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What is ecology research?

Warren Y. Brockelman
National Center for Genetic Engineering and Biotechno(@pO TEC), E-mail : wybrock@cscoms.com

At first, | thought this was an easy
question to answer, but upon reflection it turns
out to be two difficult questions. The first is
what is ecology? The second is what is
research, or what is ecological research?

What is ecology?

The term ecology is derived from the
Greek word Oikos, meaning house, or the
place where you live. This may be translated
loosely as the environment where you live, or
the things around you. (Figutg Ecology, a
discipline that had its origin in the nineteenth
and early twentieth centuries, therefore came
to mean the science of study of the relationship
between the organisms and their environment.
Of course, other organisms of the same and
different species are part of the environment,
so ecology came to include the study of the
relationships between organisms of the same
and different species. Hence, ecology became
focused on the dynamics of populations and
communities as well as the responses of
individual organisms.

“The relationship between organisms
and their environment” proves to be an
inadequate definition of the modern science of
ecology. Many alternative definitions have
been proposed-in fact, every textbook in
ecology seems to offer its own definition,
according to the interests and philosophy of the
author. The most serious conceptual difficulty
with the definition is its focus on the organism
as though it were separable from the
environment. Consider this: we breath air and
absorb its oxygen, and we eat food that
contains carbon and other nutrients that
become integrated into our body. We then
produce and breathe out carbon dioxide which

Figure 1. The organism is part of the house.

configuration we call life. An early invention of
planet Earth, but probably of other distant
planets also.

Another candidate definition of ecology is
therefore the “study of the structure and function
of the ecosystem”. This is not a bad definition of
ecology, although not everyone prefers it.
Modern ecology is definitely systems oriented.
There are three different ways to analyze the
ecosystem, each using a different “currency”:

The Ecosystem:

Biological organization: measured in the units

of numbers of individuals, and focusing on the
organization of populations and communities.
The most fundamental law may be the
mathematical principle of compound population
growth. There are also important principles
concerning population interactions such as
competition and predation.

Materials. involving at the highest level the
study of biogeochemistry. The focus is on the

becomes part of the atmosphere, and then partcycling of nutrients, and the *“currency” is

of the ocean, the sediments and the rocks. We grams,

are only temporary aggregations of elements
that are borrowed from the environment.
Viewed over time, we are not separable from
the environment-we are really part of it. We
are really part of a system: the organism-
environment system. This is what we call the
“ecosystem”, of which we are an integral part,
borrowing materials and energy in the peculiar
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or kg, petagrams, etc. of matter.
Governed by the fundamental law of
conservation of matter. Important also are the
laws of chemical oxidation and reduction.

Energy: involving the study of ecosystem

energetics, including heat and potential energy.
The focus is on the “flow” of energy through the
community and surrounding environment. The



currency is the joule (the universal energy field. Examples are: agriculture, conservation
unit), or the unit of heat energy, the calorie. biology, ecological anthropology, ecological
Governed by the laws of thermodynamics. genetics, fisheries biology, epidemiology,
These three components of ecosystems forestry, landscape planning, limnology, medical
are not physically separable, but they generate ecology, oceanography, and wildlife
their own research questions and special management.
problems that are studied by specialists in each The last two components of ecology are
sub-discipline. Each component is governed by sometimes subsumed within “systems ecology”
its own physical laws and theories. For (although community ecology has now also
example, the most vital difference between the become rather systems oriented). Another
flow of energy and flow of materials is that definition that has been offered for ecology is
materials constantly recycle, while energy can the study of the dynamics of populations and
never be recycled or reused. These two communities, but this definition does not seem
phenomena obey different physical laws, and to cover all types of ecosystem ecology well
they should never be confused in the same enough. Still another definition is the study of
model. (Figure 2) the structure and function of the ecosystem, but
There is considerable interaction this definition seems to sleight ecologists who
between the sub-disciplines of ecology, and study populations and communities!
ecologists cannot consider themselves Another interesting definition of ecology,
competent without some mastery of all of offered by American ecologist Robert Ricklefs,
them. For example, how does top-down is the study of the economy of nature. It is the
regulation by predators affect the flow of title of one of his textbooks. The ecosystem does
energy through primary producers? The first have a lot in common with our economic
component dealing with populations also system, and the analogy is fairly close. We have
borders broadly with the fields of population used the metaphor “currency” above from
genetics and evolution, and also animal economics, as a standard unit of measure or
behavior (behavioral ecology). There are really value. The currency of the economy of course is
many sub-disciplines of ecology, but these are money, or its various conversions or derivatives.
the central ones. Other sub-disciplines include We see all too clearly that this currency does not
such fields as behavioral, chemical, have an absolutely stable or fixed value, to the
evolutionary, geographical, landscape, chagrin of economists and the misfortune of
mathematical, molecular, physiological, soil, many of us. In scientific terms, we might say
spatial, and statistical ecology. In fact, there is that it does not obey a firm law of conservation.
a sub-discipline for every major habitat type, Humans can live on borrowed money, but our
and group of organisms. bodies cannot stay alive on promises to pay for
A large number of related disciplines are food. For these and related reasons economics is
largely ecological in content, although often not considered to be a natural or “hard” science.
more applied in aims. They have been But the real economy operates as a mixture of
important in broadening the boundaries of the the social economy and hard ecology (people
have to eat!). Because of the consequences of
hard ecology for the economy (pollution, over-
harvest of resources, degradation of the
Energy y & | environment, etc.), economics has developed a
> = sub-discipline called environmental economics.
Ecology does have other things in
common with economics. Both fields are
complex and have voluminous amounts of
descriptive data. In both fields it is difficult to
predict the future configuration of the system
especially, in ecology, when working with
multiple trophic levels. Both economic and
ecological systems are characterized by
instability and even catastrophic changes or
Figure 2. The house leaks! The ecosystem is open failures, as a normal part of functioning. Over
with respect to energy and materials. the last fifty years or so ecologists have
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gradually abandoned the idea that communities

way it does. Ecological systems cannot really be

and ecosystems are usually in a steady state, tounderstood by treating them as problems in

which they return when perturbed.

Ecology and Natural History

Natural History (in capital letters) has an
eminent and honorable place as the activity
that largely gave birth to the field of ecology. It

became fashionable back in the eighteenth and principles

nineteenth centuries in Europe and America,
and perhaps earlier in more ancient
civilizations. Natural History is not really
science, but it led to science when people
started asking questions about how things
worked and how they came about, rather than
just describing them and contemplating their
beauty. Early natural historians were wealthy
persons with leisure to explore their
surroundings, or hobbyists, and some,
fortunately, were talented writers or artists
whose work can still be admired. Others were
compulsive  collectors of artifacts or
specimens. Hence we have natural history
museums, journals, bulletins, clubs, etc. These
organizations became more scientific as the
sciences developed, and came to play
important roles. Observation and description
are essential initial activities in any scientific
enterprise.

Carl von Linné, Charles Darwin, and
Alfred Russell Wallace were the preeminent
natural historians and collectors whose work
spawned modern evolutionary thinking. They
(and many others) helped turn natural history
into modern evolution, ecology, geology, and
also animal behavioral biology. We are not
finished with evolution yet: mid-twentieth
century biologists such as David Lack, George
C. Williams and William D. Hamilton refined
our understanding of natural selection and
provided original insight in how to apply the
theory, originally developed for individual
organisms, to complex characteristics of
populations and social interactions. The work
is continuing. It is clear that the Darwinian
revolution is not complete, and most of the
best theorists today are also the most skilled
observers of natural history.

Ecologists are concerned not only with
how things function, but how they evolved.
Only then do we fully understand them. One
persistent problem in systems ecology is that
without understanding what is optimized or
maximized by natural selection, we cannot
fully understand why the system functions the
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engineering, as seemed to be the case in the
early, heady days of the field. Each organism is
“designed” to maximize its own fitness, not the
harmony or efficiency of the whole system.
“Systems analysis” cannot succeed by itself as

an isolated sub-discipline; it must apply
governing populations and
communities of organisms, and of evolutionary

ecology.

Natural History is still important to us, and
is the basis of Such important activities as
describing and monitoring habitats, phenology
and life cycles of plants and animals, inventories
of species, and studies of distribution. These
activities are basically descriptive, and although
important to ecology, the science of ecology has
gone far beyond them. Such descriptive
activities do not qualify as “research” unless
they are organized to answer significant
questions about cause and effect, and how the
ecosystem functions. More powerful analytical
tools need to be brought to bear on the data,
which need to be collected in a highly organized
manner.

What is ecological research?

Ecological research differs from Natural
History in its goal of determining causes and
effects. For example, the limits of species
ranges: are they determined directly by climate,
availability of foods, or competition from related
species? Are population limits determined by
food limitation, pollution effects, or by seasonal
weather changes? Is the number of species in a
location determined by competition for
resources, by immigration, or by chance
extinction? Or is the diversity of species not a
meaningful ecological property? Is primary
productivity limited by water shortage, nutrient
shortage, or by pressure from herbivores and
diseases? What causes population fluctuations-
weather changes, diseases, food chain effects, or
predators? These are all questions that have
occupied the attention and challenged the
ingenuity of ecologists. Unlike most theoretical
challenges in physics, there is no one experiment
or critical observation that will settle the issue
for all circumstances.

Establishing causes and effects in ecology
depends a lot on examining correlations between
variables. The many complex methods of
correlation, regression, and ordination analysis
seek to isolate different variables and establish



the ones that are associated with, and
presumably responsible for, the differences

that we see in nature. Ordination analysis seeks
to order distribution or abundance along scales
of variables to see which variables produce the
trends or categories that we see.

Perhaps the most important step in the
scientific process in research is asking the right
question-one that is meaningful in the context
of our present knowledge. This step will
determine how important the research is on the
whole, and perhaps also the difficulty of
publishing the results. Asking a good question
(no question is either right or wrong) depends
on mastery of the current literature in the
discipline. We must know what is already
known, and also what other scientists consider
is important. This is tricky, because asking a
good new question that involves a new
approach also makes it more difficult to
persuade other scientists that your ideas are
important.  Highly imaginative research
scientists often have the most difficulty in
publishing results. Therefore, for students
entering the field it is far safer to pose a
modest question that is already considered to
be important and meaningful, and save the
difficult or controversial ones for later, unless
they are very talented and confident of their
ability.

Therole of modeling

Ecologists make generous use of models
to help understand causes and effects.
Analytical models help to understand more
precisely the consequences of certain
assumptions or interactions. Predictive models
help us determine if our knowledge is
sufficient to accurately predict the future.
Simulation models help us in cases where the
variables or their interactions are too complex
to solve mathematically.

Modeling activity has taken over much
of ecology and models have nearly become

ends in themselves, but this is a consequence modify

of complexity and physical scale of the
systems that we study. The numbers and kinds
of models in ecology are very large. Here are
some of the better known models:

Population growth

Population regulation

Competition between species

Predator—prey models

Harvest—yield models

Leslie matrix demographic models
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Population viability analysis extinction models
Disease transmission

Food web

Energy flow

Nutrient cycling

Compartment models
Foraging and search
Immigration—extinction
Relative abundance of species
Neutral community occupancy
Niche relation models

Spatial dispersion

Dispersal

Colonization

Meta-populations

One easily gets the impression that
ecology is more about the study of models than
the study of the real world! However, the best
ecological models are grounded in the real world
and are tested with data from the real world.

Experimental ecology

In spite of all the sophisticated tools of
correlation, modeling and statistical analysis,
there are many problems that we wish we
could solve by doing the ideal critical
experiment. Without experiments it is hard to
really prove much beyond doubt. Some
ecologists consider experimentation on natural
ecosystems as the only way forward in ecology.
This view may be too harsh, particularly as
ecological experimentation is not without its
own difficulties and flaws.

Nevertheless, experimentation has an
increasingly important role in ecology and
where field experiments are possible, they really
do provide the most definitive answers. What
kinds of experiments can be done on ecological
systems? There are many kinds, but first we
should examine some possible flaws in the
approach. The most important problem is that in
order to carry out an experiment, we need to
fence in part of the environment, or otherwise
the system. In order to create
“treatments”, we usually have to alter the
properties of the system we are studying. For
example, enclosing a population prevents
immigration and emigration and alters predation,
and hence will alter the behavior and conditions
of the population. The treatments that we create
also run the risk of not being representative of
the natural environment or its organisms, and
hence put limits on interpretation of the results.
We have a kind of uncertainty principle: by
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studying organisms we must necessarily
change their properties.

Here are some of the kinds of ecological
experiments that have proven important in
understanding ecological systems:

e Tagging experiments: to follow individual
organisms or groups

o Alteration of density: to study population
control mechanisms; requires penning or
fencing populations

e Exclusion experiments: using fencing to
study the effects of excluding predators,
herbivores, etc. on food or prey populations

e Transplant experiments: studying the
performance of individual plants in another
environment; may involve reciprocal
transplants of local populations

e Germination experiments on seeds to
determine viability and conditions for
germination

o Altering the environment: to study the
effects of changing nutrient levels, light
intensity, water, etc.

e Harvest experiments: to study rates of
increase and effects of density reduction

o Competition experiments: studying the
effects of different species on performance

o Diversity alteration: alter the number of
species to study the effects of changing
diversity on community performance

e Laboratory experiments: to determine the
growth and performance of animals and
plants under defined conditions, or the
metabolism and energetics of organisms

Laboratory experimentation is often
carried out on small organisms that can be
raised in an artificial environment. The
experiments on competition and predation in
the ciliatesParamecium and Didinium carried
out in glass tubes by G. F. Gause come to
mind-perhaps the most famous and detailed
ecological experiments ever carried out. Many
other population experiments using many
kinds of plants, yeast, protozoa, mites,
cladocerans, flies, flour beetles, weevils, and
even mice have been carried out in the
laboratory environment. Such experiments
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may test principles of interaction, but

extrapolation of the results to the natural

environment requires further assumptions. In
general, experiments are more easily carried out
on plants than on animals. Without

experimentation and manipulation, progress in
plant ecology would hardly be possible any
more. We are well beyond the age of pure
description and classification in plant ecology.

Experimentation has become so important
and necessary in ecology that no student should
consider carrying out doctoral research without
including experiments. Exceptions might be in
the study of large organisms in conservation
areas, especially endangered species such as
large ungulates, elephants, primates, birds, and
carnivores. In such studies, however, non-
invasive technologies for monitoring, tracking,
or genotyping individuals may be employed to
gain new types of knowledge. Nowadays, a field
study without any experiments will not easily
make it into the top research journals in ecology.
With the pressure now to publish degree
research, students should if at all possible
include experimental approaches.

Publication

Speaking of publishing, | remember a
riddle we used to debate as children. If a tree
falls in the forest and no one is there to hear it,
does it make any noise? The simple-minded
answer is that it does, even though there is no
witness. But the correct answer is that there is no
noise if no one is there to hear it. “Noise” is a
sensation produced in the inner ear and brain-not
by trees. No ears, no noise.

Now let's pose an analogous question for
ecology students: If research is carried out but
not published in a journal, does it really exist?
Are there really any results? This is a question
for master's and doctoral students completing
their theses. Of course, their theses will contain
a results section, followed by discussion and
references. But the objective of doing science
research is to advance our knowledge by
conveying the results to the scientific
community at large. Science is not an isolated or
individual activity done in a capsule.
Universities teach students how to do science in
order to produce scientists that will advance our
knowledge.

Too often, however, students have gotten
a wrong and corrupted idea of why they have to
produce a thesis-as a training exercise designed



to measure performance, and to provide the however, that many of these results never see the
student a diploma to enable them to get secure light of day, and the work and all the resources
jobs. Much good degree research has in the going into it are completely wasted. For this
past been abandoned as students feel thereason universities have set as a final
pressure, often coming from their parents, to requirement the publication of papers in the
just leave and get a job. Many of them don’t international literature.

intend to do any more international caliber
research. But if we didn't really want to
produce research scientists, why should we
require them to produce a research thesis?

The answer, then, is that unpublished
results don’t exist as results as such, because
the scientific process is not complete. If you
can't see the results in the literature, no one

could say that they exist. When we say that research. The process of editorial criticism, and

“there has been no research on this aspect,” we . P .
mean that no research has been published onSometimes rejection, is painful and causes delays

this aspect. Communication of the results to in publication of up to several years. Writing up

other international scientists is an essential part ;i?iL\j/IiE[S ag%f:bl'cs?ﬂggnrtnusr;ebnio? Czlrlladbog?ﬁgf
of doing science, and it is an essential part of y 9 ’ ’

degree research. Research doesn’t exist if it professional colleagues or collaborators.
does not become available to all other In my opinion the requirement of
scientists. There is no reasonable way that publication puts additional responsibilities on
results in unpublished theses can take their universities to train science students better in
place in the international literature and be English reading and writing, literature search
easily accessed. and analysis. The bar for passing into a Ph.D.
Many science students do a good job in program may also have to be set higher, as it is
research and produce good results. It is tragic, in most Western universities.

The requirement for publication of
research sets the bar much higher for students
wanting a degree. In fact, writing a paper,
including discussion of the results in the
context of the world-wide literature, is not easy
for any competent scientist, let alone a Thai
student who is not fluent in English. For most
scientists, it is the most difficult part of doing
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What millipedes can tell us about evolution,
biogeography — and legs

Henrik Enghoff
Natural History Museum of Denmark, University of Copenhagen, Denrankail : henghoff@snm.ku.dk

Introduction

Millipedes (class Diplopoda) are
terrestrial arthropods with a large number of
legs (up to 750). They are sometimes confused
with centipedes (class Chilopoda) but differ
from them in a number of characters. Notably,
millipedes have two pairs of legs on each body
segment, whereas centipedes have one pair
only. Also, centipedes have poison fangs and
are predators, whereas millipedes have no
fangs and are mainly detritivores.

Millipedes, centipedes and the two small
groups Pauropoda and Symphyla constitute the
Myriapoda. Myriapoda seem to be a
monophyletic group (with the Pauropoda being
the millipedes’ closest relatives), but what the
closest relatives of Myriapoda are, is still open
to debate.

