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ABSTRACT

Home range is essential in living regime of an animal, and it is normally affected by
body mass, group size, competition and habitat quality. The Puff-throated Bulbul is known to
feed on fruits and insects, and is found in flock throughout the year. This study examined
relationships among home range size, group size, fruit availability, and forest structure during
the breeding and post-breeding seasons of 10 groups of a color-ringed population of the Puff-
throated Bulbul (Alophoixus pallidus) at the Mo-Singto Long-term Biodiversity Research
Plot, Khao Yai National Park. The home range and group size were monitored from March
2006 until February 2008 by direct observations. Minimum Convex Polygons of home ranges
(MCP), 50% and 80% Kernel Method (50%KHR and 80% KHR) in both the breeding season
(March-July) and the post-breeding season (August-February) were drawn. Habitat quality,
including fruit availability, vegetation density and stream length was determined.

The mean group size in the breeding season was significantly smaller than that in
the post-breeding season (3.8 £ 1.4 and 5.3 + 1.9 individuals, respectively, n = 12, P < 0.05)
which resulted from additional fledged juveniles. The mean home range size in the breeding
season (2.1 = 0.5 ha, n = 12), was not different from that in the post-breeding season (2.3 +
0.7 ha, n = 12). In the post-breeding season, the groups with juveniles increased their home
range size on average by 21% over that in the breeding season whereas in groups without
juveniles, the post-breeding season home range decreased by 3%. The mean core areas
(50%KHR) were 0.4 £ 0.1 ha (breeding season); and 0.4 + 0.2 ha (post-breeding season) (n =
12). They were approximately 16% of the MCP home range sizes. There was <1% overlaps
among the 50%KHR, while >60% of MCP home ranges overlapped. The mean total fruit
availability during the breeding season and the post-breeding season was 1.88 + 0.90, and
1.16 + 0.44 and which was not a significant difference. There was no relationship between
fruit availability and either home range size or group size. The density of vegetation with dbh
1-5 cm (31.3 + 3.7 stems/100m?), and 5-10 cm (6.3 + 1.2 stems/100m?) negatively correlated
with home range size in the breeding season (P < 0.1, and P < 0.05, respectively), but there
was no correlation with group size. The stream length in the home range had a positive
correlation with group size in both the breeding and the post-breeding seasons (87.1 + 51.8
and 88.1 + 70.8 m/ha, respectively; P < 0.05). The home range size was obviously affected by
the group size in the post-breeding season. The effect of habitat quality on the home range
size and group size was not clearly demonstrated. Some other factors, which were not
measured (e.g. insect abundance) in this study, may contribute to habitat quality, and may
affect home range size.

KEY WORDS : PUFF-THROATED BULBUL / Alophoixus pallidus /
HOME RANGE / GROUP SIZE / HABITAT QUALITY
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CHAPTER I
INTRODUCTION

1.1. Background and justification

An animal utilizes an area called a home range, for all its activities including
foraging, mating, and nesting. Within a species, individuals or groups occupy and
defend all or part of the home range, called a territory, against others (Brown, 1964;
Odum & Kuenzler, 1955). The size of the home range or territory is usually dependent
upon factors such as body mass, group size, competition and habitat quality (Schoener,
1968). Larger animals require a larger home range in order to obtain enough food to
meet their energetic needs. Group size is positively correlated with home range size in
many group-living species such as Florida Scrub Jay Aphelocoma c. coerulescens and
Acorn Woodpecker Melanerpes fermicivorus because a larger area is required to
support more individuals (Alcock, 1998; MacRoberts & MacRoberts, 1976;
Woolfenden & Fitzpatrick, 1978).

Other factors such as forest structure, vegetation density, and food abundance
also influence the home range size through their effects on food availability, or nest-
site availability. The home range size generally shows an inverse relationship with
food abundance (Seastedt & MacLean, 1979; Smith & Shugart, 1987). If a small area
of habitat with high food abundance can provide sufficient energy for their needs,
animals should not waste energy to defend a large area. This explanation assumes that
animals can assess the resource availability. An alternative hypothesis explaining the
relationship between home range and food abundance suggests that intrusion pressure
might be an intermediate factor affecting the response of animals to home range size.
Food-rich areas attract more competitors and are therefore more costly to defend. An
appropriate response may therefore be to reduce the size of the defended area (Hixon,
1980; Myers et al., 1979; Norton et al., 1982; Schoener, 1968).
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Areas with dense vegetation are important for providing shelter and nesting
habitat (Haggerty, 1998; Jones & Robertson, 2001) and may therefore be indicative of
territory quality. Territory quality may also reflect male quality, since the best males
often occupy good quality territories that are linked with high reproductive success
and exclude other males from (Best, 1977; Brooker & Rowley, 1995; Hill, 1988;
Langen & Veherncamp, 1998).

The Puff-throated Bulbul (Alophoixus pallidus; Family Pycnonotidae), a
cooperatively breeding bird (Pierce et al., 2004; 2007), is distributed from southern
and eastern Myanmar to Indochina and southern China (King et al., 1975). Puff-
throated Bulbuls are very common in tropical evergreen forest and are easily seen in
the lower canopy and middle storey (Chaikuad, 2000; McClure, 1974). Studies of
avian abundance and diversity in the Mo-Singto Long-term Biodiversity Research
Plot, Khao Yai National Park, Thailand, found that the Puff-throated Bulbul was the
most common understory species with average density of 3 individuals/ha (Round et
al., 2004). In addition, the Puff-throated Bulbul is an important dispersal agent of
small-seeded fruits and it consumes at least 77 species of the approximately 240 plant
species in the plot (Sankamethawee & Gale, 2005).

Previous studies of the ecology of bulbuls include works on the abiotic
factors affecting the distribution of three African bulbuls (Lloyd & Palmer 1998);
habitat use in some Thai bulbuls (Chaikuad, 2000), and foraging observations and
studies of fruit-frugivore interactions in southeast Asia and Africa (e.g. Kitamura et
al., 2005; Graham et al., 1995). Other studies of Asian bulbuls include the ranging
behavior of the Olive-Winged Bulbul Pycnonotus plumosus, Cream-vented Bulbul P.
simplex (Peh & Ong, 2002) and Red-whiskered Bulbul P. jocosus (Chaikuad, 1995;
Weir & Corlett, 2007), while the cooperative breeding system in Puff-throated Bulbul
has been documented by Pierce et al. (2004, 2007). Additional questions about the
occurrence of cooperative breeding in this species are of interest. The study of the
relationship among ecological factors, home range, and group size might help
understand the reasons why a cooperative breeding system has evolved in this species,

as well as increase the detailed knowledge of its biology and ecology.
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1.2. Objectives and study scope

The aims of this study were to examine the relationships among food
availability, forest structure, home range size, and group size in a color-ringed
population of Puff-throated Bulbuls at Mo-singto Long-Term Biodiversity Research
Plot, Khao Yai National Park, Thailand

1.3. Expected benefits
The primary benefit of this study is to increase understanding of the ecology
of the Puff-throated Bulbul.

1.4. Hypotheses and predictions
1.4.1. Is home range size related to group size?

- Hypothesis : Home range size is related to group size.
- Prediction : Larger groups should occupy larger home ranges in areas in

which the habitat quality is similar.

1.4.2. Does habitat quality influence home range size?

- Hypothesis : Home range size is related to habitat quality

- Prediction : Home ranges should be smaller in the better quality habitat
which is determined by higher fruit availability; longer length of stream (supporting
greater insect abundance), and higher tree density that improves nest shelter and

concealment.

1.4.3. Does habitat quality influence group size?

- Hypothesis : Habitat quality influences the group size
- Prediction : The better quality home ranges (defined by greater fruit
availability, longer length of stream, and higher availability of potential nest-sites) are

more attractive and should support more birds (yielding larger group sizes).
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1.4.4. Is there a difference of habitat quality, home range and group size

between the breeding and the post-breeding season?

- Hypothesis : Habitat quality, home range and group size is different
between seasons

- Prediction : Home range sizes and group sizes should differ between
seasons. Some habitat quality characteristics, e.g. fruit availability and stream length,
are also affected by the seasons. In the breeding season, the home range and group size
would be smaller because of greater food availability, and/or because the breeding
season home range is restricted by the nesting behavior. In the post-breeding season,
the home range and group size should become larger because the food is sparser and
group sizes are larger due to the presence of fledged juveniles.
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CHAPTER II
LITERATURE REVIEW

2.1. Puff-throated Bulbul : Species description

2.1.1. Bulbuls

Bulbuls (Family Pycnonotidae) comprise 137 species in 21 genera distributed
throughout Africa and Asia (Sibley & Monroe, 1990). In Thailand, there are 36
species now usually grouped in 8 genera (Spizixos, Pycnonotus, Alophoixus,

Tricholestes, lole, Ixos, Hemixos and Hypsipetes; Lekagul & Round, 1991; Round

2000). They are medium-sized arboreal birds, gregarious and not usually shy (Lekagul

& Round, 1991). Most inhabit the canopy or lower canopy and middle storey. At least

nine bulbul species have been recorded in Khao Yai (Lekagul & Round, 1991,
McClure, 1974; Lynam et al, 2006) :

a)

b)

f)

9)

Black-headed Bulbul (Pycnonotus atriceps): common resident, found in

mixed deciduous and evergreen forests, forest edge and secondary
growth from plains up to 1600 m elevation.

Black-crested Bulbul (Pycnonotus melanicterus): very common resident,

found in evergreen and mixed deciduous forest from plains to the highest
summits.

Red-whiskered Bulbul (Pycnonotus jocosus): very common resident, in

well-watered brushy and other open habitats.

Sooty-headed Bulbul (Pycnonotus aurigaster) : very common resident,

found in dry scrub and open woodlands from plains to at least 1800 m.
Stripe-throated Bulbul (Pycnonotus finlaysoni): common resident. Their

habitat is mainly limited to forest edges, including roadsides.

Puff-throated Bulbul (Alophoixus pallidus) : common resident. They are

basically a forest species, also found in forest edges.
Grey-eyed Bulbul (lole propinqua) : very common resident, usually seen

together  with  Puff-throated  Bulbul in  middle  storey.
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h) Ashy Bulbul (Hemixos flavala) : common resident but McClure (1974)
suggested that it may not be seen for several months and its population is
quite low.

i) Black Bulbul (Hypsipetes leucocephaluss) : rare winter visitor with one
or two records

Bulbuls are omnivores and consume fruits of many plant species. Some

bulbul species such as Black-crested Bulbul, Black-headed Bulbul, and Puff-throated
Bulbul forage in both primary forest and the ecotone between evergreen forest and
grassland (Chaikuad, 2000). A number of studies have suggested that bulbuls are an
important dispersal agent of small-seeded fruits (Corlett, 1998 a, b; Graham et al.,
1995; Kitamura et al., 2005). Red-whiskered Bulbul and Light-vented Bulbul (P.
sinensis) in Hong Kong shrubland consumed various plant species without damaging
their seeds and were responsible for seed dispersal in fragmented forests (Corlett, 1998
a, Weir & Corlett, 2007). Olive-breasted Mountain Greenbul (Andropadus
tephrolaemus) and Yellow-whiskered Greenbul (A. latirostris) were effective seed
dispersers for the pioneer tree species Maesa lanceolata (Myrsinaceae) (Graham et al.,

1995) in African montane forest

2.1.2. Ecology and behavior of Puff-throated Bulbul

The distinguishing features of the Puff-throated Bulbul include the thick bill
and white-puffed feathers on the throat (Figure 2.1). They inhabit evergreen forest
from foothills to c. 1,200 m (Lekagul & Round, 1991) and are usually found in small
groups of 3-6 individuals which call noisily throughout the year. A previous study of
avian abundance and diversity in the Mo-Singto Plot suggested that PBU was the most
common bird species in the plot with > 3 individuals per hectare (Round et al., 2004).
They also occasionally join with other bulbuls such as Grey-eyed Bulbuls or Black-
crested Bulbuls to feed on fruits as well as occasionally join mixed-species bird flocks
feeding on insects (McClure, 1974; Nimnuan et al., 2004).

