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Biodiversity Research and Training Program:
Ten Yearsof Progress

Visut Baimai and Warren Y. Brockeman

Department of Biology, Faculty of Science, Mahidol University
scvbm@mabhidol.ac.th; wybrock@cscoms.com

ABSTRACT physical home is in BTEC, and its strong
The Biodiversity Research and Training support by the “users” of biodiversity explains
Program (BRT) began funding research on the rather broad definition of “biodiversity
many aspects of biodiversity in 1995. We research” embodied in the program. The BRT
summarize the achievements of the program has promoted multidisciplinary research with
over its first 10 years of operation in terms of emphasis on taxon-based, area-based, issue-
students trained, publications produced and based, and user-based projects.
other indicators, and comment on the success
of the program in achieving its objectives. The Table 1. Number of projects and budget (in millions
achievements so far have been impressive, but of baht) during 10 year period (1995-2005) of BRT
are uneven in terms of the research areas °Peration.
furthered, taxonomic groups studied, and
institutions affected. Suggestions are made for Pprojecttypes Phasel Phase2 Total
future funding priorities to broaden the reach
of the program over areas and institutions not
well covered. Targeted development of  Graduatestudy — 258(3L6) 203(252) 461 (56.8)

Scientific research 152 (207.8) 156 (98.0) 308 (305.8)

resegrch manpower and training activities in - gueqaprograms  10) 1(205) 2(505)
priority research areas and in weak institutions
is seen as critical Training courses 64 (5.1) 119(7.5) 183 (12.6)

Data management 24 (6.7) 77 (6.1) 101 (12.8)
KEYWORDS: biodiversity, ecological research, ., 1902812)  S56(I573)  1,055(4385)
manpower development, publications, training
Introduction In its first two five-year phases of

The Biodiversity Research and Training operation (1995-2005), the BRT has provided a
Program (BRT) was established in 1995 under total of 438.5 million baht for 1,055 research
the sponsorship of the Thailand Research Fund and training projects (Table 1). It has become
(TRF) and National Center for Genetic the nation’s main source of support for
Engineering and Biotechnology I(B'ECH). A ecological and evolutionary research. The
major initial impetus for the establishment of impacts of these projects on the nation are quite
the program was the despair of the nation’s jmpressive when evaluated by a number of
leading natural product and chemistry criteria, including publications of books and
researchers at not being able to properly scientific papers, numbers of graduate students
Identlfy botanical and microbial SUbjeCtS of trained, improvement of university graduate
research, and the slow progress of inventory of programs, new species described, etc. The BRT
the nation’s fauna, flora and microbes. There program is now at the 10-year mark, and it is
was also considerable concern that potentially time to evaluate its effectiveness and impact on
important biodiversity resources vital to the Thaijland. We do not pretend to be able to do this
nation’s economic well-being were not being completely, but we will take the opportunity
well managed and protected. The BRT provided by the publication of this volume to
provides funding for researchers and graduate symmarize some obvious indicators of success,
students in seven major program areas: comment on some of the program’s
systematics, population biology, ecology and shortcomings, and provide suggestions for
evolution, socio-economics and traditional making the program more effective in the future.
knowledge, data management, utilization of The objectives of BRT have never been
bioresources, and policy for biodiversity formally announced, and have been altered
management and conservation. The BRT'S somewhat through the years. They have been
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numerous: to provide research support in
biodiversity-related subjects, to train more

biodiversity researchers, to help describe and
inventory the native flora and fauna, to

preserve and use traditional knowledge of
biodiversity, to carry out research on the uses
of biodiversity, to promote education about

biodiversity (especially at the local level), and

to promote wise management of biodiversity

resources and environment. The program has
not attempted to provide indicators of success
in all these endeavors.

Some I ndicator s of Success

We summarize here some obvious
indicators of success of the first ten years of
BRT, taken from BRT reports published in
Thai in 200% (Baimai and Tantalakha 2005).
1. Publications

BRT has placed a lot of emphasis on
publication of research results because, without
publication in international journals, research
knowledge will have few lasting or widespread
effects. Scientific knowledge is cumulative, and
cannot advance without reference to previously
published research. In fact, we can put it
bluntly by saying that research that is not
published might as well have not been done.
The program has encouraged publication by
using it as a criterion for renewal of grants, and
by publishing an annual proceedings for
preliminary publication of results by
researchers.

