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Genetics and the Future of Biodiversity

David S. Woodruff
Ecology, Behavior and Evolution Section, University of California, San Diego, La Jolla CA 92093-0116, USA
Email: dwoodruf@ucsd.edu

The 10" anniversary of the BRT program is both a time for the celebration of
accomplishments and a time for reflection on the goals for the next ten years. I congratulate the
program’s leaders and grantees who, together, have achieved so much. Thailand is the richer for
your efforts as the nature and significance of the country’s biodiversity is now better understood.
Just as Thailand has changed in the past 10 years so has the value to society of the BRT program.
As the Kingdom moves to democratic governance and a knowledge-based economy the research
and training fostered by this program become ever more important. I hope that BRT’s next decade
is even more productive scientifically, and that the ecological services provided by biodiversity are
increasingly factored into the political calculus of national development.

This paper is based on a talk for general audience and therefore departs from the traditional
style of formal scientific papers. In the talk I used 86 slides and I apologize for the fact that the
reader cannot see the figures and charts. For clarification of my remarks I invite correspondence
by email.

I was trained in Australia as a zoologist and have been privileged to conduct collaborative
research in Thailand for 22 years. I use genetic methods to study the evolution and conservation of
animal species. I was invited to discuss the role of genetics in the broader program of the BRT and
I used this opportunity to discuss why Thai biodiversity and the conservation of natural resources
are so worthy of national attention. Biodiversity, through its organization into species, natural
communities and ecosystems, provides the ecological services that are essential to improving and
sustaining the quality of human life in Thailand. Studies of DNA and chromosomes of microbes,
fungi, plants and animals can have a significant and beneficial impact on the future of life in
Thailand.

Key words: genetics, biodiversity

The Biodiversity Crisis

At the outset it is important to recognize that we live during an instant of time in which the
rate of species extinction is at its highest level in the last 65 million years (Wilson, 2002). Today,
species of plants and animals are disappearing at 1000 times the background rate. Thailand’s original
forests declined from covering 60% to less than 20% of the land in the last century. 50% of Thailand’s
mangroves have been destroyed, resulting in significant losses of beach and coastal infrastructure
protection and fish productivity. 40% of the earth’s coral reefs were lost or degraded in the last 50
years. Around the world, habitats are being destroyed at a rate of about one football field every two
seconds. This unprecedented loss of habitat results in the local extirpation and the global extinction of
species. Island biogeographic theory allows us to predict that a 10-fold decrease in habitat area may
result in a loss of half the species originally present. In turn, this allows us to make some predictions
about the future of biodiversity in Thailand.

We live during an extinction spasm that may become a great Mass Extinction and change the
biosphere forever. In Thailand and elsewhere during the next 100 years many species will go extinct
as a result of habitat alteration, over-harvesting, the elimination of pollinators and dispersers, and from
competition with introduced species (Woodruff, 1991). We already notice the weeds, generalists and
introduced species replacing the natives. There are largely irreversible changes in species diversity
underway and they are occurring at an accelerating rate. Globally, the distribution of species is
becoming more homogeneous as a result of our movement of species. Eco-journalists write of our
living in the dawn of the Homogecene Period.
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In addition to the global decline in species, the population sizes and geographical ranges of
surviving species are also declining. Predicted faunal collapse threatens up to 50% of the large
vertebrates; 5% of the earth’s biota is at risk of extinction in the next 20 years. This is especially
serious in the tropics as two thirds of the planet’s 10 million species are thought to live in the tropics.
Consider what these predictions mean for the biota of Southeast Asia: 329 species of mammals (22%
endemic), 1170 birds (12%), 484 reptiles (42%), 202 amphibians (56%), and 13,500 flowering plants
(52%) (Sodhi et al., 2004). Tiny Singapore has already lost 50-90% of the species in these five groups
(Brook et al., 2003). Although no comparable estimate has been made for Thailand, my own research
on mammals in recently isolated forest fragments illustrates how rapidly extirpation can occur on a
local scale (Lynam, 1997; Lynam and Billick, 1999). We studied small mammals on the islands in
Chiew Larn reservoir, between Khlong Saeng Wildlife Sanctuary and Khao Sok National Park, and
found that all native mammals were lost from small (<5 ha) forest fragments in less than 5 years
following their isolation by the flooding of the reservoir. The medium-sized and large mammals were
also gone in less than 5 years.

Generalizations about Thai biodiversity endangerment were not appreciated by many
academics or government officials 20 years ago. The first conference on conservation biology in
Southeast Asia was held in Bangkok in 1987 (Bawa et al., 1990) coincident with the first
documentation of the threats to Thai animals (Round, 1988; Humphrey and Bain, 1990; Ecological
Research Department, 1991; Woodruff, 1991). The Science Society of Thailand (1991) declared that
biodiversity was the country’s most undervalued and neglected resource. Internationally, the U.N.
Conference on Environment and Development (Earth Summit) convened in Rio de Janeiro in 1992,
and the Convention on Biological Diversity was drafted in 1993, addressing the conservation and
sustainable use of biodiversity and its underlying genetic resources. The BRT program has its
historical roots in this period of increasing national recognition of the significance of the global
biodiversity crisis. In this paper I will argue that the program will become even more important as the
links between biodiversity, ecological services and sustainability are recognized by economists,
politicians and the educated public.

Genetic Contributions to Characterizing Thai Biodiversity

The BRT Program has provided a welcome national response to the biodiversity crisis.
Numerous genetic studies of microbes, fungi, plants and animals have been fostered in the first 10
years. Such research has contributed to the identification of evolutionarily significant units (ESU’s:
species and subspecies), and to the genetic characterization of the population variability and
structure, phylogeography and phylogenetic relationships of selected species (Woodruff, 1999). For
species of economic or public health importance, and for those of conservation concern, genetic
studies also provide information useful for management or future commercial development. Not
having a list of BRT-funded genetic projects, I will illustrate some of these applications using
examples from my own research.

Allozyme electrophoresis and the characterization of ESU’s. Multilocus genotyping using
allozymes permited the recognition of cryptic species, the suppression of ill-defined taxa, and the
identification of phylogenetic relationships. Suchart Upatham and I used this technique to good effect
in studies of trematodes of medical significance and their intermediate host snails (Woodruff and
Upatham, 1993). We found that the blood fluke that causes human intestinal schistotosomiasis in Asia
was not a single species Schistosoma japonicum; the Malaysian and Mekong valley Schistosoma are
now recognized as distinct species (Merenlender et al., 1987; Woodruff et al., 1987). Similarly, the
taxonomy of the intermediate host snails also required revision (Woodruff et al., 1988, 1999; Staub
et al.,, 1990). In the above cases genetics revealed greater diversity in the Thai fauna; in contrast,
another study led to the lumping of 21 nominal species of economically important freshwater clams.
Our genetic studies showed that interpopulation variation in clam shells was actually rather
misleading, and that numerous different looking “species” were actually all referable to a single
widespread Asian species (Kijviriya et al., 1991; Woodruff et al., 1993).

Noninvasive genotyping using mtDNA sequences. The invention of the PCR made it possible
to perform direct sequencing of DNA extracted from diverse organisms. The further development of
noninvasive genotyping reduced the need for collecting whole animals for blood or tissue samples,
and permitted the study of animals that were rare or hard to capture. The first demonstration of the
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noninvasive approach actually involved Thai flagship species: gibbons and hornbills (Woodruff,
1990). Collaborations with Warren Brockelman and Pilai Poonswad led to the demonstration that
DNA sequences could be obtained from shed and plucked hair and feathers. This advance was widely
adopted and led to numerous significant discoveries reviewed elsewhere (Morin and Woodruff, 1996;
Woodruff, 2003). We were able to contribute the first phylogeographic characterizations of the
chimpanzee (Morin et al., 1993; Gagneux et al., 1999) and the African elephant (Eggert et al., 2002).
In both cases, we discovered that these well-known “species” were actually species complexes made
up of 2—4 parapatrically distributed species-level taxa. In Thailand our research on mtDNA variation
in hornbills led to the first glimpses of their phylogenetic tree (Morin et al., 1994; Srikwan and
Woodruff, 1998; Woodruff and Srikwan, 1998). More extensive phylogenetic studies of gibbons are
now resolving issues of species identification and phylogeographic relationships (Garza and
Woodruff, 1992; Woodruff et al., 2005).

Microsatellite genotyping. In addition to informative mtDNA and nuclear coding sequences,
geneticists discovered a class of hypervariable nuclear DNA loci called microsatellites or simple
sequence repeats (SSR) (Goldstein and Schlotterer, 1999). Microsatellite genotyping has
revolutionized behavioral and ecological genetic studies of both wild and domestic plants and animals.
Multilocus surveys of microsatellite variability permit the characterization of the innate variability of
natural populations, a feature important in individual fitness and population evolvability. Individual
heterozygosity is often associated with growth rate and size, metabolic efficiency, fertility, survival of
new diseases, and survival in a changing environment. Conversely, the lack of genetic variability in a
population may contribute to reduced fitness and ultimately extinction (O’Brien, 2005).

Monitoring genetic erosion using microsatellites. Small isolated populations can lose genetic
variability as a result of chance loss of alleles (genetic drift) and inbreeding. This process is called
genetic erosion and has been understood in theory for 75 years but it was not until multilocus
microsatellite genotyping became possible that we were able to show that the process can be
monitored in real time (Woodruff, 1992b). Sukamol Srikwan collected DNA noninvasively from the
small mammals on the islands in Chiew Larn reservoir in years 3-8 after these forest fragments
became isolated and demonstrated that these populations were beginning to lose their genetic
variability (Srikwan et al., 1996, 2002; Srikwan and Woodruff, 2001). We hope to further test the
prediction that rate of change in heterozygosity is H = 1/2N, after 20 years of isolation. We used small
rodents and tree shrews in these studies as models for larger mammals of greater national interest.

Genetic censusing using microsatellites. Microsatellites are so variable that they can also be
used to identify individual organisms and, as each individual has a unique multilocus genotype, to
census uncountable animals. In Africa, for example, we were able to estimate the number of elephants
in a small isolated national park. These animals are too dangerous to approach and could not be counted
directly in the forest. However, by genotyping seven microsatellite loci amplified from 150 dung
samples collected throughout the park over 15 days, we estimated that 223 elephants were present
(Eggert et al., 2003). In addition, the use of a sex-linked gene enabled us to establish the numbers of
males and females in our sample. This work will facilitate comparable surveys of the last herds of wild
elephants in Thailand (study underway by Chomcheun Siripunkaw, Chalita Konkrit and Eggert).

Genetics in BRT’s Second Decade

Almost all the various technologies used by biodiversity researchers to characterize and study
genetic variation are now available in Thailand. Before discussing several areas of research activity that
may be prominent in the next decade it is important to note that older and relatively inexpensive methods
like simple chromosome analysis and allozyme electrophoresis are still perfectly good approaches to
many questions. While newer methods will always appeal, and are sometimes essential (Srikwan and
Woodruff, 1997), I commend the BRT program for supporting a spectrum of genetic approaches.

Cloning comprises various reproductive technologies for producing genetically identical
offspring from an individual or a cell line. Cuttings and tissue culture permit cloning of plants
routinely. Nuclear transplantation in animals is much more difficult and expensive and, so far, success
has been limited to a few individuals of domesticated animals. Newspapers have popularized the idea
of cloning extinct species from salvaged fragments of their DNA, but the prospects for recreating a
dinosaur are zero (because of the natural decay rate of fossilized DNA) and the prospects of
revitalizing a mammoth from tissue frozen for 10,000 years are equally small. Genetic resurrection for
the kouprey, Schomburgk’s deer and white-eyed river martin is beyond our current scientific
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capabilities. Nevertheless, cloning may play a small role in saving a few endangered species in cases
where cross-fostering by a related domesticated species is possible. For example, a banteng at the San
Diego Zoo was cloned in 2003 from fibroblast cells frozen 12 years earlier when it’s “father” died.
Other cases of cross-fostering endangered species embryos (gaur in cattle, wild cats in domestic cats)
involve reproductive technologies, but are not cloning. The relevance of all these methods to the
present mission of the BRT is marginal.

