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ABSTRACT
This study was a preliminary investigation to establish specific research methods to
study fruit-frugivore relationships in peat-swamp forests, in an attempt to provide a
basis for further studies. Designated as a National Park in October 2002, the study
took place in the Natural Laboratory of Peat-Swamp forest, Sabangau, Central
Kalimantan, Indonesia and has been supported by the organisations CIMTROP
(Centre for International Co-operation in Sustainable Management of Tropical
Peatlands) and OuTrop (Orangutan Tropical Peatland Project) from the University of
Palangka Raya.

While similar studies have been carried out in dry-forests which differ in their tree and
animal species composition, no such studies have been previously conducted here,
although the forest is important for a range of IUCN listed mammals. This research is
specifically designed to establish specific research methods to study fruit-frugivore
relationships in flooded peat-swamp forests in addition to collecting the first-ever
information on frugivore guilds for selected tree species in the Sabangau peat-swamp
forest, the largest remaining area of lowland forest in Borneo.

This study is an essential first research step, and it is anticipated that this research will
lay the foundations for further longer-term studies, which can provide more
comprehensive information on fruit-frugivore relationships in this habitat.

By

establishing the main fruit-frugivore relationships in this habitat, it may be possible that
further long-term studies will be able to provide information to predict whether specific
frugivore species can persist in forest fragments and secondary forests in the region.

A sample size of six study tree species were chosen, with three individual trees per
species used for data collection, resulting in a total of 18 trees. The locations of
individual trees were selected randomly, with the nearest tree in fruit of the desired
species to the selected random point being selected for study. Data was compiled
between the months of July and September 2011.

Using data collected from transects and seed fall traps, this study measured tree
preferences between consumer species, and possible preferences of tree species in
7

December 2011
Victoria Hatton 10005123

Oxford Brookes University
P102990

relation to fruit abundance. Seed count distribution between seeds found in traps or
transects was analysed along with seed viability for each tree species. Feeding bout
data and comparison of seed handling techniques between consumers was also
analysed. In addition tree watches were carried out to aid in identification of consumer
species and fruit handling behaviour, and also to gather feeding bout data. All statistical
and non-statistical calculations were carried out using Microsoft Excel. this was also
used for graphical representations of data.

While sample sizes were relatively small for substantial data analysis, results indicated
that there was no overall relationship between fruit size and consumer visits however
there were preferences by most frugivores for particular trees and also differences
between most trees. Preferential distribution of seeds was more significant to some
tree species than others with some tree species dispersal distances being more
effective than others and results also indicated a variation in the percentage of seeds
found under traps or on transects between tree species.

In addition, there were

significant differences with seed viability analysis and how consumers handle seed
species differently. Overall, further long term studies with larger sample sizes are
required, if any reliable results are to be obtained and used for the benefit of the
continued progression of conservation issues within this field.

8

December 2011
Victoria Hatton 10005123

Oxford Brookes University
P102990

1.0 INTRODUCTION
To fully understand forest ecosystems, especially tropical forests, an understanding of
fruit-frugivore relationships and their role in maintaining ecological functions, in
particular seed dispersal is essential. Seed dispersal by frugivores is an important
component in maintaining the structural diversity of forests, and a fundamental process
in vegetation growth. Forest trees and frugivores can be affected significantly by forest
disturbance and destruction (Corlett, 1998 & 2007; Farwig et al, 2005), indeed, the
most serious and ongoing threats to frugivores in tropical peat-swamp forests is that of
the local extinction of large mammals, which are often important frugivores, as a result
of hunting and/or habitat loss (Redford, 1992; Corlett, 2007).

Although frugivores are often irregular in their role in the removal of fruit from trees
(Jordano et al, 2007), they are still one of the four main primary and secondary seed
dispersal agents alongside wind, gravity and water (Turner, 2001) and fruit constitutes
the reward to attract frugivorous animals (Corlett, 1998). Most tropical trees require
local fauna, mainly birds and mammals, to disperse their seeds, with frugivores
providing an essential role in preserving the heterogeneity of these forests and
influencing the distribution and density of plant populations and different stages of
succession (Thompson, 1982; Estrada et al, 1984; Jordano, 2000; Muscarella et al,
2007).

Animal-plant mutualistic interactions have a long evolutionary history, and these
relationships are vital for maintaining both plant populations and animal communities,
with approximately 75% of seed species in the tropics producing fruit which is easy to
process and a valuable source of energy to the consumer. Fruit which is easier to
process consequently results in a higher percentage of a plants seeds being dispersed,
ultimately producing more trees, offering a reward to potential dispersers and the plant
species (Thompson, 1982; Estrada et al, 1984; Jordano, 2000; Muscarella et al, 2007).

The consequences of mutuality between f r u i t consumers and seeds can have
widespread repercussions in terms of community and plant populations, a n d
genetic diversity. The extinctions of local frugivores could potentially impact on

9
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the regeneration of important plant species and therefore results in a decline
of certain tree populations by limiting plant regeneration (Jordano et al, 2011;
Wotton & Kelly, 2011).

While highly generalist or opportunistic frugivores (animal consumers which
interact with a diverse range of plant species) play an essential role in seed
dispersal, they can be less effective in seed removal and dispersal for some
plant species (Guimaraes, et al, 2011). For example higher seed mortality
may occur, or clumping of seeds close to the parent plant rather than more
productive long-distance dispersal efforts by co-evolved, mutualistic plantanimal networks (Jordano et al, 2011). However, regardless of generalist or
specialist frugivore preferences, seed dispersal is essential for local plant
reproduction, and declines in the frugivore community has the potential to
pose a significant threat to plant-animal mutualisms on a global scale (Wotton
& Kelly, 2011).

1.1

Fruit preference

Significant traits of a fruit, including the size of the fruit, size and quantity of seeds
present, the amount of pulp, fruit colour and nutritional content, such as carbohydrates
and lipids, all influence which species of animal will consume and disperse them
(Jordano 2000; Kitamura et al, 2002). While limitations for a fruit being consumed and
dispersed effectively depends partly on a fruits accessibility and largely on an animal’s
body size in relation to the fruit and its efficiency in handling, swallowing and
processing the fruit, as body size can significantly restrict the number of seeds which
are swallowed during feeding bouts (Jordano, 2000).

The relative abundance of large and small frugivores with different diet profiles will
influence the patterns of reproduction and dispersal of different fruit producing plants in
forest systems. Fruit bearing trees which are generalists tend to have traits which
make them attractive to a wide range of fruit eating animals which includes both
generalist and specialist foragers (Bascompte & Jordano, 2007) and those plant
species that have seeds which are edible and can be swallowed and passed through
the gut whole, by a wider variety of animals; are the most likely to be successful in
regeneration (Farwig et al, 2006).
10
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Borneo regularly experiences droughts, with the driest months occurring between June
and August and the wettest month between November and April (Anshari et al, 2001).
These seasonal fluctuations undoubtedly affect changes in resource availability, and,
therefore for animals which inhabit a limited area or territory, changes in food
abundance will occur (Poulsen et al, 2001). Intra and inter-annual fluctuations in fruit
availability occur in peat-swamp forests, which results in fruit periods of fruit abundance
and scarcity.

According to Harrison and Marshall (2011), diets which are high in

nutrients and energy are considered the most desirable food source due to the reward
obtained from eating them, yet it these foods which are less plentiful due to the high
cost in their production by plants. As such, consumers which favour particular fruits as
their main food source need to be able to adapt their foraging habits during low fruit
seasons by locating an alternative ‘fall back food’ diet such as other vegetative plant
parts, with Bornean orang-utans generally consuming more bark and leaves than their
Sumatran counterparts during periods of low fruit availability (Morrogh-Bernard et al., in
press; Morrogh-Bernard et al, 2009; Jordano, 2000; Van Schaik & Pfannes, 2002;
Harrison and Marshall, 2011).

