Poonswad et al. 2012). Creation of new
cavities is a very slow process; therefore waiting for cavities to naturally
replenish, will not be enough to improve the situation (Poonswad et al. 2012).

Summarising, lots 1-6 are unsuitable habitat to support sustainable
populations of breeding hornbills (Poonswad et al. 2012). Hornbill populations
in the Kinabatangan are likely decreasing in line with many other species in
this area such as the orang-utan (Pongo pygmaeus) (Goossens et al. 2005).
Hornbills require large tracts of forest with highly productive fruiting trees to
breed (Gale and Thongaree, 2006). Fragmented forests offer sub-par habitat
for breeding supporting reduced densities of nesting birds (O’Brien et al.
1998). Additionally, hornbills are highly sensitive to human disturbance
therefore, such forests support lower nest densities (Balasubramanian et al.
2011; Kinnaird and O’Brien, 1999). Nests in disturbed forests are far more
difficult to locate, with hornbills preferring secluded locations (Chong, 2011).
Hornbills show high nest fidelity often returning to the same nest each year
(Charde et al. 2011). Therefore, attracting birds back into an area which they
no longer use to breed may be difficult.

Factors affecting cavity suitability:

Examining cavity factors indicated diameter, distance from the river,
distance to nearest tree and position in the canopy were most important.
Diameter was highly significant, possible reasons for this include application
as a measure of actual tree size (Poonswad, 1995). Actual tree size is
important as only large trees will have cavities of a size to allow hornbills,
average height 68-127cm (bill tip to tail) to nest (Phillipps, 2009). Additionally,
diameter is indicative of other factors such as, cavity volume and wall
thickness as well as tree height and age.
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In this study proximity to the Kinabatangan River was important. Large
trees dominate near the river (Balasubramanian et al. 2011); whilst also
supporting high Ficus tree densities (Poonswad et al. 2012) and large
quantities of incarceration material (Charde et al. 2011). Suitable cavity trees
are most commonly found proximately to other trees, providing protection and
a degree of seclusion (Chong, 2011). Protection and seclusion have greater
importance in areas such as the Lower Kinabatangan Floodplain, heavily
influenced by anthropogenic factors (Chong, 2011). According to Poonswad
et al. (2012), average nest height is 25.5m in studies in Thailand, indicating
suitable cavities are at this level in the forests. In the mid and upper levels of
the forest, humidity is more stable around 85-90%, which hornbills require to
breed (Fowler, 1986). Failure to maintain constant humidity in the nest can
precede nest devastating consequences, embryonic death and kidney failure
in young chicks (Fowler, 1986).

To conclude diameter, distance from the river, proximity to nearby trees
and level in the forest, were the most important variables in this study
determining which trees contained a suitable cavity. Other factors such as
cavity height, perch presence, vegetation at cavity level, entrance direction,
area without trees and vines at cavity level had no effect. However, cavity
height is important for hornbill nests as they require a stable humidity (Fowler,
1986), found in the upper levels of the forest (Poonswad et al. 2012). Nests
always need a perch for the male to land on whilst feeding the female and
chicks (Charde et al. 2011). Hornbills are secretive by nature preferring
secluded locations to nest often selecting areas with vegetation or vines
overhanging (Chong, 2011). Nests need to maintain constant temperatures;
therefore orientation towards the sun during the day is very important.
Therefore, all the other factors are important for hornbills to nests (Pasuwan et
al. 2011; Poonswad et al. 1987; Poonswad, 1993; Poonswad et al. 2012). The
primary cause for factors being considered unimportant lie with the small
relative sample size, only 56 cavities found and sampled. Duplicative studies
would be improved by increasing the sample size of the overall study (Datta,
1998). Additionally, cavity height was taken with a clinometer which is
23

relatively inaccurate; each observer making a visual estimation as well would
have insured a higher level of accuracy. Furthermore, origin was not deemed
important to cavity trees. Possible reasons for this include inaccurate
identification of the cavity creator. Future studies would benefit from omitting
collection of this data, unless specifically related to the tested hypotheses.
Distance from the river and plantation were approximate measurement using
Basecamp, not the actual distance. The main problem with Basecamp is that
above 1km, all values are rounded to the nearest 100m. An improvement
would have been to use ArcMAP for more accurate distances (McMorrow and
Talip, 2001).