PBU in the evergreen forest is more insectivorous than frugivorous, however.
Chaikuad (2000) reported that PBUs in evergreen forest ate insects rather than fruits
(42 of 45 observed bouts of feeding involved on insects as prey). However, a study of

frugivory in smaller-sized birds of the Mo-Singto Plot by Sankamethawee & Gale
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(2005) revealed that PBU was one of the main frugivores in the forest. They consumed
fruits of at least 77 of the approximately 240 fruiting plant species on the Mo-Singto
plot including trees, shrubs, herbs, and climbers. Most of their foods were from low to
middle canopy plants. If fruits are a critical resource for this species, fruit availability

should be related to home range size.

Figure 2.1. Puff-throated Bulbul and its nest. Photo : Korakoch Pobprasert.
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2.1.3. Reproduction in the Puff-throated Bulbul

The breeding season of PBU in the study area normally begins in early
February and end in July (Pierce et al., 2007). The nest is cup-shaped, comprised of
dried leaves held together with aerial roots of lianas and woody climbers and attached
to branches with spider web (Figure 2.1; Pierce et al., 2004). Nest height ranged from
0.5 to 15 m above the ground (Pierce et al., 2007). Females usually lay 2-3 eggs. The
incubation period is about 12-13 days. The young fledge around 10-11 days after
hatching (Pierce et al., 2004). Females will attempt to re-nest throughout the breeding
season if early nests are depredated or abandoned. Some females attempt a second
brood after juveniles of a previous brood are independently foraging (Avian
abundance and diversity project, unpubl. data).

Recent studies of PBU at KYNP confirmed the occurrence of cooperative
breeding in which other individuals assist raising offspring. At least three individuals
of the same group have been documented feeding nestlings (Pierce et al., 2007). They
participated in the provisioning of nestlings, maintaining nest hygiene, as well as being
involved in nest and territory defense (Pierce et al., 2007). Most of the helpers
appeared not to be the juveniles of the parents or their close relatives, but for other
species the helpers can be either descendant kin (e.g. Florida Scrub Jay, Woolfenden
& Fitpatrick, 1978); or non-descendant kin (e.g. Dunnock Prunella modularis,
Cockburn, 1998). The benefits for having helpers from the breeding pair’s point of
view are to increase breeding success and increase survival or future fecundity by
lightening the parents’ workload (Hunter, 1985; Langen & Veherncamp, 1998;
Restrepo & Mondragon, 1998; Cockburn, 1998). Young that delay dispersal from the
natal territory might also benefit by having increased opportunities to take over
breeding vacancies in better habitat, or inherit the territory. The other hypothesis,
called philopatry, suggested that if the variation in habitat quality increases, delaying
dispersal and becoming cooperative breeders increases the benefits gained even in the
absence of habitat saturation (Hatchwell & Komdeur, 2000). In addition, the benefit
for helping is conveyed to their kin or close relatives who share the same genes with
the helpers (Dickinson & Hatchwell, 2004). However, the benefits from helping

behavior are not yet proven in PBU.
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2.2. Home range and territoriality

Unlike an exclusive territory, home ranges allow animals to meet without
intensive fighting (Wallace, 1979). Typically, it is assumed that an animal knows the
locations of food, water, and shelter in its home range area, and this conveys benefits
for survival and reproduction (Wallace, 1979). However, some animals also defend a
particular area for a specific purpose during a period of time. A nesting territory, an
area around their nest, which other individual pairs are excluded during only the
breeding season, is commonly found in colonial-nesting seabirds and some other
group-living species (e.g. Alpine Accentor Prunella collari; Nakamura, 1995).
Baboons defend their sleeping trees and feeding grounds but share watering holes with
other troops (Wallace, 1979).

Three models for studying territory size and shape were suggested in Adams
(2001). In the first model, called focal resident models, territory size and shape are
determined by focal individuals or groups based on their optimal resource
requirements and intruder pressure. This method addresses the question about optimal
territory size. In the second, models of interactions between contiguous neighbors
(especially fighting behavior, threat displays, or aggressiveness) are used to explain
how boundaries are settled and what determines their positions and shapes. In the last
model, the territory size and shape are considered as the consequence of the
differences in ability among individuals to occupy preferred habitats. The model
allows prediction of the effects of territory defense on population density and spatial
patterns of animals by considering the interactions between established residents and
multiple competitors who attempt to acquire territories.

In general, for the study of home ranges or territories, individuals of the
studied species should be identifiable. The most common method for identifying
individual birds is by banding them with a unique plastic colour-banded combination.
Another method which has been commonly used in recent years is radio-tracking. This
more accurate and more convenient for determining detailed movements, especially
for the large species that utilize large home range such as hornbills, and/or, species
that have cryptic behaviors.

Many models have been developed to determine home range or territory

shape and utilization. The simplest method is the Minimum Convex Polygon (MCP)
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which does not utilize differences in intensity of use of areas with in the home range
(Odum & Kuenzler, 1955). Other models, including circular bivariate normal and
general bivariate normal models, more fully take into account the distribution patterns
that describe the relative intensity of an animal’s differential use of areas. MCP may
be biased by sample sizes which may cause underestimation of home ranges or
territories, while extreme locations, that might occasionally occur when an animal
travels outside its usual range, can cause overestimation of home ranges or territories,
but it is still the most common approach to determine home range boundaries due to
its simplicity (Samuel & Garton, 1985). Another approach which also takes into
account the differences in the utilization distribution in the home range areas involve
Kernel methods, which assign a probability of area use based on number and spatial
arrangement of locations (Worton, 1989).

2.3. Factors affecting home range and territory size

Home range size or territory size is dependent upon many variables such as
the size of the animal; the distribution pattern of resources; the breeding system; and
habitat quality (Schoener 1968).

a) Body size : smaller-sized species tend to have smaller home ranges than
larger animals. Nice 1938 (as cited in Schoener 1968) suggested that larger birds
require larger areas than the smaller to obtain enough energy if the calories of food per
unit area for the larger species are less than or equal to those of the smaller one.
McNab (1963; as cited in Drickamer & Vessey, 1986) suggested that the home range
or territory size is an approximate function of the animal’s weight and of its metabolic
rate.

b) Habitat quality

b.1) Resource abundance and distribution : This factor is commonly used as
an index of habitat quality. Resource limitation is one of the critical factors driving the
evolution of territoriality (Drickamer, 1986). The distribution pattern of limited
resources in both space and time is the primary factor that promotes territoriality.
Resources (i.e. food) that are uniformly distributed in a habitat and fluctuate

seasonally are usually defended by an individual or a group. On the other hand,
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clumped and unpredictable resources might promote nomadism or colonial living
(Drickamer & Vessey, 1986). Studies of the relationship between food abundance and
territory size, both field and experimental studies, revealed that food availability had
an inverse relationship to home range size (Seastedt & MaclLean, 1979; Smith &
Shugart, 1987; Stenger, 1958). However, the results were not entirely consistent
among species because different sampling methods, sample sizes, duration of
experiments, and types of territories etc. (Adams, 2001; Boutin, 1990). The
assumption that birds utilize smaller home ranges in food-rich habitats requires that
they might assess resource availability directly and utilize or defend areas that contain
sufficient amounts of food to meet their energetic needs.

b.2) Habitat structure : Habitat structure is an indicator for determining
habitat quality. A large percentage of canopy cover or dense vegetation may shelter
birds from predators or provide suitable nesting habitat more effectively than sparser
cover (Haggerty, 1998; Jones & Robertson, 2001). Some habitat characteristics are
related to the distribution of food: For example, litter depth was related to insect
abundance which affected home range size of the Ovenbird Seiurus aurocapillus
(Smith & Shugart 1987). Other cues are used to describe habitat structure in other
species, such as stream-riffles foraging sites of Belted Kingfisher Megaceryle alcyon
(Davis, 1982) or tree fall gaps that might indicate the presence of food resources for
both frugivorous and insectivorous birds (Blake & Hoppes, 1986).

At a larger scale, various habitat qualities can affect animal populations.
Some areas or habitats may be “source habitats”, occupied by populations that are self-
sustaining and from which excess young may disperse to other areas. Other areas may
be “sink habitats” or low quality habitats, in which recruitment is lower and where
populations can only be maintained by the immigration from source populations
elsewhere (Pulliam, 1988). Habitats in source areas provide adequate foods or suitable
nesting habitat resulting in higher reproductive success. Sink areas are less suitable
and their occupants enjoy lower reproductive success. However, some species e.g.,
Sage Sparrows Amphispiza belli (Misenhelter & Rotenberry, 2000), Eastern Kingbird
Tyrannus tyrannus (Murphy, 2001), and California Towhees Pipilo crissalis (Purcell
& Verner, 1998) are thought to sometimes prefer lower quality habitat. They may

persist in the lower quality habitat because these habitats provide more potential nest
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sites, cover, and food, although the reproductive success is low due to higher predation
rates.

c) Intruder pressure : Intraspecific competition or intruder pressure can also
explain the relationship between home range size and food availability (Adams, 2001;
Hixon, 1980; Myers et al., 1979; Norton et al., 1982; Schoener, 1968). This hypothesis
suggests that individuals or groups are prevented from expanding their territories due
to the presence of more competitors in areas of greater food abundance. For example,
Norton et al. (1982) compared the home range size of Black-chinned Hummingbird
(Archilochus alexandri) between control territories and experimental territories that
were manipulated for intrusion pressure by removing or installing additional sucrose
solution feeders. They found that the territory size decreased significantly in response
to increased intrusion pressure.

d) Breeding strategy also affects home range size by determining the number
of individuals participating in defending territories and raising the young.
Monogamous birds, in which a breeding pair feeds the young and defends the territory
themselves, have smaller territories or home ranges than polygamous birds. A number
of studies of group-living species, e.g., Acorn Woodpecker Melanerpes fermicivorus
(MacRoberts & MacRoberts, 1976), Kookaburra Dacelo gigas (Parry 1973) and
Florida Scrub Jay Aphelocoma c.coerulescens (Woolfenden & Fitzpatrick, 1978)
suggested that the larger the family size, the larger the territory size. Schoener (1968)
suggested that clutch size also affected territory size. Birds laying larger clutches
required a larger area to obtain enough food for their young.

e) Stage of breeding cycle : Some birds utilize different-sized home ranges
during different stages of the breeding cycle. Great Hornbills Buceros bicornis and
Wreathed Hornbills Rhyticeros undulatus (Poonswad & Tsuji, 1994) and Barred Owls
Strix varia (Mazur et al., 1998) used smaller areas in the breeding season than in the
non-breeding season. However, Schoener (1968) referred to other studies in which
some species decreased their territory size as the breeding season progressed: e.g.,
Continental goldfinch Carduelis carduelis carduelis (Conder, 1948) and Black-capped
Chickadee Poecile atricapillus (Odum, 1941). Some species decreased their territory
size during nest building and egg laying and then increased it again during the

incubation period (Stenger, 1958).
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f) Other factors affect territory size among individuals of the same
species,including individual characteristics such as sex or age, number of individuals
of other species in the same area, as well as the preferred habitat distribution
(Schoener, 1968).