A study carried out by McConkey and Brockelman (2011), observed that generalists
such as macaques and squirrels are more opportunistic and thus a less significant
disperser.

McConkey and Brockelman suggest that these seasonal variations in

fruiting abundance actually play a role in altering the structure of the frugivore
community, suggesting that the importance of different dispersers can alter on an
annual basis as a result of variation in fruit availability. As a consequence, this benefits
highly generalist frugivores more than those with a specialist diet which, in turn, has
potential to reduce the effectiveness of seed dispersal.

Previous studies show that, in general, fruits are eaten by a wide variety of frugivores
and, as a result, seeds are dispersed successfully by only some of these animals.
However, studies also show that fruit traits of many plant species produce specific
characteristics in order to attract certain taxonomic groups over others, for more
effective seed dispersal (Bollen et al, 2004).

Evidence shows that orang-utans eat both seed and pulp, with a preference for fruit
that is bright in colour, fleshy and succulent, containing no protective seed barrier
(Galidaka, 1988, Leighton, 1993), while other studies indicate that gibbon fruit
11
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preference is for thick skinned, yellow or green fruit, medium to large in size, with a
juicy pulp, and available in large numbers, generally preferring fruit with few seeds and
avoiding fruit which is black or red with a soft dry pulp. However at times of low
availability of their preferred food choice, they will vary their diet and consume fruit
which bears a well-protected, individual seed (McConkey et al, 2002).

Macaques

(Macaca spp.) are largely frugivorous, with a preference for ripe fruit but no specific
preference for fruit colour and size etc (Corlett, 1998; McConkey and Brockelman,
2011).

Minimal information is available on Red langurs (Presbytis rubicunda); however studies
by Davies (1991) found that the majority of seed eating by this species occurs during
high fruit abundances on unripe fruits, with seeds being the most commonly eaten fruit
part. As a result this species are significant seed predators, although it is still possible
that small seeds could pass through the gut undamaged.

Likewise, little research is

available on the dietary preference of the Sun bear (Ursus malayanus) other than they
are known to rely heavily on sugar-rich fruits for considerable parts of the year and are
valuable seed dispersers, although this is highly dependent on factors such as the fruit
species consumed and the number of seeds digested intact as well as dispersal
location (McConkey and Galetti, 1999).

In comparison fruit bats generally forage nocturnally and have a preference for fruit
which is pale green and soft, preferring larger fruits and extracting the juices while
discarding any remaining fibrous matter, therefore the seed is often dropped.

While

little is known about the diets of rats and mice, it is of general opinion that most species
are opportunistic, with a preference for fleshy fruits and the seeds they contain, much
like squirrels which also have a diverse diet range (Corlett, 1998).

Some species of deer are reported as eating a wide range of easily accessible fallen
fruits, with mouse-deer being highly frugivorous, often consuming fruits dropped by
orang-utans (Galdikas 1982; Corlett, 1998). It is also generally accepted that fallen
fruits are the main source of diet for wild pigs, with studies showing bearded pigs, (Sus
barbatus), covering large ranges in search of fallen fruit remains. In comparison, the
palm civet and binturong (arctictis), both animals which are largely arboreal and able to
forage at crown level, have teeth specialised more for frugivory than other civet
species, and a preference for fruit with a high sugar content (Corlett, 1998).
12
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Seed handling / Disperser effectiveness

According to Schupp et al, (1993), disperser effectiveness is defined as the contribution
a disperser makes to the future reproduction of a plant, and both quantity and quality of
dispersed seeds by its dispersers can either limit or benefit the reproductive outcome of
a plant species. The variation of seed removal methods are species specific and as
such, both handling and foraging behaviour greatly influence the effectiveness of a
disperser (Brewer et al, 1999; Wehncke et al, 2003), with primate species ranging in
their effectiveness as a result of variation in behavioural, physiological and
morphological traits. As a result of these differences, significant consequences can
occur in regards to the composition of plant diversity, species distributions and overall
community structures (Brewer et al, 1999; Wehnke et al, 2003).

The process of eating fruit often involves spitting, swallowing or crushing of the seeds
with the most common handling behaviour by primates being swallowing, with seeds
being regurgitated or passing in a complete form through an animal’s digestive system
(Jordano, 2000; Turner, 2001; Lambert et al, 2005). However, it must be noted that
seeds are often a valuable source of food themselves due to their high lipid content,
and as a result can be destroyed, in which case these frugivores are of little benefit to
the fruit bearing plant as they are likely to be ineffective seed dispersers (Turner,
2001).

Smaller seeds are more likely to withstand the effects of seed predators as

they may be able to be swallowed relatively unnoticed by larger mammals. In order to
discourage this type of fruit handling behaviour, plants may produce seeds which are
protected by coats which are difficult to break (Turner, 2001).

A study carried out by Fleming (1988) found that the short-tailed fruit bat, Carollia
perspicillata, disperses seeds in close proximity to the parent plant, and often in a
clumped manner.

Fruit bats handling behaviour often involves single bites and

swallowing seeds less than 4mm in diameter while spitting out those of a larger size,
resulting in dispersal of some seeds by defecation, however larger seeds must be
transported orally if effective dispersal to occur (McConkey and Drake, 2006). Studies
on fruit bats by McConkey and Drake (2006) found that population density impacts
significantly on consumers effectiveness in dispersing seeds, where during low
abundance of a species, resulting in a low occurrence of competitive species
interaction, an animal is likely to stay in one location and seeds are mainly
13
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discarded under feeding roosts. However, during high abundance of flying foxes, an
individual is more likely to take fruit from a tree and eat it elsewhere, thus providing an
opportunity for seeds to travel long distances of ingestion, and providing effective
dispersal for the parent plant (Jordano, 2000; Turner, 2001).

Some studies suggest that smaller rodents potentially play an important role in seed
dispersal by burying seeds, and these seeds would be at less risk from seed predation
than seeds on the surface of the soil (Brewer et al, 2004). Most Muridae and squirrels
are believed to be primary seed predators as a result of destroying the seed while
discarding the flesh but some species within these groups are also effective seed
dispersers, dropping complete seeds when consuming fruit pulp (Corlett, 1998).
Ungulates are recorded as swallowing fruits, often whole, and passing those seeds
which are particularly tough through the gut, while frugivorous birds use the methods of
gulping and mashing (Levey, 1987 cited in Jordano, 2000).

Bearded pigs are thought to destroy most seeds, and those which survive are expected
to be left close to the parent, however various seeds species have still been observed
in pig faeces so there ability to disperse is still beneficial to parent plants (Corlett, 1998)
Civets and binturong do not have to wait for fruit to fall or be dropped from the canopy
and because of the large gapes of these species, they are able to swallow fruits almost
in their entirety, and are reported to disperse complete seeds in open area, making
them a valuable disperser (Corlett, 1998).

1.3

Previous studies

Tropical peat swamp forests are located in east and south-east Asia, and play an
important role in the storage of organic carbon. Within Indonesia, both Sumatra and
Kalimantan have vast areas of peat-swamp forest (Page et al, 1999; 2002).

No

detailed studies of fruit-frugivore relationships in tropical peat swamp forests have been
published although peat swamp forests are recognised of being of high diversity and of
particular importance for some rapidly declining frugivorous species such as the
Bornean orang-utan.

Peat swamp forests differ ecologically in profound ways from dry -land forest in south
east Asia, and therefore are likely to have quite different fruit-frugivore

14
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Studies which have been carried out in tropical dry-forests differ

significantly in their tree and animal species composition (Page et al, 1997, 1999;
OuTrop, 2010 unpublished data; Marshall et al, 2009 ; Harrison et al, 2010;). Research
in peat swamp forest is mainly focused on diet preference and population and density
estimates of orang-utans and gibbons within the area (Morrogh-Bernard et al, 2003;
Cheyne et al, 2008), but limited data is available on diet information for other species in
this habitat. One study carried out in the peat swamp forest by Nielson et al, (2011),
focused on seed dispersal by orang-utans using germination methods, and found that
seed dispersal in this species is likely be significantly high as a result of the wide diet
range and the handling ability which is more successful with larger fruits in comparison
to many other frugivore species.