Genetically modified organisms (GMO’s) and evolutionary engineering. Recent advances in
technology have made it much easier to create GMO’s that may be of great benefit to humans but
always carry risks of causing harm to biodiversity. Under the Convention on Biological Diversity, of
which Thailand is a member, the future handling and use of any living modified organisms (LMO’s)
are regulated by the Cartagena Protocol on Biosafety and, in time, by a Thai Biosafety Law. I will not
discuss LMO/GMO’s here as such issues generally fall outside the mission of the BRT program. In
contrast, the unintentional human acceleration of the processes of evolution is seldom recognized as a
threat to biodiversity. Yet, in the U.S., our inadvertent acceleration of evolution is estimated to cost the
economy $50 million annually (Palumbi, 2001). Examples include over-treatment leading to the
evolution of human drug resistance, plant and animal resistance to pesticides, rapid changes in
invasive species in their new environment, life history changes in commercial fish induced by fishing
methods, and pest adaptations to bioengineered pathogens like Bt. Scientists supported by the BRT
program should watch for such evolutionary changes in Thai biodiversity.

Genetic barcoding is a new name (actually a metaphor, like DNA fingerprinting) for mtDNA
sequencing of the cytochrome oxidase 1 or CO1 gene. Barcoding involves using this one particular DNA
sequence to try to uniquely characterize every living species. The CO1 sequence from an otherwise
unidentified organism or tissue sample might permit its identification in a few hours while traditional
taxonomic consultation might take weeks or months. Barcoding could permit the rapid identification of a
mosquito species, a plant pathogen, a macroparasite or a protected species or its derivatives (meat). CO1
sequencing is fostered by the Consortium for the Barcode of Life (CBOL, 2005) whose mission is to
speed compilation of DNA barcodes of all known species, establish a public library of sequences, and
promote development of portable devices for DNA barcoding. Accuracy of barcoding depends on the
extent to which the regional biota has been characterized and the cost depends on the scale, but a
regional center could provide affordable forensic identifications in a few hours.

Genomics. The completion of the human genome project was a signal event in the history of
human medicine but has little to do with the interests of the BRT program or the conservation of
biodiversity (Ryder, 2005). Similarly, although the sequencing of the chimpanzee, rice, and chicken
genomes may lead to enormous payoffs in terms of human health, improved rice strains, and perhaps
the development of influenza resistant chickens, it is difficult to see how Thailand would benefit from
playing a lead role in such expensive projects.

Community genomics involves the rapid estimation of the number of unique DNA sequences
(microbial or fungal) representing different unknown species in a random sample of a biotic
community e.g. in a gram of soil or a liter of water. Results reveal far more biodiversity than
previously suspected. This approach to bioprospecting is being used commercially to discover new
varieties of enzymes of potential commercial interest. The biotechnology company Diversa Inc.
screened unknown microorganisms inhabiting hot springs for variants of a common enzyme and
discovered dozens of previously unknown esterases that could potentially speed up commercially
important reactions.

Endosymbiont genetics. The realization that trees, and in fact all plants, are composite
organisms whose health and success is dependent on endosymbiotic fungi has opened a new field of
biodiversity research. Horizontally transmitted mutualists now appear crucial to host defense from
pathogen infection and damage (Arnold et al.,, 2003). The molecular genetic research on fungal
diversity by Gareth Jones and his colleagues at BIOTEC shows just how important the endophytic
fungi are to the ecology of Thai plants, and how little is yet known about these interactions. Future
forest, mangrove and coral reef restoration projects and toxic soil remediation will require a much
greater understanding of these cryptic symbioses involving fungi or bacteria.

Phylogeographical surveys. Patterns of genetic variation in space reveal much about the history
and relationships of populations. Exciting discoveries regarding the history of our own species in
Southeast Asia come from recent surveys of variation in genes on the X and Y chromosomes
(Oppenheimer, 2003). Establishing phylogeographic patterns may permit the tracing of invasive species
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to their sources and detecting climate change induced shifts in distribution. Accurate locality maps
backed up by archived voucher specimens are essential for this type of work. The sheets in the national
herbarium are a prime example of this type of irreplaceable resource, as are the specimens in the national
museum and various university collections. Verified occurrence reports of birds provide an equally
valuable database (Round et al., 2003) the analysis of which has just begun (Hughes et al., 2003).

Genome resource banks. There is a growing international recognition that more resources
must be devoted to storing cells, gametes, embryos and purified DNA for future genetic reference.
Archival tissue cryopreservation is now routine in many medical centers and museums. The San Diego
Z00’s Frozen Zoo provides a unique collection of cell lines of nearly 300 species (Ryder et al., 2000).
I hope that the BRT program encourages the archiving of irreplaceable tissue and DNA samples by all
its grantees, and that the Thai government will do more to create a dispersed system of national
genome resource banks, before it is too late.

Conservation genetics. Frankham et al. (2002) provide an excellent introduction to the
application of genetics to the study and management of small populations in the wild and captivity;
such interventive management will become increasingly necessary to sustain Thai biodiversity.

Beyond Genetics: Why Does Biodiversity Matter?

Biodiversity has direct material, economic and spiritual benefits for Thais. More generally,
biodiversity is essential for our continued habitation of the planet. It is a requirement for future
biological evolution and most importantly it is essential for the ecological services we take for granted.
If biodiversity is to continue to provide humans with the ecological services they expect, geneticists
will have to play a larger role in the management of the process of evolution. They will increasingly
be asked to assist with the future evolution of individual species (endangered, desirable or pestiferous)
and the functioning of communities (natural, disturbed, and agricultural). Geneticists, together with
ecologists and systematists, also have an obligation to become more involved with environmental
policy and the shaping of development projects. This is particularly necessary in Thailand which
suffers the Asian Tiger Syndrome, a disregard for the environment during a period of rapid economic
growth (McNeely and Dobias, 1991; WGBU, 1997; NRC, 1999:287; Fahn, 2003). Hydropower
generation and reforestation are two current examples of regionally significant large-scale
environmental activities that have profound effects on Thai biodiversity.

The controversy over the construction of the Pak Mun dam 15 years ago is an excellent
example of a development project that impacted biodiversity when the developer ignored complaints
from Thai scientists trying to prevent the loss of a global biodiversity hotspot. With over 1,200 species
of fish present in the middle Mekong River and its tributaries this small hydropower dam threatened
one of the three richest freshwater fish communities in the world. The dam disrupted upstream
spawning migrations from the Mekong into the Mun river (Roberts, 2001b) and nine years later local
fish catches had declined 80%, with 96 species in the catch vs. 256 before. Although the academic and
civic protests failed to stop dam construction, and the damage to Thai biodiversity was done, the
protests changed the ways government agencies approach issues effecting biodiversity. In a broader
context the Pak Mun showed that the government’s assessment of the environmental impacts of
development projects needed to be transparent to avoid costly social and political unrest.
Unfortunately, in retrospect, if the benefits and costs had been adequately assessed it is unlikely that
the dam would have been built (Amornsakchai et al., 2000).

Now a second hydropower development project, the Chinese construction of eight dams on the
mainstream of the Mekong River coupled with their Mekong Navigation and Channel Improvement
Project, presents an even greater threat to Thai biodiversity and resources (Roberts, 2001a; Dudgeon,
2002; Round, 2002; Brockelman, 2003; Mekong River Commission, 2003; Hogan, 2004; Campbell,
2004). The Chinese reservoirs will impound the upper Mekong and the downstream flow will be
regulated so as to even out the flow of water throughout the year. To date, the Chinese have ignored
transboundary effects and argue that their regulation of the river will reduce the damage and disturbance
caused by annual flooding in the middle and lower Mekong. Unfortunately, that argument ignores both
the fish and the people in four countries that are dependent on the flood and the nutrients it brings. The
Great Lake of Cambodia, the Tonle Sap, currently provides Cambodians with about 25% of their protein.
This diverse ecosystem is totally dependent on the Mekong flood for its annual recharging. The Tonle
Sap could disappear within 25 years according to some analyses (Roberts, 2001a). Unfortunately no
international treaty has yet been adopted that will reduce such transnational imperialism and China is not
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a member of the Mekong River Commission. Thailand is compromised as it has taken a pro-dam
position in Laos and took no interest in transnational impact of its own Pak Mun dam. Biologists are
assessing the probable impacts of the coming environmental changes in Vietnam and Cambodia and I
encourage the BRT program to foster similar research in Thailand. The genetic aspects of managing
smaller populations of physically constrained fish are poorly known and it is unclear whether flood-
dependent migratory species (the majority) will breed in the regulated river or perish.

A different set of threats to biodiversity is presented by the on-going policy debates over the
use of the remaining forests in the hills of northern Thailand. Are hill tribes practicing sustainable
agriculture or are they responsible for destroying wildlife, deforestation, erosion, poor downstream
water quality and the loss of watershed ecological services? Clearly there are many ecologically
different hill tribes; some are very recent refugees (Hmong) and others (Karen) have lived in the hills
for centuries. The policy debate have been complicated by the fact that the hill forests have recently
been designated as forest reserves or national parks by the government which does not recognize the
citizenship or land rights of the half million residents. Should these people be forcibly relocated? How
does biodiversity conservation figure in this human drama? Here, I can only summarize more detailed
discussions of this complex issue (Watershed, 1999; Woodruff, 2001a; Fahn, 2003; Brockelman, 2005)
and relate the implications of agricultural development and reforestation to regional biodiversity.

Although some rotational shifting cultivation is sustainable, the implementation of agricultural
systems and integrated resource management in the hills is frustrated by the economic, social, and
political problems of the half million people who live in what have become increasingly regulated
protected areas. The divisive nature of the debate over shifting cultivation is illustrated by the
government’s use of the phrase rai lu’an loy to describe the diverse resource management practices
and systems of knowledge of upland ethnic communities as “destructive slash and burn agriculture”.
In contrast, some ethnic communities use the phrase rai mun wian to communicate the benefits and
productivity of their natural resource management systems. Interestingly, the Thai press and NGO’s
have portrayed the extreme positions as being held by people they label with fruity epithets, as
Watermelons or Bananas (Fahn, 2003). These epithets are mentioned here as they apply to many other
disputes over biodiversity and natural resource management in Thailand that pit Preservationists
(called Bananas) and Environmental Democracy Movement members (called Watermelons) (Table 1).
To understand this dichotomy the non-Thai reader must know that the Buddhist idea of Nature differs
from the Western concept of wilderness, in holding that there is no land on which man has not set foot.
In Thailand the concepts of Nature and of forests are very similar, but forests are not considered
separate from people. In Buddhist thought nature and man are always intertwined (Kabilsingh, 1998)
while to some Western conservationists nature (good) should be protected from people (bad). In the
Thai caricature, Bananas are yellow (Asian) on the outside but white (Western) on the inside and
Watermelons are green outside (environmentalists) but red (socialists) on the inside. In reality, this is a
false dichotomy, but the epithets are more useful to those concerned with the biodiversity crisis in
Thailand than the academic jargon: utilitarian anthropocentrism versus intrinsic-value ecocentrism
(Borgerhoff Mulder and Coppolillo, 2005).

