BI9999 PTY Report R1105

Foraging behaviour and forage choices of the
Bornean banteng (Bos javanicus lowi) in Sabah,
Malaysia

Stephanie Ridge
BSc. Ecology
Dr. Benoit Goossens
Bornean Banteng Programme, Danau Girang Field
Centre
Word Count- 5,944

1

BI9999 PTY Report R1105

ABSTRACT
Bornean banteng (Bos javanicus lowi) are listed as an IUCN red list species endemic
to Borneo. Their unknown population numbers are threatened by habitat loss and
fragmentation, due to logging of the primary rainforest, for oil palm and timber
plantations.
Data on banteng foraging behaviour and choice of forage are limited. Camera
trap data from five forest reserves across Sabah, Malaysia, were used to compare the
time spent foraging between open and closed canopies. These photographs, along
with the creation of a herbarium, were used to assess the number of plant species
available at foraging sites and the banteng’s forage choice.
Banteng spent a significantly greater proportion of time foraging in open
canopy than closed canopy, despite increased foraging in closed canopy areas in
currently logged forests. A herbarium of forty-eight specimens revealed a great
diversity of grasses, shrubs, herbs and tree seedlings available to the banteng. No
significant differences in the mean number of plant families or in the plant diversity
were found between open and closed canopy. The herbarium specimens were
identified and compared to camera trap photographs of banteng foraging, eight were
confirm as foraged species and were found to be more abundant in open canopy
sites.
A greater abundance of forage species or greater biomass in open areas and
not the number of plant families could explain the greater amount of time spent
foraging there. Logging generates open areas, which are colonised by fast growing
plant species, reducing plant diversity. These desirable forage species could be
aiding the survival of the banteng in logged forests. Identification of foraged plant
species and habitat usage can assist in the management and protection of this
endangered species and provides a baseline for future investigation.
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INTRODUCTION
Bornean banteng (Bos javanicus lowi) are an endangered IUCN red list
species endemic to Borneo (Timmins et al. 2008). In the past banteng were found in
virgin rainforest, but are now threatened by habitat loss and fragmentation, and
illegal hunting activity across the island. In Sabah, Malaysia, banteng show great
habitat versatility, existing in seasonal swamp, lowland and lower montane forests,
but have been negatively affected by commercial logging, where large areas of their
habitat have been cleared and roads developed for removal of the felled timber. The
vast increase in large-scale plantations (Reynolds et al. 2011) has probably increased
genetic isolation, which may cause population bottlenecks and reduce the
population’s ability to withstand disease. Previous hunting activity in Sabah has
resulted in the loss of many banteng populations and protected areas are now closely
monitored for signs of illegal hunting activity (Timmins et al. 2008).
For the future conservation and management of the Bornean banteng, it is
important to gather as much information as possible about their behaviour and
ecology. Baseline data, including knowledge of their foraging behaviour and their
choice of forage is crucial for creating and maintaining a habitat suitable for banteng
and may prove vital in the future protection of the species and their habitat.
Foraging Behaviour
There are limited data on the foraging behaviour or the diet of Bornean
banteng, but Gad and Shyama’s (2009) study on the tropical ungulate gaur (Bos
gaurus) revealed that the middle parts of the day (thirty seven percent of their time)
were spent resting, ruminating and keeping cool in the shade. This showed the
importance of maintaining closed canopy areas, which may also be essential for the
banteng.
Banteng perform rumination. This is the microbial fermentation of forage
materials in the rumen, a process which generates many bi-products, one of which
being heat (Dewell 2010). This build up of heat in cold climates can be beneficial to
the individual, but in hot climates the warm weather, on top of the accumulating heat
of fermentation, means shade is vital in order to maintain a cool body temperature
and prevent heat stress (Rounds and Herd n.d.). Cattle species use respiration and
low night time temperatures in order to cool their bodies (Dewell 2010), and the
presence of cooler closed canopy areas help prevent the accumulation of heat in the
animal’s body during the day time (Tucker et al. 2008). Studies on domestic cattle
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species have shown a positive correlation between increasing external temperature
and use of shade (Tucker et al. 2008).
Forage Choice
Bornean banteng have been reported to forage on grasses, herbs, sedges,
bamboo, flowers and shrubs as well as the bark, leaves and fruits of trees (Timmins
et al. 2008), showing a wide and varied diet. A study on gaur by Gad and Shyama
(2009), used direct observation and the generation of a herbarium, along with faecal
samples, to identify seventeen different families of foraged plants. The gaur’s diet
contained mainly trees and grasses but also herbs and shrubs (Gad and Shyama
2009).
Banteng in Borneo are sexually dimorphic. The banteng of Java have shown
sexual segregation (Pudyatmoko and Djuwantoko 2006), this was partially attributed
to differences in their ability to utilise nutrients from the forage, but also due to the
predation risk of the calves in open areas, where plant species of higher nutritional
value could be found (Pudyatmoko and Djuwantoko 2006). Sexual difference in
forage choice can be seen in bison (Bison bonasus) (Kagima 2008). Male bison are
adapted for a low quality and high fibre diet whereas female bison need a high
quality, low fibre diet, in order to meet their lactation and gestation needs (Kagima
2008). On the island of Borneo there are no large carnivores that threaten the
populations of banteng and recorded groups have mainly consisted of mixed sexes,
so sexual differences in forage are not considered in this study, despite the obvious
adult dimorphism.
Sabah Habitat Management
Since the 1970’s, the timber and oil palm trades have increased in Sabah (Reynolds
et al. 2011), with forests being logged to generate sites and fences erected to mark
boundaries. Logging of forests can result in fragmentation, altering of the canopy
and understory structure, and changing the abundance and presence of different plant
species, as well as the access routes to foraging areas (Costa and Magnusson 2003).
In 2010, reduced impact logging (RIL) guidelines were introduced across the
state of Sabah (Edwards et al. 2012), affecting the methods and impact of logging
practices. Less than 1.4 percent (1,030 of 73,631km2) (Reynolds et al. 2011) of
Sabah remains as virgin primary rainforest (Figure 1), therefore banteng now exist in
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secondary forests, where their natural food resources may have been altered. RIL has
many practices including the removal of vines before logging of a site and a
reduction in the number of skid trails formed during logging, reducing unnecessary
soil damage (Edwards et al. 2012).
Many types of logging have been used across Sabah including the logging of
selected trees, clear fell logging and the clearing and conversion of the land to
plantation. Selective logging involves the removal of selected large trees from the