There are three main morphotypes of
millipedes. Most millipedes belong to
Helminthomorpha, a large group that includes
the typical long, cylindrical ones, but also the
often  colourful flat-backed mililpedes,
including the spiny ‘dragon millipedes’ (genus
Desmoxytés Pill-millipedes (Sphaerotheriida
and Glomerida) are short and broad animals
which can protect themselves by rolling up
into a perfect sphere. The third morphotype is
constituted by the tiny pin-cushion millipedes
(Penicillata) which unlike the other groups
have a soft cuticle but are protected by a dense
covering of elaborate setae.

A general textbook on millipedes was
provided by Hopkin & Read (1992), and
Sierwald & Bond (2007) gave an overview of
the current status of millipede taxonomy,
including phylogeny.

There is a number of significant traits of
millipedes which make them suitable objects
for various types of research, including:

1. Their poor mobility in combination
with their tendency for form very local,
recognizable forms

2. Their many legs

3. The fact that the number of legs is
highly variable, both between species and
within species

Lt #IBRT

Proceedings of the 12" BRT Annual Conference 26
10-13 October 2008 Surat Thani

4. Their diverse means of chemical
defense (Eisner et al. 2005)

5. Their intricate sperm competition
(e.g. Barnett & Telford 1996)

6. The brood care in certain groups
(Enghoff 1984)

| will focus on traits 1-3.

Poor mobility, biogeography, speciation

In spite of their many legs, millipedes
are not very vagile animals. In addition, they
tend to form morphologically recognizable,
local forms  (morphospecies)  usually
distinguished — as far as Helminthomorpha are
concerned — by details in the often very
intricate  male copulatory organs, the
gonopods. The differences may also, however,
concerns details in colouration, surface
structure, lengths of appendages, etc, etc.

As a result, most  millipede
morphospecies occupy limited geographical
areas. Even higher taxa of millipedes, such as
families, often have quite restricted ranges. For
this reason, millipedes are suitable objects for
studies on historical biogeography and
speciation.

| will present three examples of this from
my own research, dealing with different
taxonomic levels within the order Julida.

Intraspecific — geographical parthenogenesis

Nemasoma varicorn€.L. Koch, 1847
(family Nemasomatidae) is a tiny species
which lives under dead bark over most of
Europe. In Central Europe, males and females
are equally abundant, and reproduction is
bisexual. In the periphery of the species’ range,
however, males are absent or exceedingly rare,
the females’ seminal receptacle is reduced, and
reproduction takes place by parthenogenesis.
Nemasoma varicorns a very neat example of
geographical parthenogenegiEnghoff, 1976,
1985, 1994; Hoy Jensen et al. 2002).

Species level — speciation on islands

The Macaronesian islands in the
northern Atlantic Ocean harbour a rich fauna
and flora with numerous groups of closely
relatedendemic species which are supposed to



have arisen through speciation on the islands.
There are several such endemgpecies
swarmsamong millipedes, the largest being a
group of 29 species dZylindroiulus (family
Julidae) on the islands of Madeira and a group
of 53 species obolichoiulus (Julidae) mainly
from the Canarian archipelago but with a few
species on Madeira and the Cape Verde
Islands. Although closely related, the species
in each group are quite diverse with respect to
size, development of eyes, relative length of
legs etc., and especially in the case of
Cylindroiulus the morphological traits are
correlated with different microhabitats: leaf
litter, soil surface, endogean, on trees etc.
Quite often, and most pronounced in
Cylindroiulus several species are sympatric in
the same microhabitat, and in these cases they
are usually of different sizes. On Madeira, the
evolution of theCylindroiulus species swarm
appears mainly to have taken place within a
single island, whereas on the Canarian
archipelago which consists of seven islands,
dispersal and isolation between islands seems
also to have played a role (Enghoff 1982,
1983, 1992a,b, Enghoff & Baez 1993).

High taxonomic level — the Holarctic order Julida

The order Julida is essentially confined
to the Holarctic region, with just a few genera
extending into the Oriental (Malacca
peninsula) and Neotropical (Mexico) regions.
The order includes 16 families, the
relationships between which were analyzed by
Enghoff (1981, 1991). Based on phylogenetic
analysis, Enghoff (1993) presented a historical
biogeographical analysis. Among the results of
this analysis can be mentioned that the
occurrence of the Julida (notably the genus
Nepalmatoiulusfamily Julidae) in the Oriental
region seems to be secondary, the family
Julidae having its origin in the western
Palaearctic subregion.

How to walk with so many legs?

Intuitively, locomotion presents a
challenge to an animal with as many legs as a
millipede. Millipede locomotion has primarily
been studied by S.M. Manton who published a
series of impressive papers on the locomotion
of millipedes and other arthropods. Her results
are summarized in her book from 1977: “The
Arthropoda — habits, functional morphology
and evolution” which is highly readable
although her ideas about evolution are no
longer widely accepted. As a curiosity within
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the field of millipede locomotion it may be

mentioned that some African species in the
family Stemmiulidae (order Stemmiulida) are
able to perform veritable jumps! (Evans &
Blower 1973). After Manton, the study of

millipede locomotion has been taken up by few
authors (e.g., Wilson 2003).

From six to 750 legs

“Millipede” means “a thousand legs”,
but so far, an individual with a thousand legs
has not been found. The current World record
is held bylllacme plenipesCook & Loomis,
1928 (order  Siphonophorida, family
Siphonorhinidae) which may have up to 750
legs (Marek & Bond 2006). The lowest known
number of legs in an adult millipede is 22 (11
pairs) in certain pincushion milipedes.

With few exceptions, newly hatched
millipedes have only three pairs of legs, like
insects. The adult number of segments and legs
is reached through a variable number of
moults, at each of which new pairs of legs are
added, a process known as anamorphosis. In
some millipede groups, anamorphosis follows
a strict course, where each postembryonic
stadium has a fixed number of segments and
legs, whereas in others, the number of stadia,
as well as the number of segments and legs in a
given stadium, may be variable. Enghoff et al.
(1993) distinguished three types of
anamorphosis. In teloanamorphosis the
number of stadia, and the number of segments
and legs in each stadium, is fixed. In
euanamorphosjsthese numbers are variable,
and there is no fixed end-point for
postembryonic  development. Finally, in
hemianamorphosjsthe numbers of segments
and legs increase in the first phase of
postembryonic development, but once a certain
number of segments and leg-pairs has been
reached, further moults take place without the
addition of segments or leg-pairs. Based on a
phylogenetic analysis, Enghoff et al. (1993)
concluded that hemianamorphosis is the
original mode of anamorphosis in millipedes,
and that the other types are secondary
developments.

The future of millipede studies

Although around 12,000 species of
millipedes have been described, the actual
number of existing species is certainly many
times higher. A recent estimate of 80,000
existing species (Hoffman et al. 2002) is
probably not exaggerated. The recent
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discovery of eight new species of large (9-15
cm long) Thai species in one subgroup of
species in the genusThyropygus (order
Spirostreptida, family Harpagophoridae) by
Pimvichai et al. (in press) is symptomatic of
the present state of our knowledge.

With so much still to do in basic
millipede taxonomy, the amount of work that
is needed to obtain a reasonable state of
knowledge of the biology of millipede species
is obviously enormous. Coming back to the
taxonomy, which forms the necessary basis for
other approaches, it is a pleasure to notice that
a millipede made it to the “Top ten new
species” of the year 2007
(http://lwww.species.asu.edu/ This species,
“the shocking pink dragon millipede”,
Desmoxytes purpurosea Enghoff et al., 2007,
was chosen because of its striking colour, and
while it may be argued that this is not
necessarily of the greatest scientific interest, it

has certainly served to raise awareness about

millipedes and the necessity of research on
these fascinating animals.

Finally, to come back to the legs: | am
sure that a reahillipede, with a thousand legs,
is out there, waiting to be discovered!
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Strepsirhines = Haplorhines
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Humans

Anthropoids

Lemurs & Lorises Prosimians
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Microalgal Thermochemical
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Earthworm : their diversity and applicationsto science
and technology

Samuel James
University of Kansas, USAsjames@ku.edu

Basics of earthworm ecology and the Crassclitellata) were not included in the
diversity http://www.answers.com/topic/oligoch  analysis. The following families complete the
aeta-1Text from above web page, written by me.  family list of the Crassiclitellata: Ailoscolecidae,
Earthworms belong to a well-defined Alluroididae, Biwadrilidae, Diporochaetidae
clade, the Clitellata, which includes leeches, (sometimes included in Lumbricidae), and
branchiobdellids, many aquatic and small Kynotidae, for a total of 17 families containing
terrestrial worms with a single cell layered about 4000 species, all in the order Haplotaxida.
clitellum, and the earthworms, most of which Distribution

Zz\r/tiwgrmr:UIg_slayaereSroSgte:gjch' aHO(\j'\éeﬁ\:ﬁrr]’g Earthwo_rms are globally distributed, but_
. . .~ do not occur in deserts or regions where there is
characteristic unique to earthworms. This is ermafrost or permanent snow and ice. The
because they include the Moniligastridae, a &ay also be aFk))sent from the taiga biorﬁe an)él
ﬁ;):th :ndsliir?gslzﬁz;aer;:;rthgﬁgm :ﬁm'gr’];vh'?g other cold cIima_Lte vegetation types where soils
prosoporous (defined as having male genital are strongly acid (p_H below 4). Recently (last
openings in front of the female genital 20,000 years) g.IaC|ated areas may also lack
earthworms, but in these and other places where

openlngs)._ All other earthworms _have a m_uIt|- they do not occur naturally, some species have
layered clitellum and male genital openings been introduced by human activity. The

are called the Crasciliellate, whioh refers (o Megascolecidae have the widest _natural
’ distribution, being present on all continents

invertebratcs, cartorms lack  fossi record, SXCePt EUIOpe. ~The ~ Glossoscolecidae _are
other than bljrrow traces that may or may not’ conflned to tropical S.OUth Amenca, C‘?””a'
have been created by earthworms. Amerl_ca and a few Carlbb_ean islands, Whlle_ the
The morphology of earthworms has been Eudrilidae are found only in sgb-saharan Afnca.
The Lumbricidae are mainly in Europe with a

:Eg \F;grrir:)irg SIZZ;?EC(;iIS;Osrg]a(:Irﬁg;anuLf[pc%Onr:a(i)rzs few species native to North America. Australia
inherent conflicts. For this reason ’newt es of indigenous species are exclusively
: yp Megascolecidae. A few species have attained

Shaezeslezgr% BeNijzg' 1?enndce;[268r;soesé c')rr?g?]g?nstisogfglobal temperate zone or tropical distributions
q ' Y with human assistance.

DNA sequence data, Jamieson et al. (2002) Southeast Asia has indigenous members of

concluded that the large family h M lecid Almid d
Megascolecidae (broad sense, including the e egascolecidae, | micae an
Moniligastridae, plus various foreign species

Acanthodrilidae and Octochaetidae of some from those and other families. Notable for its

authors) is the sister-grou of the ) A . . :

Ocnero<)jri|idae and that thgesepin turn_ are wide distribution in human-influenced habitats is

together the sister-group of a clade composed the global invasive speuesPontoscoIex .

of several families: Sparganophilidae corethrurus (Glosspscolemqlae) from Bra2|_l.

Komarekionidae. Almidae Lutodrilidae' There are many Asian species that have attained
’ ’ ' wider than natural distributions as regional

Hormogastridae, Lumbricidae, and . . .
Microchaetidae. The remaining two invasive  species, a_lnd these are frequently
numerically ' important families encountered in Thailand. Some examples are

Amynthas alexandri, A. morrisi, Metaphire

Glossoscolecidae and Eudrilidae form a third peguana, M. houlleti, and M. posthuma.

major clade of Crassiclitellata, but
relationships to the other two were not clear. Habitat

Several small families plus the Moniligastridae The typical earthworm habitat is soil, but
(functionally earthworms but not belonging to there are species living in freshwater mud,
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saltwater shorelines, and in suspended soils of rains. At these times large numbers of
tropical forests. The soil habitat can be divided earthworms emerge from the soil, crawl about
into litter layer, topsoil and deeper soil for a short time, and then many of them die. Itis
horizons, with different earthworms utilizing not known what percentage re-enter the soil, or

each. if any of them survive to the next rainy season.
Recently similar phenomena have taken place in
Feeding ecology and diet North America where invasive Asian worms are

Earthworms feed on dead and established, although no monsoon rains are
decomposing organic material, such as fallen involved. Like many facts of earthworm life, this
leaves, decaying roots, and soil organic matter. is part of popular knowledge but has not been
Epigeic worms are those feeding at or near the studied from a scientific perspective.
surface, or within accumulations of organic
matter on or above the soil surface (e.g. logs, Reproductive biology
epiphyte root mats in trees, etc.) These will Most earthworms are simultaneous
consume relatively freshly dead plant matter, hermaphrodites and exchange sperm during
as do anecic worms. Anecic earthworms copulation. Sperm transfer may be external, in
maintain a deep burrow from which they which the seminal fluid flows from male genital
emerge to ingest plant matter from the soil openings to the spermathecae, or there may be
surface. The best known is the European night penis-like organs to insert the seminal fluid
crawler, Lumbricugerrestris. Endogeic worms directly into the spermathecal openings. Sperm
live and feed within the soil and utilize organic transfer by spermatophores is also known to
matter that has already been somewhat or occur. After sperm copulation, fertilization takes
extensively modified from its original place in the egg case. The case, or cocoon, is
condition. Body size, coloration and gut formed by the clitelum and passes over the
morphology are consistently different among female pores to receive one or more ova. It then
these three categories. Epigeics are typically is worked forwards over the spermathecal pores,
small, darkly colored and have little secondary from which sperm are expelled into the case, and
development of gut surface area. Anecics are fertilization results. The cocoon is deposited in
large, colored only in the head, and have gut the soil or other substrate. The developing
morphology similar to epigeics. Endogeic embryo feeds on clitellar and/or prostatic
worms may be small or very large, but are secretions, passes through larval stages and
usually unpigmented and show the greatest emerges as a miniature earthworm. Growth and

degree of gut surface area development. maturation may take months or years, depending
on the species. In temperate zones mating and
Behavior cocoon deposition generally take place in the

The three ecological categories of spring, with a secondary period possible in the
earthworms have very different behavior autumn. In tropical areas the peak of activity
patterns. The anecic feeding behavior has beenoccurs during rainy seasons. However, the
described. Their primary escape tactic is to details of mating seasons in tropical earthworms
rapidly withdraw into the burrow. Epigeic  are poorly known.
species crawl or burrow through organic matter Some species of earthworms are clonal
deposits and feed on it. They have well- and reproduce by parthenogenesis. In this case a
developed escape behavior that includes rapid diploid ovum is produced that is a genetic copy
motions, even the ability to jump and thrash of the parent. No fertilization is necessary, so a
about randomly, and to drop tail segments for single individual can reproduce unaided. This is
the predator. Endogeics have little escape important among the many species that have
behavior, and may just writhe or coil in the attained wide artificial distributions. In other
hand, and may exude some body cavity fluids. instances, hermaphroditic species have been
In some instances these fluids may be noxious. observed self-fertilizing. It is not known how
Further details of earthworm behavior are common this is, or under what circumstances an
poorly known, because they inhabit an opaque individual may choose this course.
medium and are shy of light.

In many parts of Southeast Asia people Conservation status
observe seasonal mass movements of Some species are known to be endangered,
earthworms, typically after the late monsoonal but only one is clearly protected, the Gippsland
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Giant Worm of Australia. It has a very narrow crops, a 2 cm layer of vermicompost around
range. Driloleirus macelfreshi, a giant worm each plant can give a multi-year effect in fruit
from western Oregon, USA is suspected to be production. Vermicompost increases fruiting
extinct. It is quite probable that many species and flowering by 20-30%, so it is applicable to
are extinct due to habitat destruction, high-value horticultural crops for an good return
particularly in mountainous regions where the on investment.

topography and earthworms’ low dispersal The species used for vermicomposting in
rates contribute to high species diversity and tropical climates are Eudrilus eugeniae
small species ranges. (Eudrilidae; Africa) andPerionyx excavatus
(Megascolecidae; India). Both can become
Sgnificance to humans invasive. There may be some potential for
Several species of earthworms (most discovery of additional composting species in
commonly Eisenia fetida, E. andrei, Eudrilus organic matter habitats such as suspended soils

eugeniae, Perionyx excavatus) are used for and decomposing wood. This could be one focus
production of vermicompost; some of these are of earthworm biodiversity research in Thailand.
used for fish bait as well. The use of
earthworms as fish bait seems to be almost DNA Barcoding of Earthworms. a Global
universal, and people use whatever worms they Campaign.
can find for this purpose. There are a few One of the main obstacles to progress in
species commercially harvested and sold for soil biology is identification of the species of
bait: Lumbricus terrestris (Canada, northern  organisms in the soil. Even for large,
USA), Diplocardia riparia (south central ecologically significant animals like earthworms
USA), andD. missippiensis (Florida, USA). As there are only about ten experts on the planet.
transformers of soil structure and organic DNA barcoding, the use of a short section of
matter, earthworms are significant to the easily-sequenced DNA, has been proposed as a
maintenance and improvement of soils and means of identification. However this depends
plants growing in them, and thereby to humans absolutely on building a database of the
who benefit from plants. sequences matched to correctly identified
Vermicomposting is a growing industry  specimens. For most animals, the first half of the
serving two purposes. First, it utilizes a large mitochondrial Cytochrome Oxidase | gene
variety of organic wastes, many of which (COIl) is used as the “barcode”. It appears to
would become pollutants if not properly work well for earthworms, in that
disposed of. Many cities have solid waste morphologically identified species consistently
disposal expenses and environmental problems have barcode region sequences that are less than
associated with solid wastes. Therefore a few percent divergent within species. In
conversion of these organic wastes to a contrast, between-species divergence is typically
sanitary and biologically stable compost >10% for earthworms (Chang et al 2007). A
provides a cost-effective way to reduce waste success in species limitation using the barcode
volume and environmental problems. region is given in Perez-Losada et al (2005).
The second purpose of vermicomposting Recently obtained barcode sequences from
is the promotion of plant growth and crop European worms show the presence of several
production. Unlike conventional composts cryptic species within widespread, common
created in thermophilic conditions, taxa. What has previously been dismissed as
vermicompost has plant growth promoting sub-specific or even infra-subspecific variation
factors which act independently of the fertilizer now may be indication of species-level
analysis values of the compost. Heat-sterilized morphological divergence.
vermicompost has only a small fertilization Barcoding could be important to progress
effect, but natural vermicompost increases on earthworms of Thailand and East to
plant production significantly compared to Southeast Asia generally. The dominant genera
sterilized vermicompost, conventional Amynthas and Metaphire are very diverse, but
compost, and comparable additions of also contain many species that are widespread
chemical fertilizers. The amount of and invasive due to human activity. In the past,
vermicompost needed is small. In container- these species have been redescribed under
grown plants, substitution of 15-20% of the various names, creating nomenclatural
soil gives the maximum improvement. In field problems, taxonomic confusion, and a reluctance
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to accept new species names for forms that
may actually be distinct new species but bear
some resemblance to the well-known invasive
species. If analysis of barcode sequence
variation can be included with a species

description, this should boost confidence that
one actually has a new species, as well as
preventing the mistake of further synonym

creation. We do not know if there are cryptic

species in SE Asian earthworms, but it is a
possibility to be aware of.