Table 1. Contrasting approaches to nature in the Man-and-Forest [khon kap paa] debate in Thailand. This
caricature is based on Fahn (2003:156—159) and, as discussed in the text and by Brockelman (2005),
neither side is invariably right.

Preservationists
Environmental democracy movement

Nature’s purpose For resource exploitation For local use

Proponents Royal Forest Department NGO’s, green monks

Academics proponents Ecologists Sociologists

Primary goal Watershed protection Human rights, Community Forest Act

[proposed]

Secondary goal Wildlife protection Rural development

Philosophical approach A foreign concept of wilderness People living in harmony with nature

Attitude People are a threat to nature and Government is a threat to people
officials

View of the other side Romantic wishful thinking Deep green imperialism

Solution Resettle the people Foster sustainable use

Fruity epithet Bananas Watermelons
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In each of the above cases biodiversity seems to sit in the way of progressive development. In
fact, development can take many courses and not all involve damaging biodiversity (Woodruff,
1992a). In the case involving agriculture and agroforestry in the northern hills it is clear that
sustainable agriculture should not be based on further land transformation. Deforestation dries out a
region, increases the frequencies of fires, and results in even more forest, biodiversity and crop loss.
The challenge in the north is to foster sustainable agriculture through a combination of technical
intensification and social empowerment rather than by greatly expanding the land area required
(Matson et al., 1997). More sustainable agriculture/agroforestry will involve among other things:
polycultures and intercropping rather than monocultures, integrated pest management instead of
pesticides, the elimination of perverse subsidies, knowledge-based intensive management, and
community-based conservation (Woodruff, 2001a). Sustainable agriculture in the hills cannot be
achieved unless local human societal needs are met and biodiversity is conserved. Biodiversity science
itself must evolve, and there must be greater integration of the biological and the social sciences in
order to influence mainstream policy makers (Dirzo and Loreau, 2005). Geneticists have a role here in
explaining the importance of the evolutionary processes that sustain life in all it diversity.

Biodiversity, Ecological Services and the Future

The connection between biodiversity and ecological services is well described in the U.N.
Millennium Ecosystem Assessment (2005). This assessment of the earth’s ecosystems was the largest
ever undertaken and involved 1360 scientists in 95 countries. Analysts recognized 24 kinds of
ecosystem services: some can be classified as provisioning and include providing humans with food,
water, fuel, and fiber; some are regulating and involve the prevention of soil erosion and floods; some
serve our cultural needs and provide for our recreation and spiritual values; and some provide for our
basic support and are responsible for the oxygen we breath, for soil formation, and for plant
transpiration and rain. Almost all human societies have taken these ecological services for granted,
especially since people moved off the countryside and into cities and towns. Yet collectively, these
ecological services have an unappreciated annual value of more than U.S.$33 trillion (Costanza et al.,
1997; Dalily et al., 2000).

The Millennium Ecosystem Assessment found that 60% of the ecological services were
already degraded. We as one species among millions use an astounding 50% of the earth’s gross
primary productivity (Vitousek et al., 1997). As suggested above, current trends are such that we can
confidently make some upsetting predictions about the decline of Thailand’s biodiversity, biomes and
ecological processes. Furthermore, these predictable changes come at a bad time as anthropogenic
climate change will make matters worse for the surviving species as they will not be able to disperse
freely. By fostering the discovery of Thailand’s biodiversity before it is lost the BRT program is
preparing the nation for a future in which the ecological services will require more management.

Although the loss of species is tragic the ecological consequences of the declines are more
worrisome, Will ecological services fail? Can we predict the nature and significance of our impacts on
ecosystem function as a result of habitat loss, degradation, and fragmentation? What will happen to the
biogeochemical cycles as we further simplify ecosystems (physically and biologically) and shorten
food chains? We can expect an increase in nutrient enriched niches and the ascent of the microbes. We
can predict biotic homogenization and the ascent of domesticated species, weeds, generalists and
commensals. We can predict the further inadvertent genetic modification of organisms as a result of
their loss of genetic variability, the fragmentation of geographic ranges, the reduction of effective
population sizes, and the elimination of predators and competitors, pollinators and dispersers. We
cannot yet predict what the new disharmonious communities [assemblages of species] will look like
100 years from now, or how the surviving species will adapt to on-going environmental changes.
Significantly, almost every one of the above processes involves genetics. The processes of evolution
have not changed but the pattern has. The genetic consequences of small population sizes and the
genetic erosion of adaptability will become far more significant.

While most futurists are concerned with extrapolating current trends we should be far more
concerned with nonlinear changes, with unpredictable changes. Catastrophic examples involving
biodiversity include the recent (and so far irreversible) collapse of two of the world’s largest fisheries
(Peruvian anchovy fishery, 20% of the world’s catch, in 1972; and the Atlantic cod stocks off
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Newfoundland in 1992). Other recent nasty surprises include the 1997-1998 cholera epidemics in East
Africa, the emergence of Ebola, SARS and H5N1 viruses, and the discovery of marine offshore dead
zones in the Gulf of Mexico. After the fact, we can often explain why these sudden changes make
sense (e.g. the cholera outbreaks were associated with an El Nino, the marine dead zones are caused
by anthropogenic nutrient loading that can cause sudden, widespread algal blooms that suffocate
animals, and the emergent diseases all involve genetic shifts), but they are still nasty surprises and we
have to expect more of them. The Precautionary Principle requires that as we seek to further develop
and manage natural resources we do so in such a way as to avoid serious or irreversible environmental
harm (Dickson and Cooney, 2006).

At a recent conference on the future of evolution the participants made a number of
recommendations that directly impact both biodiversity and the human condition (Woodruff, 2001b).
First, regardless of whether we are geneticists or taxonomists we should all work towards reducing
human population growth and unsustainable resource use. Other recommendations are more in line
with what we might expect to hear at a BRT program policy workshop: improve ecological education;
alert the public (science alone cannot protect biodiversity); promote research on describing
biodiversity before it is lost; promote research on ecological processes so as to ensure continued
ecological services; do more to foster protection of freshwater and marine ecosystems; promote the
creation and maintenance of national databases on species abundances and geographic ranges; and
promote the creation and maintenance of national tissue banks or genetic depositories.

Sustainable development is the reconciliation of society’s development goals with its
environmental limits over the long term (NRC, 1999:22). It is the most recent conceptual focus linking
the collective aspirations of the world’s peoples for peace, freedom, improved living conditions, and a
healthy environment. The latter links sustainability directly to the interests of the BRT program as the
main areas to be sustained are nature, life support systems, and communities. Humans depend on life
support systems provided by the biosphere. These ecological services include the obvious cleansing of
water by plants and microbes and the fertilization of soil by microbes and fungi and invertebrates.
They also include providing for our aesthetic and recreational needs and desires. Sustaining desirable
lifestyles for Thai people will require a more complete understanding of how the Kingdom’s
biodiversity and ecological communities provide these ecological services. The conservation of
biodiversity, and its genetic underpinnings, are thus important determinants of the future quality of
life. To quote from the Earth Charter Preamble ‘The resilience of the community of life and the well-
being of humanity depend upon preserving a healthy biosphere with all its ecological systems, a rich
variety of plants and animals, fertile soils, pure waters, and clean air. The global environment with its
finite resources is a common concern of all peoples. The protection of Earth’s vitality, diversity, and
beauty is a sacred trust’ (Earth Charter Initiative, 2000). Appropriately, the Charter received the
endorsement of the 3rd [IUCN World Conservation Congress held in Bangkok in November 2004. I
wish the BRT program every success for the next 10 years as it helps prepare a new generation of
Thais for their roles as environmental stewards and bioneers.
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Introduction

The 2005 Biodiversity Research and Training Program meetings featured biodiversity as a
theme throughout the presentations. Since Thailand is a major center of biodiversity in Southeast Asia
and is renowned for the range of its latitudes, elevations, land forms, soils, geological ages, and plant
and animal communities, this was particularly appropriate.

In this paper, which is based on my presentation at those meetings, I wish to explore three
important aspects of assessing biodiversity:

1. Methods and considerations in sampling biodiversity, including the roles of time and space;
2. Use of traditional and modern methods to recognize species, the units of biodiversity;
3. Ways of estimating the value of biodiversity.

Methods and Considerations in sampling Biodiversity

My work focuses on amphibians and reptiles, thus my examples are drawn from studies done
on these groups. However, the issues raised, as I hope to make clear, are generally applicable to the
study of other groups and the assessment of their biodiversity.

Valid estimates of the biodiversity of amphibians and reptiles are highly dependent on the
sampling methodology used. Although there is an extensive literature on the subject (see Heyer et al.,
1994), sampling remains the single weakest link in the process of estimating biodiversity because it
takes considerable effort to plan it thoughtfully and hard work to execute it well.

As discussed in detail by Inger and Voris (1993), Voris and Inger (1995), and summarized by
Inger (2003), effective sampling surveys of amphibians and reptiles must include the following:

e Use of a variety of techniques to access the breadth of the microhabitats within each

locality;

e Study of multiple localities to detect spatial diversity;

e Taking of multiple samples through time to detect seasonal variation and population

oscillations.

To be specific, this means that effective surveys of amphibians and reptiles in tropical rain
forests must include sampling along transects during both day and night, both in the forest and along
streams, since very different species lists result from sampling these different areas at different times
and in different dimensions. Microhabitats that must be sampled include tree buttresses, leaf litter, and
rotting logs on the forest floor, as well as shrubs, tree trunks and vines in the vertical dimension.

Inger and Voris (1995) have documented that even streams within a few kilometers of one
another that appear to be similar in topography and microhabitat composition, have distinctly different
assemblages of species. These results clearly illustrate that if sampling is done at only one or two
localities within an area, the species composition and/or relative abundance--the biodiversity--in the
area will be underestimated.

Perhaps the most neglected aspect of sampling amphibians and reptiles in the tropics is the
need to sample through time. The perceived lack of seasons in tropical rainforests has led to the belief
that it is redundant to sample through time, but this is not the case. For example, in the area of Nanga
Tekalit, in the lowland tropical rainforests of Sarawak Borneo, temperatures and rainfall are relatively
constant throughout the year and there is no marked annual dry season. Yet, when Inger, in 1962,
conducted a continuous full year of sampling on several hill forest streams in this setting, the resulting
data clearly confirm the following assertions regarding sampling of amphibians in seemingly
aseasonal tropical rainforest (Inger, 1969).
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First, the level of overall activity of frogs
along a stream (the Serbong) varies from night to
night (Fig. 1, from Inger, 2003). Thus, several

nights of collecting are required to insure that w 20
samples are obtained on nights when frogs are § 28
active. o 50
. . . o) 11 I
Second, different species of frogs differ 8 sl P IFAIIIT 1
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leporinus, on the Serbong. Note that this species
was observed on every night over 36 nights of
collecting, although not in the same numbers.
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The activity pattern for a second species,
Pedostibes hosii, taken from the same stream, the
Serbong, is shown in Figure 3 (from Inger,
2003). It is clear that there are many periods
when this species is not active, sometimes for as
long as eight consecutive nights. However on a few nights it was very active. Thus we see the
necessity of making observations over a longer period of time on a single stream to insure that we
detect those species that have sporadic activity patterns.

These examples illustrate and support the assertion that sampling of anurans in tropical
rainforests is not a simple task but one that requires planning and effort over a period of time.