forest, with the remaining trees left standing (Yap et al. 2007). Crawler tractors have
been used for selective logging in Sabah, this is where a small tractor drags the felled
trees to a point where the lorry can then move them (Abdul Rahim et al. 2009). This
method causes great damage to the top layers of soil and results in a much greater
area of forest being damaged than when the felled trees are loaded directly on to a
lorry (Wan Ahmad and Kamaruzaman 2003). The formation of skid trails affects the
nutrient balance in the soil and may cause fewer species to establish or prevent
native species growing (Chazdon 2003).
Clear felling involves removing all the trees from an area and replanting with
faster growing species; all vegetation is cleared and the land burned, greatly reducing
biodiversity and affecting the soil nutrient composition and the light levels reaching
the ground (Chazdon 2003). The planted species are then logged after a set number
of years or when optimum yields are reached. Clear felling is the most invasive
logging practice followed by logging with the use of a crawler tractor. Selective
logging is the least invasive, if guidelines are adhered to. Replanted forests of food
crops, like oil palm, are often fenced off to prevent large mammals entering them
from the neighbouring forests. No banteng are reported to exist inside oil palm
plantations in Sabah, but are likely to be exterminated if found.
Little information is known on the recovery of logged forests, some believe
that it takes over fifty years for the understory to recover to pre logging conditions
where tree seedlings can establish and grow (Decocq et al. 2004). Others believe that
selective logging mimics natural disturbances and so the forest is recovering as it is
being logged, provided that invasive species do not establish before the native
species have regenerated (Chazdon 2003).
This study investigated the duration of time spent foraging and the forage
choice of the Bornean banteng in Sabah, with a focus on five forests with varying
logging histories, ranging from current logging to last logged over twenty years ago.
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The foraging behaviour of ungulates like deer, is comparable with banteng. Deer use
the greater abundance of forage in open canopy for foraging, and the closed canopy
areas for resting and rumination, where the temperatures are cooler and the risks of
predation lower (Kuijper et al. 2009). This study investigated banteng’s foraging
behaviour and tested the hypothesis that banteng forage for longer periods in open
canopy, than in closed canopy.
A forage-rich habitat is important for maintaining the health and nutritional
requirements of banteng. The use of photographs of banteng foraging and physical
site assessments allowed identification of the forage choices of the Bornean banteng.
In areas with less canopy cover and previous more invasive logging, it was expected
that there would be fewer species, with invasive fast growing species being more
abundant than the slower establishing species.
An assessment of the availability of plant families found at foraging locations
was done to show the extent of disruption caused by logging and the post-logging
regeneration. The previous method of logging at the site and the state of recovery
reached by the site were both thought to contribute to the establishment and survival
of the plants and presence of more invasive, faster growing species. The state of
recovery is affected by the length of time since the area was last logged. This study
investigated the forage choice of the banteng and tested the hypothesis that the
number of plant families present at foraging sites was lower at more recently and
more invasively logged sites.
METHODS
Study Sites
This study investigated the foraging behaviour and forage choices of Bornean
banteng at Tabin Wildlife Reserve (TWR), Malua Forest Reserve (MFR), Maliau
Basin Conservation Area (MBCA), Sipitang Forest Reserve (SPT) and Sapulut
Forest Reserve (SPL) (Figure 1).
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Figure 1. A map of Sabah showing the location of the five forests used in this study.
The red on the map indicates areas of Virgin jungle reserve. Map from Sabah
Forestry Department, edited by Penny Gardner.
MBCA is a protected primary forest reserve and part of the Yayasan Sabah Forest
Management Area (Reynolds et al. 2011). Due to the inaccessibility of the basin, this
study focused on the southern edge buffer zone, an area with the last logging episode
in 1997. The basin and surrounding areas contain riparian reserve and lowland
(below 300m) and hill (300-750m) dipterocarp forest (Wong Kochummen et al.
1985).
TWR is situated on Sabah’s east coast and contains populations of the
Bornean elephant (Elephas maximus borneensis) and the Bornean banteng. The
reserve contains small sections of virgin jungle reserve with the surrounding area
made up of seasonal swamp and lowland and hill dipterocarp forest. The last logging
episode was thought to have occurred in 1989 and the area is currently protected
from logging.
MFR consists of lowland, hill and seasonal swamp dipterocarp forest and
was heavily logged during the 1980’s. It was then re-logged between 2003 and 2007,
but the previous heavy logging meant yields were poor. In 2011 it was certified by
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the forest stewardship council and is now fully protected from future logging
(Reynolds et al. 2011).
SPT and SPL are both commercial forest reserves, where active logging is
taking place. SPT is managed by Sabah Forest Industries (SFI) and consists of
lowland hill forest, riparian and upper hill forest (750-1200m)(Wong Kochummen et
al. 1985). All study sites in SPT were located in forest plantation or recently logged
areas.
SPL has been managed by Sapulut Forest Development Sdn Bhd since 2003.
It is located on the central southern edge of Sabah, to the south west of MBCA and is
made up of lowland and highland dipterocarp and montane forest. The study covered
areas of natural forest management (NFM) and industrial tree plantation (ITP).All
banteng foraging study sites were located in NFM areas and between 300 and 700m
in elevation. In the NFM areas only trees with a diameter at breast height (dbh) of
between 60 and 120cm can be felled, but prior to 2003 the areas were extensively
logged and the logging lower limit of 60cm dbh was not always adhered to
(Mohamad 2004).
Camera Trap Surveys
Non-invasive, passive infrared triggered camera traps were used in order to obtain
banteng foraging images. On triggering of the camera, three consecutive photos were
taken at one-second intervals, there was no time lapse before the camera could be
triggered again. Camera trap stations (diagram 1) were set up at locations where
banteng signs were seen, with a minimum distance of one kilometre between each
station. A station consisted of two cameras that were established at a site for a
minimum of twelve weeks, this short time period did not allow for a comparison
between wet and dry seasons to be made. These cameras were at a height of 1-1.5
meters and at least 2 meters apart, in order to photograph both sides of foraging
individuals. The canopy at each site was classified as open or closed canopy based
on an observation of the canopy from the centre of the site. The elevation and GPS
location were recorded.
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Diagram 1. The set up of a camera trap station showing the two camera positions on the trees
and the position for the canopy cover assessment.