2.4. Effect of home range quality on group size

Group size is commonly the accumulation of adults and juveniles in many
group-living species. The increase in group size is usually caused by the delayed
dispersal of juveniles. There are some explanations for delaying dispersal: e.g., habitat
saturation, ecological constraints, life history traits (Hatchwell & Komdeur, 2000).
Juveniles or individuals inhabiting better-quality home ranges are more likely to delay
dispersal while the others that inhabiting in the lower-quality home ranges also require
those home ranges. Birds that occupy high-quality home ranges benefit through an
increase in their survival or an increase in their reproductive success compared with
birds in low-quality home ranges (Brouwer et al., 2006; Brown & Balda, 1977,
Langen & Vehrencamp, 1998). For example, larger groups of White-throated Magpie-
Jays (Calocitta Formosa) occupied larger territories containing more acacia trees
which provided them with critical food sources during the dry season, hence

increasing the number of offspring per successful nest (Langen & Vehrencamp, 1998).
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CHAPTER IlI
STUDY AREA

3.1. Khao Yai National Park (KYNP)
Khao Yai National Park, Thailand’s first national park, established in 1962,

is located to the northeast of Bangkok in the Dongrak Mountain range between

latitudes N 14° 05’ and 14° 15" and longitudes E 101° 05’ and 101° 50'. It covers parts

of four contiguous provinces (Nakhon Ratchasima, Saraburi, Prachinburi, and Nakhon

Nayok), and has a total area of about 2,168 km?. The elevation of the area ranges from

250 to 1400 asl. The three highest ridges are Khao Laem in the northeast (1,400 m),
Khao Khieo in the southeast (1,300 m), and Khao Sam Yot in the west (1,200 m)
(McClure, 1974). The plant community in KYNP is described differently by different
observers. For this study I followed Smitinand (1968, 1977) who divided the

vegetation into five types:

a)

b)

Dry mixed deciduous forest covers only 5% of the park area. It occurs

along the northern slopes between 400-600 m elevation.

Dry evergreen forest occurs along the eastern border in Nakhon

Ratchasima and Prachin Buri. It covers about 21% of the total park area.
The vegetation in this forest type is a mixture of evergreen and deciduous
species.

Moist evergreen forest, occupies most of the park (64%), at elevations

from 400 m to 1,000 m asl. The forest structure of this forest type varies
depending on environmental factors at each locality. The upper storey is
dominated by Dipterocarpus dyeri, D. gracilis, D. costatas,
Anthocephalus chinensis, Cinnamomum subavenium and Euginia cumini
etc.. There are other tree species associating in the upper story including
Shorea, oaks and chestnuts (Fagaceae). The understory is covered by a

dense undergrowth including shrubs, palms, ferns, and rattans. The Mo-
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Singto Long-term Biodiversity Research Plot is located in this forest

type.

d) Hill evergreen forest is found at 1000 m asl. upwards. It covers

approximately 5 % of total area of the park.

e) Grassland and Secondary Growth occupy formerly cultivated areas that

were abandoned when the park was established. The grassland
community has been maintained by fire by the park to enhance wildlife

viewing by tourists.

Due to its size and high habitat diversity, KYNP is rich in fauna. Over 300
bird species are found in the park (Lynam et al., 2006). Mammals include White
handed gibbon (Hylobates lar), Pileated gibbon (H. pileatus), Pig-tailed macaque (Macaca
nemestrina), Slow loris (Nycticebus coucang), Binturong (Arctictis binturong), Asiatic
elephant (Elephas maximus), Wild pig (Sus scrofa), common barking deer (Muntiacus
muntjak), Malayan sun bear (Helarctos malayanus), Asiatic black bear (Selenarctos
thibetanus) and tiger (Panthera tigris), although tigers now are extremely rare in the park
(Srikosamatara & Hansel, 1996). There are also many species of smaller mammals,
including rodents, and many species of reptiles and amphibians (Lynam et al., 2006)

Khao Yai has a monsoonal climate. Three seasons are recognized. The hot
dry season is from March to May. The rainy season occurs from June to September.
The southwest monsoon wind causes the heavy rain. The cool season occurs from
October to February influenced by the northeast monsoon. During March 2006 -
February 2008, the average monthly temperature was 22.3 °C (range 14.7 - 29.9°C).
The average monthly rainfall was 214.6 mm (range 0 — 896.4 mm) (Figure 3.1).
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Figure 3.1. Monthly rainfall and temperature between March 2006 — February 2008.
Data were collected using automatic data logger at the Khao Yai Training Center
lodge (except rainfall between 10™ April — 7™ May 2007 which was taken from the
data collected by the Hornbill Project). Error bars indicate maximum and minimum

temperatures.

Khao Yai National Park and four adjacent protected areas (Ta-Phraya
National Park, Thap Lan National Park, Pang Sida National Park, and Dong Yai
Wildlife Sanctuary) together form the Dong Phayayen-Khao Yai Forest Complex,
covering a total area of 6,160 km”. This was declared as a World Heritage Site in 2005
(http://whc.unesco.org/en/list/590).
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3.2. Mo-Singto Long Term Biodiversity Research Plot

The study was conducted on the 30-ha Mo-Singto Long-term Biodiversity
Research Plot (14° 26" N, 101° 22’ E), located approximately 1 km west of the park’s
headquarters. It was established by Dr. Warren Brockelman in 1993 to study details of
gibbon biology, forest ecology, and animal-plant relations. The plot is dominated by a
series of ridges and valleys with an elevation range of 730-860 m asl. It is traversed by
a seasonal stream that flows eastward and drains into the Lam-Takhong River. The
vegetation is mainly mature evergreen forest with a small area of regenerating
secondary forest at the northern edge of the plot (Figure 3.2).

In the study plot, 20 m-square grids are marked by orange stakes (total 762
20x20-m-quadrats). All vegetations with dbh > 1 cm are mapped, identified, measured
(dbh), and individually numbered with the number of the quadrat column and row in
which they occur, and a 3-4 digit number (Brockelman, 1998; Brockelman et al.,
2001).
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CHAPTER IV
METHODOLOGY

4.1. Bird ringing

Since 2003, understorey birds in the Mo-Singto study plot have been trapped
in mist-nets and ringed with unique color-ring combinations so as to distinguish
among individuals. All full-grown Puff-throated Bulbuls were ringed with a two-color
plastic ring combination, and an aluminium ring. During the breeding season, seven or
eight-day-old nestlings were ringed with a unique ring combination of colored plastic
rings on one leg and color ring and an aluminium ring on the other leg to represent the
hatching-year. As of 8 January 2008, more than 200 Puff-throated Bulbuls had been
marked of which about 90 individuals were seen during the study period (Avian

abundance and diversity project, unpubl. data).

4.2. Bird surveys

4.2.1. Line transect surveys

The numbers and locations of birds, and whenever observed, color-ring
combinations, were recorded along 500 m-long line transects (Figure 4.1). Line
transect surveys were conducted by 1 — 3 observers on eight north-to-south lines
spaced 80 m apart, once or twice per month (except during June 2006). The total effort
during February 2006 — February 2008 was 210 surveys (Table 4.1).
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Figure 4.1. Eight north-to-south line transect surveys.(Line numbers 16, 20, 24, 28,
32, 36, 40 and 44).

The observations were made in the morning (7 a.m. — 1 p.m.) and/or during
the afternoon (1 p.m. — 5 p.m.). Each line took 1 hr 16 mins — 7 hrs to complete. The
average duration of a survey was 3 hrs 11 mins. The observers usually stopped every
20 m for at least a few minutes to observe birds. When the birds called or were seen,
they were followed for as long as possible. Number of individuals and locations were
recorded. The fighting behavior against neighboring groups (FT); foraging behaviors
categorized as feeding on fruits (FF), feeding on insects (FI), or feeding on flowers
(FFW); or breeding activity (BR) including nest-building, incubating, brooding, and

feeding young, etc., were noted.
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Table 4.1. Line transect survey effort ( v' = one observation; blank = no observation)

Month Number of Line

Observers 16 20 24 28 32 36 40 44
Feb-06 3 vV Vv Vv Vv vV Vv Vv Vv
Mar-06 3 vV vV Vv Vv Vv Vv Vv Vv
Apr-06 3 Vv Vv Vv Vv Vv Vv Vv Vv
May-06 3 vV Vv Vv Vv vV Vv Vv vV
Jun-06 no survey
Jul-06 2 vv vv Vv vv vv
Aug-06 1 Vv Vv
Sep-06 2 v v v v v v
Oct-06 2 v v v v v v v v
Nov-06 i v v v v v v v v
Dec-06 i, v v v
Jan-07 1 v v v v v
Feb-07 1 4 v v v v v
Mar-07 1 v v v v v v v v
Apr-07 1 v v v v v v v v
May-07 1 v v v v v v v v
Jun-07 1 v v v v v v v v
Jul-07 1 v v v v v v v v
Aug-07 1 v v v v v v v v
Sep-07 1 v v v v v v v v
Oct-07 1 v v v v v v v v
Nov-07 1 v v v v v v v v
Dec-07 1 v v v v v v v v
Jan-08 1 v v v v v v v v
Feb-08 1 v v v v v v v v
Total effort 26 26 25 26 26 27 27 27

4.2.2. Following focal groups

Ten focal groups that had their entire home ranges lying within the 30-ha plot
were intensively followed from May 2007 to February 2008. The duration of the
observations of groups ranged from 30 — 215 minutes per observation. During the
observation period, the number of individuals (including ring combinations if
possible), locations, and behaviors (see 4.2.1) were recorded at 5-min intervals. The
total time spent following focal groups during May — July 2007 (the breeding season)
was 67 hrs 39 mins (range 4 hrs — 9 hrs 41 mins for individual focal groups). The total
time spent following focal groups during the post-breeding season (August 2007 —
February 2008) was 128 hrs 46 mins (range 8 hrs 10 mins — 19 hrs 55 mins for

individual focal groups). Overall, the total time spent on ten focal groups from May
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2007 — February 2008 was 196 hrs 25 mins (range 14 hrs 5 mins — 23 hrs 55 mins for

individual focal groups).

4.2.3. Spot mapping or resighting

PBUs were encountered occasionally when walking along the trails.
Resighting data obtained from other researchers and who worked on the study plot

were included in the home range mapping.