Peat-swamp forest remains flooded for the majority of the year, resulting in thick
undergrowth, causing difficulties in accessibility (Page et al, 1999). Research methods
which are considered ‘standard’ and employed in dry land forest habitats are, in the
majority, generally found to be an ineffective technique in a peat-swamp forest. The
primary reason for this is that many fruit feeding organisms are at much lower density
in peat swamp forest than in dry-land forest. Thus traditional point count methods and
transect methods which focus on the consumers are not efficient at collecting data in
peat swamp forest. There are no alternative standard techniques and as such there is
limited knowledge on seed dispersal mechanisms and flora and fauna relationships in
this habitat.

Although a commonly used technique in peat-swamp forests is point

counts for birds, this is considered a relatively ineffective data collection method with
line transects being preferred method (Dragiewicz and Harrison, in prep).

1.4

Main aims

This research is specifically designed to establish specific research methods to study
fruit-frugivore relationships in flooded peat-swamp forests in addition to collecting the
first-ever information on frugivore guilds for selected tree species in the Sabangau
peat-swamp forest, the largest remaining area of lowland forest in Borneo.
The main aims and questions of the work are as follows;

15
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1.Do specific frugivores have preferences for specific tree species?

2.Is this relationship related to fruit abundance?
3.Do different animal consumers have different seed handling techniques?

4.Is there a preferential distribution of seeds and is the frugivore community
dispersing these seeds successfully?

5.Is there a relationship between how specific consumer species treat different
seed species in relation to seed viability?

Achieving these aims is an essential first research step, and it is anticipated that this
research will lay the foundations for further longer-term studies, which can provide
more comprehensive information on fruit-frugivore relationships in this habitat.

By

establishing the main fruit-frugivore relationships in this habitat, it may be possible that
further long-term studies will be able to provide information to predict whether specific
frugivore species can persist in forest fragments and secondary forests in the region.

16
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2.0 MATERIALS AND METHODS
2.1

Study site

Peat swamp forest is widespread over Kalimantan (68,000km2) (Harrison, 2005), and
this type of ecosystem plays an important ecological role in regards to carbon storage,
water retention, water supply and overall landscape balance, with all of these functions
contributing to the preservation of local biodiversity. The Sabangau peat-swamp is an
important ecosystem but is described as degraded as a result of previous logging
activities and, as a result, many animal species are vulnerable to disturbance due to
declining territory size and food availability and increases in competition for these same
resources with other species (Morrogh-Bernard et al, 2003).

Designated as a National Park in October 2002, the study took place in the Natural
laboratory of Peat-Swamp forest, Sabangau, Central Kalimantan, Indonesia and has
been supported by the organisations CIMTROP (Centre for International Co-operation
in Sustainable Management of Tropical Peatlands) and OuTrop (Orangutan Tropical
Peatland Project) from the University of Palangka Raya (figures 1,2 & 3). An area
consisting mainly of tropical peat forest, the Sabangau forest is the largest area of this
type of habitat remaining in Borneo. No such studies have been previously conducted
in Sabangau, although the forest is important for a range of IUCN listed mammals
(OuTrop, unpublished data).

Situated approximately 20 kilometres southwest of Palangka Raya, in the upper
reaches of the Sabangau River, is the Setia Alam research station. The Sabangau
catchment covers an area of roughly 9200 km2 between the Katingan River to the west
and the Kahayan River to the east (see figure 1). Setia Alam Field Station is located
inside the edge of the forest which was a site of a former logging concession during
1966 - 1996.

An old railway allows access to the primary peat swamp forest which runs south-south
west into the forest, progressing through a range of forest sub-types; mixed swamp,
low pole and tall interior forest.

17
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Figure 1. Location of Central Kalimantan within Indonesia

Figure 2. Location of the Natural Laboratory of Peat-swamp forest, Sabangau
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Figure 3. GPS points indicating location of study tree species within Sabangau study grid
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Study tree species

The tree species selected for this research are given in table 1. A sample size of six
study species were chosen, with three individual trees per species used for data
collection, resulting in a total of 18 trees.

The locations of individual trees were

selected randomly, with the nearest tree in fruit of the desired species to the selected
random point being selected for study.

Field research was carried out between the months of July and September 2011, with
the average monthly rainfall during this period being 15mm and an average daily
temperature of 27o (OuTrop, 2011, unpublished). Tree choice was influenced by fruit
abundance and ripeness, and initially, preference was given to trees known to be eaten
by orang-utans, gibbons and red langurs in the area (Cheyne and Sinta 2006; MorroghBernard and Harrison, 2006).

For all the selected trees the overall fruiting pattern of the individual trees was spread
out throughout the crown, rather than clumped together on a few branches. Maximum
canopy height was measured using a clinometer and the diameter of each tree was
measured at breast height above the ground (DBH). Fruit abundance was measured by
visual estimation of the percentage of fruit cover.

However, not all fruit of the same

tree species become ripe at the same time, therefore locating study trees was often
done a few days in advance, with the advice of OuTrop’s phenology team, so that a
suitable number of each species could be found and set up before data collection
needed to start (Page et al, 1999).

As a result of differing fruiting stages, productivity of each individual tree can vary with
visits from different species depending on the stage of the fruit at the time i.e. ripe or
unripe. This then allows observation of different niches as traps, transects and tree
watches were carried out over a reasonable enough time frame so that some tree
species contained ripe fruit and others non-ripe fruit.
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Table 1: List of tree study species and fruit traits (OuTrop, unpublished data)
Family

Scientific name

Local name

Size

# of

of

seeds

Fruit colour

Date in fruit

fruit
Sapotaceae

Palaquium

Nyatoh gagas

4cm

4

Green/yellow

cochlearifolium
Sapindaceae

Nephellium

December
Rambutan hutan

3cm

1

Red

lappaceum
Clusiaceae

Garcinia bancana

Manggis hutan

2-3cm

6-8

Green/Yellow

Diosprous

Malam malam

3cm

8

NovemberJanuary

Green/yellow

bantamensis
Myrtaceae

August,
March

(even)
Ebenaceae

Sept, Nov-

NovemberMarch

Syzygium havilandii

Jambu jambu

2cm

1

Light green

NovemberDecember

Euphorbiaceae

Neoscortechinia

Pupu palanduk

kingie

1.5
cm

1

Green with red

October-

pulp over seed

January

Table 2. Images of study fruit and seeds
Tree species

Fruit and seed

Nyatoh gagas

Rambutan
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Manggis

Malam malam

Jambu jambu

Pupu palanduk

22

December 2011
Victoria Hatton 10005123

Oxford Brookes University
P102990

Table 3. List of tree study species data. % represents approximate fruit abundance only. All
tree canopy cover equals 100% (OuTrop, unpublished data)

Tree number

DBH

Height

Fruit stage

(metres)

Estimated % fruit
cover at start of data
collection

Nyatoh gagas 1

105cm

17.7

Young fruit/ripe

51-75%

Nyatoh gagas 2

93cm

24

Young fruit/ripe

26-50%

Nyatoh gagas 3

73cm

15.4

Young fruit/ripe

51-75%

Rambutan 1

52cm

12.2

Young fruit/ripe

51-75%

Rambutan 2

35.2cm

11.3

Young fruit/ripe

51-75%

Rambutan 3

34cm

13.9

Young fruit/ripe

51-75%

Manggis 1

41cm

12.8

Ripe

26-50%

Manggis 2

41cm

Young

Young fruit/ripe

51-75%

fruit/ripe
Manggis 3

45cm

15

Ripe

51-75%

Malam malam 1

70cm

24

Ripe

26-50%

Malam malam 2

92.6cm

27

Ripe

51-75%

Malam malam 3

70cm

24.5

Ripe

26-50%

Jambu jambu 1

48.2cm

24.5

Ripe

26-50%

Jambu jambu 2

54cm

12.4

Ripe

26-50%

Jambu jambu 3

62cm

13.08

Ripe

51-75%

Pupu palanduk 1

63.2cm

18.64

Young fruit/ripe

26-50%

Pupu palanduk 2

66.2

19.35

Young fruit/ripe

26-50%

Pupu palanduk 3

55cm

14

Young fruit/ripe

26-50%
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Study animals

The Sabangau area supports nine species of primates, including the Bornean
orangutan (Pongo pygmaeus), the Bornean agile gibbon (Hylobates albibarbis) and red
surili (kelasi /red langur- Presbytis rubicunda), all of which tend to favour the mixed
swamp and tall interior habitats of the forest. Sightings of the Pig-tailed macaques
(Macaca nemestrina) on the forest edges are common and sightings of the Long-tailed
macaques (Macaca fasicularis) are also reported (OuTrop, 2010; unpublished).