To obtain more information on DNA
barcoding, | suggest the following web site:
http://www.dnabarcoding.ca/

There is now a global campaign to
barcode all earthworms. The general data
requirements are described here:
http://www.barcodinglife.org/docs/boldmas.html

Little more data than one normally
would collect with a specimen is required. A
photo, drawing or other image is requested to
accompany each organism sampled for DNA
barcoding. For preservation methods, see
Appendix 1. The preservation of a tissue
sample in alcohol is essential. The earthworm
effort is being coordinated by myself and one
other person, with participation requested from
anyone willing to help.

Results of 2007 mini-expedition and other
recent collectingin Thailand

Prior to about 6 years ago, very little was
known about Thai earthworms. About 25
species were known to occur in Thailand
( Blakemore 2005; Gates, 197??), but nothing

had been added to the list in many decades.

Then a few Thai students began to work on
earthworm ecological studies, and eventually
Dr. Somsak Panha of Chulalongkorn
University took an interest in promoting

earthworm biodiversity study. In those few
years collectively about another 25 species
have come to light, and probably more will

come due to the efforts of Dr. Prasuk Kosavititkul,
one of those afore-mentioned students.

A year ago, under the direction of Dr.
Panha, we made some collections in Sichon
District, Nakhon Si Thammarat Province. The
area was rather limited and the time was short,
but we found about 20 species new to science
as well some previously known species. Based
on this short collecting expedition we estimate
there could be as many as 100 earthworm
species in peninsular Thailand alone. This
would be a fourfold increase in national
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earthworm biodiversity. We did not visit high
elevation sites and conditions were a bit too dry
for optimal collecting. Therefore our estimate
may be conservative. Extrapolation to the rest
of Thailand is dangerous, because there are large
areas of little topographic variation (which
would generally mean lower regional species
diversity), and large areas of very great
topographic variation. Consequently we could
easily overestimate in some places and
underestimate in others. However, to say that
there could be hundreds of species is probably safe.
Our 2007 mini-expedition results have not been
developed, but in the material and data collected,
we have the potential to address some key
guestions such as:

1. Is there small-scale geographic
variation within species or is the variation
among very closely related species? If the latter,
then even very small areas, just a few limestone
hills isolated from others by intervening plains,
may have their own unique species. Our results
show that only two endemic species were found
at more than one locality: one was at two places,
and one was at three places. All the other 17
were only found in one location.

2. What is the relationship between site
species diversity and regional diversity? We
found relatively few species per site, but
combining the sites, all within a rather small
area, there was high diversity because so many
species were only found in one location. Is this
typical of Thailand or is there something unusual
about the topography and habitats of the Nakhon
Si Thammarat area? Would other topographies/
geological characteristics result in higher within-
site diversity but broader distributions? Some
tropical areas have low within-site diversity, but
little overlap among sites. Still other places
have extraordinarily high within site (e.g. >20
spp. in agricultural land in Cameroon, Africa;
L.Norgrove, pers. comm.) diversity, but the
among-site variation is unknown.

Discovery, documentation and DNA
barcoding of Thailand’s unknown earthworm
diversity could take a single researcher many
years, and then only the most basic information

would be available. There are many
opportunities for study in this field, and many
fruitful avenues for cooperation among

specialists on different animal groups, as we try
to develop an understand of biogeography and
animal diversity of Thailand.

Procedurefor earthworm preservation.
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Preservation of earthworms is very chips of NaOH. Do not exceed 70°C
easily done, but can also be done badly. Many temperature. When hot, add 40 grams
soft-bodied invertebrates are preserved by paraformaldehyde. If the paraformaldehyde does
different methods, and those methods do not not dissolve after 5-10 minutes AND the NaOH
work for earthworms. In particular, the use of is dissolved, check pH; if below 7, add one or
alcohol less than 95% strength will fail to two more chips NaOH, stir and wait for
preserve the physical integrity of the specimen. complete dissolving of paraformaldehyde.
For this reason formaldehyde preservatives are CAUTION: should be under fume hood or in
essential for natural history collections. very well ventilated place; you may loosely
Alcohol is best used to preserve either whole cover the beaker. If still not dissolved, check pH
worms or tissue samples to be used mainly for again, add one chip NaOH, etc..... Once
DNA extraction. It is possible to dehydrate dissolved, add 50 ml of the PB solution, adjust
specimens in two or more changes of alcohol, volume to one liter, adjust pH to 7.3 approx.
make a preliminary morphological using a NaOH solution and/or HCI as needed.
examination and take tissue samples, and then This is now the PFA. Do not use it when hot.
fix the specimen in 4-10% formaldehyde but Alternative method: using standard liquid
this is an unusual procedure reserved for the 37% formaldehyde, fresh, with no precipitates,
cases where the only specimen of a species use the same amounts of salt, buffer to prepare a
was inadvertently placed in alcohol. By this solution containing 4% formaldehyde, then
“retro-fixing” one can make a long-lasting adjust pH to 7.3 as above. It is now neutral
museum specimen. The procedures and the buffered formalin (NBF). Use in place of PFA.
preservatives required are described in
Appendix 1. Blakemore, R.J. A series of B. 95-100% ethanol.
searchable texts on earthworm taxonomy C. leak-proof containers, quality paper and
http://bio.eco.eis.ynu.ac.jp/eng/database/earth either pencil or alcohol-proof ink, 1.5 ml
worm/A%20series%200f%20searchable%20te microcentrifuge tubes.
xts/Thailand/Thailand%?20taxa%20updated%2 1. Collect 8-10 adult or otherwise clearly
Ofrom%20Gates.pdfhang, C-H, S. W. James, identifiable individuals of each morpho-species.
Y. Hong, H.-P. Shen, & J.-H. Chen. 2007. When digging, remove large blocks of sail, with
Barcoding of earthworms: a case study of the smallest dimension > 20 cm. This reduces the
Pheretima complex (Oligochaeta: Clitellata: cutting of worms. Farmers will tend to chop the
Megascolecidae). Poster presentation at soil in small pieces and the worms will also be
International DNA Barcoding conference, in small pieces. In Southeast Asia, some species
Taipei, Taiwan September 2007. Perez- will be very close to the surface under forest leaf
Losada, M., Eiroa, J., Mato, S., Dominguez, J., litter, or in small accumulations of earthworm
2005. Phylogenetic species delimitation of the fecal pellets at the soil surface. Others will have
earthwormsEisenia fetida (Savigny, 1826) and  to be caught by digging, but seldom is it
Eisenia andrei Bouche , 1972 (Oligochaeta, necessary to dig more than 30 cm to obtain
Lumbricidae) based on mitochondrial and worms. It is always a good idea to ask local
nuclear DNA sequencesPedobiologia 49, people where they have seen worms, but ask
317-324. about the worms in the fields and forests, not
just those around the house and animal pens. In
karst rock areas worms can live in soils
. accumulated in depressions on the stones. There
,(Alsli\l:)utral butfered parafor maldehyde solution are also worms living in suspended soils up in

T ~ trees, palm leaf axils or other above-ground

A. Dissolve phosphate buffer powder in  |ocations with accumulated organic matter.

200 ml water, make up to final volume 250 ml. After collecting is finished, kill and
The. pOWder is Composed of 27.5 grams dibasic preserve the worms as soon as possib|e.
sodium phosphate (Na2-phospate) plus 16 pamaged specimens will die and decompose
grams monobasic sodium phosphate (Na- rapidly, so do not wait more than 30 minutes.
phosphate).  This will be about 1 molar kil worms in either 50% alcohol or highly
solution of phosphate buffer (PB). carbonated water (soda water). The first is very

B. In a one liter beaker or flask, heat 500 fast, and the second takes ten minutes but the

ml distilled water, 8.2 grams NaCl, plus three worms will be relaxed. After killing try to

Appendix 1. Collecting and preserving
earthworm specimens

’ Proceedings of the 12" BRT Annual Conference 50
wIBRT 10-13 October 2008 Surat Thani



separate the worms into morpho-species based musculature consists of an outer circular layer

on color, size at adulthood, external markings,

etc. Three of each species should be fixed in
excess 95-100% ethanol. The rest can remain
intact as voucher specimens, in PFA/NBF for

>24 hours.

Site collection data should be recorded
as per usual scientific standard, with latitude-
longitude GPS coordinates if at all possible,
nearest named location such as town, and
habitat type.

If a worm species is only available in
small numbers, reallocate according to the
following order of priority:

* Reduce the number of voucher specimens by

and an inner longitudinal layer, which extend
and shorten the body, respectively. Between the
body wall and the gut is the body cavity, within
which various other organs are arranged,
generally segmentally. Segments are repeated
units of the body, externally manifested as rings,
and internally separated by septa. In
earthworms each segment except the first bears
setae, small chitinous bristles used for traction in
the burrow.

A typical earthworm gut consists of the
mouth, a muscular pharynx for taking in food, a
gizzard for reducing food particles to smaller
sizes, an esophagus, and an intestine. The

one or more as needed, but not to zero, except intestine may be differentiated into digestive and

as indicated below for extreme cases.

* Reduce the number of alcohol specimens as
needed, but for each one eliminated, take a
tissue sample from one of the vouchers before
placing in PFA. Cut a mid-line cut bisecting
the tail end, and take about 1-2 cm of half the
tail, label it as from the particular worm, and
place in alcohol in a 1.5 ml centrifuge tube.
For multiple worm pieces, use right half, left
half, then a non-tail section missing the
pygidium and several posterior segments.
Then the bits can be matched to the source
worm. In this case of multiple bits, the bits
must be stored separately by species to avoid
mixing up the assignment of bits to source worms.
* If only three or fewer worms per species are
found, take the tail bits for alcohol, leave no
intact vouchers.

2. Vouchers can remain in PFA for 24
hours or longer, but change the fluid at least
once. After two or three days replace PFA
fluid with 80% ethanol.

3. Alcohol specimens- replace 95%
alcohol once or twice until specimens are firm,
stiff. Store at room temperature away from
sunlight or at 4 °C short term, -20 °C long
term.

4. Alcohol and waterproof labels should
go inside with the specimens. Label coding
can be short but then be sure to record full data
in a notebook and DO NOT LOSE the
notebook.

Appendix 2. Earthworm anatomy

Earthworms have a tube within a tube
construction, an outer muscular body wall
surrounding a digestive tract that begins with
the mouth in the first segment and ends with
the anus in the last segment. Body wall
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absorptive regions, and often has a dorsal
infolding of the intestinal wall, called the
typhlosole

Small excretory organs, the nephridia, are
arranged segmentally, from two per segment to
very numerous per segment and small. Urine is
excreted through nephropores to the outside, or
is collected via systems of tubules and excreted
into the intestine. In some families nephridia of
the anterior segments have been modified as
glands for digestive secretions.

Earthworms are hermaphrodites.
Reproductive organs are located in the anterior
segments. The female reproductive system
consists of paired ovaries in the™8egment
(except in the Moniligastridae, in which the
ovaries are more anterior), ovarian funnels
leading from the ovaries to an external female
genital pore on the f4segment, and depending
on the family, there may be sperm receptacles
called spermathecae. If present these will
generally be in some of segments 5-10.
Spermathecae receive sperm from the mate
during copulation. Alternatively, sperm may be
deposited in packets called spermatophores,
which will be found clinging to the exterior of
the worm. The clitellum provides an outer
casing for the ova and also secretes food used by
the developing embryo.

Male organs consist of testes in one or
both of segments 10 and 11, testicular funnels
leading to sperm ducts through which sperm
passes to the male genital openings, seminal
vesicles in segments adjacent to the testicular
segments (one or more of 9, 11, 12), and in some
families prostate glands that secrete fluids
associated with the male genital pores. In other
families there are often glands associated with
setae modified for use in copulation.
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Careersin ecology opportunitiesfor the present & thefuture

GeorgeA. Gale
Conservation Ecology Program, Division of Natural Resources Management, School of Bioresources and Technology,
King Mongkut’'s University of Technology Thonbu-mail : george.and@kmutt.ac.th

Abstract climate change, causes and impacts of draughts
Ecology is a particularly important field and floods, to the managing of biodiversity, is
for developing countries as those with ecological probably the largest and most important role for
training are best able to answer scientific ecologists today, particularly in developing
questions related to the impacts of human countries such as Thailand. Ecologists typically
activities on biodiversity and the physical approach such problems by investigating
environment. However, countries such as ecological issues, interacting with affected
Thailand have invested little in training in communities, writing environmental impact
ecology and related fields compared to other assessments, and designing sustainable land
sciences and engineering. Consequently there areuse/natural resource use practices (Ecological
few students interested in the field and few Society of America 2008). Ecologists also help
understand how ecologists can be made useful manage natural resources by monitoring,
for the economy as a whole. In this paper | make managing, or restoring populations and
the case for Thai students to consider a career in ecosystems.
ecology. | outline the basic practices of working Ecologists communicate with colleagues,
ecologists, examine the types of jobs ecologists students, and the public — through writing
might expect to do when they graduate, the articles and research papers, giving lectures and
training process to becoming an ecologist, how presentations, participating in discussions, and
Thai students can gain experience and how they conducting outreach to local communities. Thus

can learn more about the field. it is important to remember that ecologists need
Key words: Ecology, careers, research, Thailand to not only communicate to other scientists both
Introduction locally in Thailand and internationally, but also

\Why be an ecologist? must be adept at communicating with the public

While there are several compelling reasons @nd local people.  Communication with the
for students to enter the field at this time, one of Public can be more important than

the most important is that knowledge given by Communicating through scientific journals,
ecologists can be used by a wide group of which reach an important but tiny audience

citizens, including other scientists, teachers, compared to the thousands or perhaps tens or
citizens, and natural resource managers hundreds of thousands which can be reached
(Ecological Society of America 2008). through broader media outlets like newspapers

Secondly, ecologists will be helping society and pgpular magazines.
make sound decisions and adding to our Whatkindsof jobsarethere?

understanding of how nature worksan area Ecologists can be employed at national and
where most Thai citizens know very little. local teaching universities, private consulting
What do ecologists do? companies, government agencies (such as the

Typ|Ca||y, eco|ogi3ts are researchers who National Parks, Wildlife and Plant Conservation
conduct research in the field and in the Department (DNP), Ministry of Natural Resources

laboratory. They ask both theoretical and @and Environment (MNRE), Department of Marine
practical questions that can be investigated & Coastal Resources (DMCR), etc.), and science-
using scientific techniques in a range of habitats based non-governmental organizations (NGO's)
from very remote forest or marine sites to (such as the Wildlife Conservation Society (WCS)
heavily populated urban areas. The other Thailand, World Wildlife Fund (WWF) Thailand,
principle activity of ecologists is to teach Birdlife International, Hornbill —Research
students and the general public — at universities Foundation, etc.). Overall, careers in ecology exist
as well as at local schools, museums, national for all experience levels and abilites and job
parks, and local communities (Ecological descriptions are equally diverse.

Society of America 2008). Solving Whatisthejob outlook?

nvironmental problems, from the impacts of There is a growing need to understand
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and manage the natural world and our impact international perspective which are particularly
on it. This has resulted in a need for helpful for broadening the horizons of young
individuals  with  sufficient  ecological  students. Another important source of experience
backgrounds to: conduct ecological research, is to work as a teaching or laboratory assistant for a
determine environmental impacts, develop university biology or ecology course. At the
management plans to avoid environmental graduate level, in addition to the standard course
problems and restore ecosystems (such as thework at a university, there are now many
Forest Restoration Research Unit at Chiang interesting international training courses available
Mai Universityhttp://www.forru.org/FORRUE to Thai students, these include courses offered by

ng_Website/Pages/enghome.htrmducate the the Center for Tropical Forest
general public, and to develop and manage SciencgSmithsoniarinstitution;http://www.ctfs.s
sustainable communities. l.edu/group/Grants+&+Training/TrainipgndXis
Training to be an ecologist huangbanna Tropical Botanical Garden, in

All ecologists need a broad background YunnanChina(http://www.afec.ecologicalevoluti

in the life and natural sciences. An on.org). Both of these courses offer full funding

understanding of the physical sciences, for qualified students. There are also other
including geology, chemistry, physics, and international research stations that offer training

engineering also is helpful. Ecologists need to Without a formal course, such as The Wetland
communicate ideas to people around them, so TTust, in Icklesham, East Sussex, England, which

it is extremely important to get experience has trained Thai researchers on bird ringing
writng and making oral presentations. techniques and the Australasian Wader Studies

Ecologists need a working knowledge of Group which has trained several Thai researchers

mathematics, statistics, and computers to N Australia on cannon-netting techniques.
design useful research projects, to analyze and Funding for such training does exist, but requires
interpret data, and to understand and build the interested researcher to take the initiative to
mathematical models of ecological concepts search for funding from organizations such as the
and processes. Because environmental Hornbill Researclroundatior(http://www.sc.mah
problems require working with people and idoI.ac.th/rgsearch/hornbill.hbrﬁ'heWorId Pheasa
ideas from subjects other than natural sciences, Nt Association(http:/www.pheasant.org.jk/ and

it is useful for ecologists to know something the Association for Tropical Biology and
about the social sciences, such as sociology, Conservation Asia-Pacific Chapter
economics or geography. To be an ecologist, (http://www.atb_lo.orcv _ have_ formal tral_nlng
students do not need a BSc. degree in courses associated with their annual meetings, for
biological sciences! However, scientific and Which complete funding is available for students
mathematical training is necessary. For and researcherswho qualify.

example, students can take supplementary Conclusion: How to learn more about careers
classes as needed, such as in basic statistics Ol ecology?

basic ecology during early stages of a graduate
degree and still complete a MSc. or Ph.D.