Table 2. Outputs of the BRT during the 10 year period
(1995—-2005)

Type of output Number

Publications (papers) 535

International 456

National 79
Proceedings (articles) 220
Books 43
Graduate students 461
Postdoctoral fellowships 6
New species 548
Type specimens 3,539
Reference collections >20,000

A total of 535 scientific papers have

8 8 8

No. of papers published
.
o

o

1997 1998 1999 2000 2001

Year
Figure. 1.Graph showing numbers of papers published
per year in international journals during the 10 years of
BRT operation.

The BRT has also published 43 books
(mostly in Thai language), 220 technical papers
in the Proceedings of the BRT Annual
Conference, and 307 titles of abstracts (Thai and
English) in the annual proceedings. International
publications began appearing about 1997 and
have increased steadily. During the past few
years they have been appearing at about 80 per
year, as the rate of increase has slowed
somewhat (Fig. 1). The publication record is
underestimated because of the lag time between
research initiation and publication; there are
many more publications in the ‘pipeline’.

An analysis of 456 publications by BRT in
2005 revealed a breakdown by subject area as
follows: invertebrates (126), bioresources
utilization (83), plants (65), fungi and lichens
(46), vertebrates (24), plankton and algae (25),
fossils (paleontology) (25), genetics (23),
ecology and environment (21), and
miscellaneous microbes (18). The list is crude
because some of these categories overlap. The
list nevertheless shows some imbalances.
Approximately half of the publications deal with
taxonomy, mostly descriptions of new species,
and a disproportionate number emanate from a
relatively few research groups on invertebrates
(e.g., land snails, insects) and vascular plants,
who publish mostly with foreign collaborators.
There are relatively few publications in the
important areas of population biology and
ecosystem ecology. Many other biodiversity
fields supported by the program are
unrepresented.

An analysis of publications by institution
of research also shows serious imbalances, with

2002 2003 2004

been published based on research during the & disproportionate number coming from a few

first two phases, 456 papers in international
and 79 articles in national journals (Table 2).

. a'B RT
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strong institutions. The approximate numbers
are as follows: BTEC (about 100),



Chulalongkorn University (68), Chiang Mai
University (57), Khon Kaen University (49),
Mahidol University (44), Kasetsart University
(35), Department of Parks and Wildlife and
Department of Mineral Resources
(Paleontology Section) (22 each). The
relatively high numbers at a few universities
reflect the presence of a relatively few active
taxonomic research groups in these
institutions. Six other universities have a total
of 46 publications. A total of 20 institutions
(all but one governmental or government-
supported), including 11 state universities, are
represented.
2. Biological specimens

A total of 548 new species of flora and
fauna, including microorganisms, were
described in international journals. Some 3,539

providing support to graduate students. This
program seeks to increase and improve the
foundation  graduate courses  supporting
biodiversity research. Such an academic
development at several state universities has the
potential to greatly enhance biodiversity
research and training in Thailand. For example,
a microbe Culture Collection Center and an
Insect-Fungi Collection Center have been
developed at BTECH as networking centers in
these fields. An Algae and Plankton Society of
Thailand has been founded as a satellite
organization of the BRT. Both BRT andd@Eec
directly support a long term ecological research
and monitoring project atiBTEC on large forest
dynamics plots, which has conducted training

type specimens and more than 20,000 general 5. Partnerships

reference specimens have been deposited

reference collections in state universities and
other research institutions in Thailand. Active

programs in plot methodology for other
interested researchers.
The BRT has extended scientific

cooperation with some national organizations,
particularly the PTT Group and the Department

research groups have made significant progress of Environmental Quality Promotion, Ministry

in increasing our knowledge of the diversity of
fungi, vascular plants, land snails, and insects
in particular.