Some other species of frugivorous mammal which have been recorded in Sabangau
include sun-bears (Helarctos malayanus) bearded pigs (Sus barbatus), Muntjac
(Muntiacus atheroides), and mouse deer (Tragulus javanicus) and numerous small
mammals.

The Sabangau peat swamp forest also provides suitable habitat for a

number of specialised bird fauna including the rhinoceros hornbill and the wrinkled
hornbill (OuTrop, 2010; unpublished).

2.4

Transects

Transects were set up focused on 3 fruiting trees of each selected species. Each tree
was chosen for its fruit abundance and relative ripeness of the fruit with the advice of
the employed Indonesian assistants in the phenology department at OuTrop. Some of
these trees had been previously tagged, any untagged trees were provided with a
temporary tag using tape and permanent marker, which was removed on completion of
data collection, and CBH and height were recorded for all trees (Lawrence Dew, 2011).

Initially suitable trees were marked using raffia tape and the GPS point was taken using
a Garmin 60CSx, and closest transect number was recorded in order to aid location on
the next visit. Transects were cut by Indonesian assistants using a parang (machete),
and care was taken to minimize alteration of the surrounding flora so as not to
influence natural foraging behaviour of animals in the area.

Tape measures were used to mark distance, and the start, middle and end of each
transect were flagged with tape to aid visibility when searching for seeds. Width for all
transects was 2 metres.

Transects were in the four cardinal compass for all study

trees, radiating away from the edge of a tree’s crown, and the lengths ranged between
20 metre and 30 metres. Peat swamp forest is a difficult habitat to negotiate and the
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length of each transect was influenced by the surrounding terrain, with only
undergrowth and very small saplings cleared so as not to alter any natural animal
foraging movements. Transects were checked daily by walking the length of each
transect slowly and sticks cut to 1 metre length were used to record distance of
seed/fruit from the edge of the crown of the tree (Appendix 1). All seeds found within 1
m of the transect were removed and taken to camp, in order to identify consumers
based on tooth marks and other characteristics (Figure 4).

The method of direct

observation was used to record fruit presence and seed abundance of fruit at different
distances from the tree.

Figure 4. Consumed nyatoh gagas found on transect
2.5

Seed fall traps

Fishing net and fishing line were purchased from the local market. The net was then
cut to size 1m2 and string sewn into the net using the fishing line, taking care to
provide sufficient slack in the net to prevent falling fruit/seeds from bouncing out
following their fall from the canopy. Excess string was attached to the four corners of
the traps, which were then used to attach the traps to small trees under the crowns of
the selected study trees and above the ground.

The number of traps under each crown varied between 5 and 6, depending on an
individual tree’s crown size, and approximately 50% – 75% of the canopy area was
covered. These were placed randomly under each crown and checked daily for seed
and/or fruit presence (figures 5-8) with findings recorded on the data sheet (Appendix
2).
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Figure 5. Consumed manggis in seed fall trap.

Figure 6. Consumed rambutan in seed fall trap following gibbon feeding bout

Figure 7. Research assistant with volunteer checking rambutan traps

26

December 2011
Victoria Hatton 10005123

Oxford Brookes University
P102990

Figure 8. Seed fall trap under nyatoh gagas study tree

2.6

Tree watches

Trees selected for observation only were chosen for fruit abundance and ripeness to
match the state of the study species used for fruit trapping and transect studies.
Initially 5 hour observation periods were carried out every 2nd day, from 5am -10am;
however occasional later afternoon watches were also included (figure 11).
Hammocks were attached at minimum distance of ten metres from the selected
observation tree to enable tree watching without observer disturbance of animals. The
actual distance depended on availability of surrounding trees and also the visibility of
the observation tree canopy, Observation was conducted with two observers per tree
(myself and local assistants) who were supplied with binoculars and laminated sheets
of frugivores species known to occur in the forest. Observers were situated close to
each other to reduce double counting of visiting consumers. Additionally, local
assistants had excellent

species knowledge and therefore accurate animal

identification was achieved.

Where possible group size and feeding rates were counted (numbers of fruit
consumed/ min) and the animal fruit handling behaviour of the fruit recorded i.e. seed
dropped/ swallowed/spat/destroyed/carried away (Appendix 3).

After a number of unsuccessful tree watches, it was decided that tree watches would
instead be carried out as casual observation on the tree study species by myself and
also other members of OuTrop in the forest (figures 9 & 10).

This method proved to
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be much more productive and resulted in more data collection than from the five hour
observations on an individual tree. I also participated in focal species follows in an
attempt confirm dietary preference and record feeding bouts as well as using feeding
data from previous researchers.

Figure 9. Adult female orang-utan with infant eating on manggis study tree during
casual tree observation

Figure 10. Red langur feeding on nyatoh gagas during casual tree watch
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Figure 11. Carrying out a full tree watch observation on nyatoh gagas
2.7

Consumer Identification from fruit remains

Identification of consumer types was carried out by collecting samples of fresh fruit
found on the ground or in the traps, placing them in small sandwich bags, and taking
them back to camp for examination. Photos and measurements were taken of bite
marks and comparisons were made against images of previously recorded bite marks
and looking at photos and measurements of jaw specimens taken by myself from the
Natural History Museum Oxford (figures 11 & 12).

Figure 12. Squirrel jaw specimen Figure 13. Sun bear jaw specimen

Casual tree observations allowed immediate identification of a consumer. However, in
the case of rodent and bat teeth marks, it was not possible to identify a bite mark to
individual species level and therefore these samples were marked as rodent, squirrel or
bat.
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Data analysis

Sample sizes were relatively small and all statistical and non-statistical calculations
were carried out using Microsoft Excel. Microsoft Excel was also used for graphical
representations of data in the results section to find significant relationships between
fruit size against number of tree visits, seed count distribution and seed viability.

For consumer feeding bouts, gibbon and orang-utan feeding bout data was used from
focal animal follows, carried out during the months of July, August and September
2011 (OuTrop, unpublished, 2011).

Only focal follows of five hours or more were

included in this data set, with alternative food items such as bark and leaves excluded
from the analysis. Once the total time spent feeding on the study tree species was
obtained, the data was then used to work out the proportion of time spent on a daily
basis feeding on the study species. To establish whether particular animal consumers
had a preference for a specific tree species, a chi-squared test was carried out. In
order to determine whether these preferences are in the same direction, (i.e. if all
consumers prefer the same tree species); another chi-squared test was carried out. A
chi-squared test of heterogeneity was carried out for seed viability to establish if
different animals treat different seed species differently with data for malam malam
excluded due to insufficient data.

All Chi-squared tests were conducted on the

frequency data, but graphical representations of the data are given as percentages. To
look for a relationship between fruit size and tree visits, a regression analysis was
carried out.
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3.0 RESULTS
Fruit consumers observed directly on the study tree species included three species of
primates and one squirrel species.

Overall a total of 243 consumer visits were

recorded as visiting the different study tree species including mouse deer, bats and
unidentified rodents.