Figure 1. Graph showing the numbers of all frogs
observed on 36 nights on the same stream
(the Serbong) in Sarawak (Borneo) over a
12-month period in 1962-1963. (From

Inger, 2003)

25

20
20 A

15

15
10

: I

10 13 16 19 22 25 28 31 34 OJIMMLMW

1 4 7 10 13 16 19 22 25 28 31 34
NIGHTS OF OBSERVATION NIGHTS OF OBSERVATION

10

NUMBER OF FROGS

NUMBER OF FROGS

1 4 7

Figure 2. Graph showing the variation in the number
of individuals of one species of frog

Figure 3. Graph showing the variation in the
number of individuals of one species of

(Limnonectes leporinus) observed on 36
nights on the same stream (the Serbong) in
Sarawak (Borneo) over a 12-month period
in 1962-1963. (From Inger, 2003)

frog (Pedostibes hosii) observed on 36
nights on the same stream (the Serbong)
in Sarawak (Borneo) over a 12-month
period in 1962-1963. (From Inger, 2003)

Recognizing Biodiversity

Extensive sampling over multiple localities through time and space, as described above, is the
crucial first step in being able to recognize individual species, the units of biodiversity.

For over 300 years, the use of traditional methods which emphasize the external morphology
of amphibians and reptiles has resulted in a steady increase in the total number of species (Kohler
et al., 2005; Sodhi et al., 2004). However, in only the last 40 years, the rate of discovery of new
species has escalated due to the application of new techniques and use of additional types of data
obtained from behavior, ecology, karyotypes, and various molecular analyses.

Kohler et al. (2005) have carefully documented these trends for amphibians, beginning in
1758. Additional support for the strong up tick in species numbers is given in recent papers by

l_s-n_j__ BRT



Hanken (1999) and Bossuyt et al. (2004), which emphasize the use of molecular data to assist in the
recognition of species.

Studies which I and my colleagues, Daryl Karns of Hanover College, and his students,
Heather Andrews, Elizabeth Phipps, and Jerry Suddeth, have conducted on semi-aquatic snakes from
within and near the Khorat Basin in northeastern Thailand, also support the notion that there are many
more new snake species than previously thought.

The Khorat Basin is a prominent geographic feature of Indochina, potentially important in the
ecology and evolution of semi-aquatic snake communities. We were originally interested in how
different populations within known species (E. enhydris and E. plumbea), might differ at two different
but nearby geographical sites, within and outside of the Khorat Basin. We began our work using the
existing definitions of species which were based on traditional morphology.

We compared community structure and population characteristics of semi-aquatic snakes
(focusing on the homalopsine snakes) from a total of 11 localities located in the Khorat Basin, on the
mountainous rim of the Khorat Basin, and at lower elevation sites located outside the Basin. We
found that species richness (that is, numbers of species) of semi-aquatic snake assemblages was
comparable in and outside of the Khorat Basin (Table 1), and there was a high degree of species
overlap between assemblages found in and outside the Basin. However, species diversity was higher
in the Khorat Basin (evenness = 0.694), and Enhydris enhydris was the strong dominant at sites
located outside of the Basin (evenness = 0.334).

Table 1 shows that Homalopsine snakes were absent from the Khorat Basin rim sites, and they
were over twice as abundant at sites located outside of the Basin compared to sites inside it. We found
size sexual dimorphism for E. enhydris outside of the Khorat Basin, but not inside it. Female snakes
(E. enhydris and E. plumbea) from outside the Khorat Basin were larger and heavier compared to
populations in the Basin. Historical, biogeographical, biotic, and abiotic factors that may contribute to
these observed differences are discussed in Karns et al., 2005.

After collecting a total of 668 specimens throughout the course of these studies, we found
some slight morphological differences between populations, and we also observed geographical
differences in the distribution of the species in and out of the Basin. However, by themselves these
were insufficient to justify redefinitions of the species. It was when we conducted molecular analyses
(not yet published) that significant differences among the populations were revealed, indicating that
that there are probably more than the initial two species we thought we were studying. Further support
for the multiplication of species among these semi-aquatic snakes is provided in several recent papers
describing new species in other parts of the range of this small family (Murphy and Voris, 2005;
Murphy et al., 2005; Ziffer, 1999).

These kinds of studies and results clearly increase our estimates of the species richness and
diversity present, and are an example of why the rate of discovery of new species of amphibians and
reptiles has escalated in recent years.

Estimating the Value of Biodiversity

Such careful, extensive surveys as these document the existence of even more species than
previously thought, a richness of biodiversity way beyond our previous expectations. Why is this
important? Why should we care? What is the value of having biodiversity and making sure it is
maintained? These questions have been answered in a variety of ways.

From a biological point of view, the stability of ecosystems that results from the complexity of
the food chains is a very important reason to value and preserve biodiversity.

There are definitely commercial reasons to value biodiversity as well, such as maintaining
sustainable harvests for the various purposes of the wildlife trade.

There is an important medical value to sustaining biodiversity both in terms of preserving
sources of traditional medicines, and the potential for discovery of sources of new drugs through bio-
prospecting.

There are also significant aesthetic, historic, and recreational reasons for maintaining natural
areas with their full complements of biodiversity.
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But there is also another factor that is often overlooked, which we might call “the cost of
construction or creation.” This is based on what was required to produce these great, complex natural
systems.

Two primary elements were involved: vast amounts of space (landscape), and vast amounts of
time. Plate tectonic events over the last hundreds of millions of years and episodes of glaciation over
the past two million years have greatly influenced the earth’s surface, gradually developing a wide
range of elevations and geological formations which, coupled with elements of latitude, drove climate
changes and created abundant opportunities for the formation of species and the resultant high
biodiversity that characterize complex ecosystems.

To illustrate some of these events
in what is now Southeast Asia, we will
look at three perspectives, through
different spans of time.

Late Cretaceous 94 Ma

From the late Permian period, 255
million years before the present, to the
Middle Eocene epoch, some 50 million OCEAN Prota-

i Caribbean
years before the present, the earth u Sea
experienced the major breakup of the t
supercontinent, Pangea.  Christopher
Scotese, at the University of Texas at
Arlington, has developed a website
(http://www.scotese.com) which depicts,
through a series of illustrations, the

phenomenal movement of the earth’s Figure 4. An illustration showing one stage in the breakup of

plates through this period of time. One the supercontinent, Pangea. —From a website
example taken from his work is given in (http://www.scotese.com) developed by Christopher
Figure 4. Scotese, at the University of Texas at Arlington.

Hall and Holloway (1998) have
looked at plate tectonic shifts somewhat closer in time, from the early Eocene epoch, 55 million years
before the present, to the present day, in the Austral-Asia region. A compact disc which accompanies
their paper gives an impressive animated portrayal of these events. Figure 5 illustrates one view from
their work.

The third perspective, given by Wallace (1881), Molengraaff and Weber (1919), Darlington
(1957), Voris (2000), Sathiamurthy and
Voris (in press, 2006), focuses on the
sea level and climate changes between
the period from 250,000 years ago, to
the present day. Changes in sea levels
over geological time have long been
considered crucial to understanding the
distribution of both aquatic and
terrestrial organisms that we see today.

Figure 6 from Voris (2000),
gives a map of present day Austral-
Asia, along with a depiction of the
extent of the Sunda and Sahul shelves
when sea levels were 75 meters below
present day levels, showing the
magnitude of change in the land mass  Figure 5. The Austral-Asia region at 40 million years before
between two points in time. The the present as depicted by Hall and Holloway (1998).

publication gives numerous maps of the A compact disc that accompanies their publication
region at other sea levels contains this illustration and many others.

|
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Sathiamurthy and Voris (in press, 2006) have further refined and expanded these maps using a
comprehensive data base of ocean depths. Figure 7 is one example from their work, again showing a
map of present-day Austral-Asia, along with the extent of the Sunda Shelf when sea levels were even
lower than in the above example from
Voris (2000), some 21 thousand years
before the present.

It is impossible to fully convey
in a written paper the awesome
impression made by seeing all the visual
depictions shown in these studies.
However, we can begin to appreciate the
magnitude of time and events that have
led to the earth’s present configuration
of geography and ecosystems, by
referring to our own experiences of how
: the powerful forces that result from plate
75 m contour <5 tectonic shifts--volcanic activity,

Figure 6. A map of present-day Austral-Asia showing the carthquakes, and. tsunamis--continue to
extent of the Sunda and Sahul shelves when sea  feshape our environment. We cannot
levels were 75 meters below present-day levels. help but be led to a profound
(From Voris, 2000) appreciation of what the earth has

undergone.

We are led to an inescapable conclusion: the enormous amounts of time and spatial diversity
on this planet cannot be duplicated, making the biodiversity that has resulted, absolutely unique,
irreplaceable, and priceless.

Sunda Shelf : LGM, 21 ka BP
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Figure 7. A map of present-day Austral-Asia showing the extent of the exposed Sunda Shelf due to lower
sea levels at 21 ka years before present. (From Sathiamurthy and Voris, in press, 2006)
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The Role of Gibbons in Forest Regeneration: Seed Dispersal and
Regeneration of Nephelium melliferum Gagnep. (Sapindaceae) on the Mo
Singto Plot, Khao Yai National Park

Warren Y. Brockelman®, Anuttara Nathalang® and Kim McConkey
'BIOTEC Central Research Unit, National Center for Genetic Engineering and Biotechnology, Klong Luang,
Pathumthani 12120, Thailand

The Mo Singto Forest Dynamics Plot in Khao Yai Park, with its trees individually mapped
and identified, is an ideal site for the study of the effects of gibbon foraging and seed dispersal on
tree recruitment. Current studies focus on the effects on individual species consumed by gibbons
as well as on the entire forest community. The fruiting tree Nephelium melliferum (Sapindaceae) is
consumed by a variety of mammals but gibbons are the only dispersers that carry seeds far from
the parent trees. Fruit consumption and seed fate were studied by sampling fruit-fall under the tree
and by direct observation of frugivores in the trees. Squirrels dropped about 55% of the seeds of
ripe fruit unharmed under the tree and pig-tailed macaques picked about 9% of the fruit, dropping
most of it under the tree, whereas gibbons consumed about 20% of the fruits, swallowing the
seeds. Gibbons disperse Nephelium seeds over virtually the entire home range, which occupies
about % of the plot. Nevertheless, examination of the distribution of Nephelium trees in the tree
census indicates that while large trees (>10 cm in diameter) are distributed over the whole plot,
smaller trees (1-9.9 cm) are mostly restricted to east and north-facing slopes. This suggests that
very recent climate change may be restricting recruitment of the species to relatively moist areas.
Further research is needed to test this idea.

Key words: Frugivores, gibbons, Khao Yai Park, Nephelium melliferum, seed dispersal, tree
distribution

Introduction

Gibbons, being predominantly frugivorous, potentially play a major role in the dispersal of
seeds of trees and lianas in the evergreen and moist deciduous forests of tropical Asia (Leighton and
Leighton, 1983; McConkey, 2000; Whitington and Treesucon, 1991). Gibbons are able to remove the
husks from relatively large kinds of fruits and they swallow the seeds, whereas other mammals such as
squirrels and monkeys tend to chew up the seeds or drop them under the parent tree (Leighton and
Leighton, 1983; McConkey et al., 2002; Kitamura et al., 2002). Movement of seeds from under the
parent tree is potentially important to the recruitment of tree species, and may affect their persistence
in the community (Chapman and Chapman, 1995).

The Mo Singto forest dynamics plot in Khao Yai Park was established primarily to study the
diet and foraging behavior of gibbons and other frugivores in the forest, and was placed over the home
range of a habituated group of white-handed gibbons (Hylobates lar) (Brockelman, 1998). Having a
forest dynamics plot over a gibbon home range has greatly facilitated the study of diet, foraging
behavior, seed dispersal, and its effects on tree recruitment—the detailed study of interactions between
a fruiting tree and its dispersal agents.