3. Young researchers

A total of 461 graduate students
successfully obtained degrees (mostly M.Sc.
degrees) in fields of systematic biology,
ecology, and natural resources from Thai state
universities with BRT support. Many of these
young biologists are promising researchers
who are destined to follow in the steps of aging
and/or retiring professors. They will populate
the still-expanding university system of the
country.

These young researchers have set up
their own group called TYPIN (Thai Young
Professionals Initiative) in order to pursue their
collaborative research efforts in biodiversity in
Thailand. They have their first meeting this

of Natural Resources and Environment. In
addition, BRT promotes the biodiversity-based
networking and learning process with local
people, school teachers and students at the local
community level emphasizing biodiversity
conservation and restoration of community
forests for their own benefits and livelihood. The
BRT also supports the collaborative efforts
between the Thai and French biologists via the
CNRS (Centre National de la Recherche
Scientifique) for research in paleonthology in
Thailand.
6. Public relations

The BRT has regularly made press
releases through public media including
newspaper, nature magazines, radio, and
television for public awareness of the threats of
biodiversity loss and the importance of
biodiversity conservation and the sustainable

year to discuss research and other areas ofutilization of bioresources. One can look for

interest. It may be noted that young biologists
in the fields of ecology and evolution are still
lacking in Thailand.
4. Institution strengthening

As a result of continuing support of
BRT, several groups of biologists at some state
universities, including Khon Kaen, Chiang
Mai, Prince of Songkla, Chulalongkorn and
Mahidol  Universities receive additional
financial support from the government to carry
out their research activities by setting up
“Centers of Excellence in Biodiversity” in the
respective institutes. The BRT continues to
collaborate with these research centers by

23 ﬂuﬁnnﬂiﬂi:“gu'?“mmiﬂizfﬁﬂmﬂiami BRT a3971 11

information at the BRT website:
http://brt.biotec.or.th. Furthermore, some
researchers under sponsorship of BRT have
played an important role in production of a
guide book of CITES (Convention on

International Trade in Endangered Species) and
a resource book on Thailand Biodiversity
Monitor 2004. These two books were published

in Thai and English.

Discussion

The achievements of the BRT Program are
impressive so far, and the program has
significantly stimulated much research in the
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areas of systematics and ecology. It has sciences in general have a weak publication
increased awareness of the importance of record in Thailand, and Thai social scientists
biodiversity to the country as a whole, and has tend to regard their work as relevant only to the
promoted research on the sustainable use of Thai context and not international in character.
bioresources. As measured by the numbers of However, if social and economic research is to
students trained and publications produced, the be *“scientific”, it must contribute to the

program is having an impact on the direction cumulative body of knowledge and become

of biological research in Thailand. more international and globalized like the
In recent years, the program has turned natural sciences.
to the problem of increasing local awareness of A further problem reflected in the analysis