The best source of information and advice
degree in ecology in a timely manner about a career in ecology is a prqfessio_nal
) ' ecologist. Professors at universities with

It is also very useful for undergraduate ( 5ining in ecology or scientists/researchers at
students to get practical experience doing ggsjence-based NGOs like WCS or WWEF are
ecology. ~Getting hands-on experience is a |iely to be the most useful sources of
great way to learn specific skills, help information about careers in ecology. Finally,

understand the day-to-day work of ecologists, the Bjodiversity Research and Training Program
and establish contacts for future jobs. During the (http-//brt.biotec.or.th/ and the Ecological

school year or over summer breaks students can Society of America (http://www.esa.obg/

work for a professor doing lab, library, or field- 5, respectively excellent local and

work. It is also possible to get a summer or part jyiernational sources of information about
time job or internship with a NGO. International  ~5reers in ecology.

NGOs in particular such as WCS or WWF may

provide a more favorable working environment References

compared to local NGOs because international Ecological Society of America, 2008. Ecology as a career.
NGOs are likely to be better funded, have more http://www.esa.org/education_diversity/explore.pripwed 1
scientifically trained staff, and provide an October 2008].

53 tufinmatszgaimnsdszindlasins BRT a%af 12 ’
10-13 9aAY 2551 ﬁTmi@zgimgi’mﬁ e ABRT



ﬂ’liﬁﬂi&l"\ﬁ%ﬁqﬂ’]ﬁ@lgl?‘?dﬂizﬁ’]ﬂi"llaﬁ E!ﬂﬁ%ﬂ&iadﬂﬁi&%ﬂ%ﬂ%?jﬁﬂ

Anopheles barbirostris Twiszine lng

I-A1*A aFGl‘lﬂq a X1 a a a 1 o o ¢ 1
LY ?‘luf A, qqﬂﬁ VLN, 2ANT DAY , ANDNT E!’]iimwﬂi Las @3 3% NaddIdn

1 a 2 a = o c 1 ; ;
MAITIUIFO AN ﬂt;Ll,:Llﬁ/\l“nEJ?I’]EW]?r &lm'mmam‘fiml%u, E-mail : wchoocho@mail.med.cmu.ac.th

2 a a @ a & ° a a “ a
mmm%mwmuazgmfjﬂuaga‘liﬂﬂm%auazwmzm‘[m AUANINAIRAT VR INENRDNRAR

Abstract

A total of 113 isolines of Anopheles
barbirostris, derived from human- and animal-
biting females, showed branch summation in 2
groups of seta 2-VI pupal skins: 42 isolines
were An. barbirostris (9-16 branches), and 71
were An. campestris (20-30 branches). Four
karyotypic forms [Form A (X;, X,, Yy), B (X;, X,,
X3, Ys), C (X5, Y3) and D (X,, Y,)] were obtained
in An. barbirostris, and 3 karyotypic forms [Form
B (X2, Y2), E (Xy, Xz, X5, Ys) @and F (X3, X3, Ye)]
were recovered in An. campestris. Based on the
similarity of X,-chromosomes, the latter species
was designated as An. campestris-like Form B,
E and F. Results of post-mating reproductive
isolation among the crosses of An. barbirostris
Form A and An. campestris-like Form E strains
from Chiang Mai, Phetchaburi and
Kanchanaburi supported the existence of 5
species within the taxon An. barbirostris,
designated as An. barbirostris species A1, A2,
A3, and A4, and An. campestris-like,
respectively. The large sequence divergence of
ITS2, COIl, and COIl supported this evidence.
Results of non-post mating reproductive
isolation from the crosses of different karotypic
forms of An. barbirostris species A1 (Form A, B,
C and D) and A2 (Form A and B), and An.
campestris-like (Form B, E and F), suggested
different karyotypic forms occurring in natural
populations of An. barbirostris species A1 and

A2, and An. campestris-like. The low sequence

e
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divergence of the ITS2 of rDNA, and COI and

COIl of mtDNA among the forms of An.

barbirostris species A1 and A2, and An.
campestris-like, supported their intraspecific
karyotype variation.

Key words: Anopheles barbirostris, An.

campestris-like, crossing experiments, ITS2, COI

and COll
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L&J(ﬂ’]LW@ﬂ’]%IEJVLVIﬂLﬁﬂ\‘igﬂLLUULaUQLYthu fo (X,
Y) @sfisnwmeuandsanwanaanslelndig 4
JULUUVBIEY An. barbirostris 93ANUEIATYVBIEN

X4 [ v @ % YR '
nauiga ldnauudrdnedu uazludagiudalal
a

L 2D

msﬁm&ﬁ%’yqaﬂﬁjuﬁamaa:L’éﬂmmuL‘flm:uuw'u
Aannsg I(ﬂEIL%W’waﬂﬁdédﬂ’]iﬁmﬂ’]ﬁugﬂ’lﬁ@ﬂ%\i
ﬂsw’mwaaqdﬂ@juffﬁ’aﬁuﬂﬂ"lﬂmﬁ 033
awInenns laguamaniafiazldanmsdneise
Luuanineinisluasedt azhnldmsuds
MNBaHBEaTaInNNANINRAIENIINUENTIM LY
AU 9 madqdmjuﬁﬁ"uﬂizmﬂvlm Wafiaz
i ldlunisaisnguamiduszuy uaed
Usznsawlunslgdruunes An. barbirostris uaz

An. campestris lunmagualdatnsgndas

A5ns

VL@T%’U:;@ An. barbirostris LRL/TID An.
campestris  SLFuToinadly aoudldausiniay
W.¢. 2549 IUDILABUNNTIAY W.a. 2551 lapld
nszflouaz/misawduiniasasn 20 sonialu
Ysznalng nd 1) ldun ssndagoalna
RIAILI WIRIAAIN IRIATIUNILNTT IR0

903578 VINIAVIULAK TINTAYNAINIT TINTQ

UMENTANN WRIATENT INTAQUATITTE 3INTQ
MYIBYI WATANITTUATAIDYTET WAIAFTEUAN
WHIATUNYT TINTATTYT J9InTaLnTIY3 39910
Uszaufidus Saniaguns Iniauasainsinae
LATIRTANTI NALREILUL iso-female lines
(isolines) Yanue 113 isolines  tanun@nmnag
dugruingn Adassgduuuinannaanilaling

‘ﬂﬂaadNauﬁuf‘%umﬂﬁ'uﬁ:uazm%a**ﬁwgﬁLL‘U‘U

9
A o

wasdnsudSoufisudauianalelnduasdiiued
fulsTulauusznlulanouadoaidiuns ITS2,
COl uaz COll amugau laggaufiaadlelnanlea
ﬁa%mazgnﬁmﬁmﬁzﬁéTm‘%meT'aaIﬂSLan
CLUSTALW (Thomson et al. 1994) Liainanl#lu
miﬁ%’ldLqu{]ﬁﬁu‘lm (phylogenetic tree) Lia@in
mwé’uﬁuﬁ‘maﬁuﬁqﬂﬁmaaqaluﬂajuf: @2835M9
3Lﬂiﬂ:ﬁ§:ﬂ:ﬁwmdﬁuﬁqﬂiiu (genetic  distance)
(Kimura 1980) WUy Neighbor-joining (NJ) (Saitou
and Nei 1987) uazfmsiiam=an 1,000 A% de
Araiuayun19aii@ Bootstrap TaslUsunsud
ianldlumsinziassil 8o MEGA version 3.1

(Kumar et al. 2004)

WAN15I28

NRINNITHUNATINYBILVWILEUTY 2-VI VB4
amu@mliy Wogd 42 isolines feaafNaIINTaS
WUUILFUTY 2-VI 29U LNIYINAL 9-16 LU
%da%ﬂwﬁﬁwmqa An. barbirostris Waz 71 isolines 3
ATNATINTDIUYUILRUUWLYINAL 20-30 LD %dag
luﬁawaaqd An. campestris mnmﬁﬁﬂﬁﬂgmmmu
annaaiilalndvasys 42 isolines AfldnasInas
UUUILEWIY  2-VI maamwuﬁﬂmlﬂuqa An.
barbirostris wuiwaiWaa3laini 4 yluny (Wi
2) ldur suuun A (X, X, Y)) $wan 3, 1, 1,1, 1,
1,3, 1,1 uaz 3 isolines INIINIaLBealn 29139
#114 WNIAN W9WIAAIIH WHIAGUANTEN
WAIANMYAIRYT WWIATITYT WIANWDTYT 290
IWUNYT UWATINIAATI AWENU JULLY B (X, X,
X5 Y,) 41%3% 1, 3, 2, 3, 2, 6, 1, 2 uaz 3 isolines
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LP: Lampang
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MK: Mukdahan
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. J PK: Prachuap Khiri Khan
] Ru RE: Ratchaburi
4 L, N SK: Sa Kaeo
| TG: Trang
a TK: Tak
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\
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M 2. LumeWaﬂw%Ia"Lwﬂmaaqa An. barbirostris: (a) JUuUU A (Xp, Y4), (b) JUUUL B (Xz, Y2), (c) JUuUU C (XpY3) Uaz (d)
JUUU D (Xy, Ya); LumﬁLwaﬂw‘%Ia"Lﬂﬂmaaqa An. campestris-like: () JULUL B (X, Y2), (f) 3UUUL E (Xy, Ys), (9) JUMUL E (X3Ys)
uaz (h) YUY F (Xp, Ye)
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WATAMYPIRYT  PINIONTYT  WATUNTIYI
WHTAIUNYT  9TagunT uazdaniaady
MuAaU JUUDY C (X, Y3) 3192 2 isolines 910
2nIAgUaTITIH WazFUUUY D (X, Y,) $112% 1

a

isoline  ANIIRIABATAITITNINT INNNTIHARY
suuvuwaan3lalniveses 71 isolines Asien
HATINYBILYWILTWIW 2-VI 189 An. campestris
wustunnwannaailalnd 3 gduuy (MWT 2)
laun Juuy B (X, Y,) 3193 2 uae 1 isolines
NIIRTALT oIl RN UAZITIRTARTUNI LN TS
MUROU JUUDL E Xy, X, X;, Ys) 124 3, 1, 3,
2, 3,2 5 7,9 1 uaz3 isolines 3MNIIAIA
Foslnal Tawdarunanes 3mianizuasaionsen
WAIARATHIN WWIATEULAK TINTAYNAINT
WAIANWIENTON WATAETUAD TIATAIUNYI
F9TaU3z9UATIUS uazTIniaTuns ey
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%’mﬁ'@r’qum ANRIAL éﬁ%%’ugﬂuuu E waz F i

(2
=]

Lﬂugﬂuuuimﬁﬂ'ﬂmﬂﬂﬁmﬁmmumﬁauwﬁw
Tudseinalne Lﬁadﬁ]’mﬂqdﬁ’;\‘l 71 isolines 1%
ALARUNATINTDILYILFUTY 2-VI BBIATIUA a9
\ugs An. campestris udfiansuzlaslalaon X,
widaulaslulaw X, 28949 An. barbirostris 1)1
sUuuy uazuandrsanlaslalon X vadgs An.
campestris Gasin ﬁaﬁa%aqaﬁt& 3 EULLuuﬁiﬂqa
An. campestris-like U1y B, E Wag F anuanay
waﬁ]’mmm%’mmugﬁﬁuvlmmu NJ 18984
FImuAILRIS A ITS2, COI uas COll @a83s
AATEAIZUZRNNRUINTIU (genetic distance)
VBIL An. barbirostris W8 N An. campestris-like
(MW 3) wuinmunﬁﬁﬁﬂﬁmaaﬁuﬁamm‘hl,mmi.a
ugeInaNFonadasin lasdanuuanaivesdau
ﬁmﬁia"lwﬁmaaﬁLSuLa’lm:ﬁuﬁgma:/ﬁ%aﬁ
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COI1:0.030-0.040) Tamunsauriseenldiin 5 ngu

laud 89 An. barbirostris 4114 4 NEXN (A1, A2, A3
Uae A4) UazgN An. campestris-like giJLL‘.LI‘.LI E 37U3%
1 gy (CAM) anudau lasluudaznguiianusme
LﬂquIuvleaan@T'sﬁmaﬁum&umaaﬁaﬁ'gamﬂ
(96-100%)
wmnnmsmaaaNauﬁuﬁ:iw'mmjmaaqaﬁ
flaznzvinamaiugnasugs ldun isoline adns An.
barbirostris JUULY A auRuFIINIINTaLToalna 2
isolines (iIACAG,
(IAKA5) URzIWTTLS (IAPA13) aghias 1 isoline uaz

IACA18) 31NAINIANI YUY

89 An. campestris-like JUuuy E mﬂﬁuﬁamﬁ'&%i’ﬂ
\Faglwad (HCES) 1 isoline nafldannnasdnun
W‘.Ll’i’lilq\‘l An. barbirostris ﬁgd 4 isolines ﬁﬁug‘ﬂim‘ﬁl
whawlile laslwaanmsasydulafuaidanly
laign samnmswnareananldduszmialifiniein
dhoananlaee sadeufiindsananlafisasins
50093061 uazdanwmzuanaaslndfiulaslylowd
"laJ'L“}Tﬂgjf‘fumnLcﬁaﬁﬁiauﬁﬁmwaaé’aéauqagnwau
E’w’?i 1 anduiswadsianuiaUnduesssly ar
L@ lawagiinsilavas accessory gland Lazamme
5901198 sex distortion Tugsanduin (MWTi 4-6)
I 50§G°§aﬂqd An. barbirostris 114 4 ﬂéj&l’i’lq\‘l An.
barbirostris UTF A1, A2, A3 Waz A4 @IuE1aU
uanawnimaﬁ"tﬁmnmmauﬁufsf:ijqa An.
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JULLY E (CAM) ﬁuwuiﬁﬁﬁuﬁqnﬁuﬁﬁﬂﬁ'ﬂﬂﬁ
LTULAINT
HAINNINANBINTUNUTT I AT UAZ/ W I
TFUULUTEWINGE An. barbirostris §LITE A1 g
JULUU A, B, C uaz D uazedalTa A2 fuggduuy
AUz B ﬁﬁnmmamaﬁuqnﬁm‘h (genetic
distance < 0.009) waﬁvl,éfmﬂmiﬁﬂmwuimqa An.
barbirostris KUT& A1 ﬁﬁugmsuﬁﬁwﬁ'ﬂﬁﬁuqa
sUuuy A, B, C, D uaze9alEd A2 msﬁvTugmsuﬁ
vhAwldnugsguny A, B Imlﬁgnmau@'uﬁ 1 U8y 2
Pudsuse waaslAiAuingsalad A1 uaz A2 S3tuuy
wanaa3lalndld 4 uaz 2 Jluuy anudey B
ansany e ludszmnssssued Susunnizang
@1W8989 An. barbirostris FUTF A1, A2, A3 uaz Ad

Iaugaslilunng 1
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Ad x Al ,‘W“
AZxA4 ;,m

Ad x A2 r"N

Ad x A3 “Wig
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i 5. mwagngdmousnlwaiinlaslalawd
"lahiﬁ@iﬁ'umnma&?&iauﬁwmwaaﬁadauﬂqa
gﬂwaujuﬁ 1 ﬁ"l@?a’mmswauﬁ‘ufsw'mqa An.
barbirostris ﬁ"a 4 71158 Hazed An. campestris-
like JUULY E: (a) A4 x A1, (b) A2 x A4, (c) A4 X
A2, (d) A4 x A3, (e) A4 x An. campestris-like
duuy E uaz (f) An. campestris- like JUuuy
E x A4

i 6. nMszuURURUTIR I IAN TR
uazinele (a) %‘a"hiﬁﬂﬂamaaqa An. barbirostris
FUTE A4 wwendle; (b) accessory glands L&Y
é’mmzﬁﬂﬂamaaqa An. campestris-like 3UuLUL E
el musgdvlafifauUnduasssliganeis
fildangnuaniuil 1: () A4 x A1, (d) A2 x A4,
(e) A4 x 2, (f) A4 x A3 , (g) A4 x An.
campestris-like gﬂLLuu E waz (h) An. campestris-
like 3UuUY E x A4; n13d@1ay accessory gland
Lm:é’mﬁm:aquwm%ﬁ"lﬁmngnwam;uﬁ 1 (i) A4 x
A1, () A2 x A4, (k) A4 x A3, () A4 x An.
campestris-like EiJLLi.liJ E Wae (m) An. campestris-

like JUUUL E x A4
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AATEHIZUZRNNRUINTIU (genetic distance)
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adlunydli@uaniu wazuuneanainyd An
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gambiae U8zE An. pullus Foldiludrotrouan
mjuasha%’mw eﬁ’wmaﬁfuawummﬁaﬁgamn
(95-100%) lapfidszozrnamsnugnisunisly
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0.004)

wamﬂﬂ’ﬁmaaawauﬁuﬁjﬁmmﬂﬁ'uﬁ:uaz/
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IWiAwdgang 3 sunuiivugnasuidiiuld lao
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Abstract

The ecology of black flies in northern
and southern Thailand was investigated.
Larvae and pupae were collected from 65
stream sites in 10 northern provinces during
the rainy, cool and hot season. An additional
18 sites in 9 southern provinces were studied.
A total of 27 black fly species were identified
from northern Thailand. Twenty-six species
were found in the cool season, when the
species richness and abundance were highest.
A total of 18 specieswere found in 9 provinces
in southern Thailand. Smulium tani was the
most widely distributed species, occurring at
66.7% of the sites in the South. Distributions
of larval black flies in northern and southern
Thailand were not random. Ecological analyses
of stream sites revedled that air and water
temperature, atitude, conductivity and salinity,
dissolved oxygen, humidity, and stream size
are important factors associated with the
distributions of black fliesin both regions. The
polytene chromosomes of three described
morphospecies in the Smulium ceylonicum
group were examined from 52 sites in
Thailand. Ten cytoforms were revealed on the
basis of unique suites of fixed and floating
inversions. All cytoforms appear to be good
species, supported by chromosomal and
morphological evidence. Three reproductively
isolated cytoforms, for which sufficient
specimens were available, were formally
described as new species. The existence of
chromosomally distinct entities in established
morphospecies of the S ceylonicum group
supports a common trend of hidden
biodiversity in Southeast Asian black flies. The
preliminary study of symbionts showed that
five groups of symbionts were found in larval
black flies from northern Thailand: nematodes,
microsporidia, chytrid fungi, trichomycete
fungi and ichthyosporean protozoa.