Table 4 shows the known consumers of the study tree species identified from full and
casual tree watches and from identification of consumers from teeth marks on
discarded fruit. Five consumers were positively identified. This list does not include the
smaller consumer species such as rodents, birds or bats as these were not observed
directly during tree watches, and could not be identified to species level from teeth
marks.
Table 4. List of frugivorous species identified by teeth markings on fruit or directly observed
eating on the study tree species (Payne et al, 1998; OuTrop, unpublished data). Habitats:
M=Mixed Swamp forest, L = Low Pole forest, T = Tall interior forest.
Scientific name

Common name

Adult body

Daily habit

Pop.trend

Habitat

IUCN

Decline

MLT

Endangered

Decline

MLT

Endangered

Decline

M/T

Least concern

Unknown

MLT

Least concern

Increase

MT

Least concern

weight (kg)
Pongo pygmaeus

Bornean orang-

50-100 (large

Mostly

utan

male)

arboreal,

35-50

Diurnal

(females)
20-40 (both
sexes)
Hylobates

Bornean agile

albibanbis

gibbon

Presbytis rubicund

Kelasi or Red

5.0-6.4

Diurnal
5.5-7.0

langurs
Tragulus kanchil

Lesser mouse

Plantain squirrel

Arboreal,
Diurnal

2.0-2.5

deer
Cllosciurus notatus

Arboreal,

Terrestrial,
Diurnal

Unknown

ArborealTerrestrial,
DiurnalNocturnal
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Consumer feeding bouts

Tables 5 & 6 show the total sum of gibbon and orang-utan feeding times on fruit items
per study tree species.

Figure 14 shows that from focal follows, gibbons have a

preference for Rambutan (5%-10%) nyatoh gagas (5%) and malam malam (0%-5%),
and figure 15 shows orang-utan mainly consume nyatoh gagas (35%) and malam
malam (10%-15%). Figure 16 shows the visual representation of the proportion of
feeding time observed from full and casual tree watches on the study tree species.
Orang-utan were observed for 1 hour 3 minutes feeding on manggis (45.65%), gibbons
were recorded consuming rambutan for 26 minutes , and nyatoh gagas had a total
feeding bout recorded by both red langur, for 33 minutes, and plantain squirrels, for 16
minutes, totalling 35.51%.
Table 5: Gibbon feeding times on fruit/seeds per study species

Tree spp.

Feed time per species (hh:mm)

Rambutan

9:09

Pupu palanduk

0:00

Manggis

0:00

Malam malam

4:06

Jambu jambu

1:12

Nyatoh gagas

7:59

Other

15:58

TOTAL

14:25

Figure 14. Percentage of daily feeding tree bouts for gibbons on study tree species
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Table 6. Orang-utan feeding bouts on fruit/seeds per study species

Tree spp.

Feed time per species (hh:mm)

Rambutan

0:16

Pupu palanduk

0:01

Manggis

0:03

Malam malam

12:23

Jambu jambu

0:00

Nyatoh gagas

10:37

Other

5:22

TOTAL

4:42

Figure 15. Percentage of daily feeding tree bouts for orang-utans on study tree species

Figure16. Percentage of feeding time from Orang-utan, gibbon, red langur and plantain squirrels
on tree study species recorded from full and casual tree watches

3.2

Consumer preference for tree species
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Results of the tests for consumer tree preference. Table 7 indicates that there is a
significant preference by some consumers for a specific species. Orang-utans showed
significant preferences, as did gibbons and ‘other rodent’ visits. However overall for all
consumers there was no significant correlation between consumer species and tree
preference. P-values <0.05 were taken to indicate statistical significance.

Table 7. Chi-squared results for consumer tree preference
Consumer species

3.3

Chi-squared

P Value

Orang-utan

22.25

0.000

Gibbon

42.285

5.16E-08

Squirrel

6.492

0.26

Other rodent

19.1

0.001

Unknown consumer

8.08

0.151

All consumers

3.481

0.626

Proportion of crop consumed by different frugivore species

Figures 17 to 22 show the percentage of consumer species which fed at the six
different tree species over the 15 day study period, where ‘other’ is unidentified rodent
and ‘unknown’ is unidentified consumer species.

The highest consumer for malam malam at approximately 40-50%, were gibbons,
followed by orang-utan and squirrels, with both species consuming between 15% and
20% (figure 17). There were no recordings for red langurs, bats or mouse deer on this
fruit however other rodents and unidentified consumers were also important
consumers. Figure 18 shows that the most consistent consumer for pupu palanduk
was squirrels at 35%, with other rodents and unknown consumers accounting for
between 25 % & 30%, and bats 5%-10% over the fifteen day study period.

Jambu jambu shows similar proportions, 20%-30% for squirrels, other rodents and
unknown species and no other consumer recorded at this tree species (figure
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19). Rambutan has the highest percentage for gibbons at 50%-60% with 0%-10% for
other primate species (figure 20), while Manggis shows the most consistent consumer
to be unidentified consumers and other rodents between 30%-35% and squirrels
feeding approximately 25%-30% at this tree species, mouse deer were also recorded
eating this fruit (~5%) (figure 21). Finally, figure 22 shows that results from nyatoh
gagas identified squirrels as a main consumer (40%-45%) and bats also consumed this
species (0%-5%).

Figure 17. Proportion of malam malam consumed by frugivores species. Shown in %.

Figure 18. Proportion of pupu palanduk consumed by frugivores species. Shown in %.

35

December 2011
Victoria Hatton 10005123

Oxford Brookes University
P102990

Figure 19. Proportion of jambu jambu consumed by frugivores species. Shown in %.

Figure 20. Proportion of rambutan consumed by frugivores species. Shown in %.

Figure 21. Proportion of manggis consumed by frugivores species. Shown in %.
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Figure 22. Proportion of nyatoh gagas consumed by frugivores species. Shown in %.

3.4

Fruit size versus tree visits

P-values <0.05 were taken to indicate statistical significance.

Overall there is no

significant relationship between the number of consumer visits and preference in fruit
size, (figure 23): (F = 0.531, P> 0.05).

Figure 23. Visual plot showing the number of consumer visits in relation to the average fruit size.
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Seed Count Distribution

To show whether there is preferential distribution of seeds of particular study tree
species and if consumers are actually being effective dispersers total seed counts in
traps were plotted against total transect seed counts (figure 24). Those seeds which
are below the linear trend line with a slope of 1 are being dispersed in close proximity
to the parent plant, while Nyatoh gagas and especially Manggis seeds are being
dispersed further away from the crown.

Figure 24. Relationship between seeds found in traps versus seeds located on transects for all
tree species

3.6

Seed Count Comparison

Figure 25 shows that the majority of seeds collected for each tree species were from
under the crown with the exception of Nyatoh gagas (>60%) and Manggis (>70%)
which have a higher percentage of seed count on the transects.
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Figure 25. Shows total seeds found in traps and transects for all tree species

3.7

Seed Viability

Table 8 shows the relationship of viable versus non-viable seeds to be the same for all
tree species. However a significantly higher proportion of non-viable seeds were found
for nyatoh gagas (50), jambu jambu (36) and pupu palanduk (28) indicating that
different animal consumers treat these seed species differently.
Table 8 Expected results (in brackets) which are greater than the observed results for non
viable seed counts.