Foraging behaviour
From the images of banteng foraging, the event data was extracted and used to
calculate the length of time the banteng spent foraging in the site, whilst also
monitoring other factors like time of day and site identity. The results showed the
foraging duration in minutes, the canopy cover, time of day and site identity for each
foraging event. Sites were classified according to the most recent type of logging
used in the area, selective logging (SL), clear felling (CF) or crawler tractor (CT) and
also by the years since last logged, current logging, 1-10 years, 11-20 years and 20+
years since last logged.

Forage Choices
At each site where banteng were seen to forage, an assessment of the number of
different plant species was made. A five meter line transect perpendicular to the
camera trap at each site was set up and the number of visually distinct plants was
estimated along this transect. Each different plant species was photographed, and
samples were collected and preserved following the protocols of Aboriginal
Landcare Education Program (2010) and Mealor & Mealor (2010). All parts of the
9
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plant were collected where possible and the specimen labelled with a tag for
reference. A field sheet was completed for every specimen (supporting material 1)
and the specimen was roughly pressed in paper, placed in a plastic box and taken
back to camp. Any plants that had been previously collected for the herbarium were
photographed and not collected; this reduced duplications and prevented unnecessary
plant removal from the forests.
The plant specimens were laid flat on white paper and pressed in layers of
newspaper and cardboard using two hard boards and rope, following the methods of
Mahoney (2010). The press was stored in dry conditions, near a fan where possible,
and the newspaper changed regularly until the plants were dry. Once pressed, the
specimen and an information label were mounted on A4 paper, thread was used to
attach the specimens so they could be removed for further examination if needed.
The mounted specimens were placed in clear plastic wallets and stored in a sealed
box with anti-mould capsules, to prevent damage by insects and fungi (Bedford and
James 1995). Initial identification was made using plant identification keys in
literature, and then formally by botanists at the herbarium. A comparison of collected
specimens and forage that the banteng can be seen eating in the camera trap
photographs was made in order to confirm banteng’s forage choice.
Statistical analysis
RGui version was used for the data analysis, a T-test was used to test for significant
differences between the mean minutes spent foraging, the proportion of time spent
foraging and the number of plant families present in each canopy type. Analysis of
variance (ANOVA) was used to compare means of the foraging behaviour. Shannon
Wiener diversity index was used to assess the plant diversity at each site whilst
considering the plant families that are present.
RESULTS
A total of 345 incidences of foraging were recorded at 36 different locations,
between April 2011 and May 2014. Foraging surveys were not conducted
simultaneously to all camera trap surveys therefore when some older camera trap
sites were revisited, it was found that the vegetation structure had changed too much
for reliable samples to be collected and the species compared to the pictures of
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banteng foraging; these sites were therefore not included in the forage choice
analysis.
Foraging Behaviour
The time banteng spent foraging varied from 1 minute to 197 minutes with an
average time of 16.91 minutes. Of the 345 incidences of foraging, 305 (88.41%)
occurred in open canopy, and 40 (11.59%) occurred in closed canopy. The greatest
number of foraging incidences and the greatest amount of time pent foraging were
recorded in MFR (Table 1). TWR had the fewest incidences of foraging and the least
amount of foraging time. With each logging history there was great variability
between foraging in open and closed canopy, with no closed canopy foraging seen in
TWR, where it has been 20+ years since the last logging episode.
Years
Forest