Key words: Simuliidae, Black flies, Thailand
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Abstract

Luciola aquatilis sp. nov. Thancharoen
(Coleoptera: Lampyridae) is a new species of
aquatic firefly from Thailand. It is a common firefly
species associated with freshwater area and
possesses a wide distribution across Thailand. At
present, this species is subjected to many
negative impacts associated with human activity
and urbanization, resulting in decreasing numbers
and populations disappearing from many habitats.
The successfully developed rearing technique of
this species was not only useful for maintaining a
complete life cycle for many generations, but also
offers an opportunity for observing the duration
and development of each instar, feeding habits,
mating behavior and other biological data useful
for consideration of developing conservation
management practices of this species. There are
several adaptive characteristics of L. aquatilis
observed from laboratory culturing. Thus, the
successful conservation of the fireflies is possibly

done in the field.

Key words : firefly, Lampyridae, Luciola aquatilis,

aquatic, conservation
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Life history and cooper ative breeding in a tropical forest
bird, the Puff-throated bulbul (Alophoixus pallidus), at
Khao Yai National Park

Wangwor n Sankamethawee", Jitwadee K hoonwongsa', Daphawan K amcha’, Supatchar ee
Tanasar npaiboon?, Phetprakai Wonkson®, K orakoch Pobprasert®, Andrew J. Pierce', and

George A. Gale'
'Conservation Ecology Program, School of Bioresources and Technology, King Mongkut’s University of Technology
Thonburi Y'E-mail : swangworn@hotmail.corfDepartment of Biology, Faculty of Science, Mahidol University

Abstract Introduction

Puff-throated bulbuls are omnivorous Most avian studies on life history and
but highly frugivorous. They are highly breeding biology have been conducted in
social, live in groups of 2-7 individuals, and temperate regions (Martin 1996, Brouwer et al.
defend the territories year round. During 2006). Compared to temperate species the life
recent research we found them to be histories of tropical species are typically
cooperative breeders. Cooperative breeding characterized by smaller clutch size, higher nest
(CB) in birds is known from about 3.2% of predation, extended parental care and higher
all species and these species tend to shareadult survival (e.g. Martin 1996, Arnold &
several characteristics: low breeding rates, Owens 1998, Brouwer et al. 2006).
high adult survival, limited dispersal, and Cooperative breeding in birds is more
deferred maturity. Life history hypothesis common in the tropical regions and Australia.
suggests high survival rate is a common This social system is relatively rare; merely
feature of CB. We measured several 3.2% of all species (Arnold & Owens 1998) are
parameters including nest success, post- cooperative breeders. Cooperative breeding in
fledging survival, dispersal, territory birds is defined as when more than two birds
turnover rate, and adult survival. The results care for offspring in the same nest or when
showed they have a low nest success of 7.7- individuals care for young that are not their own
8.6 %, but high post-fledging survival and (Cockburn 1998, Arnold & Owens 1999).
high annual adult survival. Approximately Cooperatively breeding birds tend to share low
half of sexually mature male offspring delay reproductive rates, high adult survival, limited
dispersal, forego breeding independently, juvenile dispersal, and deferred maturity
and help their parents to raise nestlings and (Russell et al. 2004, Doerr & Doerr 2006).
fledglings in their second year calendar. Research in 2005 in the Mo Singto Plot,
Natal dispersal is strongly female biased. Khao Yai National Park found that Puff-throated
Females disperse more frequently and further Bulbuls (Alophoixus pallidus) are cooperative
than males. There was no complete turnover breeders (Pierce et. al 2007). The Puff-throated
of territory owners in one season but 10- Bulbulis considered omnivorous but found to be
20 % male replacement and 10-13 % female highly frugivorous (Sankamethawee and
replacement. Long-term monitoring of this Khamcha, unpubl. data). They live in social
known population is particularly important groups of 2-7 individuals and defend territories
to see how the ecological and social year-round. One ‘group’ comprises 1-2
constraints have evolved. Molecular tests breeding pairs either with or without helpers (or
are required to determine individuals’ other non-breeding adults). The presence of
relatedness and will provide a better cooperatively and non-cooperatively groups in
understanding of the evolution of CB. the same population provide a unique
Furthermore while CB is not randomly opportunity to study the life history of this
distributed, it would be interesting to know if unusual breeding system. The effects of
there are any other species in the same helper(s) on reproductive success of breeders
lineage which exhibit this breeding system.  have not been proven in this species yet, while

other life parameters are needed for a better

Key words: Alophoixus pallidus, cooperative understanding of little known tropical forest
breeding, life historynatal dispersal, survival. birds. The aims of this study were to assess
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several demographic parameters including
reproductive rate, juvenile survival, natal
dispersal, adult survival, and turnover rate of
territory owners to explain how cooperative
breeding is involved.

As habitat suitability rapidly changes
due to anthropogenic disturbances in tropical
forest systems, we need to investigate the
ecological functions of multiple species to
garner information about their requirements
when habitat is undisturbed. Relatively intact
forests in protected areas serve as critically
important areas for these baseline studies.
Studying the life history of cooperative
breeding birds in intact forests adds valuable
information to the ongoing study of avian
cooperative breeding behaviour world-wide,
especially for South-east Asia where little
information exists.

M ethods

Sudy area and study population

The study was conducted in the 30 ha
Mo-Singto (MST) long-term biodiversity
research plot (Brockelman 1998), Khao Yai
National Park, Northeastern Thailand. The
plot is situated in mature, seasonally-wet
evergreen forest with undulating ridges and
valleys from an elevation of 723-817 m asl.
(Brockelman 1998). The average annual
rainfall is 2,554 mm, most of which falls
between May and October.

Puff-throated bulbuls in the MST plot
have been ringed and monitored since 2003.
All captured birds were ringed with a unique
colour ring combination of two colours and
one Royal Forest Department (RFD)
aluminium ring with an individual number. At
least 23,515 net-hours were used to catch
adults, and unbanded fledglings, especially
those from inaccessible high nests (>7 m).
During the juvenile period when we were able
to age them, at least 4,685 net-hours (for the
year 2006), and 16,134 net-hours (for the year
2007) were employed to catch free flying
juveniles. We followed and identified banded
individuals using binoculars starting at the
beginning of the 2006 breeding season to
record their foraging locations and encounters
with other groups. We mapped encounter
locations as territory boundaries (e.g.
Woolfenden and Fitzpatrick 1984, Carmen
2004). We recorded the number of individuals

We considered individual birds as part of a
group after detections with the group members
were consistent for more than two months.

Nest finding and Monitoring

Puff-throated bulbuls generally nest in the
understory (0.5-6 m high), but 2% of nests are
built between 7-25 m above ground (Pierce et al.
2007). Nests of all breeding groups were
intensively searched for during the breeding
season (February-July) Adults of every nest
were checked for colour rings and used to define
their territories. All adjacent territories of each
focal group were also mapped to determine the
number of neighbouring groups and individuals.
All active nests were checked regularly (every 3
days in the nestling stage) until they failed or
fledged. Nestlings were ringed and weighed
when 8-9 days old (2-3 days before fledging);
unlike some other species they did not tend to
explode from the nest when disturbed close to
the fledging day. Puff-throated bulbuls
occupying territories within and adjacent to the
30 ha permanent plot were monitored
continuously from 2006-2008. Each territory
was monitored at least weekly throughout the
breeding season (February-July), and monthly in
the non-breeding season (August-January). The
entire 30 ha study area was intensively
monitored once every week.. We analyzed
nesting success using the Mayfield method
(Mayfield 1975). The MARK program was
used to analyze survival of fledglings and adults
(White & Burnham 1999, Cooch & White
2008). We analyzed the natal dispersal
probability based on 100 % survivorship of
juvenile birds after becoming nutritionally
independent from parental care.

Results

We found 62, 98, 152, and 74 nests in
2005, 2006, 2007, and 2008, respectively. The
Puff-throated bulbuls experienced a low nesting
success rate of 7.7 -8.6 % (Mayfield estimates)
during the four breeding seasons (2005-2008).
They usually lay 2-3 eggs, and a breeding pair
can re-nest up to a total of seven attempts in one
breeding season. A total of 41 of 324 nests
(12.6 %) successfully fledged young. Cumulative
survival probability during the post- fledgling
(dependent period of 2 months) was 0.61 + 0.09.
Seventeen of 23 fledglings (74%) in 2006, 24 of
37 in 2007 fledglings (65%), and 22 of 27 (82 %)
of fledglings in 2008 survived to independence.

and unique colour band signatures detected at The critical time with highest mortality is during

each encounter event to determine group size.
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Figure 1. Survival probability (mean + SE) during the dependent period (8 weeks post-fledging) of
juvenile Puftthroated Bulbuls at Khao Yai National Park during three breeding season-2008)

If juveniles survived to independence from
nutritional parental care, their survivorship by
the end of the first year of life is almost 100%
(probability of surviving 0.99 £ 0.01). There
was no dispersal of juveniles in the Mo Singto
plot population. Dispersal occurred at the
beginning and during the first breeding season
post-fledging. Most female offspring (94.4 %)
disperse with only one individual being
recorded staying and helping at a nest in its
second year. Half of all male offspring
remained in their natal territories while 83% of
dispersing males moved to neighbouring
territories. Dispersal patterns were strongly
influenced by year with the birds that fledged
in 2007 being more philopatric (likely to stay
in their natal territory) than the birds that
fledged in 2006 (Figure 2). When the effects
of sex and year were combined, females
fledged in 2006 showed the highest dispersal
probability (0.52 + 0.05), and males fledged in
2007 showed the lowest dispersal probability

showed natal philopatry. The majority of helpers
are male offspring while only approximately 17%
of female offspring were also observed to help at
a nest before dispersing later in the same breeding
season. None of the philopatric offspring bred in
their natal territory despite being potentially
sexually mature (as proved by some dispersing
females being found to breed in the first breeding
season post-fledging).

Average annual survival rate of adult birds
during 2003-2008 was 0.85 = 0.02. There was
no complete turnover of territory owners in one
season, but 10-20 % male replacement and 10-
13 % female replacement. At least 57 % of
females and 53% of males maintained breeding
status over 3 years.

Discussion

Puff-throated Bulbuls experience low
nesting success, high juvenile survival, limited
juvenile dispersal, and high adult survival, all of
which are typical for tropical passerines

(0.07 + 0.03 SE), while females in 2007 and (Stutchbury & Morton 2001). Our estimates of
males in 2006 were similar (Figure 2). The post-fledging survival is similar to other tropical
actual dispersal pattern also supported the year forest species with post-fledging survival rates
dependent models in which 66.7 % of males between 60-67 % (e.g. Cohen & Lindell 2004,
from year 2007 remained in their natal Green &Cockburn 2001, Brouwer et al. 2006),
territories; while 25 % of the males in 2006 which are considerably higher than the survival
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Figure 2. Monthly probability of staying (mean + SE) in the natal territory of offspring of Puff-throated
Bulbuls during the second year estimated from cumulative survival probability. The estimates based on the
assumption of 100% juvenile survival, and the probability of staying during the non-breeding season is
constant over time, while dispersal occurs during the breeding season which depends on year, sex, and time.
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rate of 13-43 % in temperate birds (e.g. Anders
et al. 1997, Vega Rivera et al. 2000, Yackel
Adams et al. 2006, Grefio et al. 2008). This
increased survivorship of juveniles is probably
due to prolonged parental care in tropical birds
(Martin 1996). Puff-throated Bulbuls extend
food provisioning up to eight weeks post-
fledging, which is demonstrably longer than

other passerines e.g. 13-21 days (e.g. Vega breeding ecology and

Rivera et al. 2000, Cohen & Lindell 2004).
Furthermore, juveniles remaining with their
parents for a long period indicating some
advantages of staying ‘home’ as a safe place
until dispersing to breed. The critical period
for juvenile survivorship is during the first
week after leaving the nest. Our findings are
supported by other studies in both temperate
systems (e.g. Sullivan 1989, Davies & Restani
2006, Berkeleyet al. 2007), and tropical
systems where high mortality rates are
attributed to limited flying abilities (e.g. Green
& Cockburn 2001, Cohen & Lindell 2004).
Also, in that first week after fledging, juveniles

Overall Puff-throated Bulbuls experience
high annual survival which is demonstrably
higher than other tropical passerines; for
example 50 - 69% in Neotropical species (Blake
& Loiselle 2008). Generally survival of tropical
and southern hemisphere birds is higher than in
temperate birds (Russell et al. 2004).

Our findings provide a baseline of
life history of a
cooperatively breeding bird and broaden our
understanding of avian breeding system in the
tropics. Understanding constraints among life
history traits of birds in this little studied region
will increase our knowledge of evolution of
cooperative breeding species worldwide. This is
also particularly important for population
management and conservation in the tropical
forests where anthropogenic effects are having
substantial impacts.

Acknowledgements
Our research was funded by the
Biodiversity Research and Training Program

are entirely dependent on parental care as they (BRT_T350006), and the Royal Golden Jubilee

learn to forage. The primary cause of high
mortality in the crucial post-fledging period is
generally attributed to predation (Sullivan
1989, Keedwell 2003, Berkeley et al. 2007).

Natal dispersal in Puff-throated Bulbul is
female biased both in frequency and distance.
Female-biased dispersal is common in many
birds 9. Greenwood 1980, Plissner &
Gowaty 1996, Robinson & Oring 1997). This
pattern is more obvious in social species
(Yaber & Rabenold 2002). Such a dispersal
pattern in this species strongly supports male-
biased helping in cooperative breeding
(Pasinelli & Walters 2002). In cooperative
breeding birds, philopatry is the preferred
option for young males (Pasinelli & Walters
2002, Cockburn et al. 2008), who tend to
queue for breeding vacancy both in natal and
neighbouring territories (Cockburn et al.
2003). The philopatry hypothesis suggests that
philopatric male helpers can gain both direct and
inclusive fithess (e.g. Cockburn et. &008).
Any sex-biased dispersal behaviour results from
differences in the relative costs and benefits of
dispersal, and are explained in terms of
territoriality and resource defence (Wolff &
Plissner 1998, Yaber & Rabenold 2002). For
females, to disperse is a strategy to avoid
inbreeding with close relatives (Greenwood
1980).

Proceedings of the 12" BRT Annual Conference 86

10-13 October 2008 Surat Thani

. a'B RT

Ph.D. Program (PHD/0240/2547). We thank
P.D. Round for supervision and collaboration in
bird banding. We also thank N. Sukumal for
additional field data. Many thanks to B. D.
Hardesty and S. Metcalfe (CSIRO, Sustainable
Ecosystems, Australia) for helping with the DNA
sexing analysis. We thank an anonymous reviewer
for the valuable comments on our earlier version of
this manuscript. We thank the Department of
National Parks, Wildlife and Plant Conservation
for permission to conduct the research and the
Khao Yai training center for accommodation.

References

Anders, A. D., D. C. Dearborn, J. Faaborg, and F. R.
Thompson IIl. 1997. Juvenile survival in a
population of Neotropical migrant birds.
Conservation Biology 11:698-707.

Arnold, K. E. and I. P. F. Owens. 1998. Cooperative breeding
in birds: a comparative test of the life history
hypothesis. Proc. R. Soc. Lond. B 265: 739-745.

Berkeley, L. I., J. P. McCarty, and L. L. Wolfenbarger. 2007.
Post-fledging survival and movement in Dickcissels
(Spiza americana):  implications  for  habitat
management and conservation. A@d:396—409.

Blake, J. G., and B. A. Loiselle. 2008. Estimates of apparent
survival rates for forest birds in Eastern Ecuador.
Biotropica 40: 485-493.

Brockelman, W. Y. 1998. Long term ecological research plot
for the study of animal diets in Khao Yai National
Park. - In: Poonswad, P. (ed), The Asian hornbills:
ecology and conservation. Thai Studies in
Biodiversity - No. 2, pp. 307-310.

Brouwer, L., D. S. Richardson, C. Eikenaar, and J. Komdeur.
2006. The role of group size and environmental factors



on survival in a cooperatively breeding tropical
passerine. Journal of Animal Ecology 75: 1321-
1329.

Carmen, W. J. 2004. Noncooperative breeding in the
California Scrub-Jay. Study in Avian Biology No.
28: Cooper Ornithology Society.

Cockburn, A. 1998. Evolution of helping behavior in
cooperatively breeding birds. Annual Review of
Ecology and Systematics 29:141-177.

Cockburn, A., H.L. Osmond, R.A. Mulder, D.J. Green, and
M.C. Double. 2003. Divorce, dispersal and incest
avoidance in the cooperatively breeding superb fairy-
wren Malurus cyaneus. Journal of Animal Ecology
72:189-202.

Cockburn, A., H. L. Osmond, R.A. Mulder, M. C. Double,
and D. J. Green. 2008. Demography of male
reproductive queues in cooperatively breeding
superb fairy-wrenaMalurus cyaneus. Journal of
Animal Ecology 77: 297-304.

Cohen, E. B, and C. A. Lindell. 2004. Survival, habitat use,
and movements of fledgling White-throated Robins
(Turdus assmilis) in a Costa Rican agricultural
landscape. Auk 121:404-414.

Cooch, E. and White, G. [on line]. 2008. Program MARK:
A gentle introduction. (7
edition),<http://ww.phidot.org/software/mark/docs/
book/> @0 February 2009).

Davies, J. M., and M. Restani. 2006. Survival and
movements of juvenile Burrowing Owls during the
post-fledging periodCondor 108:282-291.