Investigating the trees at cavity level indicated entrance measurements
(per length, width and depth) were most important to explain variation in
suitable cavities. The average entrance measurements in this study were
comparable to other studies (Poonswad, 1993). Optimal entrances should
measure 22.5cm x 12.5cm x10cm (Pasuwan et al. 2011) or at least 10%
greater than shoulder width (Kemp, 1995). Cavities that are too large,
increase the risk of predation (Tsujo, 1996) and intraspecific competition
(Kalina, 1989), as the seal is difficult to complete. Contrastingly cavities that
are too small, lack depth and of non-standard shape will not retain
incarceration material (Poonswad et al. 1987).

In summary, suitable entrance measurement are very important to
cavity suitability. Hornbills prefer cavities with long, thin entrances over long,
wide entrances as suggest in this paper (Kemp, 1995; Poonswad, 1995).
Floor depth, slope and internal temperature were considered unimportant in
this study. However, floor depth is highly important for suitable cavities and
should range from between 0 and 7cm (Pasuwan et al. 2011; Poonswad et al.
1987; Poonswad, 1993). In order for a nest to be successful, temperature
within the cavity must be maintained at a constant level (Pasuwan et al.
1987). Successful nests are best if on a slope to increase drainage and
prevent the nest flooding (Poonswad et al. 2005; Poonswad et al. 2012).
Future studies should take temperature within an actual nest instead of only
24

unsealed cavities as in this paper. Possible inaccuracies in temperature were
a result of using mercury instead of an electric thermometer.

Food diversity assessment:
Overall the high diversity of possible food trees indicates the LKWS’s
potential, in providing feeding grounds for hornbills in Sabah. The LKWS
contains 21.76 food trees/ha from over 15 different families, including 3.57 fig
trees/ha. This suggests the diversity of food plants in the LKWS is very high,
comparable to Leighton (1982)’s study, in Kalimantan. The most abundant
families were Rubiaceae, Euphorbiaceae, Verbenaceae and Sterculiaceae
but none are listed in the literature amongst favoured families (Chaisuriyanun
et al. 2011; Kitamura et al. 2011; Poonswad et al. 2012). Preferred tree
families such as Lauraceae, Meliaceae, Moraceae and Myristicaceae
occurred at very low levels in the LKWS. Contrastingly, fig density is lower
than that recorded in East Kalimantan by Leighton.

Summarising the high food tree diversity indicates the LKWS as a
candidate feeding grounds for hornbills (Poonswad et al. 2012). Different tree
species and families fruit at different times of year therefore, a diverse forest
will allow hornbills to be supplied by fruit year round (Kemp, 1995). Some
families such as Meliaceae, Lauraceae and Myristicaceae contain high lipid
content providing a good source of energy (Datta, 1998). Where hornbills feed
on more non-fig than fig fruits, dietary diversity is far higher (Chaisuriyanun et
al. 2011). Figs are highly important to hornbills (Balasubramanian et al. 2011;
Poonswad et al. 2012), and are produced constantly throughout the year
(Kemp, 1995). Fig makes up a significant element of the hornbill diet, up to
72% in some species (Chaisuriyanun et al. 2011) and is an important
incarceration material (Kinnaird and O’Brien, 1997). However diet appears to
be dominated by non-fig fruits in Borneo (Leighton, 1982). The phenology
plots were only carried out once, in the middle of the breeding season.
Calculated diversity may be artificial high as phenology assessment coincided
with the middle of the breeding season, when fruiting is highest
(Chaisuriyanun et al. 2011). Future studies would benefit from assessing
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diversity each month for at least 12 months (Kitamura et al. 2011).
Additionally, recording non-fruiting trees per plot, would improve future
surveys, as the Shannon-Weaver Diversity Index could be calculated and
compared with other studies (Balasubramanian et al. 2011). Additionally, fruit
diversity along the river should be incorporated as Poonswad et al. (2012),
suggests higher densities than found in the forest interior. Additionally, the
classifications for suitable feeding trees were not exact. Using information
from Datta (1998) and Kitamura et al. (2011), a list of known food tree families
was assembled and applied to this study. Future studies would be improved
by taking fruit morphometrics and comparing with other studies to determine
suitability (Kitamura et al. 2011). Lastly, although samples were taken, it is
possible some misidentification of fruit occurred. Future studies would benefit
from a period of practise surveys, to learn and identify as many relevant food
plants as possible.

Implications of work:

This study was limited to covering a small part of lot 6 and yet the data
has been extrapolated for lots 1-6, due to similar habitat classification
(Ancrenaz et al. 2004). In future studies, random sampling including lots 7-10,
will generate an understanding of the situation throughout the LKWS. The
number of suitable cavities recorded is likely above the actual level, as half of
the cavities removed after climbing were deemed suitable from the ground.
Future studies would benefit from investigating all potential trees at cavity
level, to ensure the quantity of suitable natural cavities is accurate (Poonswad
et al. 2012).