since
Logged

Number
of
Foraging
Sites

Minutes Spent
Foraging

Total
Foraging
Incidences

Total Mean

Closed

Canopy Canopy Canopy Canopy

MBCA 11-20

8

67

1543

23.03

MFR

1-10

10

197

3481

17.67

SPL

Current 3

22

207

9.41

SPT

Current 10

48

476

9.92

TWR

20+

11

128

11.64

5

Open

Proportion of
time spent
foraging
Open
Closed

1519

24

98.44

1.56

3474

7

99.80

0.20

5

202

2.42

97.58

397

79

83.40

16.60

128
0
100
0
Table 1. Foraging time summary for each forest showing the number of years since logged, the
number of foraging sites present, the total number of foraging incidences recorded and the minutes
foraged for and proportion of time spent foraging under open and closed canopy.
A significantly greater amount of time was spent foraging in open canopy than
closed canopy (Table 2, T1). In general banteng foraged for longer periods in open
canopy (Mean=18.11, SD= 24.97) than in closed canopy (Mean=7.80, SD=7.81).
There was little variation in the minutes spent foraging between the different logging
histories, but the proportion of time spent foraging was greater in currently logged
forests and forests that were logged over twenty years ago (Figure 2). The proportion
of time spent foraging under closed canopy was higher in currently logged forests
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(Figure 3). There was a significantly greater proportion of time spent foraging in
open canopy (Table 2, T2).

Figure 2. Box and whisker plots showing log (Minutes spent foraging) and log

Propor%on of %me Foraging

(Proportion of Time spent Foraging) for different years since last logged.

100

99.80

80
60
40

98.90

100.00

57.09
42.91

Open
Closed

20

1.56

0.20

0
Current

1‐10
11‐20
Last Logged (years)

0
20+

Figure 3. A bar plot showing the proportions of time spent foraging with each logging
history category for open canopy (orange) and closed canopy (blue).

When the years since last logged were investigated individually (Table 2, T3 – T8)
only 1-10 years since last logged showed a significantly higher proportion of time
spent foraging in open canopy than closed canopy (Table 2, T7), the other logging
histories showed no significant difference between open and closed canopy.
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T-Test
Number
T1

Test description

Term

Log(Minutes
spent foraging)~
Canopy type

Open
canopy

T
Df
Statistic
-3.5745 60.294

P value
<0.001

Significant
?
Yes

T2

Log(Proportion
Open
4.4566 48.598 <0.001
Yes
of foraging
canopy
time)~Canopy
type
T3
Log(Minutes
Open
-0.384 66.854 0.7022
No
spent foraging)~ canopy
Canopy type
==Logging
history ‘Current’
T4
Log(Minutes
Open -3.9324
2.17 0.05138
No
spent foraging)~ canopy
Canopy type
==Logging
history ‘1-10’
T5
Log(Minutes
Open -1.5865 3.6320 0.1949
No
spent foraging)~ canopy
Canopy type
==Logging
history ‘11-20’
T6
Log(Proportion
Open
1.7694 67.802 0.08132
No
of foraging
canopy
time)~Canopy ==
Logging history
‘Current’
T7
Log(Proportion
Open -4.1581
2.19 0.04545
Yes
of foraging
canopy
time)~Canopy ==
Logging history
‘1-10’
T8
Log(Proportion
Open
-1.555
3.608 0.2025
No
of foraging
canopy
time)~Canopy ==
Logging history
‘11-20’
Table 2. Multiple T-test outputs for the foraging time and the proportion of time
spent foraging in different canopy covers and with different amounts of years since
the last logging episode are shown in the table.
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A significant interaction was found between the proportion of time spent foraging
and canopy cover (Table 3, Model 1), significant interactions was also seen between
the canopy cover and the years since last logged (Table 3, Model 2). The type of
logging was found not to be a significant variable in predicting the proportion of
time spent foraging.
Model
Number
Model 1

Model description

Term

F value

Df

P value

Significant

Log(Proportion of Time Canopy
21.648
1
<0.001
Yes
Foraging)~Canopy
Open
Log(Proportion of Time Canopy
31.1497
1
<0.001
Yes
Foraging)~Canopy*
Open
Last Logged
Log(Proportion of Time
Last
48.4296
3
<0.001
Yes
Model 2
Foraging)~Canopy*
Logged
Last Logged
Log(Proportion of Time Canopy*
5.1336
2 0.006363
Yes
Foraging)~Canopy*
Last
Last Logged
logged
Table 3. Summary of the analysis of variance, testing the effects of each logging type,
logging history and canopy cover on the proportion of time spent foraging.