Doerr, E. D., and V. A. J. Doerr. 2006. Comparative
demography of treecreepers: evaluating hypotheses
for the evolution and maintenance of cooperative
breeding. Animal Behaviour 72: 147-159.

Green, D. J., and A. Cockburn. 2001. Post-fledging care,
philopatry and recruitment in Brown Thornbills.
Journal of Animal Ecology 70:505-514.

Greenwood, P. J. 1980. Mating system, philopatry and
dispersal in birds and mammals. Animal Behaviour
28: 1140-1162.

Grefio, J. L., E. J. Belda, and E. Barba. 2008. Influence of
temperatures during the nestling period on post-
fledging survival of Great TitParus major in a
Mediterranean habitat. Journal of Avian Biology
39:41-49.

Keedwell, R. J. 2003. Does fledging equal success? Post-
fledging mortality in the Black-fronted Tern. Journal
of Field Orithology 74:217-221.

Martin, T. E. 1996. Life history evolution in tropical and south
temperate birds: what do we really know? Journal of
Avian Biology 27:263-272.

Mayfield, H. F. 1975. Suggestions for calculating nesting
success. Wilson Bulletin 87:456-466.

Pasinelli, G., and J. R. Walters. 2002. Social and
environmental factors affect natal dispersal and
philopatry of male red-cockaded woodpeckers.
Ecology 83: 2229-2239.

Pierce, A. J., K. Tokue, K. Pobprasert and W. Sarksamwee.
2007. Cooperative breeding in the Puff-throated
Bulbul Alophoixus pallidus in Thailand. Raffles
Bulletin of Zoology 55: 199-201.

Plissner ,J. H., and P. A. Gowaty. 1996. Patterns of natal
dispersal, turnover and dispersal costs in eastern
bluebirds. Animal Behaviour 51: 1307-1322.

Robinson, J. A,, and L. W. Oring. 1997. Natal and breeding
dispersal in American Avocets. Auk 114: 416-430.

Russell, E. M., Y. Yom-Tov, and E. Geffen. 2004. Extended
parental care and delayed dispersal: northern, tropical,
and southern passerines compared.  Behavioural
Ecology 15: 831-838.

Stutchbury, B. J. M., and E. S. Morton. 2001. Behavioral
Ecology of Tropical Birds. London, Academic Press.

Sullivan, K. A. 1989. Predation and starvation: age-specific
mortality in juvenile Juncos J@nco phaeonotus).
Journal of Animal Ecology 58:275-286.

Vega Rivera, J. H., C. A. Haas, J. H. Rappole, and W. J.
McShea. 2000. Parental care of fledgling Wood
thrushes. Wilson Bulletin 112: 233-237.

White, G. C. and K. P. Burnham. 1999. Program MARK:
survival estimation from populations of marked
animals. Bird Study 46 (Supplement): 120-139.

Wolff, J. O., and J. H. Plissner. 1998. Sex biases in avian
natal dispersal: an extension of the mammalian model.
Oikos 83: 327-330.

Woolfenden, G., and J. Fitzpatrick. 1984. The Florida Scrub
Jay: demography of a Cooperative Breeding Bird.
Princeton, New Jersey: Princeton University Press.

Yéaber, M. C., and K. N. Rabenold. 2002. Effects of sociality
on short-distance, female-biased dispersal in tropical
wrens. Journal of Animal Ecology 71: 1042-1055.

Yackel Adam, A. A,, S.K. Skagen, and J. A. Savidge. 2006.
Modeling post-fledging survival
of Lark Buntings in response to ecological and
biological factors. Ecology 87:178-188.

87 ﬁ'uﬁnmsﬂs:quimmﬁﬂﬁ:ﬁwmﬂﬁms BRT a39h 12

10-13 9a1Ax 2551 9ningnugini ’-""BR.T



NaY2INWDIAEADANNAIINKARN ﬂﬂﬂﬂ&ﬂﬁ%ﬁﬂdi%ﬂ%t')m

qﬂm%uﬁamﬁtmﬁ% WAIABATAIDITNINY

[ a £1 a o o [
?q[ﬂﬁ]ﬂ']:]’r AAURIND U2 %%uauuﬁ LLRSBUNT ‘Wa‘]_l‘wﬁd

a a a a o o 1 )
MAdTEIIne ansineeaas ummmaua\mmuﬂsuw{ E-mail : suparoek.w@psu.ac.th

UNANLD

qwmmm’wwﬁmﬁu éfaag’lummﬁyuﬁ
FINTABATAITITNIDT Uiznavalry shain
ANRABULY TR TanunaInratsvaINTLaY
daige saiduuunsfifianuiranluszuuiinath
LATIURZLBEANITANENAMURAINRALINA LY
aNEUY uvadh falidayaesun Jagdszasduad
MIAnHIASIR Ao AnwnavasANa FuRTde
ANURAINWANEINAURABAY TasLAUdI0tng
ualu 3 Aufl de tdunesssum@diuaning
wigAnnEIsavnlse wasidunieiaelng
ﬁmnqﬁum HIN1329UURIN1ITIUWIA 30x30
Was $wIn 3 wlas luudasAuiiansn waas
uilasudadu 3 uwldus1 Wranwlszunm
500 LUAT

Tumstfivdedrsuald 5 5% da nsldinie
Wnw (HB) nnsldazunsesaumnlulal (L)
NN3UA8de (HC) N19219nuan (PT) uwaz WB
(Winkler Bag) lasvinmsifiutoyanny 2 iiau
FERINIABUUNTIAN W.6. 2549 - UNTIAY W.4.
2550 HANNIANHIWLNATIRY 245 THa 50 ana
uaz 10 29dtas laun 19dtas Myrmicinae (109
31@) Formicinae (55 Ti@) Ponerinae (46 Tita)
Dolichoderinae (15 7#@) Cerapachyinae (4 1)
Pseudomyrmecinae (6 74a) Aenictinae (4 THa)
Dorylinae (3 T#®) Ectatomminae (2 74a) Ua
Amblyoponinae (1 T1a) aqamawmﬁwumnﬁq@
fa Pheidole (31 THa) 3048981 fa Camponotus
20 i) NIMITNSIALAIeEINA b uLARLAT
WUIRINITAIVNA LGUANANINH Lﬁ'aﬁ']iagam
AATLEN 9D ALUL multivariate analysis @283
(DCA)
wmﬂﬁuﬁﬁnmmmmuﬁamjumaaﬂLﬂu 2 g

Detrended Correspondence Analysis
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Ao njunanarduegiidunisTnmatiuaning

1 A’ s 1 :ﬁv nl' 1 a o 6 v 1
LLaf:n@amemﬂﬂagl‘uwuﬂwmswmmmma*’umﬂiz

AEIAR : WANHE, @NUIUULWITIALYIR,
JINTAUATATTITNID
Un

q'ﬂmuum"mﬁmﬁmﬂumwﬁwaaLﬁamm
wASARsITN Siflefidszunm 436 aneRlawwas
flanunanuaisvasisuazdadgs (Witaya, 2000)
Toniawzuadaiuunaidnoianisfifianuidy
agsnnnluszuuiing uagsldinsAnsaiuainy
AINRANBTBINA UGN uisit

ualduuuadluauay Hymenoptera 296
Formicidae  Slunumandalunisdrselidaainy
au@;amuﬁﬁmwmmzuuﬁnﬂ Wasanuadunuan
wazwiifilunans 9 du lasuasulngfunumiu
WanIafiuaindad mwﬁmﬁmsﬁawwmﬁ'ﬂag
srunuRswazdaian sasuisaldiduawiilunis
Ussifiuamnamannnaty wisasaseumsiasuuyss
29IRMWINAGEN (Alonso et al.,, 2000) wazsinun bl
MI0UANLIETINTVDIUNAIAAINT  (Khoo and
Chung, 1989; Kritsaneepaiboon and Saiboon, 2000)
s’mﬁy’a"ﬁayﬂ%uﬂgalﬂida§waﬂwaﬂﬁﬂmwmaaau Gafi
1996)

dy o A 6 1 =1 A 1
wananmuagsiUslumidans lasdaiusiolumy

nadanislasuLAulavasiy (Maryati,

NIEANUNAANUTUAZTIUNFNLNGT Faflanuindy
NHAUHIFAINLILALIINUINT (Bronstein, 1998)
ANTANEIAIURAINAANVDINA I HUTLI T
nin1adag vaslanwuiiananainnaisludiu
2847%A 911U UATANNTNTN FANULANAIINL
lapduiuriinaiunazannIaINIZAUAINEIIN
seautinzIafLAndw (Briehl ef al., 1999 : Fisher,
1998 ; Samson et al.,1997 ; Ward, 2000) Lazd1wI%



mﬁmﬂnaaumuﬁlwfumm:ﬁuLﬁuj”dﬁa@aa (Begon,
1996) VMLANIIANBIAARAINRAIBBINAT
mﬁ'ﬂayﬂuu‘%rsml,mm"?iag’mﬁ’mm:ﬂs:mmaaﬂ’l
fuananiu wu'jwaaﬁﬂszﬂaumamqauawﬁmzﬁ
AMULANGINUGIY (Briehl et al., 1998 ; gnnn
WaTADE, 2550; WIUIUNIUAz s Iwi, 2547)

ot luﬂﬂiﬁﬂwm%ﬁﬁf@lqﬂi:mﬁl,ﬁa
AnwnTRievesduanfuninadan U nnaIL 8
u@ﬁag}imuﬁuﬁu LﬁaLﬂuﬁagaﬁTugmlumsmm
Janiidiuniseying mammﬂwﬁagaﬁl"ﬁ
Wisuifisuasddsznavvesualuusnmlndifesnd

MSANHINAO UL

adnsal uazkisnis@nusn

9
¥ ]

WHNFANS

ONENBULAITIALD Y VINTAUATAIDITNIT
éiy'aagjii:ﬁiwa:agﬂﬁ 8 ° 41'N-8° 58'N uazaa433a
7l 99°30°E-09°09E  AzBuAquANAYIzNIM 436
a159Rlalas vinmsidendiuidnsn 3 19 fa
WWwnIsIsNT@atauanlng wineAnnERIsLIeY

thise LLazLﬁumaﬁ”’aﬂlmujﬁmﬂqﬁfum (WA 1)

EUNNFTINTIAL RN A

LW WN A LT ayjlus:é’ummga 280
- 420 WAT MNTEEVIMNLLA LLazagszijazagﬂﬁ
8° 46N LLazaaa%g@ﬁ 99 ° 47E lapiuiiansn
67'\1ag’u’%nmqmwﬁﬁmmmm%’uga Fanunwinin
pastuduiopvinlddufiasnsnn Swssmlda

UANAINANUII MO g BasiwnaIulnglulaa

E‘Jqﬂﬂ']%LLﬁﬂ’]ﬂaL"ﬂ']ﬁ% adﬁﬂi:ﬂaumad‘ﬁﬁﬂWiimvlﬁ'ﬁ
wuluuSnad Usznaudas Lifudu 1iu EHEN
Syzygium gratum (Wight) S.N.Mitra var, gratum fa
Lithocarpus sp. wqunvlﬁ Nageia sp. NzLﬁaﬂ Gnetum
sp. 311111 Magnolia elegans (Blume) H. Keng
AzLABUNDY Hopea odolata Roxb. maﬁuﬂg
Dipterocarpus kerrii King wazAa Livistona speciosa
Kurz  1Tudu "l,aijmLa:Vlﬁﬁuma LU NRAILVI
Rhododendron moulmeinense  Hook.f. ﬁdﬂ?ﬂ
Vaccinium bracteatum Thunb. ¥31¢8 Calamus spp,
LLavaBiL'gaU Dinochloa scandens (Blume) Kuntze
Wudw ndldvesldtudunaznare ldofiade g iu
Coelogyne spp., Eria  spp., ﬁdI@lﬁﬂ&l‘iALL@d
Bulbophyllum patens King WRZNAUV1? Bromheadia
alticola Ridl. 1Juaw 1ASusfiae199 11w dauan
Dipteris conjugate Reinw. wazlou Dicranopteris
linearis (Burm.f.) Underw.var.linearis 1 e
nieANnEeaYLLe

ﬁaagizﬂiwaazag@ﬁ 8° 51N LLazaaﬁg@'ﬁ'
99 ° 37°E agluzauaNugy 130 - 350 1NAT AN
sequtinnza Hiilefiuszanm 4,000 - 5,000 13 Audl
ganlvglundssdnwridulddrodu e
Elateriospermum tapos Blum %d‘ﬁ%a%il,ﬂ%ﬂﬁju
asfUsznovvassianssalidnoluusiomi
dsenaudie TalHudu 1% uzaing Magnifera sp. uay
ue'lW1n 296 Euphobiaceae 1Tudu vlﬁvjmmzvlﬁ“ﬁu
819 1u danlnaiiien Eurycoma sp. 2sditiasniin

Annonaceae aiilaalA Ardisia sp. #1218 Calamus

>

= = a4 & & dea @ a o ' 9 P R . Ao go |
NIAN 1. BRNBNLRSNAIVDINBNANG 1= Lauﬂ'\ﬂﬁiiu"ﬁ’]@lﬂ?uﬂﬂl%@, 2= Lﬁuﬂ’m%'}ﬂl%fyquuﬂ'], 3= nihgNnnERaeds
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spp. I Lasianthus sp. VWAL Diospyros sp. 1w

du \WSusfiad199 1w Tectaria  sp, WAz

Nepholepis sp. 1D udn

a

g lnaiiangsisnm

9

'
1A o Aa

ﬁuﬁﬁnmﬁwmwnﬂamgﬂﬁ 8 ° 46'N uaz

2

aaa%g@ﬁ' 99 ° 48E ﬁzdagﬂmz@i'm’;wgaﬂizmm
140 - 160 wa3 nsinzta anwlasrialudmdis
LTURTHLLN fwssnlifuandrsniunanssiia
sssdsznavrfanssoldminldtudu u Ins
Ficus sp. L6139 Caryota sp. VWAL Diospyros
sp. Syzygium sp. 3zi2911 Mangifera sp. Waz
uzlwth 296 Euphobiaceae 1fludu ldwauazlaf
%19 15% 1Ty Greenea sp. Wae Lasianthus sp.
anwdaaln Ardisia sp. wazls Amomum sp. \Iu
o WSurfiadngg 1w WWTwEwALAN Lygodium

sp. WRe Tanitis sp. (e

MAYAIaL1d
YITN13719 LU ad§17UVUD1ITYWIA 30x30

WAt $wan 3 wasluudaziui aoin a=dulas

§1979M95% 9 uiag I@ﬂii@iaziiﬂaaagﬁwaﬁu

13zanms 500 LUAT (mwﬁi 2)

nsinualatiua 5 35 fa
1. mslfniesiman (Honey Bait Traps : HB)
Hwstldsunanawinnnwiduorns lagld
a%’i?éimiazLLN’m’m'ﬁ"]amﬂg']uum’%ufiuﬁﬁw?ia;i
AMuluuuIEUE13I9 Uszume 2.5 LuAT J2UTHNd
TR TVURBERUTENID 5 LUAT MIUHUEIAU Y
AUAWTI 3 WLFHENTID UFIIFFUEUIY - 2
(mwi?i 2) &1V WIQ 7.0X5.5 LTUALUAT 2N9UH
Audnuaznaniassnnussnaaluuss minnud
flanududusessiinadasin (2:1) a3 szanm

30 ﬁuﬁﬂmﬁmaamﬂwuagjiuumiué’nﬁua:

Line 1 Line 2 Line 3
i - i :
| | |
HB HB HB
| | |
& & & L &
55 155 155
HE HE o
| | |
® @ ® 4+ 10
5,10 150 25,10
HE E HE E HE E
i i i
= @ ® = 15§
5I,1 5 1?.1 1 2|5.15
| HB | HE | HB
| | |
) d & 4+ 0
5.20 15.20 25.20
i i i
HB | HB | HB |
! ! !
] ® = 4+ 25
525 15,25 2525
HE HE o
| | i
= & = 30
5 15 25
N

WA 2. wiadtasawia 30x30 ¥, waTAWARINTIALAaHN 1naNFlunsey fe Suduieau

LRAILWINITING PT (Pitfall Traps) LLazHB )(Honey Bait Trap)
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VS MU NUHWENE WY UMILAULNWENE uas
fuusialdudugd e ldasraiusiuan
vosuandazoialuiasl fIan1s dariu uwadu
#1979 1 L& LAUA081IUNBER 6 UWHE LA
FuuSiimlauiudd 6 a20819 38 1 wias
WAUAIDEILHUENE 18 W wazduuSaaldunn
&8 18 @20819
2. nM3lEiuaNwaY (Pitfall Traps : PT)
dwitldsunannnangas laslu 1 1du
§1323 VL@T'J’]W@:JLwiawqmwmmmﬁuﬁu%ﬁu
UIzunmh 250 LTWALNAT WAITHEHIITEWININGY
Usz0na 500 LUUALNAT UARZAINIIFALA UG Y
wazaNuasRaURUAIwYaIn3lE HB (nwdi 2) 20
v\quﬁnﬂs:mm 12 LTWALUAT ﬁLéfushquﬁnmd
Uszunt 10 LTBALNAT LAIIILAIWAIFEANTUNA
A11UB12 10 LTuaLNaY wazdinunad
WU guinang 8 Loudiuas aslungu INdIuNaw
WendsauLezin (1:3) ﬁwmmf‘taﬂmnmmma
Wuumuwldfusimdined 1Fudunszauia
1303UB5ATUIA 15X15 LTURLUAT WAZAINTUIA
AIND17 30 Loudluas HLFur1awingid 0.5
adluay wI% 2 L L’«J’]:Eﬁg\‘i 4 4y 189NN
uiradanuanluuasainiuudrdau3min
it mafsliuszanm 1 5% iudatnaldlug
F1 ot I danenuaza AL wIns s LAz
sialudead §Uan1s doiu uwnduima 1 1du
\udeagniue 6 9 nIa 1 ulad Ludad1INg
Yad 18 04

A

3. N33UAIBia (Hand Collection : HC)
Huwisildsuvafiondoanduld §rdu 1
Wa uaz'ldy laslduindudvaalaluvaaiiu
dadd lapdiiudmatng 1 au 16iaan 30 wifl de
1 UALEUE529 9w 1 ulas dastfiudadnua