The wild rambutan, Nephelium melliferum Gagnep. (Sapindaceae), was selected for detailed
investigation because during its brief fruiting period during late April and Mays, it is the preferred fruit
of gibbons and preliminary observations indicated that its seeds are swallowed and dispersed almost
entirely by these primates. Here we report on observations on the fate of seeds and on dispersal agents
of Nephelium melliferum made in 2004, which was a peak fruiting year for the species. We also report
on an unexpected pattern in the distribution of Nephelium trees on the plot that has implications for
dispersal and recruitment.
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Methodology

1. Study site

The Mo Singto Forest Dynamics Plot is located about 1 km west of the park headquarters
in the center of Khao Yai National Park, central Thailand, at 101° 22' E, 14° 26' N. It is located in
seasonal evergreen forest at 725-815 m in altitude above sea level. This plot, 30-ha in area, was
established using the same methodology as other plots in the Center for Tropical Forest Science
(CTFS) network of the Smithsonian Institution, by being surveyed into 20 x 20 m quadrats with a
theodolite and having every tree mapped, identified and tagged down to a size of 1 cm dbh (Condit,
1998; Manokaran et al., 1990). The plot has 200 species of trees > 10 cm dbh, and approximately 120
species of lianas or woody climbers > 3 cm dbh. Each tree has with an aluminum tag stamped with a
number that can be looked up in the plot census database to determine its species, size and status.
During the last census in 2005, all trees down to 1 cm dbh in size were mapped and tagged.

2. Observation methods

Just before the fruiting season of 2004, five trees were selected for detailed observations of
feeding behavior of frugivores. Observations were made from dawn to dusk under or near each tree for
a total of 100 h. Times of all animals entering and leaving the trees were noted, with observations on
feeding behavior. Terrestrial animals visiting the tree at night were sampled by using 35-mm film
camera traps with infrared beams that detect animal movement.

3. Fruit and seed fall

Early in 2004, 8 trees > 20 cm dbh that had fruit were randomly selected on the plot, and
10 fruit-traps, each 0.5 m in area, were placed in randomly selected positions under the canopy of
each. The fruit-traps were made of plastic window screen sewn onto heavy wire circular frames, and
were supported about 80 cm above the ground with pve tubing. Fruit traps were checked every 2 days
and all seeds and husks were removed to the laboratory. Since gibbons usually sever the husk cleanly
into 2 equal halves before swallowing the pulp and seed, the numbers of seeds dispersed by gibbons
could be estimated by counting husks. Monkeys (Macaca nemestrina), which visited some trees in
large numbers but infrequently, dropped most of the seeds with most pulp attached on the ground
under the tree. The relatively small amount of fruit carried away by monkeys could not be estimated
from trap data. Squirrels (Callosciurus finlaysoni, Ratufa bicolor and Tamiops mcclellendii) always
dropped seeds cleaned of pulp directly under the trees. Seeds dropped by squirrel species could be
distinguished by the size of their tooth marks on the surface. They tended to cut the fruit husks into
smaller and more irregular pieces than did gibbons.

4. Gibbon foraging and seed dispersal

Gibbons of group A, which occurred on the plot, were followed from the previous night’s
sleeping trees from dawn until entering the next sleeping trees. Each tree entered by the adult female or
male was noted and behaviors observed in each tree including feeding and defecation were also noted
in code form. Feces were collected and seeds of all fruit species were counted. These data were entered
into a foraging data form in Microsoft Excel, and later combined with the tree census data table (with X
and y coordinates of each tree) so that foraging paths from tree to tree could be mapped using ArcView
GIS. Using ArcView, the distribution of food trees as well as defecation sites could be mapped.

Results
1. Feeding by frugivores

Five species of mammals, 2 primates and 3 squirrels, were seen feeding in the trees during
the day, as listed in Table 1. In addition, both sambar and barking deer were camera-trapped under
trees at night. Bears (species not known) were not seen but 230 seeds were found in one bear feces.
Gibbons were clearly the most efficient dispersers because they swallowed a large amount of the fruit
and carried it away from the trees. Squirrels consumed large numbers of fruits but dropped the seeds
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under the canopy; they were destroyed or removed by terrestrial animals. Monkeys sometimes
dropped large numbers of partly consumed fruits, but these were eaten by deer the following night and
morning. After feeding by monkeys, large numbers of partly eaten fruits littered the ground under the
tree, but the next morning they were gone. Tracks of deer under the trees as well as camera trap data
indicated that the dropped fruits were totally consumed by deer. The tame deer in the park always
chewed up both whole fruits and seeds fed to them. Monkeys, rather than helping disperse the seeds,
thus facilitated predation of large numbers of seeds by deer (and perhaps rodents).

Although gibbons tended to feed in all productive trees once or twice per day, monkeys
were more sporadic and opportunistic feeders. It is possible that the observer prevented the
nonhabituated monkeys from entering trees on some occasions.

Table 1. Summary of observational data on frugivores visiting Nephelium melliferum trees.

Species Treatment No. seeds . S?EdS/ . Dispersal?
removed indiv/min

Hylobates lar swallow 3181 4.4 defecate in small clumps

up to 500 m

Macaca nemestrina suck pulp and drop seed ? 4.2 carry up to ca. 5 m

Ratufa bicolor eat pulp and drop seed 581 1.5 under canopy

Callosciurus finlaysoni | eat pulp and drop seed 2245 1.6 under canopy

Tamiops mcclellandii eat pulp and drop seed few ? under canopy

Bear swallow fruit ? ? defecate in large clump

Sambar deer eat fruit and seed ? ? seed predator

Muntjack eat fruit and seed hundreds per visit ? seed predator

2. Fruit trap collection

The 80 fruit traps under the 8 sample trees caught a total of 92,000 fruits or remains of
fruits. Gibbons dropped only husks, while squirrels and monkeys dropped fragments of husks and
seeds. The 3 species of squirrels could be distinguished by the tooth-marks left on the seed coat. The
total production of ripe fruit was used by the following species:

Gibbons 19 %
Monkeys 9%

Variable squirrel (Callosciurus) 53 %
Giant squirrel (Ratufa) 1.4 %
Dropped or fallen unused 18 %

These percentages varied from tree to tree; gibbon consumption varied from 0 to 35 %, but
was 0 in only 1 of the 8 sampled trees. For the 4 large gibbons in group A, the percentage consumption
of fruits in the home range amounted to approximately 100 seeds per individual per day. The most
surprising observation, however, was the large proportion of fruits taken by the variable squirrel,
Callosciurus finlaysoni. It is assumed that most of the seeds dropped by these animals were consumed
by rodents and deer, as they tended to disappear rapidly. Some seeds, however, could have been
secondarily dispersed by rodents and insects.

3. Gibbon foraging data

Gibbons foraged regularly on Nephelium fruits, visiting 5 to 11 trees per day during the
peak of the fruiting period, spending an average of 53 minutes feeding in Nephelium trees per day. An
average of about 50 seeds were recovered from the feces of each adult per day (probably about 25-30
percent of the seeds were lost as they scattered while falling through the trees). This figure is
somewhat smaller that the number estimated on the basis of fruit trap data (nearly 100 fruits per
individual per day). The discrepancy may be explained by the facts that some husk halves assumed to
be dropped by gibbons may have been dropped by other mammals, and that not all seeds dropped in
feces were recovered after they scattered in the foliage. Thus, the 4 gibbons of group A probably
dispersed a total of about 6000 seeds in their home range during the month-long Nephelium fruiting
season. During this time, the group visited a total of at least 26 Nephelium trees.
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4. Spatial distribution of trees

Nephelium melliferum is the third-most common species of tree on the Mo Singto plot,

and adults are scattered
throughout the plot with a
preference for hills and
ridges (Fig. 1). It is evident
from the map that not all
trees of this species fruit
even in good years such as
2004. A separate map (Fig.
2) showing the distribution
of saplings and pole-sized
trees indicates that more
recently-recruited trees
have a markedly different
distribution over the plot.
Young trees are scarce in
parts of the plot having
west or  south-facing
slopes, but are abundant in
areas with east and north-
facing slopes. There are
several possible causes of
reduced recruitment of
trees in some areas: lack of
dispersal to these areas,
lack of seed germination,
or reduced survival of
seedlings. Gibbon foraging
and seed-fall data indicate
that seeds are getting to all
parts of the plot (data not
shown). Therefore, there
appears to be no dispersal
limitation due to lack of a
suitable dispersal agent.
The other possible
explanations cannot be
excluded. Another
possibility is that climate
change has made some
parts of the plot too dry
and warm for germination
and seedling survival.
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Figure 1. Map of the 30-ha Mo Singto plot showing the distribution of Nephelium
melliferum trees > 10 cm in diameter. Contour interval is 5 m.
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Figure 2. Map of the Mo Singto Forest Dynamics Plot showing the distribution
of small trees of Nephelium melliferum 1-9.9 ¢cm in diameter.

Discussion and Conclusions

Fruits of Nephelium melliferum are relatively large, have a cover that requires manipulation by
hands and canines to remove, and have a relatively soft seed covered with a thick layer of very juicy,
sour-sweet pulp. The fruit thus requires primates or other mammal hands to consume it; mammals
such as deer do not remove the cover and merely chew up the fruit whole or the seed. Monkeys are
able to remove the cover but do not swallow the seed. Somewhat surprisingly, all squirrels chew off
the pulp but do not eat the seed; they drop all seeds under the canopy. Although gibbons clearly are
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efficient dispersers, they take only a relatively small proportion of the fruit crop. At all times during
the day squirrels, primarily Callosciurus finlaysoni, are in the fruiting trees eating or just resting.

Although it appears that gibbons provide high quality dispersal of Nephelium seeds, an
unknown number may be dispersed shorter distances by monkeys, rodents and dung beetles. Although
deer appear to be rather efficient in scavenging fallen fruits, an unknown number of seeds probably
escape predation by ground animals. Deer are primarily attracted by the bonanza of fruit left on the
ground occasionally by feeding macaque troops.

Even though gibbons provide high quality dispersal of Nephelium fruits, they are able to
consume on average about 20 % of the crop. Some trees they do not seem to visit at all; one such tree
had rather sour fruit. The number of gibbons and their capacity for consuming fruits is somewhat
limited; one adult cannot consume more that about a 100 fruits per day. It is possible that dispersal
limitation by gibbons limits the number of recruits of Nephelium trees. They are, however, dispersed
widely around the plot. It would be interesting to investigate how well the species is dispersed in
forests without gibbons.

At present, Nephelium melliferum appears to be threatened by changes in the physical
environment. This needs further investigation, to determine whether dispersal problems, germination,
or seedling survival are the causes of the apparent change in distribution of trees. Seed dispersal needs
to be studied in more detail to determine if there is any limitation. The number of gibbons on the plot
has not changed in the past. Gibbons have maintained the same density of groups on the plot for as
long as they have been observed, since 1980 (Brockelman et al., 1998). The census data will also be
analyzed further to look for evidence that other species show signs of instability in wither size
distributions or spatial distributions.
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Estimates of the density of territorial understorey birds at Mo-Singto, Khao Yai, during
2003-2005 obtained using Distance methods (line-transects and variable circular plots) were
strongly correlated with those obtained from spot-mapping, but ranged from 71.4% lower to
64.8% higher among the seven species tested. Sample sizes of approximately 100 detections per
species are desirable to minimise the coefficient of variation of density estimates.