4.3. Group size

The number of individuals participating in nesting (excluding juveniles from
the current or previous clutches) during the same breeding season (March — July) was
taken as the group size in that breeding season. Juveniles of the current and previous
clutches that were at least two months old were included, however, when calculating
the post-breeding season group size. On occasions, when two active nests were found
in closely adjacent areas, with overlapping foraging areas and an absence of obvious
defense or conflict, the members attending both nests were considered to belong to the

same group.

4.4. Home range mapping

The tree ID was used to pinpoint the location of the birds or nests seen. The
exact topographic location of individual trees and pegs was drawn from the plot
database (Brockelman, 1998; Brockelman et al., 2001).

All bird survey data from 4.2 were mapped out in a geographical information
systems (GIS) software (Arcview 3.2 a). Minimum convex polygons (MCP) were
drawn from the points, enabling calculation of home range areas. Three home range
descriptions were used.

- Breeding season home ranges were the areas used during March — July.

- Post-breeding season home ranges were the areas used during August —

February.
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- Year-round home ranges of each year were drawn from pooled breeding
and post-breeding observations.

Cumulative area curves were plotted against the number of observations for
each home range to test whether the data reached an asymptote which should
approximate home-range size.

Core areas were defined by the 50% Fixed Kernel Method (50%KHR). The
80% Fixed Kernel Method (80%KHR) was used to determine the home range

boundaries without the effect of outlier observations.

4.5. Habitat quality
4.5.1. Food availability

737 trees of 104 species (Appendix 1), including 57 known food species
previously recorded in the PBU diet and 47 apparent non-food species randomly
selected from the vegetation list of the study plot, were observed once a month during
March 2007 — February 2008. Phenological data on flowering and fruiting were also
collected. The amount of ripe fruit was indicated by estimating the percentage of fruit
available ranked from 0-4 (0 : no fruit; 1 : <25%; 2 : < 50%; 3 : £75%; 4 : > 75%).
The average score of ripe fruit abundance per month was used to calculate the fruit
availability using the following equation (modified from Anderson et al., 2002; Savini

et al., 2008)
A.=2.D.B.P.Jxb (Equation 4.1)
k=1

where

Dy = density of species k (stems/ha) in a home range. It was calculated from
the number of trees of species k lying within a home range divided by the home range
size.

B = average basal area of species k (m?) in a home range. It was calculated
by dividing total basal area of tree of species k by the number of trees of that species.
The basal area of individual trees was calculated from the Mo-Singto vegetation

databases (Brockelman, 1998; Brockelman et al., 2001). For trees (i.e., Gironniera
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nervosa, Aidia densifolia, Symplocos cochinchinensis, llex chevalieri, and Schefflera
heptaphylla), individuals with > 10 cm dbh were assumed to be reproductive mature
and counted. For some shrub species (i.e., Eurya nitida, Ardisia colorata, Polyalthia
affevecta), individuals of dbh > 4 cm were counted. Other small shrub species (e.g.
Lasianthus spp., Saprosma longilia), individuals of dbh > 1 cm were counted.

Pym = average fruit crown cover of month m from phonological data in 4.5.1.

b = weight of the fruit (kg/m’) was estimated by multiplying the weight of a
single fruit of a given species to the estimated number in 1 m’. The value ‘b’ varied
among the species (Appendix 5). It was calculated by multiplying the approximate
number of fruits per cubic meter and the weight of a single fruit (kg). The approximate
number of fruits per cubic meter was calculated by dividing the volume of a cubic

meter by the volume of a single fruit which was assumed to be roughly spherical.

The availability of fruits of lianas and epiphytes was not calculated due to
lack of census data, but the phenology of some species was recorded. The seasonally
important fruiting species were determined by accumulating the fruit species ranked
by frequency until the cumulative total reached at least 80% of the total fruit feeding
frequency (Savini et al., 2008).

The home range fruit availability of the important fruits in the diet was
calculated monthly. The fruit availability for the entire breeding season was the total
monthly fruit availability during March — July 2007 and the fruit availability of the
post-breeding season was the total monthly fruit availability during August 2007 —
February 2008.

4.5.2. Forest structure

a) Species composition of the area used by each focal group was described.

b) Densities of plants, categorized by dbh into 3 classes (1 —5 cm, 5 — 10 cm,
and > 10 cm) were calculated by counting the number of stems lying within the
boundary of the home range (obtained from the Mo-Singto Plot vegetation databases)
divided by the home range size (ha).

c) Average basal area per unit area (Ave. BA.) of trees > 10 cm dbh were

calculated by dividing the total basal area (m®) by the home range size (ha).
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4.5.3. Stream

- The presence or absence of streams within each home range was noted.

- 100, 2 ha plots were randomly placed in the 300 x 400 m” at the center of
the study plot and checked for presence/absence of streams. This was then compared
against the proportion of PBU home ranges that contained stream habitat so as to test
whether home ranges were preferentially located on streams.

- The length of stream lying within a home range boundary was measured
using GIS software. The ratio of stream length to home range size (meter per ha) was

calculated.

4.6. Nests and nest-site characteristics

- The nests of the ten focal groups were located.

- Nest height, nesting tree species and dbh of nesting tree were recorded as
possible.

- The five-meter radius plots centered at the nests were drawn in a GIS
software. The number of stems lying in the nest plots were counted by categorizing

them by dbh (as in 4.5.2 a).

4.7 Data analysis

Differences between the breeding season (March — July 2007) and the post-
breeding season (August 2007 — February 2008) home range size, group size, total
food availability, vegetation density, and stream length per ha were tested using Paired
Wilcoxon Sign Rank Tests. The comparison of these variables mean between
unrelated categorical variables e.g. presence/absence of young, presence/absence of
stream were tested using Mann-Whitney U Tests or Kruskal-Wallis Tests. The
correlations among all variables in the breeding season were tested using Spearman
Rank Correlations. Partial correlations (when the effect of the presence/absence of
young was controlled statistically) were applied to test the correlations among
variables in the post-breeding season. Multiple regressions were used to find the most

important factors affecting home range size and group size during the breeding and the
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post-breeding season. Most of the statistical analyses on home ranges were based on
MCP home ranges.
A binomial test was used to test whether the proportion of the observed and

expected home ranges containing the streams was different.
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CHAPTER V
RESULTS

5.1. Group size and home range

5.1.1. Group size and home range in the breeding and the post-breeding seasons

Group size ranged from 2 to 7 individuals. The mean group size in the
breeding season (3.8 + 1.4) was significantly smaller than in the post-breeding season
(5.3 £1.9) (Wilcoxon Sign Rank Test, z=-2.333, n= 12, P < 0.05) (Table 5.1).

Puff-throated Bulbuls held approximately the same home ranges in the
breeding and the post-breeding seasons (Table 5.1). The home ranges of all groups
overlapped to some extent with those of neighboring groups (Figure 5.1 a-f). There
was no significant difference between mean breeding season home range size (2.1 +
0.5 ha) and post-breeding season (2.3 £+ 0.7 ha) home range size (Wilcoxon Sign Rank
Test, z=-1.490,n=12, P > 0.05).

In the post-breeding season, the mean home range size of groups with young
(2.5 £ 0.7 ha, n= 7) was significantly larger than that of groups without young (1.8 £
0.3 ha, n =7) (Mann-Whitney U Test, U = 7.0, Z =-2.236, P <0.05)

The mean year-round home range of 12 groups (10 groups in 2007 and 2
groups in 2006, Table 5.1) was 2.8 + 0.7 ha.

In the six groups with young, the post-breeding season home range size
increased by 21% on average (range 0 — 62%). Six other groups without young
showed an average decrease in the home range size of -3 % (range -19 — 6%; Mann-

Whitney U Test; U= 6.0, Z=-1.922, n =12, P = 0.055; Table 5.1).



Results / 28

Supatcharee Tanasarnpaiboon

60 60 L0 €0 T0 €0 €yl- €0- L't gt | i1t S 0 S LOOT-VH'T
60 80 Tl €0 €0 7’0 8'81- €0- 1'c wroet ()91 14 0 4 LOOZT-NAY
Tl 0l €1 90 S0 70 L9t 70 1T (son 6t L9) st z 0 4 LOOT-NA
vl Tl Tl 90 €0 S0 8y 10 4 (rDece | (evD 1T L € 4 L00T-A
vl [ 91 90 S0 L0 6'9C L0 9'€¢ reDee | (99)9C S € [4 L00T-vd
Sl 81 Tl $0 L0 0 00 00 LT ®1Dze | (lonce 9 4 ¥ L00T-S
01 'l 60 €0 0 z0 S 1'0- 9T (68) 1T | (esDTT L 0 L LO0T-SV
vl vl Tl L0 7’0 €0 v'S1 €0 L€ (arpoe | (ssD9T L € 4 L00T-AV
91 Sl Tl S0 €0 7’0 L91 S0 (4% (s8pse | Grnoe L € 4 LO0T-dIAVD
'l 80 'l 0 €0 T0 0°CI- €0~ 0°¢ (ornzez | (69D ST 4 0 [4 L00ZT-AV
'l X0 vl €0 T0 S0 6'S 10 €T (99) 8'1 a9 Lt 14 0 4 900Z-A

- 80 - - 70 2 s v 5 ¥8) S'1 - S 4 € 900Z-S

- - 60 - 1 €0 - : G 7 (68)6'C L 0 L 9002-SV
S0 €0 0l 1'0 1'0 T0 S'19 80 v'T (€8) 1T (€9) €1 L € 4 900Z-4V

- €0 - X 1’0 - - - - (68) 91 3 (4 0 4 9002-4V
qA add ad dA | ¥4d | ¥4 @

e | X G amm_ (add) soqiuaang | (Y9) dzis Ri:2) ¢
(ey) 9z1s d3uea (ey) az1s dSuea vary | dgueyd 9ZIS ﬁ.u ‘oN dnoan -dnoan
QWY [PUIY %08 | dWOY [PUIIY %, 0S % BIIY J(ey) dnoap
9ZIs dgued dwoy JDIA

*£00Z — 900Z Sump sdnoi3 [8o0j ()] Jo 9z1s dnoi3 pue dz1s d3uel SwWOY Jo Arewrwng *[°S [qBL




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Environmental Biology) / 29

Notes:

: data not included because the number of observations were not sufficient.

a : the home range size of groups with 50 observations or more were shown.
b : (n) = number of observations used to estimate the home range area.
C

: the change in home range size was calculated by subtraction the home range size in

the post-breeding season by that in the breeding season.
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5.1.2. Cumulative area curve

The cumulative area curves of MCP home ranges of focal groups in 2006 and
2007 were plotted against number of observations (Appendix 3). The number of
observations of groups in the analysis ranged from 59 (group “AS” breeding season
2006) to 185 (group “CAMP” post-breeding season 2007). The average percentage of
cumulative area at 10-observation-intervals suggested that as the number of
observations increased, home range area used or detected increased reaching an
asymptote at approximately 100 observations (Figure 5.2). However, due to limited
sample sizes, all focal groups were included in the analysis even though in six of 13
groups in the breeding season and five of 14 groups in the post-breeding season there
were < 100 observations per group.