Nyatoh
gagas

Rambutan

Manggis

Malam

Jambu

Pupu

malam

jambu

Palanduk

Total

Viable seed
count

76

Non viable seed

50

count
total seeds

407

273

204

25

43

36

28

1028

(30.62)

103

82

31

(14.82)

(17.25)

330

126

510

355

235

61

71

1358

Figures 26 - 30 show a comparison between total seeds found on traps and total seeds
found on transects for each study species. . Results for nyatoh gagas showed 17.4%
viable seeds were collected in traps. In comparison 21.4% of non-viable seeds were
dropped into traps and the highest count (for all tree species) of dispersal on the
transects (18.2%) Rambutan resulted in the greatest dispersal of viable seeds in traps
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(49.8%) however manggis had the highest proportion of viable seeds on transects
(56.3%). Nyatoh gagas resulted in 42.8% of viable seeds discarded on transects and
Rambutan had a total of 30% viable seeds collected from the transects, but a low
proportion of non-viable seeds found in traps (16.6%) and only 3.5% along transects.
20.5% seeds were recorded in traps for Manggis seeds but only 9.3% seed count in
trap. Results for jambu jambu showed 47.5 % viable seeds were collected in traps and
11.4% of viable seeds were discarded on the transects. The lowest viable seed count
on transects was for jambu jambu at 6.5%, followed by pupu palanduk (12.6%).

Figure 26. Proportion of seeds found on traps and transects for all nyatoh gagas trees

Figure 27. Proportion of seeds found on traps and transects for all rambutan trees

Figure 28. Proportion of seeds found on traps and transects for all Manggis trees
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Figure 29. Proportion of seeds found on traps and transects for all jambu jambu trees

Figure 30. Proportion of seeds found on traps and transects for all pupu palanduk trees
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Comparative food items

Table 9 shows images of some identified consumer fruit handling behaviour from fruit
remains taken from the tree study species. Table 10 indicates the different fruit items
preferred by the recorded consumer species using data combined from the present
study and previous OuTrop research data.
Table 9. Images of consumer handling behaviour
Consumer species

Photos of consumer fruit remains from various study tree
species

Other rodent

1.Nyatoh gagas

3.Manggis

2.Rambutan

4.Jambu jambu
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Squirrel

1.Nyatoh gagas

3.Manggis

2.Rambutan

4. Jambu jambu

5. Pupu palanduk
Bat

1.Nyatoh gagas

2. Pupu palanduk
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Orang-utan

1.Nyatoh gagas

3.Manggis

2. Rambutan

4. Malam malam

Gibbon

1.Nyatoh gagas

2.Rambutan

3.Manggis
Red langur

1.Nyatoh gagas

2.Rambutan
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Mouse deer

1.Manggis
Table 10. shows the different fruit items from the study tree species consumed by the recorded
frugivore species (OuTrop, unpublished).

FRUIT ITEM PREFERENCE
Nyatoh gagas
Consumer

Fruit preference
Pulp

skin

seed

Orangutan

X

X

Gibbon

X

X

Red langur

X

Squirrel

X

Other rodent

X

Bats

X
Rambutan

Consumer

Fruit preference
Pulp

skin

seed

Orangutan

X

X

Gibbon

X

X

Red langur

X

Squirrel

x

X

Other rodent

X

Bats

X
Manggis

Consumer

X
Fruit preference

Pulp

skin

seed

Orangutan

X

X

Gibbon

X

X

Red langur

X

Squirrel

X

X

Other rodent

X

X

Bats
Malam malam

Fruit preference

Consumer

Pulp

Orangutan

X

X

x

Gibbon

X

X

x

x

X

Red langur
Squirrel

x

skin

seed

X
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Other rodent

x

X

Bats

Jambu jambu

Fruit preference

Consumer

Pulp

skin

Orangutan

X

X

Gibbon

X

X

seed

Red langur

X

Squirrel

x

X

x

Other rodent

x

X

x

Bats

Pupu palanduk
Consumer

Fruit preference
Pulp

skin

seed

Orangutan
Gibbon
Red langur

x

Squirrel

x

X

Other rodent

x

X

Bats

X

x

4.0 DISCUSSION
4.1

Fruit characters and fruit preference of frugivores

All of the traits of fruit discussed in chapter 1.1 were present in most, if not all of the fruits
used in the present study.

The size of the fruit and seeds within those fruits species

varied, in the hope of attracting a wider range of consumer species, for research
purposes and while many of the fruits were yellow or green in colour, there was also red
fruit used within the study, and the skin thickness, seed quantities and pulp quantity of all
the fruits was diverse to appeal to different diet profiles (Jordano 2000; Kitamura et al,
2002).

There was a significant relationship between orang-utans for both nyatoh gagas and
malam malam, both fruits which are bright in colour, fleshy and succulent, a dietary
preference which has been previously reported by Galidaka, (1988). Overall malam
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malam and rambutan had the highest proportion of crop consumed by primates,
specifically gibbon and orang-utan, which suggests that there may be further unidentified
factors associated with fruit choice which would benefit from further investigation.

Many studies have suggested that fruit colour is one of the most important characteristics
in frugivore diet choice, however the results from this study suggest that fruit colour may
not be as important as initially thought,

as overall no frugivore showed a specific

preference for colour alone. This is supported in a study by Yasuda et al, (2005) on
terrestrial frugivores in Peninsular Malaysia which found that frugivores had no particular
preference for green or coloured fruits. Indeed Yasuda also highlights that primates from
different types of forest habitats have a varied selection of fruit colour preference, for
example Terborgh (1983) reported a yellow colour preference by primates in a study in
Peru while Juliet (1994) sound a high colour preference for orange or red fruit by the redhowler monkey in French Guiana (cited in Yusada et al, 2005).

In the present study, a significant relationship between gibbons and the tree species
rambutan was observed from feeding bout analysis. This relationship adds support to
the studies by McConkey et al, (2002) who identified that gibbons could change
preferences in relation to fruit abundance. Rambutan had one of the thickest skins of all
the fruits present in the study, and a single seed surrounded by a juicy pulp, and was

readily available in large quantities once ripe, all traits which are described as a
preference in gibbon diets and yet gibbons are believed to avoid fruit which is red in
colour, like rambutan. Generally gibbons are reported to consume a yellow or green fruit,
which fits with the significant relationship between gibbons and malam malam that
existed, and supports the expected dietary preference of this frugivore species with the
exception of this fruit having numerous seeds (Yasuda et al, 2005).

Results showed that squirrels consumed considerable quantities of malam malam,
manggis and jambu jambu and were the most consistent consumers of pupu palanduk.
They also had significant relationships with nyatoh gagas, being the main consumer of
this tree species, results which concur with McConkey et al (2011), in that squirrels play
a more generalist role and tend to be opportunistic in their dietary behaviour.

Malam

malam and manggis could be considered as having more generalist fruit characteristics,
and it is these traits which have made these plant species more appealing to a wider
range of frugivores during the study (Bascompte & Jordano, 2007).
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Pupu palanduk and nyatoh gagas were notably preferred by bats, other rodents and
unidentified animal species.

Nyatoh gagas does correspond with fruit bat foraging

preferences, as it is a large green, soft fruit when ripe; however pupu palanduk and
jambu jambu do not fit into these categories. Rats and mice appear to have a significant
relationship with manggis, which coincides with their preference for fleshy fruits, while
their preference for pupu palanduk and jambu jambu supports reports of a diverse diet
range in these groups (Corlett, 1998). While no birds were recorded as consumers in the
present study, Corlett’s (1998) research in the Oriental region found a dietary preference
by mammals for duller coloured fruit than those which are selected by birds within that
region, and suggested that this could be linked to some mammals having dichromacy or
being colour-blind (Yasuda et al, 2005).

Findings by Kitamura et al (2002), in a seasonal tropical forest in Thailand noted that
black or red fruits are consistently consumed by vertebrates such as primates, civets,
deer and bears, and therefore consideration other than fruit traits must be given to
possible reasons for fruit preferences.

This consideration and the results from the

present study do, to some extent, support the theory discussed by Bollen, et al (2004),
that fruit traits of plant species often advertise specific traits to attract certain taxonomic
groups over others, in an effort to increase their chance of seed dispersal.

Other factors however, also need to be examined as to the relationships found between
these frugivore species and their fruit choice preferences recorded during this study.
Preference for fruits which may not necessarily correspond with the fruit trait
explanations must be considered, as fruit choice is highly associated with seasonal
variation and alteration in normal food choice availability which would support reports by
Poulsen et al., (2001). The current study took place during the drier months, and as such
alternative or ‘fall back foods’ may have been required. The present study did also not
find a significant relationship between the number of consumer visits and preference in
fruit size.