Forage Choice
Little difference was observed between the total number of plant families and canopy
cover (mean Closed= 7.4, Open= 5.9) or logging history (Figure 4 and Figure 5).
There was no significant difference between the number of plant families found in
open and closed canopy (t= 1.6186, df = 14.018, p-value = 0.1278).
The average number of plant families present was lowest where crawler tractor
logging had taken place. The lowest average number of species was found in sites
where clear fell logging is currently taking place (Figure 5). Sites that were
selectively logged show higher numbers of both plant families and plant species than
the other logging types. The most invasive logging type, clear-felling, showed the
lowest average number of plant species per site but had a higher average number of
plant families than sites of older logging with a crawler tractor.
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Figure 4. Box and whisker plots showing the total number of plant families present
under different canopy covers and with different years since logged.

Frequency

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

9.29
8.00

8.17

7.57

8.67
7.67

5.90

Plant
Families

5.00

Plant
Species

Current

1-10

11-20

20+

CF
CT
SL
SL
Logging History- Years Since Logged and Logging Type

Figure 5. A bar plot showing the average number of plant families and species present
under each logging history. selective logging (SL), clear felling (CF) and crawler
tractor (CT).
When the Shannon Wiener diversity index was calculated for each plant
family, there was no significant difference in plant diversity found between open and
closed canopy areas (t = -0.1907, df = 10.208, p-value = 0.8525).
The number of plant families present was compared between different
logging histories (Figure 6), and 1-10 years since logged was found to have the
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highest percentage of Asteraceae, Fabaceae and Poaceae. The greatest amount of

Plant family presence (%)

Cyperaceae was seen in 11-20 years since logged.

100
90
80
70
60
50
40
30
20
10
0

28.7
50.5
18.4
10.7
6.5
13.5
18.7
Current

50.5

58.5

16.5
8.6

5.1
10.4

27.8

17.8

Other

8.2
1‐10

Poaceae

7.0

11‐20

15.5

Fabaceae

7.0

Cyperaceae

19.9

Asteraceae

20+

Last Logged (years)

Figure 6. A bar plot showing the changes in the proportions of the four most common
plant families and an accumulation of other plant families between different number of
years since logged.

Plant diversity
From the generation of the herbarium, 48 species (supporting material 3) from 22
plant families were identified at sites where banteng were seen foraging, eight of
these were confirmed as forage species. The eight foraged species came from five
families. The Cyperaceae family was the most common family and Mikania cordata
from

the

family

Asteraceae

being

16
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Botanical
Name
Mikania

Number of Sites Present At
Canopy

Family
Total

Open

Last Logged (years)

Closed

Current

110

1120

20
+

Asteraceae

18

13

5

7

5

3

3

Chromolaena Asteraceae

13

11

2

4

4

3

2

Cyperaceae

9

6

3

2

2

4

1

Cyperaceae

3

3

0

0

1

2

0

Scleria sp.

Cyperaceae

13

8

5

6

1

4

1

Dismodium

Leguminaseae

5

5

0

0

1

3

1

Poaceae

16

11

5

7

1

6

2

Selaginellaceae

2

1

1

2

0

0

0

cordata
odorata
Cyperus
difformis
Fimbristylis
littoralis

triflorium
Eleusine
indica
Selaginel sp.

Table 4. A table showing the botanical names and families of the eight confirmed forage
species. The total number of sites and the distribution of the species between different site
canopy covers and logging histories are also shown.

DISCUSSION
Due to the size of each of the forests, the foraging banteng captured on camera traps
may only account for a small proportion of the populations, but should give a good
insight into the foraging behaviours.
Foraging Behaviour
Banteng spent a significantly greater proportion of time foraging in open
canopy areas than in closed canopy areas, and this may be due to the open canopy
structure containing a greater biomass of ground vegetation and the vegetation being
more accessible due to the lack of trees (Kuijper et al. 2009). Canopy openings allow
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increased amounts of resources, especially light to reach the ground, and this sudden
change in conditions can cause aggressive and invasive species to establish and
spread. The invasive species