Most smaller birds were generalists, taking both plant and animal foods. Breeding success
appeared to be low, though some species were able to make multiple nesting attempts during the
relatively long breeding season that spanned almost half the year.

Key words: biomass, bird community, density estimation, distance sampling

Introduction

In Southeast Asia, there are very few data on absolute numbers and densities of birds in forest
habitats. Density estimates are critical for population monitoring and serve as a baseline against which
future changes can be measured. The species density estimates also provide baseline indicators of
forest integrity for comparing the relative “quality” of forests. However, in most cases, studies have
barely progressed beyond inventorying species present. McClure (1974) used standardized
walks/transects to record seasonality of birds in Khao Yai; Round and Brockelman (1998) produced
estimates of species richness and diversity for some forest habitats in southern Thailand. Neither
study attempted density estimates. Although Wells (1978), Zakaria and Francis (1999), Francis and
Wells (2003), used intensive mist-netting to derive densities of understorey birds for lowland forest at
Pasoh, Malaysia, this was combined with only limited visual sampling.

Such techniques for estimating density as have been used are very time consuming, or are
aimed at particular species. Poonswad (1995), Poonswad and Tsuji (1994) estimated nest-densities of
hornbills by locating all or most nests in a given area, while radio telemetry was used to identify home
ranges of a small number of marked individuals. Marsden (1999) estimated parrot and hornbill
densities from point-sampling.

In general seasonal, monsoonal forests have generally received less attention than equatorial
rainforests. Here, we report our observations on the bird community in Khao Yai National Park
during 2003-2005, in which we combined distance sampling (Buckland et al., 1993) with spot-
mapping and colour marking to estimate populations. We also report some preliminary observations
on nesting and feeding ecology.

Methodology

1. Study site

The Mo-singto Long Term Biodiversity Research Plot, (14°26'N, 101°22'E) covers an area
of 30 ha in the contiguous ca. 2000 sq. km Khao Yai National Park. The plot has been surveyed and
mapped on a 20-m grid, and the locations of all trees greater than 10 cm dbh plotted (Brockelman,
1998). The plot is dominated by series of ridges and valleys with an elevation range of 723-817 m.
above sea level. The vegetation is mainly mature evergreen forest with small areas (< 0.5 ha) of
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regenerating secondary forest at the northern edge of the plot. Precipitation is 20003000 mm/year
(Bartlett, 1999), most of which falls during May to October.

2. Sampling methods

Distance sampling was implemented along eight 500 m-long transects, oriented north-south,
at 80 m intervals; and on 20 variable circular plots (VCPs) spaced at 80-160 m intervals. Four
observers each covered two line transects and 4-5 VCPs during three successive mornings, one time
per month. Only one transect or one set of 4-5 VCPs was covered each morning, during 06:30-09:30
h. Observation distance was estimated for all birds seen or heard up to 80 m, and the bearing of each
observation recorded with a sighting compass for line transects, while rough bearings were recorded
for VCPs as they are not required for point sampling. Data were analysed using the DISTANCE
program (Thomas et al., 2004).

In addition, birds were caught in mist-nets, set at heights up to c¢. 3 m above the forest floor
and individually colour-banded with 2-3 colour rings and one numbered metal ring. Most netting was
conducted along trails and over streams, where some species came to drink and bathe. Playback tapes
were used on occasion in order to attract birds to the net. All birds handled were measured and
weighed; examined for breeding condition and moult, and their faeces collected for analysis where
possible.

Opportunistic searches were made for colour-ringed individuals throughout the entire year,
and the positions of all individuals were recorded with reference to 20 m x 20 m grid —square and tree
number. Nests were also searched for during the breeding season (mainly January to August) and
were monitored in order to determine outcome.

Results

1. Community composition, biomass and species richness

A total of 159 species has been recorded on the Mo-Singto Plot (Appendix). Since the plot
is almost entirely forested, it lacks many grassland and edge species that occur in the vicinity, and the
total recorded on the plot is approximately 40 species fewer than known for the headquarters area of
the park. 115 species (69%) were resident: most of the remainder were regular non-breeding visitors.

The estimated density (all species combined) obtained from line-transect-sampling, was 27.3
individuals per ha, and biomass 1.98 kg/ha (Table 1). Hornbills (Bucerotidae: four species)
contributed 31.5% of the biomass, but only 2.8% of individuals.

The most abundant species was Puff-throated Bulbul, Alophoixus pallidus (3-4 individuals
per ha). Most other species had densities of less than one individual per ha (Table 1). Using the
criteria of Robinson et al. (2000), 15 (18.1 %) of the 83 resident or breeding species for which density
figures are available were considered “rare” (having < 0.02 individuals per ha) while seven species
(8.4%) were considered “superabundant” having > 0.95 individuals /ha.

Estimates of density obtained from distance methods were strongly correlated with those
obtained from spot-mapping (Table 2; Fig. 1), though there was great variability among species. In
White-browed Scimitar Babbler (Pomatorhinus schisticeps), for example, density estimates obtained
from line-transect and VCP were 60.8% and 71.4 % lower respectively than those obtained by spot-
mapping, whereas in Puff-throated Bulbul they were 24.1% and 64.8% higher (Table 2). Much may
depend upon how behavioural idiosyncracies of individual species affect detectability. In general
however, line-transects gave estimates closer to the “true” density than did VCPs.

Precision of the density estimates was related to the number of detections, though the
coefficient of variation of density estimates did not markedly decrease once 100 sightings per species
was reached (Fig. 2). At the present time, however, in only about 20% of species has this threshold
been achieved.
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Table 1. Density, community composition and biomass of birds at Mo-Singto, obtained from Line-transect

distance sampling

Species density/ha % pf c_or_nmunity % of community Biomass
(individuals) (weight) (g/ha)

Phasianidae
Arborophila chloropus 0.19 0.70 4.84 95.83
Gallus gallus 0.05 0.20 1.37 27.13
Lophura nycthemera 0.09 0.34 5.38 106.51
Lophura diardi 0.20 0.73 10.10 199.72
Picidae
Picus flavinucha 0.04 0.13 0.09 1.76
Picus vittatus 0.08 0.30 0.12 2.44
Chrysocolaptes lucidus 0.10 0.37 0.25 5.04
Meiglyptes jugularis 0.00 0.01 0.00 0.05
Hemicircus canente 0.07 0.26 0.07 1.45
Megalaimidae
Megalaima australis 0.15 0.56 0.23 4.62
Megalaima faiostricta 0.17 0.64 0.82 16.25
Megalaima incognita 0.66 2.40 2.92 57.79
Megalaima sp. 0.05 0.18 0.23 4.52
Bucerotidae
Anthracoceros albirostris 0.57 2.09 19.70 389.66
Anorrhinus tickelli 0.13 0.48 5.31 105.00
Buceros bicornis 0.04 0.13 4.77 94.38
Aceros undulatus 0.02 0.06 1.75 34.62
Trogonidae
Harpactes oreskios 0.18 0.65 0.54 10.67
Harpactes erythrocephalus 0.28 1.02 1.24 24.49
Harpactes sp. 0.05 0.18 0.18 3.58
Halcyonidae
Lacedo pulchella 0.06 0.20 0.12 243
Meropidae
Nyctyornis athertoni 0.04 0.15 0.21 4.06
Merops leschenaulti 0.45 1.63 0.79 15.59
Cuculidae 0.00
Clamator coromandus 0.00 0.00 0.01 0.16
Hierococcyx sparverioides 0.00 0.00 0.01 0.13
Surniculus lugubris 0.00 0.01 0.00 0.08
Phaenicophaeus tristis 0.07 0.27 0.49 9.62
Carpococcyx renauldi 0.01 0.04 0.30 5.85
Psittacidae
Loriculus vernalis 0.27 1.00 0.28 5.44
Strigidae
Glaucidium brodiei 0.06 0.22 0.15 2.97
Glaucidium cuculoides 0.01 0.02 0.04 0.87
Columbidae
Macropygia unchall 0.05 0.20 0.35 7.01
Chalcophaps indica 0.05 0.20 0.37 7.22
Treron curvirostra 0.12 0.46 0.63 12.45
Ducula badia 0.11 0.41 1.14 22.48
Accipitridae
Aviceda jerdoni 0.00 0.00 0.07 1.29
Spilornis cheela 0.01 0.02 0.33 6.46
Accipiter trivirgatus 0.01 0.03 0.14 2.77
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Table 1. (continued).

Species density/ha % _of c_or_nmunity % of community Biomass
(individuals) (weight) (g/ha)

Accipiter badius 0.00 0.00 0.01 0.28
Ardeidae
Ardeola bacchus 0.00 0.00 0.01 0.13
Pittidae 0.00
Anthocincla phayrei 0.08 0.28 0.39 7.72
Pitta cyanea 0.06 0.22 0.35 6.90
Pitta sordida 0.01 0.03 0.03 0.64
Eurylaimidae
Eurylaimus javanicus 0.08 0.29 0.24 4.71
Serilophus lunatus 0.19 0.69 0.33 6.59
Psarisomus dalhousiae 0.27 1.00 0.89 17.59
Irenidae 0.00
Irena puella 0.97 3.56 3.33 65.87
Chloropsis cochinchinensis 0.55 2.01 0.83 16.50
Corvidae
Cissa chinensis 0.09 0.33 0.56 11.13
Crypsirina temia 0.00 0.00 0.00 0.04
Oriolus chinensis 0.06 0.22 0.15 3.06
Coracina melaschistos 0.07 0.26 0.07 1.40
Pericrocotus roseus 0.00 0.00 0.00 0.03
Pericrocotus cantonensis 0.07 0.25 0.07 1.34
Pericrocotus flammeus 0.22 0.80 0.26 5.06
Hemipus picatus 0.19 0.69 0.10 1.90
Dicrurus leucophaeus 0.06 0.23 0.12 2.35
Dicrurus remifer 0.02 0.09 0.06 1.18
Dicrurus hottentottus 0.07 0.26 0.29 5.77
Dicrurus paradiseus 0.26 0.96 1.06 20.92
Dicrurus sp. 0.06 0.23 0.26 5.08
Hypothymis azurea 0.58 2.12 0.34 6.73
Terpsiphone paradisi 0.05 0.17 0.05 0.92
Aegithina tiphia 0.00 0.01 0.00 0.04
Aegithina lafresnayei 0.13 0.47 0.10 1.91
Tephrodornis gularis 0.03 0.12 0.04 0.73
Turdidae
Myophonus caeruleus 0.01 0.02 0.04 0.77
Zoothera citrina 0.01 0.02 0.02 0.41
Turdus obscurus 0.05 0.19 0.04 0.78
Muscicapidae
Eumyias thalassina 0.00 0.00 0.00 0.02
Cyornis banyumas 1.61 5.89 1.24 24.47
Culicicapa ceylonensis 0.14 0.50 0.06 1.16
Luscinia cyane 0.05 0.19 0.04 0.75
Copsychus malabaricus 0.48 1.76 0.67 13.25
Enicurus schistaceus 0.00 0.00 0.00 0.03
Enicurus leschenaulti 0.06 0.22 0.13 2.57
Sturnidae
Gracula religiosa 0.18 0.67 0.88 17.37
Sittidae 0.00
Sitta frontalis 0.02 0.06 0.01 0.21
Paridae
Melanochlora sultanea 0.09 0.32 0.11 2.21

_m.a_l BRT



Table 1. (continued).