Direct feeding observation for red langurs showed a preference for nyatoh gagas, seeds,
however this was on fruit which was not yet fully ripe which supports studies, previously
discussed (chapter 1.1), by Davies (1991).

This species was also recorded as

consuming a small proportion of both pupu palanduk and rambutan fruits, which may be
a result of remaining unripe fruit present within the fruiting crop. However, red langurs
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showed no overall fruit preference between all the study tree species. Davis (1991), from
research carried out in a dicterocarp forest of Northern Borneo, suggests that fruit with
minimal flesh had high consumption during the months July to October, results which
would coincide with the research period of the present study and the consumption of
pupu palanduk, however Davis’s results also suggest that the red langurs have a
preference towards typical traits of bat fruits and indehiscent fruits, which would coincide
with the consumption of nyatoh gagas.

Mouse deer were only recorded feeding at manggis and consumed no other study
species crop during the study period. The consumed fruit was located on the forest floor
under the study tree canopy, suggesting the possibility that the eaten fruit may have
been dropped by a primate foraging at the same tree (Galdikas 1982; Corlett, 1998). A
similar outcome was seen in the study by Yasuda et al (2005) in which Tupaia glis was
observed consuming normally inaccessible edible fruit parts cast aside by other species.
Yasuda et al ((2005) suggests that choices in fruits by many consumers will also be
influenced by the relative size of the fruit/seed in relation to the animals jaw size. Malam
malam and manggis are softer fruits in comparison to rambutan or jambu jambu, and
without specialised teeth an animal may be limited morphologically on harder fruits,
unless a frugivore is able to access a soft edible part, or the fruit itself has been
discarded on to the forest floor by another animal species.

4.2

Seed handling behaviour and disperser effectiveness

Various arguments surrounding primary seed dispersal, long term seed survival, and
comparative dispersal distance to a parent plant have been put forward in relation to
the success of plant recruitment and forest composition.

Lambert and Chapman

(2005) suggest that primate handling methods, as well as the daily movement patterns
and habitat use, impact directly on the distance of which seeds are deposited from the
parent plant. Spit seeds and dropped seeds are anticipated to fall in close proximity to
the parent plant if pulp from fruit is eaten quickly once removed from the tree, and
those seeds carried in the digestive system are more likely to be dispersed further
afield.

In the present study, results from seed count distribution between traps and transects
shows that overall only nyatoh gagas and manggis have been dispersed away from the
parent plant yet these dispersal distances are only effective if the distance itself is great
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enough to suggest that an animal is responsible rather than fruit falling and simply
bouncing away from the crown. In comparison, larger proportions of rambutan, malam
malam, pupu palanduk and jambu jambu were dispersed in close proximity to the
parent plant; however the present study did not find a preferential distribution of seeds.
As previously discussed, because seed removal techniques vary between species, the
handling behaviour of seeds will affect how effective a disperser might be. Consumed
fruits which resulted in higher quantities of viable seeds than non-viable seeds suggest
that these tree species contains seeds which are easily digested and can be passed
through the gut in their entirety (Farwig et al, 2006).

Feeding bout data indicates clearly that orang-utans and gibbons are certainly
responsible to a significant degree, for the dispersal of nyatoh gagas and malam
malam. However, these species are generally not seed eaters so dispersal is more
than likely to be a result of dropping seeds or accidently swallowing and defecating the
seeds. Studies have shown that primates can travel vast distances during their periods
of activity and it is there primates that will deposit seeds over a wider day range than
other frugivores groups which may remain in a smaller day range (Lambert and
Chapman, 2005).

There was no obvious visual pattern occurring when comparing viable seeds against
non-viable, however pupu palanduk and jambu jambu are proportionately close in the
quantities of seeds found on traps and transects, which potentially indicates similar
consumer species at these study tree species.

Rambutan seed viability results are

quite distinct, with a higher proportion of viable to non-viable seeds being apparent,
possibly due to having such a different appearance in comparison to the other fruit.

However a significantly higher proportion of non-viable seeds were found for nyatoh
gagas, jambu jambu and Pupu palanduk indicating that different animal consumers
may treat these seed species differently. The results show that orang-utan and
squirrels are high consumers of nyatoh gagas and differences in consumer handling
behaviour between these species are distinct (Chapter 3.8). Jambu jambu shows the
higher proportion of crop being consumed by squirrels, other rodents and unknown
species, and while handling behaviour by unknown consumers is difficult to comment
on, squirrel and rodent fruit handling behaviour is quite similar. Pupu palanduk is
similar with squirrels being the most consistent consumer, followed by other rodents,
unknown consumers and bats.
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It would be reasonable to surmise from data analyses that for this study, that gibbon
are primarily responsible for dispersing rambutan. This plant species had a higher
proportion of viable seeds dispersed under the crown than on transects, which
suggests that this primate will often spit out or drop seeds which are intact, within close
proximity to the parent plant.

The majority of all the seeds found were located under the crown of the trees, with the
exception of nyatoh gagas and manggis where a higher percentage of seeds were
found on transects, over 60% and 70% respectively, which does not correlate with the
descriptions of its highest consumers. Bat fruit handling behaviour along with squirrels
and other rodents where seeds are usually spat out or dropped directly under the
crown. In comparison however, pupu palanduk and jambu jambu also have higher
proportion of these frugivore groups consuming the fruit and seed count distribution
analysis found these plant species had seeds dispersed in close proximity to the parent
plant. A significantly higher proportion of non-viable seeds were found for in seed fall
traps for nyatoh gagas, jambu jambu and pupu palanduk.

This supports previous

studies in which Muridae and squirrels are generally considered to be seed predators,
with the seed in these fruits possibly being too large for many of these smaller

mammals jaw sizes, where only smaller seeds could pass intact through the gut
passage (Yasuda et al, 2001).

The most consistent consumer of manggis was the unidentified consumers and other
rodents, consuming approximately 30%-35% of the crop during the 15 day data
collection period, followed closely by squirrels. Results indicate that approximately
20% of this seed species were located in traps and manggis had the highest proportion
of viable seeds on transects, with notable seed count dispersal being further from the
crown in comparison to other plant species.

The study by Yasuda et al (2005) found an overlap between the fruit consumed by
rodents and squirrels, which is similar to the results found in the present study.
Handling behaviour shows a preference for seeds as well as fleshy parts , and in
support of other studies, only very small seeds are likely to pass though the digestive
system intact. Unless some of these consumer species hoard seeds close to the soil
surface, then these frugivores are likely to be destructive seed predators.
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Orang-utans had a significant preference towards nyatoh gagas and malam malam,
with this frugivore species being one of the highest consumers of the latter. Again,
both seed species were dispersed further form the parent plant with the majority of the
seeds being intact. As previously discussed, evidence from earlier studies shows that
orang-utans eat both seed and pulp, and it is likely that seeds are swallowed accidently
and then regurgitated or passing intact through the digestive system making this
species a valuable seed disperser for both of these plant species.

While data was minimal, visual representation showed that mouse deer consumed a
high proportion of manggis .Yasuda et al (2005) found that ruminants are valuable spit
and defecation dispersers, particularly of fleshy fruits and large seeds were found in the
stomachs of the mouse deer in a study carried out confirming it is possible for seeds to
be dispersed intact, avoiding destruction when swallowed by this particular consumer,
which suggests that mouse deer may be an important disperser for manggis.