can create a blanket of vegetation and reduce

resources, preventing previously established species from being able to grow
(Duclos et al. 2013). There were no incidences of foraging in closed canopy in TWR,
this forest recorded the least amount of foraging activity and has the longest period
since last logged, 20+ years. The longer period since last logged means accessibility
along old logging roads is reduced compared to more recently logged forests.
The accessibility of the site may play a large role in the choice of foraging
site and choice of forage and not the canopy cover of the site, this could be a useful
point for future investigation (Kuijper et al. 2009). A significantly greater proportion
of time spent foraging in open canopy in forest logged 1-10 years ago could be
explained by the large amount of data points for this time period due to cameras
being established in the open canopy areas for a longer period than in closed canopy.
For all the logging histories it was the sites near old logging roads that
appeared to have the greater number of foraging incidences, these old roads may
facilitate banteng movement through the forest. In the currently logged forests, many
of the foraging sites were along logging roads, where the canopy was closed but
accessibility was easy. The higher proportion of time spent foraging in closed
canopy areas in currently logged forest may be due to the presence of human activity
in open canopy areas where active logging is occurring or newly planted seedlings
are being maintained. In commercial forest like the ones studied, the logged sites are
replanted with seedlings and constantly maintained by plantation workers who
remove other vegetation to allow the tree species to grow more quickly and without
competition, therefore reducing the forage available for banteng.
A significant difference in foraging behaviour and a greater presence of
identified forage species at open canopy sites suggests banteng forage is more
abundant in these areas (Blake 2002). Studies on other large ungulates, like red deer
(Cervus elaphus) and bison, found they also forage more in the open canopy of
forest gaps than in the closed canopy, due to the higher biomass of forage available
(Kagima 2008; Kuijper et al. 2009).
Banteng’s digestion is adapted to process large amounts of roughage and
designed for grazing for long periods each day. The large biomass of forage
available in one area means that the whole herd can spend a longer period feeding,
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without having to move to search for new forage (Kuijper et al. 2009). The evolution
of rumination, the microbial fermentation that occurs in the rumen of banteng and
other bovine species, allows greater nutrient absorption. Fibrous parts of the forage
can be broken down by microorganisms in order to release the simple nutrients, these
can then be used as an energy source and to generate essential amino acids (Reece et
al. 2011). This process allows banteng to forage upon a great variety of plant
materials.
Ungulates have also shown seasonal variation in the materials they forage
upon (Gad and Shyama 2009; Kuijper et al. 2009). Due to the short observation
periods in each forest, this is not considered in this study but could be a topic for
future investigation. Moose (Alces alces) (Boan et al. 2011) were found to favour
lots of naturally regenerated patches in one area, rather than spread out patches, so
canopy cover may not be the primary determinate in patch usage but the average
cover for the area. Bornean banteng were found to forage mainly in large open areas
and areas of grassland, they were not found to forage at all in dense forest areas and
were recorded occasionally foraging on vehicle roads and old logging roads. A study
on buffalo in Africa showed a difference in the time spent foraging between the
different seasons, the study also showed a change in buffalo’s teeth depending on
their forage and this could be perhaps investigated in a future study (Beekman and
Prins 1989).
The average proportion of time spent foraging was higher at currently logged
and 20+ years since logged sites, but this may be due to the fewer observations
recorded at these sites, compared to sites logged between 1-20 years ago. This
imbalance in observations from open and closed foraging sites may also be the
reason the proportion of time spent foraging in open canopy was reduced in currently
logged sites.
Interaction between canopy cover and proportion of time spent foraging and
between canopy cover, logging history and the proportion of time spent foraging
were found to be significant. This shows that both the canopy and the logging history
of a site can be used to determine the time banteng spend foraging there. The direct
effect of logging on the canopy and the relationship between logging, canopy and
foraging behaviour of the banteng may be useful in predicting the use of sites that
are under investigation in the future, as habitats continue to be altered and recover.
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Forage Choice
There was no significant difference in the number of plant families found in open
and closed canopy sites. Most of the open canopy areas studied were the result of
previous logging. The removal of individual trees creates small gaps in the canopy
cover, while logging roads and stumping grounds create larger gaps. Logging
damages the seedlings and more than fifty percent of the forests stand, giving an
estimated recovery time of over thirty years, although some suggest it takes over
fifty years (Decocq et al. 2004; Meijaard et al. 2005).
On average, the closed canopy foraging sites had a greater number of plant
families present than the open canopy areas. Although sunlight is often the limiting
factor in understory growth, logging generates gaps in the canopy allowing the
understory growth to excel, usually with invading weeds, vines and fast growing
species becoming dominant as they can establish quickly on the disrupted soil layers
(Chazdon 2003; Duclos et al. 2013). These pioneer species grow faster than
emergent species and rapidly colonise an area, although they often have a higher
carbon to nitrogen ratios and therefore lower nutritional value (Kuijper et al. 2009).
Sometimes the damage to the soil layers is too severe for seedling establishment and
only patches of the land recover (Chazdon 2003). Few, fast growing species reduces
the diversity of a site and could explain why open canopy areas have fewer plant
families present. The average number of plant families present increased with the
time since last logged, this shows that as forest recover post-logging more plant
families can establish, increasing site diversity.
Forty-eight plant species were collected from sites where banteng were seen
to forage, from these sites there was little difference in the number of plant species
present between open and closed canopy. Eight species were identified as forage
species from photographs of banteng with plant material in their mouths. The
Shannon Wiener diversity index measured the abundance and evenness of plant
families present at each site and showed there was no significant difference found
between the plant species or species evenness in open and closed canopy.
Selective logging is the least invasive logging method used in the study sites.
The selectively logged sites showed the greatest average number of plant species and
plant families compared to the other logging histories. This was expected as these
sites also had the longest period since the last logging episode. The clear felled areas
were expected to have the least number of families per site, but the sites logged with
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a crawler tractor had fewer on average. In these recently logged forests, there was a
significantly greater amount of time spent foraging in closed canopy site. These
closed canopy areas should have less vegetation damage than the recently logged
open areas, and therefore have a higher number of plant families present. The
disturbance of soil nutrients and the increased light availability post logging result in
fast growing invasive species establishing. As soil nutrients recover and the canopy