120%

|
|
100% I - O
I O O * ] Q O
FERSR
) gl O ©
o 80% - o o |
© O I
> o 8 o !
; 60% - ® O 1
o & O '
< |
S 40% - ¢ I
|
20% 1 - QRN O F g T s '—————————————————5 —————————————
| # Breeding season
I 0 Post-breeding season
0% T T T T \I T T T T
0 20 40 60 80 100 120 140 160 180 200

Number of observations

Figure 5.2. Average percentage cumulative area plotted against number of
observations. 13 groups were observed during the breeding seasons and 14 groups

during the post-breeding seasons.
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5.1.3. Core area

The mean core area size calculated from 50% Fixed Kernel Method
(50%KHR) of two groups of 2006 and ten groups of 2007 was 0.4 + 0.1 (breeding
season); 0.4 £ 0.2 (post-breeding season); and 0.4 = 0.2 (year-round) (n =12, Table
5.1). They were approximately 16% of the MCP home range sizes (n = 36). Most
50%KHR core areas were exclusive from those of neighbors (Figure 5.3). Some areas
(approximately 43% of the breeding season core area) were utilized in both the
breeding and the post-breeding seasons (Table 5.2). The mean core area size of groups
with and without young of the post-breeding season core area (0.4 + 0.2, n=6; 0.3 +
0.1, n = 6, respectively) was not different (Mann-Whitney U Test, U = 14.0, Z = -
0.656, P > 0.05).

The mean size of 80% Fixed Kernel home ranges (80%KHR) of the
breeding, the post-breeding, and the year-round seasons was 1.2 + 0.2, 1.1 + 0.4, and
1.2 + 0.3 ha, respectively (n = 12, Figure 5.3, Table 5.1). These were approximately
49% of the MCP home range sizes (n = 36). The 80%KHR size between the breeding
and the post-breeding seasons was not different (Wilcoxon Sign Rank Test, Z = -
0.803, n= 12, P> 0.05). There was no difference between the mean 80% KHR size of
groups with young (1.3 £ 0.5, n = 6) and groups without young (0.9 £ 0.2, n = 6)
(Mann-Whitney U Test, U = 6.0, Z =-1.928, P = 0.054).
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5.1.4. Overlapping home ranges

The MCP home ranges of all groups overlapped with those of neighboring
groups. Based on 2007 data, the ten focal groups showed overlap with 4 — 9
neighboring groups year-round. The median total overlapping area was 66.1% (17.6 —
94.2% for individual focal groups), 63.4% (29.4 — 94.4% for individual focal groups),
and 80.3% (66.2 — 95.1% for individual focal groups) for the breeding, the post-
breeding, and the year-round MCP home range, respectively.

Among the core areas (50%KHR), there was less than 1% overlaps (Table
5.2, Figure 5.3). In addition, approximately 8% of these 50%KHR were also extended
to overlap with the 80%KHR of the neighbors (Table 5.2, Figure 5.3).

The median number of overlapping groups in the breeding season 2007 was
not different from that in the post-breeding season (Wilcoxon Sign Rank Test, Z = -
1.000, n = 10, P > 0.05; Table 5.2). However, the number of overlapping individuals
in the post-breeding season was greater than that in the breeding season (Wilcoxon
Sign Rank Test, Z =-2.814, n= 10, P < 0.05; Table 5.2).

Home range size showed no correlation with the number of overlapping
groups in either the breeding or the post-breeding seasons (Spearman Rank
Correlation; rgr = 0.250, rpgr = 0.119, n = 10, P > 0.05).

The number of overlapping individuals was not correlated with either the
breeding or the post-breeding season home range size (Spearman Rank Correlation;

rgr = 0.628, rpgr = 0.243, n =10, P > 0.05; Table 5.2).
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There were 102 observations of fighting behaviors during March 2007—

February 2008; 77 observations during the breeding season and 25 observations during

the post-breeding season. Most clashes occurred at the boundary of the MCP and/or
50% KHR (Figure 5.4).
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b) Post-breeding season

Figure 5.4. Locations of fighting behaviors.
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5.1.5. Relationship between home range size and group size

Year-round and breeding season home ranges were not significantly
correlated with group size (Spearman Rank Correlation; rgg = 0.145, n = 13, p > 0.05,
Tyear-round = 0.386, n = 12, P > 0.05). A significant positive correlation between home
range size and group size was found in the post-breeding season (Spearman Rank
Correlation; rpgr = 0.568, n = 14; P < 0.05; Figure 5.5). Five out of six groups with
juveniles increased their post-breeding season home ranges by 4.8 — 61.5% (Table

5.1).

45
rbreedmg = 0145, n=13 A
4 I'post-breeding = 0.568(*), n =14
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Figure 5.5. Scatter-gram showing the relationship between home range and group

size. (*) significant at P < 0.05.

The 50%KHR were not correlated with the group size either the breeding, the
post-breeding, or the year-round season (Spearman Rank Correlation; Breeding season
:1=-0.365,n= 13, P> 0.05; Post-breeding season : r = 0.124, n = 14, P > 0.05; Year-
round : r=0.185,n=12, P > 0.05; Figure 5.6)
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Figure 5.6. Scatter-gram showing the relationship between 50% KHR size and group

size. No significant correlation in any seasons.

5.2. Habitat quality
5.2.1. Fruit availability
5.2.1.1. Foraging behaviors of Puff-throated Bulbul

A total of 1192 foraging attempts were observed during March 2006 —
February 2008. The majority of food items eaten were animals (62%) and fruits (37%)
(Figure 5.7 a). PBUs were also found to occasionally eat flowers or flower parts
(~1%), though it was not determined whether this was for eating petals, nectar or
insects inside the flowers. At least five animal categories, 41 fruiting, and four
flowering plant species were consumed by PBUs (Appendix 4). The foraging on either
fruit or flower of lianas and epiphytes were 87 of 456 foraging observations on plants
(19%), including 15 species of the total 44 plant foods. PBU consumed animal items
(primarily insects) more than plant foods in both the breeding and the post-breeding
seasons. The proportion of fruit in the diet appeared to be greater in the post-breeding

season than in the breeding season (Figure 5.7 b-c).
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During 2007 breeding and post-breeding seasons, there were 100 and 184
fruit foraging observations, respectively. The food types (animals and plants) were
dependent on the seasons (Chi-square Test, y* 1) =4.49, P <0.05). The important fruit
species accounting for at least 80% of the total fruit are shown in Figure 5.8 (a) and
(b). Gironniera nervosa (Ulmaceae) was eaten year-round. The proportion of lianas
among important fruit species eaten by PBU in the breeding and the post-breeding
season 2007 were approximately 23% (3 species), and 24 % (> 4 species), respectively

(Figure 5.8).

a) March 2006- February 2008

FRUITS
37%

ANIMALS \ 2"
62%
Al FLOWERS

1%

b) Breeding seasons ¢) Post-breeding seasons

FRUITS

32%

FRUITS
42%

RTINS ANIMALS
SER R 579\

.Y FLOWERS
1%

ANIMALS
67%

FLOWERS
1%

Figure 5.7. Proportion of food types during a) March 2006 — February 2008 (Total
1192 foraging attempts), b) Breeding seasons (554 foraging attemps), and c) Post-
breeding seasons (638 foraging attempts).
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Figure 5.8. Fruits commonly eaten by PBUs during (a) the breeding season and (b) the
post-breeding season of 2007.
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5.2.1.2. Effect of fruit availability on home range size and group size
Most of the 19 important fruit species (Figure 5.8) were available for only
part of the studied year except Gironniera nervosa (Ulmaceae) which was available

year-round (Figure 5.9).
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Figure 5.9. Schematic table of the availability of ripe fruit for PBUs during March
2007 — February 2008. T : tree, S : shrub, LI : liana, EP : epiphyte.

The monthly average total fruit availability index for the 12 important
fruiting species (Figure 5.10) during March 2007 — February 2008 ranged from 0.12 in
November and December 2007 to 0.45 in June and July 2007 (mean 0.29 + 0.13, n =
10, Figure 5.10).
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Figure 5.10. Monthly average total fruit abundance index of 12 important fruiting
species (averaged from 10 focal groups in 2007).

35 500.0
C—JNo. of fruiting species I No. of PBU fruit species —&— Rainfall
+ 450.0
30 +
+ 400.0
8 57 L 350.0
(%
[0
Q
”n r 300.0 ’g
- £
‘g + 250.0 E
Y C
O 15 + ‘©
5 2000
o
£
Z 10 + + 150.0
+ 100.0
5 =+
+ 50.0
0+ f f f f f f f f + 0.0

Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08

<——  Breeding season >< Post-breeding >
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There was a marked fluctuation in the monthly fruit abundance (Kruskal-
Wallis One-way ANOVA, 3% = 80.36, P < 0.001; Figure 5.10). Fruit availability
could be categorized into 3 levels. There appeared to be a period of high fruit
abundance during April to August 2007 (0.42 + 0.17). March, September, and October
appeared to represent months of average availability (0.26 = 0.08) and during
November 2007 to February 2008 was the period of lowest fruit abundance (0.13 +
0.06).

The maximum number of fruiting species during the monthly phenological
survey was in October (32 of 104 observed species and 27 species of all fruiting
species found in PBU diet). The month with the minimum number of fruiting species
was January, when only 9 of 14 total fruiting species were those observed in PBU diet.
There were no significant relationship between either the total number of fruiting
species or the number of fruiting PBU-food species and the monthly rainfall
(Spearman Rank Correlation; r(No. of fruiting species) = 0.370; r(No. of PBU-food
species) = 0.243; n = 12, P > 0.05, Figure 5.11). However, the mean number of
fruiting species of PBU diet in the post-breeding season (21.7 = 5.6 species, n = 7) was
higher than in the breeding season (14.0 £ 4.0 species, n = 5) (Mann-Whitney U Test,
U=5.0,Z=-2.041, P =0.048).

In the breeding season, six fruiting species of trees and shrubs in the
important food species list (Figure 5.9) were included in the fruit abundance
calculation, i.e. Symplocos cochinchinensis, Gironniera nervosa, Lasianthus kurzii,
Eurya nitida, Saprosma longifolium, and Ardisia colorata. Their fruit availability was
at a maximum in June (0.44) and minimum in March (0.25). The mean total fruit
availability during the breeding season was 1.88 + 0.90.

In the post-breeding season, the fruit availability of seven fruiting species of
trees and shrubs (Gironniera nervosa, Aidia densifolia, llex chevalieri, Polyalthia
affevecta, Lasianthus roosianus, L. lucidus, and Schefflera heptaphylla; Figure 5.9)
was calculated. The total fruit availability ranged from 0.12 in November and
December to 0.25 in September. The mean total fruit availability during the post-

breeding season was 1.16 & 0.44.
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The mean total fruit availability during the breeding season was not different
from that during the post-breeding season (Wilcoxon Sign Rank Test; Z = -1.784, n =
10, P> 0.05; Appendix 6).

The breeding season home range size was not correlated with fruit
availability (Spearman Rank Correlation, n =10, r = 0.370, P > 0.05).

A partial correlation when the effect of presence of young were statistically
controlled showed no significant relationship between home range size and total fruit
availability in the post-breeding season (r =-0.182, df =7, P > 0.05).