The primary method employed was line transects, however as only one
nest was located, detection probability may have been a problem with this
method. In this study an assumption of 100% detection probability was made.
However, this may not have been practicable owing to the secretive nature of
nesting hornbills (Chong, 2011). Future studies would benefit from calculating
the average detection probability, to allow for adjustments to be made in the
recorded data (Pendleton, 1995). Appling a combination of methods such as
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line transects for suitable cavities and faecal deposits under nests, may be
more appropriate in future studies (Balasubramanian et al. 2011). The
modelling of hornbill populations used data from a range of papers including
work from different area and entirely different species. Future modelling work
should aim to use as much data as possible from studies in Borneo,
especially within Sabah. Additionally, each cavity was only checked once for
presence of nesting birds. Checking more often especially during the
estimated breeding season from January to August would be beneficial to
future studies (Chong, 2011). Nest trees could also be compared with other
large trees to confirm perceived nest tree characteristics (Sekercioglu, 2006).
Finally phenology of future studies should aim to cover larger areas for
example, 1 ha or 100m x 100m plots (Chaisuriyanun et al. 2011).

The main role of this study was to generate interest in future hornbill
research and conservation in Sabah and act as a pilot study for future cavity
surveys. This study is relatively unique only the second of its kind in Sabah,
while also being one of the few recent studies on hornbills in the whole of
Borneo. Most of the information on hornbills in Borneo comes from Leighton’s
studies in Kalimantan during the 1980’s, highlighting the importance of
collecting current data on hornbills in Borneo.

Recommendations for future research:

In summary this study shows lots 1-6 of the heavily degraded LKWS,
are unsuitable habitat to support sustainable populations of hornbills. Primary
reasons include a deficiency of large predominant nesting trees such as
Dipterocarpus (Poonswad et al. 2005), and few suitable cavities. However,
the creation of a hornbill conservation organisation in Sabah and introduction
of nest boxes, could improve the situation (Poonswad et al. 2012). Cavity
modification may also be a way of counteracting losses, whilst increasing nest
numbers (Poonswad et al. 2005). Additionally, the LKWS is a candidate
hornbill feeding grounds. By considering Sabah on a landscape scale, the
Kinabatangan Floodplain may facilitate movement between other fragments of
forest. Kaur et al. (2011), has shown that some hornbills such as wreathed
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can travelled up to 100km2 a day in search of food, while others have been
observed flying 30km across open sea. Additionally, as hornbills spend time
feeding in oil palm plantations, (Datta, 1998 and appendix 6), they may be
able to use the 14,000km2 of plantations across Sabah, (Reynolds et al. 2011)
to facilitate large scale movements.

In Sabah, future studies should aim to identify the breeding season and
approximate population size for each of the 8 species of hornbill. Additionally,
a study recording long distance movements via satellite tagging and
coinciding fruiting patterns will be key, in determining if the proposed feeding
grounds, can link up the remaining reserves throughout Sabah.
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Appendix:
Appendix 1:

Figure 9: A Male Oriental Pied Hornbill (Anthracoceros albirostris) uses
vines as a perch, at the nest during February 2013 (Photo credit:
Baharudin Resake/DGFC).

Appendix 2:
Calculating estimated nest density of lot 6:

Figures used:
Study site size: 6.2km 2 Lot 6 size=26.73 km2 Active nests=1
Potential nests=42 (including active nest) 42/26.73/100=0.06trees/ha
Number of hornbill species in the Kinabatangan: 8
Percentage of lot covered:6.2/26.73=23% or 0.23194912
Number of potential cavities: 42/0.23194912=181.0741935
Potential cavities: 181.0741935 or 6.7 potential cavities/km2
Expected number of nest:
1/42*181.0741935= 4.311290321
4.311290321/26.73=0.161290322/100=1.61 x 10-3 nests/ha
Number of nests per species: 4.311290321/8=0.53891129
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Carrying capacity:
181.0741935/26.73*212.87= 1442 potential nests in lots 1-6
Including a minimum nearest neighbour distance of 500m in figure 10

Figure 10: The small centre circle is a nest trees, whilst the large outer circles
are the area required around each nest to conform to minimum nearest
neighbour distances.
Using the idea that for every cavity to be 500m apart they must be in the
orientation above, figure 10.
Area= π x r 2 therefore, 3.14 X (250) 2 = 196,250 m2 = 0.196 km2
Lot 6 are 26.73km2
26.73km2/0.196= 136.20 maximum number of nests in lot 6
136.20/26.73km2* 212.87 (area lot 1-6) = 1084 max nest lot 1-6