becomes more closed, the understory habitat may favour a greater diversity of
species and therefore allow more plant families to establish and grow.
The four main plant families present in foraging sites were Asteraceae,
Cyperaceae, Fabaceae and Poaceae. Sites that were logged 1-10 years ago contained
the greatest proportion of Asteraceae, Fabaceae and Poaceae compared to other
logging histories. This could be because some species of these families are fast
establishing and have out-competed the slower growing species that were present
pre-logging. At these sites, the soil also had time to recover from logging disruption
and regain nutrients for plant growth.
The eight forage species were all found in open canopy areas, agreeing with
the significantly greater proportion of time spent foraging in these sites. The two
most popular species Mikania cordata and Eleusine indica are both fast establishing
species that can survive on disturbed land (CABI 2013b; CABI 2014b); this makes
them common in logged areas. Mikania cordata is native to Malaysia and is a fast
growing, creeping vine that is easily spread by humans and the wind and can
regenerate from broken stems (CABI 2013b). Eleusine indica is a major weed in
Malaysia and has an aggressive nature; it has the ability to grow in direct sunlight
enabling it to establish in post-logging bare soil (CABI 2014b). Chromolaena
ordorata was found in thirteen sites and was previously introduced to Sabah, it is
also a highly competitive weed (CABI 2014a). Cyperus difformis has a very short
life cycle of only one month so can quickly spread once established, it can also grow
in clay soils like those found in SPT (CABI 2013a). Fimbristylis littoralis, like
Eleusine indica, generates large numbers of seeds, these can be transferred by
humans, animals, water and wind, allowing rapid colonisation of an area (CABI
2014b; CABI 2014c). Once established in an area Fimbristylis littoralis has the
ability to change the dynamics of an ecosystem, benefitting its own growth and
disrupting other established species (CABI 2014c).
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Vellend et al. (2006) showed that extinction debts may not be apparent until
many years after logging for slow colonising species, and very careful monitoring is
needed in order to observe the steady decline in plant species or plant family
numbers. Extinction debts of slow growing species may be more clearly seen by
looking at areas with different amount of years since last logged.
Errors and Improvements
Foraging Behaviour
In some camera trap images it was difficult to distinguish if banteng were foraging,
especially in black and white images captured at dusk, night and dawn. Discretion
was used and if there was no obvious foraging, no foraging times were recorded. In
some cases the banteng would forage whilst on the move, these incidences were
included in analysis but could be categorised in future studies, as e.g. ‘feeding in a
foraging ground’ and ‘feeding whilst travelling’.
The camera traps were not placed a fixed distance apart, this caused some
cameras to cover larger areas than others, as the cameras are fixed on trees this is a
difficult variable to control but a tighter range of distance could lead to more
comparable site sizes in future studies.
Human error may have occurred in calculating the foraging times for each
site as personal discretion of the start and end times of foraging may differ between
individuals. All the foraging times were calculated by one individual, therefore
reducing error caused by differences in opinion for this study.
Forage Choices
A five meter line transect was performed at the foraging sites. The single line
transect at sites may not have accounted for every plant species present, despite trial
runs resulting in a good representation of the plants species at each sites. At some
sites banteng did not forage directly in front of the camera so a single line transect
may not cover the areas of foraged species. The use of two line transects in the future
may be more timely but a greater area of each site could be covered.
A qualified botanist identified many of the plant species, thus reducing errors
that can occur when using a key in a book.
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Only daytime, close up pictures were reliable enough to use for the banteng
forage identification, many other species are thought to be foraged upon but clear
evidence is needed before they can be confirmed.
Some sites were revisited two years after the foraging images were captured
and the plant composition had varied too greatly to take samples, however other sites
appeared similar in composition. There is no way of confirming that the species
present were the same as when the images were taken. Re-establishing camera traps,
to ensure the sites are still used as foraging sites, may be useful prior to collecting
samples for older camera images.
Developments
The elusive nature of the Bornean banteng makes direct observations of foraging
difficult but banteng dung can be easily identified and collected and can provide a
good insight into the exact forage of this endangered species. Microscope slides of
dung material could be generated and compared to slides of plant material found at
foraging sites. Camera trap analysis would still be needed to identify foraging sites
and to assess foraging behaviour. The use of radio collars along with the knowledge
of canopy structure may also be used to show the proportions of time spent in
different canopy areas throughout the day, although this method is costly and time
consuming, as the banteng must first be safely captured and a collar fitted.
CONCLUSION
A significantly greater proportion of time spent foraging, and the presence of
all eight identified forage species in open canopy areas, shows that the Bornean
banteng, like many other large ungulates, forage more in open canopy. The
difference in the mean number of plant families present between the different years
since logged and the different logging types, showed that both these factors play a
role in forest recovery with a more comprehensive study required. The lack of closed
canopy sites with forage species present, suggests that the closed canopy is used
more for resting, keeping cool and ruminating when open canopy sites are available
for foraging. In currently logged forests, the human disturbance and bare soil in open
canopy areas have lead to closed canopies being used more for foraging.
The hypothesis that the number of plant families decreases in more recent
and more invasively logged areas has not been disproven, as there were fewer plant
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families present in more recently logged and more invasively logged foraging sites.
No significant difference was found between the number of plant families in open
and closed areas, but on average, there were fewer plant families in open areas. The
changes in canopy cover and soil nutrient composition post logging may initial
favour the fast growing invasive species, but as soil stability returns and the canopy
closes in the years post logging, a greater diversity of plant families may be able to
establish. A more comprehensive future study, where forests with the same logging
type, but with different years since logged, may allow a better conclusion to be
made.
The identified banteng forage consisted mainly of fast growing species with
many being invasive. The confirmation of banteng foraging on these non-native
species shows the banteng have adapted to cope in the disturbed habitat and offers
hope in the survival of the species. The open canopy sites generated by commercial
logging and the invasive species that establish post logging, have become the
foraging sites and forage species of the Bornean banteng.
This study has established baseline data which will not only prove useful for
future investigation into the diet of the banteng, but may also be crucial in providing
and maintaining a suitable habitat in which Bornean banteng can forage and thrive
successfully.
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SUPPORTING MATERIAL
Supporting material 1-Field Collection chart
Sample
Tag