The group size in the breeding season did not correlate with the home range
total fruit availability (Spearman Rank Correlation, r = 0.111, n = 10, P > 0.05). A
partial correlation between group size in the post-breeding season and home range
total fruit availability when effect of the presence of juveniles was removed showed no

significant relationship (r = -0.443, df = 7, P > 0.05).

5.2.2. Forest structure

5.2.2.1. Species composition of plants in the habitat

Within 20 ha used by ten focal groups contained 93,614 trees of 248 plant
species. The predominant species was Polyalthia affevecta (Annonaceae, 25.3%) with
a density of 118.5 stems/100 m”. Trees with dbh < 10 cm (82,803 stems) were also
mainly Polyalthia affevecta (28.5%; Table 5.3), and of which the nests of PBU were
mostly found on.Most of the tree with dbh > 10 cm were Sloanea sigun
(Elaeocarpaceae, 774 of 10,811 stems, 7%).

There were 75,151 stems of 34 species that accounted for at least 80% of the
total stems. The common species in the plot were utilized by PBU. Twenty species
including 46,591 stems (50%) were known as PBU diet, while thirteen species
including 43,772 stems (47%) were used as nesting trees (Table 5.3).
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Table 5.3. Species composition and the number of stems categorized by dbh sizes of
the plants accounting for at least 80% of the total plants. The number of stems of the

first three species with most abundance was underlined.

Number of stems categorized by dbh
Family Species dbh dbh dbh > total Food | Nest
1-5 cm 510 10 cm. stems
cm
Annonaceae Dasymsgusir yes
glaucum 628 52 3 683
Polyalthia affevecta 20,410 | 3.216 75 | 23,701 | yes yes
Polyalthia simiarum 1,410 190 188 1,788
Aquifoliaceae llex chevalieri 826 580 729 | 2,135 | yes
Cornaceae Mastixia pentandra 1,035 440 547 | 2,022 yes
Dipterocarpaceae | Dipterocarpus gracilis 1,345 430 488 | 2,263
Elaeocarpaceae Sloanea sigun 315 294 774 | 1,383 | yes yes
Euphorbiaceae Aporosa octandra 841 130 9 980 | yes
Glochidion eriocarpum 643 1 0 644 | yes
Fagaceae CaSta.nOD.S iS. yes
acuminatissima 728 181 254 1,163
Icacinaceae Gonocaryum lobbianum 2,163 641 404 | 3,208
Lauraceae Beilschmiedia glauca 901 312 224 | 1,437
Beilschmiedia maingayi 489 171 230 890 yes
Cinnamomum
subavenium 3.516 293 266 | 4,075
Phoebe lanceolata 566 132 52 750 | yes yes
Melastomataceae | Memecylon edule 949 126 3] 1,078 | yes
Memecylon umbellatum 509 154 5 668 | yes
Meliaceae Aglaia elaeagnoidea 1,532 425 118 | 2,075 | vyes
Aphanamixis
polystachya 812 178 92 | 1,082
Walsura robusta 1,285 409 160 | 1,854
Myristicaceae Knema elegans 4,573 516 256 | 5,345 yes
Ardisia colorata 2,245 302 34| 2,581 | yes | yes
Ardisia nervosa 820 88 26 934 | yes
Myrtaceae Cleistocalyx operculatus 660 255 276 | 1,191 | yes
Syzygium siamensis 655 206 63 924 yes
Proteaceae Helicia formosana 574 35 86 695 | yes
Rubiaceae Aidia densiflora 195 179 283 657 | yes | yes
Lasianthus kurzii 779 3 782 | yes
Saprosma longifolium 1,047 1 1,048 | yes | yes
Rutaceae Melicope pteleifolia 1,184 106 8| 1,298 | vyes
Sapindaceae Nephelium melliferum 611 294 540 | 1,445
Symplocaceae Symplocqs . yes yes
cochinchinensis 1,511 275 474 | 2,260
Thymelacaceae Aquilaria crassna 745 178 141 1,064
Ulmaceae Gironniera nervosa 282 240 526 | 1,048 | yes | yes
Other (214 spp.) 12,295 | 2,691 3,477 | 18,463
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5.2.2.2. Nests and nest-site characteristics

For the 10 groups, there were 96 nests found: 32 nests during 2006, 64 nests
during 2007. The mean height of nests was 3.6 + 2.8 m (range 0.6 — 14, median 2.5 m,
n = 96). The mean dbh of the known nesting trees from 2007 was 6.0 + 5.8 cm (range
0.6 — 26.7, median = 3.7 cm, n = 57). 37 of the 57 nests for which the nest-tree species
was known (65%) were placed in trees with dbh 1 — 5 cm (Figure 5.12). Altogether 29
plant species, including trees, arboreal shrubs, and woody climbers, were recorded as
nest-trees. Fifteen of 57 nests (26%) were on Polyalthia affevecta (Annonaceae). The
nest-sites were composed of 31.5 + 13.1 stems/100m” of tree with 1-5 cm dbh, 6.0 +
3.8 stems/100m?of tree 5 — 10 cm dbh, and 5.4 + 2.6 stems/100m” of tree > 10 cm dbh,
on average (n = 96). The tree with dbh 1-5 cm had highest density comparing to the
other tree dbh size categories (Kruskal Wallis Test; xz(z) =187.5, P <0.001). The mean
total basal area of tree with dbh > 10 cm were 0.2 + 0.2 m®.

In 2007, there were 46 of 64 nests (72%) located within and around (within a
5 m from the core area boundaries) the area of the S0%KHR (Figure 5.13).
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Figure 5.12. The frequency of the nesting trees dbh categorized into 3 classes.
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Figure 5.13. Nests in 2007 and their locations relative to the 50% Kernel and MCP

home ranges.

5.2.2.3. Effect of forest structure on home range size and group size

Forest structure of the habitat was shown in Appendix 6. Home range size
was negatively correlated with the density of trees dbh 1 — 5 ¢cm (P < 0.1), dbh 5 — 10
cm (P < 0.05), and total density (P < 0.1) in the breeding season, but showed no
correlation with any classes of tree density and basal area during the post-breeding
season (Table 5.4).

Group size showed no significant relationship with either vegetation density
or basal area in either the breeding season or the post-breeding season (Table 5.5).

There was no difference between mean vegetation density for any class of
dbh, and basal area/ha in the breeding season and the post-breeding season home

ranges (Appendix 6).
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Table 5.4. Correlations between home range size and forest structure variables.
Correlation coefficient values (r) are shown. The statistics used for the breeding
season data are Spearman Rank Correlations, while Partial Correlations with the
presence/absence of young held constant were applied to the post-breeding season

data. (*=P <0.05, @ =P <0.1)

Breeding season Post-breeding season

Vegetation variables

(n=13) (n=14)
dbh1-5cm

5 -0.495 @ 0.061

(trees/100m~)
dbh 5-10 cm -0.566 * -0.102
dbh > 10 cm 0.022 0.119
Total density -0.533 @ 0.038
Basal area/ha (m’/ha) 0.214 0.037

Table 5.5. Correlation between group size and forest structure variables. The breeding
season data were tested using Spearman Rank Correlations (no significant
relationships). Partial Correlations with the presence/absence of young held constant
were applied to the post-breeding season data (no significant relationships).

Correlation coefficient values (r) are shown.

Breeding season Post-breeding season

Vegetation variables

(n=13) (n=14)
dbh1-5cm -0.145 0.085
dbh 5-10 cm -0.169 -0.119
dbh >10 cm -0.310 -0.285
Total density -0.265 0.005
Basal area/ha 0.199 0.098
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5.2.3. Effect of stream on home range size and group size

The expected proportion from randomized circular-2-ha home ranges
containing streams was 0.86 (86 of 100 home ranges included stream habitat). 23 of 27
observed home ranges (85%, 13 and 14 home ranges from the breeding and the post-
breeding season, respectively) contained streams. A binomial test suggested that the
proportion of home range with the stream was not different from the expected
proportion (Binomial Test, P > 0.05).

There was no significant difference between the mean home ranges with
streams (2.1 = 0.5 ha, n = 23) and that of the home ranges without streams (2.4 + (.8
ha, n = 4) (Mann-Whitney U Test, U = 33.0, Z =-0.887, P > 0.05).

The mean stream length per ha in the breeding season home ranges (83.5 +
52.3) was not different from that in the post-breeding season home ranges (91.5 +
70.8) (Wilcoxon Sign Rank Test; Z =-0.08, n= 12, P > 0.05, Appendix 6).

In both the breeding and the post-breeding seasons, home range with longer
stream proportion per ha significantly supported the larger group sizes (Breeding
season: Spearman Rank Correlation, rgr = 0.804, n = 13, P < 0.01; Post-breeding
season: Partial Correlation with the presence of young held constant, rpgr = 0.585, df =
11, P <0.05).

In the post-breeding season, for groups with and without young (104.7 & 88.0
and 71.5 £49.7 m, respectively), the mean stream length per ha of home range was not
significantly different (Mann-Whitney U test; U =24, Z=-0.834,n="7, P > 0.05).

For the 50% KHR, the mean stream length per ha of groups with stream (0.4
+ 0.2, n = 17) was not significantly different from that of groups without stream (0.3 +
0.1, n=10) (Appendix 6, Mann-Whitney U Test, U =49.0, Z =-1.847, P > 0.05).

There was no significant difference in the mean stream length per ha between
the breeding season 50%KHR (157.1 & 144.7) and the 50%KHR post-breeding season
(85.8 = 119.2) (Wilcoxon Sign Rank Test, n = 12, Z = -1.362, P > 0.05). In the post-
breeding season 50%KHR, the groups with young has no difference of the mean
stream length from the groups without young (62.4 + 72.0 and 106.6 + 147.4,
respectively; Mann-Whitney U Test, U =22.5, Z =-0.266, n =7, P > 0.05).
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5.3. Regression models

5.3.1. Home range size as a dependent variable

Group size, three classes of vegetation density (dbh 1 — 5, 5 — 10, and > 10
cm), total seasonal fruit availability, and stream length per ha of home ranges of ten
focal groups in 2007 were considered in a stepwise regression model. Only the tree
density with dbh 5 — 10 cm and the stream length per ha of home ranges appeared to
negatively correlate with the breeding season home range size (R’gusea = 0.770,
Equation 5.1).