1 $2lug 30 wf

4. m3ltazunsssanannlule (Leaf Litter Sifting : LL)

iRl Esunefiandoamauiueu lagifivann
Tu'ldwienaldlaluazunsssansnia 0.8x0.8
udiuas Ndoesesiuduans Mdindvivuals

lwnafiudiadng lasdiiudetng 1 au lFiaa 30
PN 4 1 WWILEUEITID A91% 1 wUad tNUA8EN9
e 1 72009 30 W

5. 3 3lUUY Winkler Bag (WB)

HuwaRldsunaniandoauiuin la gy
1M9ABNLATA (quadrat) TWIA 1XT LUAT LARZLK?
L'ﬁuéﬁwejuLﬁwmnlu"lﬁua:mmgﬁ'&mnﬁaau 330
lalugeddudrBadngeldaiin dnldlu
ol Juanisitelamnluldaslugynsaluzn we
F05% dait ionluldlalugenidie 2 g9 aua
27X36 LTUALNGT ﬁgmﬂﬂwmmﬂ 4X4 ARLNGT WA
lalugs we %amﬂ’luqaﬁmmalﬁmﬁm%ﬂqamﬂzhU
2 93 wazfiaraMEnuuIntu 2 6% vua 16X27
LTWALNAT WI202W19T2®I9N® 41 LouGLuas
W99 NIuINY1@ ethyl  alcohol 80 Lasidud 1a
VI UAE920999 WB LLﬁ’JEdﬂU’N’JﬂﬁLL‘L@% %
duune9ns WB - wnianlwuuu inldusauld
Uszunm 2 5% udenaslaviadiosi eeiu 1
wdas LtAvdledsua 9 vaa annannlulduazann
W9 9 99

indadaneldannisfiudladie wen
aaniu 2 du Ao aawwsniAn 1ilu ethyl alcohol 80
Wefidud srudimesingdislilduasgin iite
ild@nmansueniseunsninulasdunnais
Bolton (1994, 1995, 2003) a8 Hoélldobler and
Wilson, 1990 uazidIeuisuaiatriualuass
G20819YINANTAUNTITUTIAINGT 50 WITHN

ﬁil']ll‘l.lilli']’ﬁf]ill'ﬁ URINNRDEIVRUAITUNS

mIATIEYTaya

“iin13dtasizideya lawld multivariate
analysis @2833N17 Detrended Correspondence
analysis (DCA) Lﬁ'a@wamaaﬁuﬁmsﬁnm Afinade
Frururiiavalunisdaudangs droldsunia
AaNRILADS PCORD 1983501 3.20 LLa:ﬁagaﬁmm
Sz IHamzanuivasuaiinulitosnin 4
A%y nmsiAnaneanee 7 e 1uvqmﬁvuﬁ

AsANEI TINIWIN 119 wha
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NaNIIANE
ANAAINNRAILYBING
NNSANBIAINNRAINAAILVINA LUNUN
qwmuwa"mamﬁfu TIRIAUAIAITITNIT Loy
& o ' ¥ ad ad A A=
MIAUe819e8356199 5 35 Tu 3 Aundnm
WLNATIIRU 10 24ditian 50 ana 245 Tila 1dta
109

294NN NWL ldun Myrmicinae e

Formicinae 55 7@ Ponerinae 46  7ia
Dolichoderinae 15 7@ Pseudomyrmecinae 6 1@
Cerapachyinae 4 1@ Aenictinae 4 T4 Dorylinae
3 1@ Ectatomminae 2 7@ WAz Amblyoponinae
1 500 (13797 1) 09 IzNaUVBINATEAUANANL
NATINUA 50 8MA WUNALUANS Pheidole mnﬁqm
31 afia (1265 1daiidud) 70489u0 Ae
Camponotus 20 T9a (8.16 Wasidud) auaae
Tetramorium,  Polyrhachis, Pachycondyla &%
Crematogaster 16 1Ha (6.53 \Uasidud) 15 via
(6.12 1Wasidud) 15 wia (6.12 wasidud) uaz 14
7iia (5.71 Wesidud) sliamuiey (3197 2)
AuAenm

Wouuifsunsvesiuiidnenlu 3 Aui
(Funessumatauaning niheAnndiae
113z UazIRUNIIRD ﬂ’lﬂqjt{mﬂqf{um) T3
\AUA28819 5 35 (HB, PT, HC, LL W&z WB) nu
BiaaiNn T906 eigenvalue V89 Axis 1 UAZ
Axis 2 LYiNNU 0.533 1az 0.336 AMU&1aU WU
ﬁuﬁﬁnmmmm%mmjﬂﬁ 2 nqu fe Audl
dunessumatauanlng uasiufindofinng
wuartyse é{ﬂ%%’ﬂﬁuﬁﬁmiﬂ@m{mnqﬁfum
limusnutinguldainadaa (MW 3)

JsainanIs@nen
AVALIENOLVDINALAZAIINAR IR
miﬁnmmnwmﬂ%mwaamiqumu
UWASTRLDNTY TTRINILABUUNITIAN W.A. 2549 —
UNIIAY W.A. 2550 WUNATINUA 10 29dday 50
ana 245 i@ mMsfAnwassiidanunainsieas

' o oA = a a = a
N@LL@ﬂ@qﬁﬂuLNﬂLﬂiﬂUL"ﬂ Uﬂﬂﬂﬂqiﬂﬂ'ﬂflﬂuﬂ 1%
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Vs ahaugusesnald 1 luaainmiuiaad
P17 1auaNT19 JIRTARIVAN NNTANEITES Watanasit
et al. (2000) meAsldnuan (PT) wunaud 59 wiia
fulldann Watanasit et al. (2005b) LAUNALKIIOW
2a0 WUThaua 118 via tAulainlunsdnm i
ANNLANAIVDIITMILAUAIBENT uaziuondovas
g mﬁnmm%ﬁﬁwmﬂﬁuﬁaasmmﬁmﬁﬂagimu
U3 miuang uaziBEmsiiudlegisnanransis
saldudanfivinlWsfievasuanandrainly @
M3An®1ad Noon-anant et al. (2005) ladAnsanw
wannABvINa ke N RuEFathatan-uian
InIausg laslsizmsiualesn 4 35 laud
HC HB LL uaz SS (soil sampling) WU WIBTHANA
AlndiAsanuiumsanunluassil do 255 wiia
snwmvaswsTasifduasssznavaasii
Wudndasefnildanansinsiiauandranu
frathatu lunsnsessiinuiiosulngdu
wan 31111 Magnolia elegans Laﬁ(ﬂ‘gu Syzygium
gratum AzLauNDd Hopea odorata fa Livistona
speciosa mdﬁuﬂg Dipterocarpus kerrii TEEGS IR
Elateriospermum tapos Gﬁatmﬂvmﬁ'umiﬁﬂmmaaq
U (2547) Watanasit et al. (2000) ez Watanasit et
al. (2005b) ﬁm%’nmﬁuﬁfé’mfﬂﬂmumﬁw Goflu
wsswlilriiaa&a Chisocheton macrophyllus LL@N&’]
Pometia pinnata LL&:&J:L@‘@%&N Ficus oligodon 97
Iwanunannrasvasriauauandsnisle
n&inima;ﬂaaﬁﬂsznauLLazmm‘mmﬂ‘mmal
maam%ua%iﬁb%mﬂﬂaffmﬁLﬁm*iad LB ADNILAY
§r08n9 Aoy uazansmzyasnsyonls
WONINUUNITANBIASIATINUT 9D
Myrmicinae ﬁaﬁwmmﬁ@mmnﬁqﬂ asanualuy
N?Tsiamﬁwuﬁwmwﬁﬂmnﬁqﬂlﬂaﬂ fo Uszunmw
6,700 i@ Vl,&i'jwzLﬂuﬂwsmm?m%aﬁuﬁﬁgﬂ
suniufazwunaluisddasiiunn (Shatuck, 1999)
GaannsasnunIIAn®Iuas Braehl et al. (1999),
Watanasit et al. (2000,2003,2005a, 2007), Yamane
(1997), Noon-anant et al. (2005) LLa:QﬂQﬂﬁ Lae
AmkE (2550) §9%31WLniuaasddas Myrmicinae 1
ﬁ’iﬂmmﬁ@mmﬂﬁq@muﬁu



e 1. dadruvesanauazsiievasualuszduisdbon vasiunfnm uneiislngaium dunessundiuanlng

wazrpAnnEwseThY T o q“nmul,mwﬂamffu TERINAABUNNTIAN W.A. 2549 - UNTIAN .7, 2550

2udtay qﬁfum fuan 1hilse IUWINENTIN (%) | Swansianin (%)
FIUIN TN W%
ana Th ana e | ana | The
Formicinae 9 34 37 36 9 (18%) 55 (22.45%)
Myrmicinae 18 80 13 68 18 78 20 (40%) 109 (44.49%)
Ponerinae 10 30 29 26 11 (22%) 46 (18.78%)
Dolichoderinae 4 12 4 12 3 9 4 (8%) 15 (6.12%)
Cerapachyinae 1 3 1 1 1 3 1 (2%) 4 (1.63%)
Pseudomyrmecinae 1 4 1 5 1 3 1(2%) 6 (2.45%)
Aenictinae 1 3 1 3 1 3 1 (2%) 4 (1.63%)
Amblyoponinae 0 0 1 1 0 0 1(2%) 1 (0.41%)
Ectatomminae 1 1 1 1 1 2 1(2%) 2 (0.82%)
Dorylinae 1 2 1 2 1 3 1 (2%) 3 (1.21%)
U 46 169 41 159 | 44 | 163 50 (100%) 245 (100%)

AN 2. aqmmwﬁmmmﬁwulqumul,l,m"mﬁmﬁfu PNITMTAUA8E19570 5 AT VaINUNANIING 3 WHAI T2

LAOUUNTIAY W.A. 2549 - UNIIAN W.A. 2550

ana INWInTAA % AN IuTie %
1) Acropyga 4 1.63 26) Strumigenys 5 2.04
2) Anoplolepis 1 0.41 27) Tetheamyrma 1 0.41
3) Camponotus 20 8.16 28) Tetramorium 16 6.53
4) Echinopla 1.22 29) Vollenhovia 2 0.82
5) Euprenolepis 2 0.82 30) Anochetus 4 1.63
6) Oecophylla 1 0.41 31) Diacamma 3 1.22
7) Paratrechina 6 2.45 32) Emeryopone 1 0.41
8) Polyrhachis 15 6.12 33) Hypoponera 5 2.04
9) Pseudolasius 3 1.22 34) Leptogenys 8 3.27
10) Acanthomyrmex 1 0.41 35) Harpegnathos 1 0.41
11) Aphaenogaster 2 0.82 36) Odontomachus 3 1.22
12) Cataulacus 1 0.41 37) Odontoponera 3 1.22
13) Crematogaster 14 5.71 38) Pachycondyla 15 6.12
14) Lophomyrmex 4 1.63 39) Platythyrea 1 0.41
15) Meranoplus 2 0.82 40) Ponera 2 0.82
16) Monomorium 9 3.67 41) Dolichoderus 2 0.82
17) Myrmecina 3 1.22 42) Philidris 1 0.41
18) Oligomyrmex 3 1.22 43) Tapinoma 4 1.63
19) Pheidole 31 12.65 44) Technomyrmex 8 3.26
20) Pheidologeton 4 1.63 45) Cerapachys 4 1.63
21) Pristomyrmex 4 1.63 46) Tetraponera 6 2.45
22) Pyramica 2 0.82 47) Aenictus 4 1.63
23) Recurvidris 1 0.41 48) Mystrium 1 0.41
24) Rhoptromyrmex 1 0.41 49) Gnamptogenys 2 0.82
25) Solenopsis 3 1.22 50) Dorylus 3 1.22
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DCA

163) €& Wﬁ?e
154) Tet TRy
+ 155)%!1238 238)
N 14.3) Sol
9 +
34 P (‘
Z \ 3 ;
68) ré_%%ﬁ%

74) Crem habitat
+ ® 1
21) Camp 2
faYall l—k 3

50) Poly/

BP3 17 _;f%e

)ﬁem

oph

za‘ﬂ’su _&57) Tet
* 102) Phd

6) Phe

lB P3

Pn
31893) Ph
b .BP+ ) Phe

190) Odo
+

Axis 1

WA 3 DCA ordination 1894@ 119 THa IINWWNANEN 3 Ui Aa EwnesssuTdtuaning (9nanlunsaulng) e

‘Lmy'ﬁmnqﬁum (NnauﬁaQmanmwwiwmamﬁnLm:malmy') uaznihpAnnEwsmathlse (ananlunsauian)

FRINURIUNNTINN 2549-UNT1AN 2550

luszauanawuinana Pheidole SiFas U4
mﬁﬁuﬂmﬂﬁq@ fo 31 afla (12.65 LUasiTud)
(@13197 2) Lﬁadmﬂmiuaqa Pheidole a4
annnaslumuzessia wazdrwiuarlundasds
Tagaunsonuleusimindn Tudu uazvanlaiy
(Brown, 2000; Eguchi, 2001) Naﬂﬁﬁnwm%f:
(1999),

Wiwatwitaya and Rojanvongse (1999) i8¢ Noon-
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Resear ch Projectsat Khao Nan National Park Related to
Climate Change
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Abstract

Research projects that related to climate
change at Khao Nan national park, Nakhon Si
Thammmarat province were composed of two
main projects: Parah phenology and diversity
of macromoth species. Leaf and flower
phenology was studied in individuals of Parah,
Elateriospermum tapos, a canopy species, at
Khao Nan National Park. Bud burst occurred
from 13" February to 24 March with a bud
burst duration of 40 days. The number of bud
bursts was 2.25 + 2.97 branches /day. The
maximum bud burst/day occurred ohMarch
2007 with a total of 17 branches. Flower burst
occurred from 18 February to 30 March with
a flower burst duration of 44 days. The number
of flower bursts was 2.05 + 2.81 branches/day.
The maximum flower burst/day occurred dh 8
March 2007 with a total of 12 branches. And
on 2008 year bud burst and flower burst
occurred at the same time. Bud burst and
flower bursts occurred fronf®January to 31
March with a bud burst duration of 9fays.
The mean £SD of the number of bud bursts
and flower bursts was 1 branch/day. The
maximum bud burst and flower burst/day
occurred on 3 March2008 with a total of12
branches. In 2007, bud burst and flowering
occurred during the dry season which had
rainfall, a low percent relative humidity, and
greater differences between max and min
temperature. However, in 2008, there were no

strong associations between Parah phenology

and climatic factors due to some rains ocurring
in January and February 2008.

A survey of the macro-moth diversity
was done at Khao Nan National Park from
January to December 2007. Forty two species
within nine families of macro moths were
found includingEupterotidae,  Cossidae,
Cyclidiidae, Geometridae, Lasiocampidae,
Noctuidae, Saturniidae, Sphingidae,
Saturniidae and Uraniidae. A protected
species,Actias maenas was observed during
the trapping period. The diversity of macro

moth number was caught in August when
rainfall and relative humidity were low.

Key word: Parah,MacromothClimate Change
Khao Nan National Park

Introduction

Parah Elateriospermum tapos,
Euphorbiaceae) is the only plant species in a
monotypic genus. It is native to Thailand,
Malaysia, and Sumatra Island. They have been
found at Jengka national forest in Malaysia
(Osada et al., 2003), and Belalong forest in
Brunei (Cranbrook and Edwards, 1994). Leaf
phenology has been studied in individuals of this
canopy species at various ontogenetic stages, in
a Malaysian rain forest (Osada et al., 2002). The
timing of leaf emergence was not synchronized
among sapling individuals, and was not
correlated with any meteorological factors of the
preceding month. The leaf production rate was
greater under higher light, but the leaf fall rate
was not related to the light regime of the
saplings. Thus, leaf production was enhanced by
the light availability for each individual. Non-
synchronous leaf production appears to be
important for sapling growth, allowing saplings
to occupy better-lit space quickly. This work
aims at studying the phenology of the Parah tree
(Elateriospermum tapos) and how climate might
affect bud burst and flower bloom period.

Macro-moths offer good opportunities for
studies on population and community ecology
(Pollard 1991). Many species are strictly
seasonal, preferring only a particular set of
habitats. In spite of this, macro-moths have been
generally neglected by community ecologists
and there are very few studies available on their
community structures, population dynamics and
the ecoclimatic factors which affect them. Being
good indicators of climatic conditions as well as
seasonal and ecological changes, they can serve
in formulating strategies for conservation.
However, they have largely been ignored by
conservation biologists and policy-makers as
well. It is hence encouraging that macro-moths

moths at the headquarters was higher than at are now being included in biodiversity studies

Hui Lek ranger station. The highest macro-

and biodiversity conservation prioritization
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programmes (Gadgil, 1996). The present study Macromoth study

was started with a view to examine the This study was conducted at Khao Nan
dynamics of macro-moth population across National Park in Peninsular Thailand. The

seasons and habitats. This stu_dy intended to geographical characteristic of Khao Nan is a
reveal _the seasonal patterns in macro-moth high mountainous range running in a North-
populations. South direction which is a part of Nakhon Si

Thammarat mountain range. The forest at Khao
Nan is tropical mountain forest which is an

important watershed source of Nakhon Si
Thammarat. The area of Khao Nan is 406.km

The highest peak is Khao Yai which is 1,438 m
above sea level and it is a part of Nakhon Si
Thammarat mountain range. We collected
climatic data at Hui Lek Ranger Station, Khao
Nan from January - December 2007 which was
50 m away from the trapping site. A Davies

weather station model Pro Il Plus was used to
collect mean, maximum and minimum air

Methods
Parah Study

We installed a Davis weather station
model wireless Vantage Pro Il plus at the
Parah park ranger station (latitugl&6543 °N
and longitude99.62230 °E) (Figure1) since
21% November 2006. This weather station
collected data on the amount of rainfall,
max/min temperature, relative humidity, solar
radiation, UV, wind speed and wind direction.
For the phenology study, we selecB#dParah
trees at the Parah park ranger station. We . s
marked these30 Parah trees by placing an temperature,' percent relative humidity and the
individual tag on each tree (Figur®. We amount of rgmfall. _ _ _
measured the following for each tree’s the Trapping was carried out in a clearing at

diameter at base (DAB), the diameter at breast Khao Nan National Park. We set an 18 watt
height (i.e.130 cm) (DBH), and tree height.  the black light trap against a white cloth sheet

We classified the canopy shape into three from 6.00 pm to 6.00 am daily from January
categories: top of canopy, middle, and on the 2007 to December 2007 at Khao Nan
canopy base. We visited Parah trees once everyHeéadquarters (HQ) (UTM X: 0979723, Y:
two weeks and recorded the time that first buds 0968732, elevation 120 m

and the first flowerbuds appeared at the top,

the middle and the base of the branches.