Due to insufficient data, it is difficult to establish whether red langurs are efficient
dispersers and have a specific tree species preference however visual representation
did show that of all the fruit they were recorded eating, the highest proportion of fruit

consumed by this frugivores species was nyatoh gagas, which also had one of the
highest count of seeds for all tree species that were dispersed away from the parent
plant, however a significantly higher proportion of non-viable seeds were found for this
plant species in comparison to the other study species which may suggest that red
langur are seed predators and mostly ineffective dispersers. Nyatoh gagas resulted in
> 42% of viable seeds being discarded onto transects with approximately 17.4% of the
total viable seeds from this plant collected in traps. In comparison >21% of non-viable
seeds were dropped into traps and the highest count for all tree species of dispersal on
transects >18%.

Davis (1991) suggests that those fruit with large seeds are prone to predation and
states as a result preventative fruiting patterns may occur which was observed when
red langurs consumed seeds in the main fruiting season and entire fruits at other times.
This suggests that fruiting patterns are influenced by consumers and may be reacting
to pressures from both predators and dispersers and as such influences food selection.
Notman and Villegas (2005) found seed predation by mammals to be notably lower
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during high fruit production periods in comparison to the beginning and end of these
peaks.

4.3

Limitations

The project time period of ten weeks was insufficient in time to establish how frugivores
behaviour and seed usage changed in relation to time and changing fruit abundance.
Thus this aspect could not be studied. Additionally there was a lack of fruiting trees of
the same species in similar fruiting production cycles and with abundant fruit in close
proximity to each other, which meant that the total number of trees that could be
studies was less than originally planned. Thus the data for this project was not as
extensive as anticipated and a larger study may have meant that more frugivores could
have been the subject of detailed studies and that the results of this current study must
be treated with some caution.

The study did not allow for seasonal variations in weather conditions which would
certainly be relevant, plant seed fate may be affected significantly by wet or dry
seasons, in relation to foraging behaviour by consumers and also fruiting season
productivity levels.

As a result of the minimal time available, the present study was unable to examine the
content of fruit chemistry nutrient in the study plants, which may be higher in certain
fruits and contain more energy. This would be an important aspect of fruit choice for all
frugivore groups and would have been a useful indicator in the overall research project.

The methods used in the present study were influenced by prior research but various
limiting factors became apparent during the study. Full tree watches, despite yielding
good data in other forests, were relatively ineffective.

Difficulties occurred with

selecting suitable observation distances from the focal tree. If the observation point
was in close proximity to the study tree, there was a risk of disturbing the natural
behaviour of visiting animals, yet if the observation point was located at a greater
distance, there was often obstruction by the surrounding forest canopy.

Another issue

which occurred with tree watching was the difficulty in identifying consumer species
quickly and effectively, even with local guide assistance it was not always a reliable
method and gave significant room for error.
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Transects also proved inadequate in the peat swamp forest conditions, possibly a
consequence of the drier weather conditions, as leaf litter on the forest floor was dense
and as such seed and fruit remains may have been overlooked. Transect lines may
have benefitted from being walked twice in order to reduce the possibility of missed
fruit in particular because of their small size.

The unsuccessful outcome of some of

the methods trialled above could be attributed to the lower fauna densities which occur
in a peat swamp forest.

4.4

Future research

The present study is only concerned with laying the foundations for fruit- frugivore
relationship studies. In order to raise awareness and understand the consequences of
the long term effects on forest ecosystems, and comprehend the uncertain
ramifications of fruit-frugivore relationships, a further long-term research period is
essential.

Further research needs be undertaken to assess frugivore species diet preferences
more exhaustively, possibly by initially undertaking focal frugivore species studies to
establish more substantial dietary knowledge and fruit handling behaviour.

There may also be an advantage in analysing consumer favoured fruits for nutrient
contents and energy levels as this is likely to influence diet choice and consumer
reward.

The suggested future research would also benefit from including a larger sample size
with a more varied range of plant species. Including both ripe and unripe stages of fruit
production could also increase the number of frugivore groups which consume any
given plant species which would potentially provide more interesting results.

Post-seed dispersal methods, for example consumer scat sampling located at the
study trees, would also be beneficial, in order to examine seed fate through the gut
passage.

Also having time to collect dispersed seeds and observe germination

success would be highly productive for any further research methods.
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Methods of data collection would benefit greatly from adjustments, in particular tree
watches. The use of remote cameras would allow 24 hour observation of both diurnal
and nocturnal consumer species and deliver quantitative data on fruit consumption and
handling behaviour (Yasuda et al, 2005). Cameras would also reduce disturbance to
the surrounding flora and fauna once the initial set up was carried out.
In addition, another consideration for future studies would be to complete the research
period during both the wet and dry season to accommodate any alterations in the
surrounding habitat which may influence frit abundance and availability and consumer
food choices.
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CONCLUSIONS
The aims of this study were to understand more about which animals disperse which
seeds and their effectiveness at this process. It is hoped that this study provides a step
forward in understanding. The results indicate that while there are some interesting
patterns occurring, as a result of limited time and a low sample size, the data is not
consistent enough to suggest significant trends.

Factors such as fruit nutrient content and morphology must be included in future
studies to establish the importance of determining fruit choice and tendencies for some
consumers towards some fruit over others. During periods of low fruit availability
energy stores have to be consistently relied upon, with fluctuations in fruit availability
influencing fruit choice and in turn, fruit handling behaviour.

Where dispersal has been ineffective, as a result of seed predation or poor dispersal,
some plants will have evolved to overcome these restrictions and developed
specialised traits which are not attractive to predatory frugivores, in an attempt to
minimise seed loss and destruction (Yasuda et al 2005).

While seasonal and interannual variations in fruit production continually alter the
dynamics of frugivore dispersal structures within a guild, the importance of various
dispersers is also likely to change. With changes in fruit availability and abundances
as a result of these season variations is reasonable to assume that relatively limited
fruit species will be accessible at the same time. In turn, this situation becomes highly
beneficial to generalist frugivores and as a result of the increased proportion of wide
ranging consumers, fewer seeds are likely to be dispersed successfully (McConkey
and Brockelman, 2011).

The results from the data analysis carried out in this study are not very apparent, and
do not indicate any specific direction in consumer preferences or disperser
effectiveness.

The aims of this study were to understand more about how forest ecosystems work
and the long term impacts of fruit-frugivore relationships on the peat swamp forest
habitat. However, as previously stated, limited time and resources restricted
56

December 2011
Victoria Hatton 10005123

Oxford Brookes University
P102990

sample size and data analysis which impacted on the quality and reliability of the data
collected. Further related research must take the factors mentioned in chapter 4.3 into
consideration for a more in depth study of fruit-frugivore relationships in this particular
habitat.

It is vital to develop a better understanding of how and why different frugivores choose,
consume and disperse different plant seeds and it is hoped that this study provides a
step forward in understanding more about this area of research and offers potential for
further research to be carried out with in turn will be beneficial for conservation
organisations.
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6.0 APPENDICES
Appendix 1
Transect Data Sheet
Date/Tanggal

GPS

Transect
direction
(N,S,E,W)

CBH
Transect
length
from
crown

Tree species:

Height/Tinggi
Pohon:

Transect width at
seed/fruit location

Tree tag No./ No. Tag Pohon:

Start/Jam Mulai

Finish/Jam
Selesai

Distance seed/fruit
located (metres)

No.
seeds/fruit

Viable/nonviable
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Appendix 2
Trap data sheet
Date/Tanggal:
GPS

No. Trap

Tree species:
CBH

No. of viable
seeds

Height/Tinggi Pohon:

No. of non-viable seeds

Tree tag No./ No. Tag Pohon:
Finish/Jam
Start/Jam Mulai
Selesai

Seeds still in
fruit

Animal
species
identified from
remains
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Appendix 3
Tree Watch data sheet
Date/Tanggal:

Tree/Pohon species:

Tree tag No./
No. Tag Pohon:

GPS

Height/Tinggi
Pohon

CBH

Start/Jam
Mulai

Bird Behaviour
Entry time

Exit
time

Species

Start

Finish

No. individuals

Dropped

Regurgitated

Finish/Jam
Selesai

Mammal Behaviour

Defecated
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Spat

Dropped
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no.
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