Home range size = -0.264(dbh5-10 cm) — 0.003(stream length) + 4.126 (Equation 5.1)

In the post-breeding season, the presence or absence of young was included
in the model instead of the group size. The groups with young had a larger home range
than groups without young (Rzadjusted =0.501, Equation 5.2)

Home range size = 0.951 (presence/absence of young) + 1.879 (Equation 5.2)

5.3.2. Group size as a dependent variable

Some variables in 2007 that probably related to the group size were used as
independent variables for the stepwise regression models i.e. three classes of
vegetation density (dbh 1 — 5, 5 — 10, and > 10 cm), mean basal area per ha of home
range, total seasonal fruit availability, stream length per ha of home range, and
presence or absence of young (only for the post-breeding season). In the breeding
season, the stream length per ha of home range was significantly related to group size
(Rzadjusted = 0.417, Equation 5.3). Larger groups were found around stream habitats in

the breeding season.
Group size = 0.019(stream length) + 2.282 (Equation 5.3)

In the post-breeding season, the successful groups (those that produced

fledged juveniles) had larger group size (Rzadjusted =0.330, Equation 5.4)

Group size = 2.400(presence/absence of young) + 4.000 (Equation 5.4)
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CHAPTER VI
DISCUSSION

6.1. Home range and group size

The PBU, a forest inhabitants with body length 24 cm and a group-living
species, occupy the home range size in the breeding season 2.1 ha on average (range
1.3 - 3.0 ha). It was larger than the breeding home range size of Olive-winged Bulbul
Pycnonotus plumosus (range 0.29 — 5.58 ha, median 1.37 ha), a sedentary non-
territorial species (Peh & Ong, 2002). However, the study of the Olive-winged Bulbul
home range size was based on a small number of groups (n = 5) and a shorter period of
the study (10 days). The 0.4-ha of the intensively utilized area in this study were
defined by the 50% Kernel Method, but there boundaries showed the mostly exclusive
area to the other groups following the definition of “territory’. The previous study on
territory size which territories were defined by aggressive behaviors of the Red-
whiskered Bulbuls (Pycnonotus jocosus), a pair-living species with body length 16
cm, grassland bulbul, reported their average territory size in the wild habitat with 0.6
ha (n = 9, Chaikuad, 1995), and semi-wild habitat with 0.3 ha (Sotthibandhu, 2003).
Some differences between home ranges and territories of these species might be due to
body size, breeding strategy, and habitat. In addition, the methodology, stage fo
reproductive season, and duration of the studies probably affect the results of the
studies.

The mean home range size of PBU in the breeding and the post-breeding
seasons was not different. However, a difference in seasonal home ranges has been
documented in other species. That the breeding season home range size is generally
smaller than that in the non-or post-breeding season, as demonstrated in, e.g., Great
Hornbill Buceros bicornis and Wreathed Hornbill Rhyticeros undulatus (Poonswad &
Tsuji, 1994) and in Green Woodhoopoe Phaeniculus purpureus (Radford & du
Plessis, 2004), is due to the birds have to deliver the food to their young and secure the
nest and/or they change their ranging behavior following the increase in group
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membership in the post-breeding season. The expansion of the non- or post-breeding
home range is also caused by differences in the availability and/or distribution of
foods. For example, Barred Owls (Strix varia) appear to increase their post-breeding
home range size due to the lower prey availability (Mazur et al., 1998). However, in
habitats where foods are not limiting, the home range size increases as the group size
becomes larger e.g. Green Woodhoopoe Phoeniculus purpureus (Radford & du
Plessis, 2004).

There was extensive overlap among home ranges in the PBUs. The
overlapping areas were usually more than 50% of the home range on average, which
was slightly greater than in Olive-winged Bulbul and Cream-vented Bulbul which
usually had less than 50% overlap (Peh & Ong, 2002). In PBUs the pressure from
neighbors might restrict expansion of home range size further.

PBUs were occasionally observed to make brief excursions out of their usual
home ranges for drinking or to bathe at streams. Although fighting was frequently
observed when two or more groups encountered anywhere along the home range
boundaries, members from different groups sometimes bathed peacefully in streams in
close proximity to each other.

The cumulative observation-area curve was used in order to standardize
measurement of size. The range size increased as the number of observations (or fixes
for radio-tracked data) or number of observed days increased toward an asymptote at
an expected home range size. However, in other studies (cited in Rolando, 1998), as in
this study, the curve did not reach the asymptote even though the number of
observations was large. The number of observations representing expected true PBU
home ranges in this study was approximately 100 observations on average, but the
cumulative area curves of some groups shown in Appendix 3 continued to increase at
over 120 observations. Rolando (1998) suggested that food availability and
distribution affected by habitat heterogeneity in the Eurasian Jay Garrulus glandarius
influenced the movements and home range sizes of the jays in different seasons (e.g.,
the spring home range increased with time while home range size in the other seasons
was rather stable).

Group size usually means the number of individuals defending the territory

or participating in breeding behavior (Schoener, 1968). Larger groups require more
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food as well as representing a larger number of individuals to defend the territory. For
PBU in this study, the incorporation of fledged juveniles resulted in an increase in the
group size in the post-breeding season. Hence, the groups expanded their home range
size as the group size increased in order to find enough food. Such a relationship has
been shown in other group-living species such as Acorn Woodpecker (MacRoberts &
MacRoberts, 1976), Florida Scrub Jay (Woolfenden & Fitzpatrick, 1978), Kookaburra
(Parry, 1973), and Green Woodhoopoe (Radford & du Plessis, 2004).

The delayed dispersal of juveniles of those species, and in PBU is probably
caused by the habitat saturation, and limited breeding habitat, and other ecological
constraints i.e. limitation of food supply or preferred habitat, and unpredictable
environments (Arnold & Owens, 1999; Emlen, 1978; Hatchwell & Komdeur, 2000;
Ekman et al., 2004, Komdeur, 1992). In case of PBUSs, habitat saturation might be the
most important factor delaying dispersal. An on-going study of juvenile survival and
dispersal by Wangworn Sankamethawee (Ph.D. thesis, per. comm.) showed that 12 of
24 juveniles (50%, 9 of 10 juveniles 2006, and 3 of 14 juveniles 2007) dispersed from
their natal groups (Appendix 2). In addition, the number of adults in a group of the
PBUs remained stable year-round (Table 5.1, Appendix 2). Some individuals were
lost, but the vacancies were filled within a few days (Appendix 2). In other species
those juveniles which became helpers enhanced the reproductive success of their
relatives. The benefits of staying in the natal home range include inheriting of the
territory (e.g., in Florida Scrub Jay); gaining experience for rearing their own young in
the future; and opportunities to access mates by staying in the better-quality habitat
rather than leaving for poorer-quality habitat (Cockburn, 1998; Woolfenden &
Fitzpatrick, 1978). The roles of juveniles staying in the natal home ranges, and the
possible benefits of delaying dispersal in the PBU population were not considered in

the present study.
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6.2. Effect of food availability, and forest structure on home range size and group
size
6.2.1. Food availability

Food availability and abundance is an important factor determining home

range size and group size for many species. Territory size and group size of White-
throated Magpie-Jays was determined by the acacia trees which provide a critical food
resource during the dry season (Langen & Veherncamp, 1998). Studies conducted on
insectivorous birds, i.e. Sanderlings Calidris alba (Myers et al., 1979), Lapland
Longspurs Calcarius lapponicus (Seastedt & MacLean, 1979), and Ovenbirds Seiurus
aurocapillus (Smith & Shugart, 1987) suggested that the prey abundance was
inversely correlated with territory size. However, prey abundance and territory size
were positively correlated in some cases. Stenger (1958) suggested that the positive
correlation between territory size and the weight per unit area of invertebrate foods of
Ovenbirds was caused by the birds adjusting their territory size according to the
amount of food present. In Lapland Longspurs, a positive relationship between prey
abundance and territory size was caused by an unusual abundance of prey in less
preferred wet habitat in a particular year, but prey abundance showed an inverse
correlation to territory size in years when the preferred dry and mosaic habitat had a
greater average prey abundance than wet habitat (Seastedt & MacLean, 1979).

The proportion of fruits and insects in the PBU diet in this study was
different from reported by Chaikuad (2000) who suggested that PBUs in evergreen
forest ate insects rather than fruits (in 42 of 45 observations, 93%, they fed on
insects,). The proportion of fruits consumed by PBUSs in this study was high compared
to the previous study, although 62% of their diet appeared to come from animal
matter, especially insects. The differences might be due to the different in habitat,
duration of study, and methods.

The proportion of plants and animals in the diet of the PBU differed between
the breeding and the post-breeding seasons, with more insects being taken in the
breeding season. This may be because insects were required for provisioning young
because of their greater nutritional value. Additionally insects may be more abundant
during the breeding season (which coincided with the wet season). Insect abundance is

usually high in the wet season due to higher leaf production (Wolda, 1978, Poulin et
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al., 1992). The increase in the proportion of fruits in the post-breeding season
compared to the breeding season might be due to lower insect abundance and/or
changes in the availability of various fruiting species. Seasonal fluctuation in
availability of insects was not considered in this study.

The lack of any clear relationship between home range size of PBU and fruit
availability may be because their diet was highly varied and incorpoated both various
fruits and animals. They appeared to eat the foods that were in abundance any
particular period, like other frugivores with fixed home ranges in the Bornean rain
forest. They responded to periods of low fruit availability by increasing the proportion
of non-fruit diets and of aseasonal foods (Leighton & Leighton, 1984). Wong (1986)
suggested that bulbuls (Pycnonotus spp., Criniger spp., and Hypsipetes spp.) usually
fed on insects and added fruits to their diet only when available. The birds anticipated
the locations of fruiting plants, and consumed those fruits at the earliest opportunity.
The influence of fruit availability on the home range size was not demonstrated in this
study because only some of the fruiting species were included in the availability
calculation such that there may not have been a sufficient number of species to
represent the real fruit availability of the home ranges.

Many studies have considered bulbuls as being mainly frugivorous
(Sankamethawee & Gale, 2005; Kitamura et al., 2005). This study suggested that they
are at least partly insectivorous like the study of Wong (1986). In general, the degree
of home range overlapping between frugivores and insectivores was different due to
the food distribution pattern. The home ranges of insectivorous species, e.g. Abbott’s
Babbler (Pobprasert, 2005), are generally less overlapped comparing to the home
ranges of frugivorous species, e.g. hornbills (Poonswad & Tsuji, 1994), that overlaps
generally occurred. The home ranges of PBU in this study appeared to overlap
extensively like other frugivores, but their core areas appeared to be exclusive area
like insectivores. In addition, their home range sizes and group sizes might be affected
by the characteristics that were probably related to insect abundance e.g. stream
habitats.
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6.2.2. Forest structure : Vegetations and streams

Vegetation structure influences home range or territory size and group size of
animals by providing potential nest sites, foraging grounds, or roosting sites
(Drickamer & Vessey, 1986; Wallace, 1979). For example, the home ranges of Red-
cockaded Woodpeckers Picoides borealis were smaller in habitat with more shortleaf
pines which provided preferred foraging substrate or more food (Doster & James,
1998). The home ranges of female Dunnocks were smaller in areas with denser ground
vegetation, which provided preferred nesting sites, and foraging grounds (Davies,
1992). For PBUs in the study, the density of trees with dbh 1 —5 cm, and 5 — 10 cm
both showed a strong negative relationship to the breeding season home range size.
Their nests were mostly built on saplings, or shrubs with a dbh less than 5 cm (or
occasionally in the fallen branches of larger trees; Pierce et al., 2007; & pers. obs.).
Therefore, the trees with a dbh less than 10 cm might provide most of the suitable
nest-sites as well as nest shelter for them in the breeding season. These trees might
also provide the foraging sites for them because PBU inhabiting in the evergreen
forest usually forage at the lower and middle part of the trees of which the height was
average 9.3 and 11.3, respectively (Chaikuad, 2000).