Species density/ha % _of c_or_nmunity % of community Biomass
(individuals) (weight) (g/ha)
Pycnonotidae
Pycnonotus atriceps 0.03 0.10 0.03 0.67
Pycnonotus melanicterus 1.28 4.70 1.71 33.91
Pycnonotus finlaysoni 0.07 0.27 0.11 2.09
Alophoixus pallidus 4.13 15.12 9.23 182.59
lole propinqua 0.89 3.25 1.17 23.16
Hemixos flavala 0.20 0.73 0.35 6.96
Sylviidae
Zosterops everetti 0.06 0.21 0.03 0.53
Zosterops sp. 0.32 1.17 0.15 291
Orthotomus atrogularis 1.45 5.30 0.52 10.29
Phylloscopus schwarzi 0.02 0.06 0.01 0.19
Phylloscopus inornatus 0.41 1.49 0.12 2.28
Phylloscopus plumbeitarsus 0.09 0.32 0.03 0.61
Phylloscopus tenellipes 0.14 0.50 0.06 1.18
Phylloscopus reguloides 0.22 0.82 0.08 1.57
Phylloscopus ricketti 0.08 0.28 0.03 0.57
Phylloscopus sp. 0.02 0.06 0.00 0.09
Seicercus omeiensis 0.00 0.00 0.00 0.01
Seicercus soror 0.33 1.20 0.13 2.50
Garrulax leucolophus 0.40 1.46 2.57 50.93
Garrulax monileger 0.03 0.12 0.16 3.20
Garrulax chinensis 0.01 0.05 0.06 1.10
Malacocincla abbotti 0.85 3.11 1.14 22.61
Pellorneum ruficeps 0.06 0.22 0.07 1.44
Pomatorhinus hypoleucos 0.06 0.21 0.26 5.05
Pomatorhinus schisticeps 0.49 1.79 1.08 21.46
Macronous gularis 2.02 7.40 1.31 25.89
Yuhina zantholeuca 1.07 3.92 0.65 12.84
Nectariniidae
Dicaeum agile 0.01 0.03 0.00 0.04
Dicaeum ignipectus 0.58 2.12 0.16 3.07
Dicaeum sp. 0.01 0.04 0.00 0.06
Anthreptes singalensis 0.01 0.03 0.00 0.05
Aethopyga saturata 0.40 1.46 0.11 2.23
Arachnothera longirostra 0.27 0.97 0.17 3.32
Biomass/ha (g) 1978.32
individuals/ha 27.33
2. Feeding

A total of 81 species of flowering plants were identified as providing food for at least 21
species of smaller birds. These were mostly identified from seeds in faecal remains (sometimes from
direct observations). Many smaller birds, even those species previously assumed to be largely
insectivorous, including laughingthrushes, Garrulax spp., and scimitar babblers Pomatorhinus spp.,

appeared to be to some extent generalists, taking a significant proportion of plant food.

3. Seasonality

Most species nested during the late dry season and early wet season, with most nests being
found during mid-March to the end of May (Fig. 3). The few nests found in August to October were
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mostly those of doves (Columbidae) and Pittas (Pittidae). Pittas are exclusively ground-feeders and
some doves feed to some extent terrestrially. Moult follows breeding and appears to be complete in
most species by October. The breeding and moult seasons overlap, though so far as known individuals
do not commence moult until breeding has ceased.
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Figure 1. The relationship between density estimates from line transects and VCP’s compared with the “true”
estimates from spot-mapping. Line transects and VCP estimates are significantly correlated with the
spot-mapping estimates (I'spearman = 0.96, p < 0.001; T'spearman = 0.82, p = 0.02 for line transects and
VCP’s respectively).

Table 2. Densities (per ha) of understorey and middle storey territorial birds comparing estimates from line
transect and VCP’s with the “true” estimates from spot-mapping.

Species trlglinr:ct VCP miggti-ng % Difference
transect VCP

Alophoixus pallidus 4.131 5.488 3.33 24.1 64.8
Cyornis banyumas 1.200 0.990 1.61 -25.5 -38.5
Yuhina zantholeuca 1.056 0.744 1.07 -1.3 -30.5
Malacocincla abbotti 0.565 0.443 0.85 -33.5 -47.9
Hypothymis azurea 0.530 0.630 0.58 -8.6 8.6
Pomatorhinus schisticeps 0.192 0.140 0.49 -60.8 -71.4
Copsychus malabaricus 0.528 0.550 0.48 10.0 14.6

Mean -13.7 -14.3

SD 28.6 46.3

_m.a_l BRT



80 +

70 A

60 -

50 H

40 4

CV(%)

y = 105.82x 0360

307 R? = 0.8086

20

10 1 ¢ .

0 T T T T T T T T T T T T T T )
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Detections

Figure 2. The relationship between number of detections and the coefficient of variation of density estimates
derived from line transects.

Although the seasonality of breeding and moult is presumed to be related to fluctuations in
food supply, neither was well correlated with either rainfall or with fruit abundance (Fig. 3). It is
presumed that the availability of insect or other invertebrate food is the key factor influencing
seasonality. Timing of breeding is likely to have evolved so that either key stages in the life-cycle,
such as the provisioning of young in the nest or provisioning of young fledglings, is correlated with
optimal food availability; or that both key events on the annual cycle (breeding and moult) are timed
to avoid any seasonal “lean period”. There is little information on seasonal fluctuations in invertebrate
abundance or availability for tropical Asia, but data from the Neotropics suggests that insect
abundance is reduced during the dry season (Janzen, 1973).

4. Nesting success

A total of 395 nests of 39 species was found during 2003-2005. Overall (uncorrected)
estimates of nesting success for all species combined ranged from 40% in 2003 to 24% in 2005.

The sample sizes of nests for two species, Puff-throated Bulbul and Abbott’s Babbler
(Malacocincla abbotti) were large enough to yield corrected (Mayfield) estimates of nesting success.
Nesting success for Puff-throated Bulbul in 2004 was 20.7% 9.6 SE (n =-23) and 8.2% +3.8 SE in
2005 (n = 56). For Abbott’s Babbler nesting success was 24.9 £8.5 SE (n =32) and 11.3% £6.9, (n =
24) for 2004 and 2005 respectively (Table 3). The differences between the two years were not
significant, though the coincidence in results for both species (nesting success in 2005 was only half
that obtained in 2004) indicates that the difference was probably real.

Table 3. Corrected (Mayfield) estimates of breeding success for Puff-throated Bulbul and Abbott’s Babbler

2003 2004 2005
Alophoixus pallidus N/A 20.7% £9.6 8.2% £3.8
(n=23) (n=56)
Malacocincla abbotti 36.2+13.3 24.9% + 8.5 11.3+6.9
(n=22) (n=32) (n=24)
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Figure 3. Seasonality of breeding and moulting

Predation was the main cause of nest failure (97% of nests), and it is likely that the
differences in nesting success were due to differences in predation pressure. 2005 was markedly drier
than 2004, and we hypothesize that macaques, one of the main nest predators, may focus more on
depredating birds’ nests in lower rainfall years, possibly due to reduced abundance of fruits or other
resources.

Although we were able to study only a few species in detail, we speculate that multiple
nesting and perhaps double-brooding is common given the long breeding season (often > 6 months)
and the low nesting success rates (< 30%). Abbott’s Babbler females made an average of 2.5 nesting
attempts in the 2003-2004 nesting season, with some making as many as four nesting attempts and at
least one pair successfully fledging two broods (Pobprasert, 2005).

Discussion

Species richness at Khao Yai was markedly lower than at the two neotropical sites: Terborgh
et al. (1990) recorded 245 resident species in a 97 ha plot in lowland Amazonian rainforest, while
Robinson et al. (2000) recorded 181 resident species in 104 ha in Panama.

The Khao Yai total was also lower than that in equatorial rainforest in SE Asia. Francis and
Wells (2003) recorded 220 species, of which 195 species were resident, at Pasoh, Malaysia. Although
this was over a much longer period (30 years), and in a very much larger area (600 ha), there is a well
known gradient of declining bird species richness with increasing latitude in SE Asia, as elsewhere.
Khao Yai supports only ten species of laughingthrushes and babblers compared with 24 species in
Pasoh and scarcely fewer, 22 species in the forest interior at Khao Nor Chuchi, southern Thailand
(Round and Treesucon, 1999).

Lower species richness appears to be correlated with higher populations (greater densities) per
individual species There were some similarities between Khao Yai and the Panama site, which had 8
superabundant species, and a density of 2.12 individuals/ha for its most abundant species. In the
Amazon, in contrast, there were no superabundant species and the most common species had an
abundance of only 0.3 individuals/ha. Wells and Francis (2003) estimated densities of 0.11-0.75
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individuals per ha, and mean density of 0.29 individuals per ha for 11 species of babblers (Timaliinae) at
Pasoh. There were more common species and fewer rare species at Khao Yai than at these other sites.

The estimates of density and biomass presented here are tentative. Our findings correspond
with those of Buckland et al. (1993) who recommended 100 detections per species in order to model
detection curves. Marsden (1999) surmised, that as many as 2,000 point counts might be needed to
assess the abundance of rare species. Likewise, Robinson et al. (2000) suggested that large study
areas (>500 ha) would be required to accurately estimate densities of rare species. Because Khao Yai
was much less species- rich, the 30 ha Mo-singto plot was probably large enough to obtain reliable
density estimates for most smaller birds. We are still evaluating census methods for scarcer species,
and group-territorial species such as White-crested Laughingthrush Garrulax leucolophus that have
large home ranges, apparently with overlap among different groups.

The investment already made in terms of colour-marking and mapping territories and
movements offers opportunities for carrying out more detailed studies on population dynamics and
social behaviour. Research topics now being pursued, including studies on nest-predation, cooperative
breeding and kinship, group-size and territory quality, frugivory and the seasonality of insect and other
invertebrate abundance. Continued emphasis on the routine of catching and marking birds, monitoring
movements, finding and monitoring nests is a prerequisite for these studies.
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Appendix. List of bird species recorded on the Mo-Singto Study Plot.

Sequence, taxonomy and nomenclature follows Round (2000) except where marked *. R resident/presumed
resident; B wet-season breeding visitor; N non-breeding (winter) visitor; P Passage migrant.

Species Thai name Status
Scaly-breasted Partridge Arborophila chloropus UNNITMAIUdIaien,
Red Junglefowl Gallus gallus Trigh
Silver Pheasant Lophura nycthemera Trdwnasa
Siamese Fireback Lophura diardi Tridwgse
Rufous Woodpecker Celeus brachyurus UNAITIIUFAS

Greater Yellownape Picus flavinucha

uniaNulngnIaunies

Laced Woodpecker Picus vittatus

wnwrnwasdth el

Grey-headed Woodpecker Picus canus

PRIV MWD LIRGN

Greater Flameback Chrysocolaptes lucidus

PRIV NURHINRINDS

Black-and-buff Woodpecker Meiglyptes jugularis

UNRIVUAIN 8960

Heart-spotted Woodpecker Hemicircus canente

unﬁ'ﬁmmumzﬁgﬂgﬂﬁ'ﬂa

Great Slaty Woodpecker Mulleripicus pulverulentus

wnwarwlng Fm

Green-cared Barbet Megalaima faiostricta

unlwszanwidien

Moustached Barbet Megalaima incognita

a o
uﬂIWizﬂﬂﬂaﬁﬁ’lLﬂi’]ﬂ’l

Blue-cared Barbet Megalaima australis

uﬂIWiZ@m‘Vﬁﬁ’lN’lﬂﬁﬂ

Oriental Pied Hornbill Anthracoceros albirostris

WAWNAN, WAL

Great Hornbill Buceros bicornis

UANN, WNNNEI

Brown Hornbill Anorrhinus tickelli

wnden&@ihenanav?