Date/

GPS

No *1

Time

NE

Habit Habitat
Elevation Collector *2

*3

Collected
Features

?

*1 Plant tags will be called the camera number. specimen number (eg. for Tabin
camera 1, specimen number 6 the tag number would be TWR 01.06)
*2 Plant Habit- Epiphyte, Parasite, Tree, Palm, Shrub, Vine, Herb, Grass, Fern
*3 Plant Habitat- Dense lowland forest, small clearing in lowland forest, open area
in lowland forest, swamp forest, dense mountainous forest, small clearing in
mountainous forest, large opening in mountainous forest.
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Supporting material 2- Herbarium Label

Tag Number....................................................................
Phyla...............................................................................
Class/Order/Family........................................................
Scientific Name...............................................................
Common Name..............................................................
Identification..................................................................
Collection Date/Time.....................................................
GPS location‐N..........................E...................................
Habit .............................................................................
Habitat ........................................................................
Comments.....................................................................
........................................................................................

Supporting material 3
The complete list of plant species identified from banteng foraging sites.
Botanical name
Cyrtococcum oxyphyllum
Cyperus difformis
Scleria sp.
Clidemia hitra
Mikania cordata
Fimbristylis littoralis
Eclipta prostrata
Phyllanthus amarus
Cyperus cf. Sphacolatus
Fimbristylis littoralis
Hedyotis coronaria

Family
Poaceae
Cyperaceae
Cyperaceae
Melastomataceae
Asteraceae
Cyperaceae
Asteraceae
Phyllanthaceae
Cyperaceae
Cyperaceae
Rubiaceae
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Centotheca lappacea
Struchium spargoanopharum
Cyrtococcum accrescens
Calopogonium mucunoides
Rubus sp.
Bridelia penangiana
Calopogonium mucunoides
Selaginella sp.
Hydrocotyle javanica
Vernonia cinerea
Cyrtococcum cf. oxyphyllum
Miscanthus floridulus
Morinda sp.
Cassia nodosa
Cyrtococcum cf. oxyphyllum
Imperata cylindrica
Stachytarpheta jamaicensis
Centrosema pubescens
Hedyotis congesta
Cyrtococcum cf. oxyphyllum
Spatholobus sp.
Calamus sp.
Merrimia sp.
Polygala paniculata
Eranthemum sp.
Lygodium circinnatum
Glochidion sp.
Dillenia suffruticosa
Tetrastigma pedunculare
Caesalpinia latisiliqua
Kyllinga brevifolia
Ageratum conyzoides
Murdannia nudiflora
Piper sp.
Merrimia cf. Grandis
Costus speciosus
Chromolaena odorata
Bamboo

Poaceae
Asteraceae
Poaceae
Fabaceae
Rosaceae
Euphorbiaceae
Fabaceae
Selaginellaceae
Araliaceae
Asteraceae
Poaceae
Poaceae
Rubiaceae
Fabaceae
Poaceae
Poaceae
Verbenaceae
Fabaceae
Rubiaceae
Poaceae
Fabaceae
Arecaceae
Convolvulaceae
Polygalaceae
Acanthaceae
Schizaeaceae
Phyllanthaceae
Dilleniaceae
Vitaceae
Fabaceae
Cyperaceae
Asteraceae
Commenlinaceae
Piperceae
Convolvulaceae
Costaceae
Asteraceae
Poaceae
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