Streams are important foraging grounds for aquatic feeding species such as
Belted Kingfisher Megaceryle alcyon (Davis, 1982). But even for non-aquatic species
such as Rock Firefinches Lagonosticta sanguinodorsalis, where water is a critical
resource in the dry season (Brandt & Cresswell, 2008), streams are highly important.
As a result their home ranges in the dry season tend to be larger than in the wet season.
PBUs used streams for bathing and drinking. The stream habitats might provide them
with foraging sites or increase insect availability. A study in Costa Rica suggested that
the wetter sites had greater insect abundance than the drier sites in the dry season
(Janzen & Schoener, 1968). On the Mo-Singto plot, most of the streams dry out in the
dry season (the post-breeding season of PBUs). During the dry season, the home
ranges that contain either running streams or which remain moist might provide more
insects. However, this remains to be investigated.

Home ranges or territories with greater food availability or resources usually
hold more birds. For example, the group sizes of White-throated Magpie-Jays were

larger in territories with more acacia trees that are their important food (Langen &
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Vehrencamp, 1998). In this study, there was no evidence to support this hypothesis.
No relationship could be demonstrated between group size and either fruit availability

or vegetation density.
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CHAPTER VII
CONCLUSIONS

7.1. Conclusions

7.1.1. Groups and group size

a) Puff-throated Bulbul was a group-living species that was found in groups
with 2-7 individuals year-round.

b) The mean group size in the post-breeding season was larger than in the
breeding season due to the presence of full-grown, though undispersed, juveniles in

those groups that had bred successfully.

7.1.2. Home range and core area

a) Puff-throated Bulbuls held year-round home ranges which extensively
overlapped with those of neighboring groups. Aggressive interactions between groups
normally occurred around the boundaries of the home ranges.

b) Their core areas defined by 50% KHR rarely overlapped with those of
neighboring groups. The nests were mostly situated within the core areas in the
breeding season.

¢) No significant differences in the mean size of either home range or core

area between the breeding and post-breeding season could be demonstrated.

7.1.3. Home range and group size

a) There was a significant positive correlation between home range size and
group size in the post-breeding season.
b) In the post-breeding season, the mean home range size of groups with

juveniles was significantly larger than that of groups without juveniles.
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c¢) The percentage change between the breeding season and the post-breeding
season home range of groups with and without juvenile was significantly different.
The groups with juveniles increased their post-breeding season home range sizes

compared with groups without juveniles.

7.1.4. Home range size and habitat quality

a) No relationship could be demonstrated between home range size and home
range fruit abundance in either the breeding season or the post-breeding season.

b) No relationship could be demonstrated between home range size and tree
density at > 10 cm and basal area per ha. However, the tree density of dbh 1 — 5 cm,
dbh 5 — 10 cm, and total density showed a significant inverse relationship with home
range size in the breeding season.

c) No relationship could be demonstrated between home range size (both
MCP and 50%KHR home ranges) and stream length per ha of home range in either the

breeding or the post-breeding seasons.

7.1.5. Group size and habitat quality

a) No relationship between home range fruit availability and group size could
be demonstrated.

b) No relationship could be established between group size and any measured
vegetation variables, i.e. dbh 1 — 5 cm, 5 — 10 cm, > 10 cm, total density, and basal
area per ha.

c) There was the significant positive correlation between group size and
stream length per home range size in both the breeding season and the post- breeding

s€ason.
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7.2. Suggestions and recommendations for future studies

1. The study suggested that the home range size in the breeding season was
related to the vegetation density which might indicate suitability for nesting e.g. trees
with dbh 1 — 5 cm that the bird mostly nested on, trees with dbh 5 — 10 cm that might
be nest shelter. Although some general characteristic of the nest sites were described,
the more intensive study of nest site selection is needed. Vegetation density around the

nest should be compared with vegetation density elsewhere in the home range.

2. The fruit availability in this study did not take into account the availability
of fruits of climbers and epiphytes, which are an important component of the diet
(Daphawan Kamcha, research in progress). Measurements of fruit availability from

lianas and epiphytes are also needs as a measure of home range quality.

3. This study did not take account of insect abundance and spatial and
temporal fluctuations in insect abundance. Since insects were an important part of the
diet of Puff-throated Bulbuls, constituting > 50 % of food items taken, some measure
of insect abundance and availability needs to be factored into measurements of

territory quality.

4. PBU also occurs in both primary forest and in the ecotone between
evergreen forest and grassland (Chaikuad, 2000). Study of PBUs in other habitat types
might reveal their role as potential seed dispersers in the forest regeneration process as

has been suggested for other bulbul species.

5. The study suggested that the success in the nesting enlarge the group size
due to the presence of undispersed juveles. The cooperative breeding behavior might
partly influence their breeding success such that larger groups (those with more
undispersed juveniles to act as nest-helpers) might enjoy higher breeding success.
Hence, the benefits of such behaviors in PBU should be studied. This is the subject of

ongoing studeis (Phetpragai Wongsorn, research in progress).
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Appendix 1. List of fruiting species in phenology surveys

Family Species fé‘r'f”fb Status? Nurgll?ggr?(fettsrees
Anacardiaceae Choerospondias axillaris T NF 6
Rhus rhetsoides T NF 9
Annonaceae Dasymaschalon glaucum S F 10
Desmos dumosus LI F 6
Polyalthia affevecta S F 10
Polyalthia simiarum T NF 2
Aquifoliaceae Ilex chevalieri R F 25
Araceae Pothos chinensis EP F 10
Avraliaceae Schefflera eliptica EP F 2
Schefflera heptaphylla T F 13
Caprifoliaceae Viburnum cylindricum T F 4
Celastraceae Celastrus monospermus LI NF 1
Cornaceae Mastixia pentandra T NF 14
Daphniphyllaceae Daphniphyllum cambodianum T NF 4
Dilleniaceae Tetracera indica LI F 8
Dracaenaceae Dracaena gracilis § NF 7
Elaeocarpaceae Sloanea sigun T F 15
Escalloniaceae Polyosma elongata T F 13
Euphorbiaceae Antidesma sootepense S F 6
Aporosa octandra § F 12
Balakata baccata T NF 11
Bridelia insulana T F 10
Phyllanthus reticulatus LI F 4
Fagaceae Castanopsis acuminatissima T NF 3
Lithocarpus thomsonii T NF 2
Icacinaceae Apodytes dimidiata T F 9
Gomphandra tetrandra S F 10
Gonocaryum lobbianum S NF 10
Nothapodytes montana S NF 1
Lauraceae Actinodaphne angustifolia T NF 10
Beilschmiedia affintermedia T NF 8
Beilschmiedia glauca T NF 14
Beilschmiedia maingayi T NF 11
Cinnamomum ilicioides T NF 6
Cinnamomum subavenium T NF 13
Lindera communis T NF 5
Litsea beusekomii T NF 6
Litsea salicifolia T NF 3
Litsea umbellata T NF 5
Litsea verticillata T F 9
Neolitsea zeylanica T NF 2
Phoebe cathia T NF 2
Phoebe lanceolata T NF 9
Leeaceae Leea indica S F 4
Magnoliaceae Michelia bailonii T F 11
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Appendix 1. List of fruiting species in phenology surveys.(Continued)

Family Species lefeb Status? Number of trees
orm or genets
Melastomataceae Dissochaeta divaricata LI F 8
Melastoma orientale S F 7
Memecylon edule S F 10
Pseudodissochaeta F
septentrionalis S 10
Meliaceae Aglaia elaeagnoidea T F 6
Aglaia lawii T NF 8
Aglaia odoratissima T NF 6
Aphanamixis polystachya T NF 2
Walsura robusta T NF 8
Moraceae Ficus fistulosa T K 1
Ficus glaberrima T F 2
Ficus hirta T R 4
Ficus lamponga T NF 1
Ficus nervosa T NF 4
Ficus villosa LI F 1
Myristicaceae Knema elegans T NF 3
Myrsinaceae Ardisia nervosa § F 10
Ardisia colorata S F 9
Myrtaceae Cleistocalyx operculatus T NF 9
Eugenia grata T NF 10
Rapanea yunnanensis T NF 2
Syzygium syzygioides T NF 7
Oleaceae Chionanthus microstigma T NF 5
Chionanthus ramiflorus T NF 7
Piperaceae Piper retrofractum EP F 8
Piper ribesioides EP F 8
Proteaceae Helicia formasana T F 6
Rhizophoraceae Carallia brachiata T NF 8
Rosaceae Prunus arborea T F 6
Prunus javanica T NF 7
Rubiaceae Aidia densifolia T F 20
Lasianthus hispidulus S F 1
Lasianthus kurzii S F 9
Lasianthus lucidus S F 11
Lasianthus roosianus S F 12
Lasianthus verticillatus S F 2
Lasianthus wallachii S F 9
Litosanthes biflora S NF 5
Morinda umbellata LI F 4
Saprosma longifolium S F 6
Rutaceae Glycosmis mauritiana S F 9
Melicope pteleifolia S F 3
Sabiaceae Sabia limoniacea LI F 5
Sapindaceae Mischocarpus pentapetalus T NF 1




Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Environmental Biology) / 73

Appendix 1. List of fruiting species in phenology surveys.(Continued)

Family Species fL|feb Status? Number of trees
orm or genets

Sapindaceae Nephelium melliferum T NF 8
Sarcospermataceae Sarcosperma arboreum T NF 7
Saurauiaceae Saurauia roxburghii S F 8
Smilacaceae Smilax sp. LI F 3
Symplocaceae Symplocos cochinchinensis T F 16
Symplocos sumuntia T NF 4

Theaceae Adinandra integerrima T F 11
Eurya nitida S F 12

Schima wallichii T NF 2

Ulmaceae Celtis tetrandra T NF 1
Gironniera nervosa T F 15

Urticaceae Dendrocnide stimulans T F 3
Vitaceae Ampelopsis canponiensis LI F 3
Oxyceros longifora LI F 3

Tetrastigma sp. LI F 6

Remarks : a) Status: NF — apparent non-food species : 47 species, 458 individuals
F — food species : 57 species, 279 individuals

b) Life form: T — tree : 62 species, 454 trees
S — arboreal shrub : 26 species, 203 trees
LI - liana : 14 species, 68 genets

EP — epiphyte : 2 species, 12 genets
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Appendix 3. Cumulative area curves of selected focal groups during 2006 - 2007.

=g === Breeding season (br); === Post-breeding season (pbr); n : Number
of observations.
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b) CAMP : npr = 116; nppr = 185 observations
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Appendix 3. Cumulative area curves of selected focal groups during 2006 - 2007.

=g === Breeding season (br); === Post-breeding season (pbr); n : Number
of observations. (Continued)
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Appendix 3. Cumulative area curves of selected focal groups during 2006 - 2007.
=g === Breeding season (br); === Post-breeding season (pbr); n : Number
of observations. (Continued)
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Appendix 3. Cumulative area curves of selected focal groups during 2006 - 2007.

=g === Breeding season (br); === Post-breeding season (pbr); n : Number
of observations. (Continued)
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Appendix 3. Cumulative area curves of selected focal groups during 2006 - 2007.

=g === Breeding season (br); === Post-breeding season (pbr); n : Number
of observations. (Continued)
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Appendix 3. Cumulative area curves of selected focal groups during 2006 - 2007.

=g === Breeding season (br); === Post-breeding season (pbr); n : Number
of observations. (Continued)
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