Wreathed Hornbill Aceros undulatus

wnannNTe

Orange-breasted Trogon Harpactes oreskios WNYBUHBON Y
Red-headed Trogon Harpactes erythrocephalus UWNYUUNWIILAY
Dollarbird Eurystomus orientalis UNASUILAY

Blue-eared Kingfisher Alcedo meninting

UNNZLA U IRAIRUNI

Black-backed Kingfisher Ceyx (e.) erithacus WNNLAURBURRIA
Banded Kingfisher Lacedo pulchella UNNLAUS1L
Blue-bearded Bee-eater Nyctyornis athertoni unIUALATIINLGY
Chestnut headed Bee-eater Merops leschenaulti WNIIWANAIFFY
Chestnut-winged Cuckoo Clamator coromandus UNAAANIOH

Large Hawk Cuckoo Hierococcyx sparverioides

o A '
unangwbualng

Hodgson's Hawk Cuckoo Hierococcyx fugax

uﬂﬁﬂ@jL%ﬁﬂ’mﬂLm\‘]

Indian Cuckoo Cuculus micropterus UNANANUSAULGD
Banded Bay Cuckoo Cacomantis sonneratii unANAAE
Drongo Cuckoo Surniculus lugubris UNAAAULTIL?
Green-billed Malkoha Phaenicophaeus tristis undasenlng)
Coral-billed Ground Cuckoo Carpococcyx renauldi unlnlslnla
Greater Coucal Centropus sinensis unﬂi:gﬂlmg'

Vernal Hanging Parrot Loriculus vernalis

I3
wnuNLANLINLGS

Brown-backed Needletail Hirundapus giganteus

wnuaulngwaasn

Asian Palm Swift Cypsiurus balasiensis

WILAUATE

AlAR|IR|(=|IRPR|IF|R[(=|RP|FPR|Z[=|R|IRP|FR|=(R|RP|RPR|R[(R|R|IFPR|R(R|R|RP|R|R|RP|R|AR|R(R|R|RAR|R|=|"
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Appendix. (continued)

Species

Thai name

Status

Oriental Bay Owl Phodilus badius

WNLLRNLLA

Mountain Scops Owl Otus spilocephalus

UNLANLN

Collared Scops Owl Otus bakkamoena

UNIN, WALATT
U U

Spot-bellied Eagle Owl Bubo nipalensis

v [ 6
wnislwawutiutha

Collared Owlet Glaucidium brodiei

WNLALATE

Asian Barred Owlet Glaucidium cuculoides

wnLelag, waLALND

Brown Boobook Ninox scutulata

wALA AT

Great Eared Nightjar Eurostopodus macrotis

wnaugIing

Spotted Dove Streptopelia chinensis

wninlug, wniwnaag

Barred Cuckoo Dove Macropygia unchall

wninaglng

Emerald Dove Chalcophaps indica wnLBen
Thick-billed Pigeon Treron curvirostra unilan
Mountain Imperial Pigeon Ducula badia unyw
Eurasian Woodcock Scolopax rusticola unihngauay

Jerdon’s Baza Aviceda jerdoni

a4 & . ad
LARPHININITFUIATN

Black Baza Aviceda leuphotes inBaafemasn ,R
Oriental Honey-buzzard Pernis ptilorhyncus ORI ,R
Crested Serpent Eagle Spilornis cheela s

Crested Goshawk Accipiter trivirgatus WBBIUNIIRIaN

Shikra Accipiter badius wiguniwden

Besra Accipiter virgatus WBBIUNNIZINLAN

Mountain Hawk Eagle Spizaetus nipalensis m?]mqlfm

Chinese Pond Heron Ardeola bacchus UNBNINTANAUTIU

Malayan Night Heron Gorsachius melanolophus UNUNALLRD

Eared Pitta Anthocincla phayrei*

UNUGD LLE&”’J‘Q 817

Blue Pitta Pitta cyanea

UAUAILEIFHIIU

Hooded Pitta Pitta sordida

UALAILEIBNLT L7

Dusky Broadbill Corydon sumatranus

v a o
uﬂny’]lhﬂﬂ’J'N RN

Banded Broadbill Eurylaimus javanicus

unwgthnndeaumaes

Silver-breasted Broadbill Serilophus lunatus

unwgnthnnivanidu

Long-tailed Broadbill Psarisomus dalhousiae

wnwthnninemissn

Asian Fairy Bluebird Irena puella

IR PRty

Blue-winged Leafbird Chloropsis cochinchinensis

wnlgamuaastnain

Grey-backed Shrike Lanius tephronotus unBiFanaam
Green Magpie Cissa chinensis wNENANLaiY?
Racket-tailed Treepie Crypsirina temia UNNWIN
Large-billed Crow Corvus macrorhynchos am
Black-naped Oriole Oriolus chinensis wnaiiwonas
Silver Oriole Oriolus mellianus UNUHUI

Black-winged Cuckooshrike Coracina melaschistos

a @ '
wnideatslng

Rosy Minivet Pericrocotus roseus

wnw IWannay
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Appendix. (continued)

Species Thai name Status

Brown-rumped Minivet Pericrocotus cantonensis unw:yw"LWmenﬁmfwma N

Scarlet Minivet Pericrocotus flammeus wnw Iwlng R
Bar-winged Flycatcher-shrike Hemipus picatus wnukesUnuoua R

Ashy Drongo Dicrurus leucophaeus WNUTIwEIFINA RN
Bronzed Drongo Dicrurus aeneus UNUTIRTIANLARY R

Lesser Racket-tailed Drongo Dicrurus remifer WUNUDILTINIILIILEN N
Hair-crested Drongo Dicrurus hottentottus UNUTILTIRIDUD N
Greater Racket-tailed Drongo Dicrurus paradiseus WNUTILTINIIL e R
Black-naped Monarch Hypothymis azurea WNTLUUAIINGN R

Asian Paradise-flycatcher Terpsiphone paradisi UNUTIFITIN N,R
Japanese Paradise-flycatcher Terpsiphone atrocaudata UNUIIFITIANIIN P (vagrant)
Common lora Aegithina tiphia unuiuos I R

Great lora Aegithina lafresnayei

& o o A
wnulnwasln&SuY

Large Woodshrike Tephrodornis gularis

UALRLIAIR TR

White-throated Rock Thrush Monticola gularis

wnnIzdaines?

Blue Whistling Thrush Myophonus caeruleus

T
unLdedi

Orange-headed Thrush Zoothera citrina

UNLAUAIRI T

Siberian Thrush Zoothera sibirica

UNLAUAIFING

Scaly Thrush Zoothera dauma

UNLAUAIANLLFD

Grey-sided Thrush Turdus feae

HNLERAIANIM

(vagrant)

Eyebrowed Thrush Turdus obscurus

UNLAUAIRAR

Dark-sided Flycatcher Muscicapa sibirica

UNIVLNAIFAR

Asian Brown Flycatcher Muscicapa dauurica

UNIVUNAITEAR

Mugimaki Flycatcher Ficedula mugimaki

UNILUNRIFIBNTFN

Verditer Flycatcher Eumyias thalassinus

a a
WNIVUNRIRHA

Hainan Blue Flycatcher Cyornis hainanus

PNIVLNAIBNTH

Hill Blue Flycatcher Cyornis banyumas

wNAVUNAIAANIAELAY

Grey-headed Flycatcher Culicicapa ceylonensis

PNILUURIAILIN

Siberian Blue Robin Luscinia cyane wniwwias lodisy
White-rumped Shama Copsychus malabaricus UNNILUUAI
Slaty-backed Forktail Enicurus schistaceus WNMITWTNAR M
White-crowned Forktail Enicurus leschenaulti UMW

Golden-crested Myna Ampeliceps coronatus

£ oo
WNLDUINIRN DY

Hill Myna Gracula religiosa

WNYRNI

Velvet fronted Nuthatch Sitta frontalis

wnlalswinrnnfinuzng

Sultan Tit Melanochlora sultanea

unfagadn

Barn Swallow Hirundo rustica

WNWIILEWTY

Red-rumped Swallow Hirundo daurica

uﬂmaLLdumT,mem

Asian House Martin Delichon dasypus

wnwnsuandunutiaigele

Black-headed Bulbul Pycnonotus atriceps

wnisaanad

Black-crested Bulbul Pycnonotus melanicterus

P>
uﬂﬂiaﬂmaaamqﬂ
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Appendix. (continued)

Species Thai name Status
Stripe-throated Bulbul Pycnonotus finlaysoni unisaanaany
Puff-throated Bulbul Alophoixus pallidus unisealdsiiioaniio
Grey-eyed Bulbul lole propinqua uwnsaadnaua
Ashy Bulbul Hemixos flavala undsandiii
Chestnut-flanked White-eye Zosterops erythropleurus UNWINAIVITIIUA
Everett’s White-eye Zosterops everetti WNWIUADINRILT 87
Asian Stubtail Urosphena squameiceps wnwinanandmnaasneld
Common Tailorbird Orthotomus sutorius UNNILIVTITUAN
Dark-necked Tailorbird Orthotomus atrogularis unNIEIUABGM
Radde's Warbler Phylloscopus schwarzi unnIzaathnamn
Yellow-browed Warbler Phylloscopus inornatus UNNTAATITUM
Arctic Warbler Phylloscopus borealis unnizdadalaninite P
Two-barred Warbler Phylloscopus plumbeitarsus unnizdaiitinaasuny
Pale-legged Leaf Warbler Phylloscopus tenellipes unnIzdandiiie
Eastern Crowned Warbler Phylloscopus coronatus uﬂni:‘fgﬂﬁ'gmqg P
Blyth's Leaf Warbler Phylloscopus reguloides unnszaamerilng

Sulphur-breasted Warbler Phylloscopus ricketti

UNNIANAITYID IR

Omei Spectacled Warbler Seicercus omeiensis * WNNIZTA AN DY
Plain-tailed Warbler Seicercus soror WNNIZTAL NN
White-crested Laughingthrush Garrulax leucolophus UNNETHRINIAN

Lesser Necklaced Laughingthrush Garrulax monileger wnnIETouAaLAN

Black-throated Laughingthrush Garrulax chinensis

UNNLININAGM, uﬂsnagr”

Abbott's Babbler Malacocincla abbotti

wNABULNAIHY

Puff-throated Babbler Pellorneum ruficeps

UNAINLAKDNANEY

Scaly-crowned Babbler Malacopteron cinereum

WNABUUAIRILAILEN

Large Scimitar Babbler Pomatorhinus hypoleucos un3zis lwstnen
White-browed Scimitar Babbler Pomatorhinus schisticeps un3 9 wsthnwies
Striped Tit Babbler Macronous gularis uniuuNaIaniwiag
White-bellied Yuhina Yuhina zantholeuca UNYWIDUNaIIN
Thick-billed Flowerpecker Dicaeum agile wnmenthnnmn

Yellow-vented Flowerpecker Dicaeum chrysorrheum

v =
HNMHINAKLARDY

Buff-bellied Flowerpecker Dicaeum i. cambodianum

a dw
wnnHnanaLie

Ruby-cheeked Sunbird Anthreptes singalensis

a a v a v o a
wNABUALANENLN

Olive-backed Sunbird Nectarinia jugularis

wniudRaninies

Black-throated Sunbird Aethopyga saturata

a = o
wNARUARIIL1IABAN

Crimson Sunbird Aethopyga siparaja

a a
wnNuUanaLAd

Little Spiderhunter Arachnothera longirostra

wnURNRILLEN

Pin-tailed Parrotfinch Erythrura prasina

2 a ]
WNNITAALVED, un"LN

White-rumped Munia Lonchura striata

uﬂﬂiza(ﬂ@]ﬂWﬂ”ﬂTA
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