Density estimates:
Using a density for oriental pied hornbill of 0.39/km= 0.15km 2=15birds/ha
(Datta, 1998)
21287 (area of lots 1-6 in ha) /15= 1419 is the maximum birds lots 1-6 can
support
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Appendix 3:
PCA evaluating important cavity features:
R values
Variable

Factor 1

Factor 2

Factor 3

(eigenvalue=3.12) (eigenvalue=2.13) (eigenvalue=1.08)
Entrance

-0.36

0.33

0.22

0.50

0.24

0.31

0.46

-0.26

0.43

Cavity volume

-0.23

0.36

0.71

Floor depth

-0.49

-0.25

0.01

Slope

0.34

0.36

-0.37

0.12

-0.61

0.195

length
Entrance
width
Entrance
Depth

Internal
temperature

Table 2: The PCA removed 3 variables as they explained 90.3% of the
variation between suitable and unsuitable cavities. Each variable has been
assigned an r value in relation to the type of correlation it has with the 3
variables removed. A positive r value indicated a positive correlation whilst a
negative value for r indicated a negative correlation. Only r values above 0.5
and below -0.5 are considered significant correlations. Factor 1: entrance
length, factor 2: entrance width and factor 3: entrance depth.

Appendix 4:
Food availability during the breeding season in the Kinabatangan
Food availability in habitat plots during April and May (i.e. middle of the
breeding season):
Each plot was 20m x 20m= 400m2
56 plots in total, total area covered 400 x 56= 22,400m2 or
0.0224km2/0.000224 trees/ha
Flowering trees= 43, 43/0.0224=1,919 flowering trees per km 2
36

Fruiting trees= 39, 39/0.0224= 1,741 fruiting trees per km2
Total food available= 82/0.0224= 3,660 food trees per km2
Of these 20 out 82 were not known hornbill feeding trees, therefore,

Total available food for hornbills in habitat plots was:
62/82=0.756097561*100=75.6097561%
3,660/100*75.6097561=2,176 hornbill food trees per km 2 or 21.76 trees/ha
Assuming this is a representative sample, this can be extrapolated for the
study site and lot 6:
Study site:
2,176*6.2=13,491 possible hornbill food trees in the 6.2km 2 study site
2,176*26.73=58,164 possible hornbill food trees in lot 6 (26.73km 2)

Ficus trees in plots:
8 trees in 22,400m2 or 0.0224km2
Density of ficus:
8/0.0024= 357ficus per km2 in lot 6 or 3.57 tree/ha
Density of fruiting ficus:
1/8, 357/8=44 fruiting ficus per km2 in lot 6 or 0.44 fruiting trees/ha

Diversity of food available:
Using the Simpson Indexes:
D=∑(n/N) 2
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Family

N

Proportion

Simpson index

Anacardiaceae

1

0.016129032

0.00026

Annonaceae

1

0.016129032

0.00026

Ebenaceae

1

0.016129032

0.00026

Elaeocarpus

1

0.016129032

0.00026

Euphorbiaceae

12

0.193548387

0.037

Hypericacaeae

4

0.064516129

0.0042

Lauraceae

1

0.016129032

0.00026

Leguminosae

3

0.048387097

0.0023

Meliaceae

1

0.016129032

0.00026

Moraceae

1

0.016129032

0.00026

Myristicaceae

4

0.064516129

0.0042

Rubiaceae

7

0.112903226

0.013

Rublaceae

2

0.032258065

0.0010

Sterculiaceae

12

0.193548387

0.037

Verbenaceae

11

0.177419355

0.031

Totals

N=62

1

D=0.13

Table 3: Each of the 15 tree families that were considered potential food for
hornbills have been assigned a proportion of the total diversity, listed in the
second column of the table. Using the proportion squared for each family, a
figure for Simpson Index was calculated (D=0.13).
Using D from table 3, it was possible to calculate the Simpson’s Index of
diversity: 1-D: 1-0.13=0.87
The close the value for 1-D is to 1 the greater the food diversity.
Simpson’s Reciprocal Index: 1/D: 1/0.13=7.69
This is a value out of 15, where the closer the value is to the maximum the
greater the overall diversity.
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Appendix 5

Figure 11: Large strangling fig tree, found containing a suitable cavity
during the line transects survey.

Figure 12: After a period of heavy rain and thunder and lightning storms
the same tree just 2 months after the picture in figure 11 was taken, is
severely damaged.
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Appendix 6:

Figure 13: A Male oriental pied hornbill (Anthracoceros albirostris) offers
fruit from oil palm plantations to the nest, highlighting that palm fruits
are part of the hornbill diet. (Picture credit: Baharudin Resake/DGFC).
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