() (b)

Figure 1. Khao Nan National Park (a) location on the map and (b) the study site

above sea level) and Hui Lek park ranger the trapping periods at 10.00 pm and 6.00 am
station (UTM X: 0979723, Y: 0568732, and sent to the Forest Entomology and
elevation 80 m above sea level), Khao Nan Microbiology group in  Bangkok for

National park (Figure 1). All macro-moths of identification. The moths were set and identified
wing size more than 4 cm when spread were by using the Identification Guide for Regulated
observed, collected and counted twice during Insects and Moths of Thailand (e.g. Holloway,
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1987; Pinratana and Lumpe, 1990;
Hutacharern et al., 2001). These data were
uploaded to the Network Biodiversity
Database SystefiNBIDS-BRT) website under
the Khao Nan Cloud Forest Initiative project
(Baimai and Thatalayka, 2007). Abundance
(Choldumrongkul et al., 2007), and species
composition Venn Diagrams were analyzed.
The relative abundance (individuals/spot
sample) was calculated asi R total number
of individuals/ (total surveying days x 2).

Results and Discussion
Parah study

Parah trees had a mean +SD DAB of
72.21+ 29.18cm, DBH of 43.92t 14.68cm,
and tree height o81.03 £+ 9.41 m. During
2007, bud burst occurred from™ February to
24™ March with a bud burst duration @b
days. The mean £SD number of bud bursts at
this Parah forest was 2.25 + 2.97 branches/day.
The maximum bud burst/day occurred oh
March 2007 with a total of 17 branches.
Flower burst occurred from5™ February to
30™ March with a flower burst duration @
days. The mean £SD number of flower bursts
at Parah forest wek 05 + 2.81 branches/day.
The maximum flower burst/day occurred gfh
March 2007 with a total of12 branches. This
indicates that bud burst occurrédveek prior
to flower burst. There was a two days time lag
between bud burst and flower burst in Parah
trees at Parah park ranger station, Khao Nan
National Park. During 2008, bud burst and
flower burst occurred at the same time. Bud
burst and flower burst occurred from™ 2
January to 31 March with bud burst duration
of 90 days. The mean +£SD number of bud

study we know that when bud burst occurred,
there was almost no rainfall during that time.

This may suggest that Parah trees require a
drought period as an indicative cue for bud
burst. Drought stress signals for leaf fall, bud
burst, and flower burst have been shown in
many crop species (Rao et al., 1999). Our study
found that during bud burst and flower burst in
2007 year there was a clear drought period, the
amount of monthly rainfall being 2.75 mm in
February. However, in 2008, there were no
strong associations between Parah phenology
and climatic factors due to some rain occurring
in January and February 2008. The amount of
monthly rainfall was 74.86 mm in February
2008 (Table 1).

Our study observed only mature Parah
trees and found that tall trees showed a clear
synchronous bud burst and flower burst pattern
in March-April. Osada et al. (2002) also found
similar pattern in leaf fall with tall Parah trees
showing a clear synchronous leaf-fall pattern
with an annual cycle. Our results support Osada
et al. (2002)'s findings that mature trees
produced flowers simultaneously with new
leaves, after shedding their leaves. This suggests
that the need to synchronize flowering might be
the primary determinant of leaf production
phenology in mature individuals.

Macromoth study

Forty two species within nine families of
macro moths were found includiBgpterotidae,
Cossidae, Cyclidiidae, Geometridae,
Lasiocampidae, Noctuidae, Saturniidae,
Sphingidae and Saturniidae (Table 1). The
protected speciesictias maenas was observed
during the trapping period. The highest number of

bursts and flower bursts at the Parah forest was macro-moths was caught in June at Headquarters

1 branch/day. The maximum bud burst and
flower burst/day occurred or*4varch 2008
with a total of12 branches. The phenology of
Parah during 2008 took longer than during
2007. This might be the effect from climate
differences.

The means +SD of climatic factors at the
Parah forest during bud burst and flower burst
occurred from January 2007 to March 2007
were 23.51 + 3.471°C with the relative
humidity of 89.23 + 13.05 %and the monthly
rainfall of 271.33 mm, and from January 2008
to March 2008 were 23.48 + 9.34 Cwith the
relative humidity of 90.43 + 9.34 %and the
monthly rainfall of 295.05 mm. From previous
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but the highest number of macro-moths was
caught in October and December at Hui Lek
Ranger Station (Figure 3a,b). There were some
geographic variations in the number of moth
species found at these two locations. The
number of macro-moths seem to not have some
association with the amount of rainfall (Figure
3c). The diversity of macro moths at the
headquarters was higher than at Hui Lek ranger
station (Figure 4). This could be due to the fact
that the vegetation at Headquarters is less dense
than at Hui Lek ranger station. Macro-moths
could see the light from the light trap easier. In
other words, light traps at Headquarters could
trap more macro-moths from further distance.
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Figure 3. Number of macro-moths species and months in 2007 (a) at the headquarters, (b) at Hui Lek forest
ranger station and (c) the total amount of monthly rainfall at Hui Lek Ranger Station (mm).

101 gufinmadsepaimmadszdilasims BRT a%af 12 ’
10-13 ganaw 2551 Jawiagnuginil LABRT



Table 1.List of macro moth species at Khao Nan National Park, Nakhon Si Thammarat province, during the
trapping period (January — December 2007).

Relative Abundance

Species Family (individuals/ spot sample)
Headquarters Hui Lek
1 Eupterote muluana Eupterotidae 0 0.00143
2 Melanathrix leucotrigona Eupterotidae 0.00139 0
3 Xyleutes strix Cossidae 0.00139 0
4 Cyclidia orciferaria Cyclidiidae 0.00139 0
5 Alex palparia Geometridae 0.00139 0.00143
6 Biston bengaliaria Geometridae 0 0.00143
7 Thinopteryx crocopterata Geometridae 0 0.00143
8 Lebeda cognata Lasiocampidae 0.00139 0
9 Trabala viridana Lasiocampidae 0.00139 0
10 Eudocima aurantia Noctuidae 0.00139 0
11 Eudocima discrepans Noctuidae 0.00139 0
12 Eurebus caprimulgus Noctuidae 0.01108 0.01
13 Eurebus ephesperis Noctuidae 0.00277 0.00143
14 Hypopyra pudens Noctuidae 0 0.00143
15 Meganoton nyctiphanes Noctuidae 0.00139 0
16 Lygnoides ciliata Noctuidae 0 0.00143
17 Lygniodes endoleucus Noctuidae 0.00139 0.00143
18 Lygniodes hypoleuca Noctuidae 0.00139 0.00714
19 Phyllodes cyndhovii Noctuidae 0.00693 0
20 Actias maenas* Saturniidae 0 0.00429
21 Antheraea frithi Saturniidae 0.00139 0
22 Antheraea helferi Saturniidae 0.00139 0
23 Antheraea assamensis Saturniidae 0.00277 0
24 Archaeoattacus edwardsii Saturniidae 0 0.00143
25 Attacus atlas Saturniidae 0.00416 0
26 Loepa miranda Saturniidae 0 0.00143
27 Loepa sikkima Saturniidae 0 0.00143
28 Tagora pallida Saturniidae 0.00139 0
29 Acosmeryx shervillii Sphingidae 0.00139 0.00143
30 Ambulyx moorei Sphingidae 0.00139 0
31 Ambulyx pryeri Sphingidae 0.00277 0
32 Ambulyx tattina Sphingidae 0.00139 0
33 Amnulyx substriggilis Sphingidae 0.00554 0
34 Amplypterus panopus Sphingidae 0.00554 0
35 Cechenena helops Sphingidae 0.00139 0
36 Daphnusa ocellaris Sphingidae 0.00139 0
37 Daphnis hypothous Sphingidae 0.00139 0
38 Elibia dolichus Sphingidae 0.00416 0
39 Marumba cristata Sphingidae 0.00277 0
40 Poliana leucomelas Sphingidae 0.00139 0
41 Theretra boisduvalii Sphingidae 0.00693 0
42 Lyssa zampa Uraniidae 0.00831 0.01

* Protected insect under the Wild Animals Reservation and Protection Act 1992 (WARPA 1992)
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Figure 4. Macro-moth diversity at Khao Nan
national Park Headquarters and Hui Lek
Ranger Station, Nakhon Si Thammarat.
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Abstract

The biodiversity study of the Olethreutinae
(Lepidoptera: Tortricidae) was based on a survey
of species in Khao Nan National Park, Nakhon Si
Thammarat. Collections were made in various

sites of evergreen forest. More than 369
speciemens of Olethreutinae were collected with
blacklight and mercury vapor on 60 nights during
November 2007-October 2008. The survey
resulted in collection of 155 morphotypes divided
into 8 tribes namely Microcorsini, Endotheniini,
Gatesclarkeanini,

Bactrini, Olethreutini,

Enarmoniini, Eucosmini, and Grapholitini. Of
these, 37 species in 27 genera are identified and
3 species are new records for the park and
Thailand. The

survey also included 44

morphotypes that can be identified to 22 genera,
but not to species level and 74 morphotypes are
unidentified. Of these, 8 genera are recorded for
the first time and 4 species in 3 genera are new
record for Thailand. Sex ratio between male and
female is accumulation

2:1. Species curve

increase gradually in each month.

Key words: Lepidoptera, Tortricidae, Olethreutinae,

Khao Nan National Park
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5. mylaTidaya

5.1 SiaseiuazinunnsiefiFzenueuiuly

5.2 3LATZHMN sex ratio

5.3 AATzHm species accumulation curve

NAaNIAN®EN
Siamsuazsuunaiediaanuaudauly
HaINMSL AU a1 Fanuaniuly
Tugas 12 1@euiiduwanszninadon woasnien
W.61. 2550-81AN W.A. 2551 TINLINT 60 A el
mstiueaslunateiui leun winuaassi
UWw WiDARDINY MnEAuTa MEARDILEANN
wazwiesut suiuialdldidninnaiu
f0809 A WiuAREIYIINY wazaadwLi AlFe
wuanwnlufiiulenamuaisnun 369 et
swInduunsiialed 155 JuvudgIw utaiu 8
ekh Microcorsini, Endotheniini, Gatesclarkeanini,
Bactrini, Olethreutini, Enarmoniini, Eucosmini, L8
Grapholitini uafiiFenuewiulufisnansasuunis
sausfiafiiios 37 slia lu 27 ana 6 w1 lasusn
anu e esit
1. Gatesclarkeanini $1w1% 1 Tia 1 &N lawn

Gatesclarkeana idia Diakonoff, 1973

2. Bactrini $1wu 3 vila 2 ana ldun
Bactra cerata (Meyrick, 1909)
Bactra venosana (Zeller, 1847)

Bubonoxena ephippias (Meyrick, 1907)

3. Olethreutini §1W3w 20 Tfla 14 ana leun
Antaeola antaea (Meyrick, 1912)
Apsidophora purpurorbis Diakonoff, 1973
Argyroptocha phalaenopa Diakonoff, 1968
Dudua aprobola (Meyrick, 1886)

Dudua brachytoma Diakonoff, 1973

Dudua tetanota (Meyrick, 1909)
Gnathmocerodes tonsoria (Meyrick, 1909)
Gonomomera halixanta (Meyrick, 1910)
Lobesia aeolopa Meyrick, 1907
Lobesia lithogonia Diakonoff, 1954
Megalota fallax (Meyrick, 1909)
Megalota vera Diakonoff, 1966
Olethreutes nomas Diakonoff, 1983
Ophiorrhabda philocompsa (Meyrick, 1921)
Phaecasiophora Kurokoi Kawabe, 1989
Sorolopha bathysema Diakonoff, 1973
Sorolopha cyclotoma Lower, 1901
Sorolopha semiculta (Meyrick, 1909)
Statherotis discana (Felder & Rogenhofer, 1875)
Temnolopha matura Diakonoff, 1973

4. Enarmoniini $113% 4 1fa 3 ana leun
Ancylis aromatias Meyrick, 1912
Cimeliomorpha nabocovi Kuznetsov, 1997
Cimeliomorpha egregiana (Felder &
Rogenhofer, 1875)
Loboschiza koenigiana (Fabricius, 1775)

5. Eucosmini $1w3% 5 1la 5 ana ldun
Acroclita thysanota Meyrick, 1912
Demeijerella catharota (Meyrick, 1928)
Epinotia canthonias (Meyrick, 1920)
Fibuloides ancyrota (Meyrick, 1907)
Rhopobota antecellana Kuznetsov, 1988

6. Grapholitini §1u3w 4 zfla 2 ana ldur
Cryptophlebia amblyopa Clarke, 1976
Cryptophlebia repletana (Walker, 1863)
Cryptophlebia rhynchias (Meyrick, 1905)
Microsarotis palamedes (Meyrick, 1916)

[
v aAaAa A £3

wananitssifiFenunendiuluiziuisa
Fuunldifpsszauanafisiuin 44 JUnuuFugIn
T 22 ana lasutwsnanasin it
1. Microcorsini $1w% 3 7fia luana
Cryptasapasma Walsingham, 1900
2. Endotheniini 3147 1 wfia luana
Endothenia Stephens, 1852
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3. Olethreutini $113% 20 7fia lasusagluana
Archilobesia Diakonoff, 1966 31143% 1 Tika
Hoplitendemis Diakonoff, 1973 $14% 1 THa
Lobesia Guenee, 1845 31421 1 THa
Metrioglypha Diakonoff, 1966 31%41% 2 7@
Phaecasiophora Grote, 1873 % 1 vHa
Rhodacra Diakonoff, 1973 41431 1 Tila
Sorolopha Lower, 1901 $1%7% 2 3#a
Statherotis Meyrick, 1909 37424 1 Ta
Sycacantha Diakonoff, 1959 §1%42% 10 THa

4. Enarmoniini $117% 8 7fia lasuvagluana
Ancylis Hubner, 1816 31%% 2 74a
Anthozela Meyrick, 1913 9142% 2 Tl
Eucosmogastra Diakonoff, 1975 T 2 TG
Loboschiza Diakonoff, 1968 3143t 1 THa
Pseudancylis Horak, 2006 31%42% 1 7@

5. Eucosmini $1u3 3 wila lapuisagluana
Ancylophyes Diakonoff, 1988 411421 1 T1a
Rhopobota Lederer, 1859 4141% 2 THa

6. Grapholitini 371431 9 T8 lasudsagluana
Andrioplecta Obraztsov, 1968 U 1 BHE
Grapholita Treischke, 1829 41421 6 THA
Matsumuraeses Issiki, 1957 31%42% 1 THa

Microsarotis Diakonoff, 1982 31431 1 Tika

uazdn 74 sUuuudugn Seldaanndiuunle
ﬁ”’aluixﬁuaqauamﬁﬂ lasdaatilurnOlethreutini
3% 21 TUA LW Enarmoniini 31%3% 10 THa WY
Eucosmini 47W% 26 TH& WAzl Grapholitini
w17 vl 1uﬂ15mUmauwmiﬂuwuanmw
ﬁuﬂ“uadwLﬁﬂ%uﬂuu’;ﬂu’sdﬂﬂﬂﬂ Olethreutinae VI
funuiluasousnlulszmelnofsamsaiu

LNELLNT Att

aqaﬁwﬂuﬂszm alnoduasousn (new
genus record) $1I% 8 ANalu 3 11 lasutiuen
AN STt
1. Olethreutini
Metrioglypha Diakonoff, 1966
Gonomomera Diakonoff, 1973

2. Enarmoniini
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Abstract

This project is the continuing second phase of
the main project, “Species Diversity of Ficus
L.(Moraceae) in Khao Nan National Park, Nakhon
Si Thammarat Province”. The present project
emphasizes the ecological role of figs. The three
main objectives are to determine: 1) the flowering
and fruiting times of seven fig species (98 stems),
including tree species in the terrestrial group, e.g.,
Ficus obpyramidata King, Ficus fistulosa Reinw. ex
Blume and Ficus schwarzii Koord and four species
in the strangling fig group, e.g., Ficus benjamina
L., Ficus microcarpa Blume, Ficus caulocarpa
(Mig.) Miq. and Ficus sundaica Blume; 2) the
number and species of frugivores; and 3) the
nutritional values of fig fruit. The project will start
with the accumulation of all relevant information
from various available sources, then planning
for collecting field data, surveying and actual
data collecting; including taking some photographs
of figs and their attendant frugivores. Laboratory
analysis of fig nutritional values will be done.
Also the relationship of fig phenology with some
environmental factors will be investigated. From
the results 20 species of animals were found
eating fig fruit; almost all were birds with only
one mammal, the Grey-bellied Squirrel. Three fig
fruit species were eaten by humans. Fruits

contained protein, carbohydrate, fat, mineral,
fiber and calories. Regarding the flowering and

fruiting times of some Ficus species, they tended
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to appear at all months. The study results will be
of great benefit as baseline data for further
research and for the local utilization of figs; they
can also be used for protected area management
and the effective conservation of biological

resources.

Keyword: Ficus, Khao Nan National Park, Nakhon

Si Thammarat Province
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Sycidium

Ficus heteropleura Blume
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Ficus montana Burm.f.
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Ficus parietalis Blume
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Ficus pisifera Wall. ex Voigt
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Ficus subulata Blume
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Ficus tinctoria G. Forst. subsp.
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Sycomorus
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Ficus auriculata Lour.
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Ficus fistulosa Reinw. ex Blume
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Sycomorus

Ficus fistulosa Reinw. ex Blume
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Ficus hispida L.f.
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