biodiversity at the village level and increasing above is the uneven distribution of research
the role of local residents in the conservation across universities and other institutions. The
and use of their resources. The program has total number of colleges and universities in
not found methods of measuring its impact in Thailand is at least 134, which includes 24
this area and does not have very specific public or state universities, 41 Rajabhat
objectives. It has been found that local people Universities which serve as teacher-training
in some areas are already aware of the values colleges, 59 private universities, and 10
of local biodiversity and have taken steps to Rajamangala Universities which are technology
manage plants and animals near them. Often institutes (Svasti 2007)At least 18 of the state
the problems at this level are political and universities have Ph.D. programs, but only 11 of
economic, and BRT finds only a limited role to the state universities are represented in the
play. The program has also little or no impact publication list. Nearly half of the international
on the conservation of natural resources and publications on the list were produced by the top
the environment that falls under the purvue of three institutions. BRT is attempting to reach out
other well established agencies such as the to the Rajabhat Universities for participation in
Department of Parks, Wildlife and Plant projects, but few of these have research
Conservation, and the Office of Natural programs. Virtually all research activity (in all
Resources, Environmental Policy and fields of science) is concentrated in the largest
Planning. Here the major function of BRT isto state universities and a few government-
train persons knowledgeable in biodiversity supported institutes and agencies. Improving the
and to improve the capacity for research on basic research capabilities of Thai universities is
biodiversity, which is weak in these agencies. beyond the ability and budget of BRT, but the
The program has had its major impact in the program can play a role in stimulating research
state universities which produce nearly all the programs in its own area of interest.
researchers in the kingdom. There is also an uneven distribution of
Judging from the numbers of proposals research across taxonomic groups, and readers
submitted and the publications produced, the may rightly question why some important
impact of BRT support is not even across all groups are being neglected. The problem of
the disciplines relating to biodiversity. Thisisa documenting all the animals, plants and
problem related to the past training and microbes in Thailand is immense. Thailand
recruitment of scientists in the state possesses approximately 7 percent of the species
universities, and cannot be rapidly changed by or organisms on the Earth (ONEP 2G02ut
the BRT’s priorities. Areas of research that are the country’s biodiversity is very poorly
weak and not attracting enough good students documented. This percentage of Thai species
include population biology, conservation that have been described varies greatly from
biology and ecosystem research. They are group to group, with the vascular plants being
poorly represented in the publications list. better known than the microbes and fungi, and
These fields perhaps are more difficult to work the vertebrates (especially the birds) being much
in and publish in without strong supporting better known than the insects and other
research departments with critical masses of invertebrates. For example, Thailand has at least
research faculty. Also lacking are publications 10,000 species of vascular plants out of the
in the social sciences, including economics, world’s total of 287,700°(Santisuk et al. 1991,
concerning natural resource use and local Balillie et al., 2004). The great majority of these
management. The program has attempted to are known, but many are difficult to identify or
support projects focused on local communities, find because the Thai inventory, published in the
and area-based research, but the publications Flora of ‘Thailand series, is only about half
do not yet reflect this policy. The social completed. BRT is funding research on
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inventory and revision of the Thai flora

because of the great importance of plants to collaboration

many other fields of biodiversity study. The
inventory of fungi is also receiving priority

because of the importance of this group to
bioresources  developmént (Tanticharoen

2004), and the incomplete state of our
knowledge.  Approximately  2,000-3,000
species of fungi have been documented in
Thailand, accounting for only 2.5% of the
species described worldwid&lones and Hyde

2004), but the total number of species in
Thailand is certain to be many times this
number. In the insects, the proportions of

2. Support efforts to promote interaction and
among Thai researchers in
particular fields, to encourage mutual support
and training activities. We must overcome the
isolation of researchers, especially young ones,
in upcountry institutions that have not achieved
a critical mass. The ecology symposia carried
out at King Mongkut's University of
Technology, partly supported by BRT, has made
a promising start in promoting interest in young
researchefgSavini et al. 2007).

3. Promote international collaborative efforts
and training. Virtually all successful research
projects benefit from international collaboration

species that have been described varies from and support. Supporting foreign researchers’

order to order, but overall it may be as low as
10 percent of the true number.

The slow pace of inventory of the
biodiversity of Thailand (as well as that of the
Earth as a whole) indicates that it will not be
completed in the foreseeable future, or before
much of our biodiversity becomes extinct. The
pace of taxonomic research is limited by a
world-wide shortage of qualified taxonomists,
which are highly specialized. There is only one
system of biological classification and it is
completely international and adheres to a
single set of world-class standards. In
Thailand, most successful taxonomic experts
have been trained in Western universities and
have maintained close collaboration with their
foreign mentors and colleagues. For these
reasons the distribution of taxonomic research
is spotty and not comprehensive.

With all these limitations of the BRT
program in mind, we offer some suggestions
about how the program may become more
effective in the future. The program does not
have a fixed set of methods or goals and is
altered each year as the need arises.

1. Help generate and support graduate
training programs in selected fields of study.
As BRT funds are relatively limited, support
may come mainly in the form of help in
information services, curriculum design,
promotion of foreign collaboration, and
seminars. The goal would be to facilitate the
formation of viable research groups in
important areas of ecological and evolutionary
biology and resource studies. Short term
training programs and seminars can help
prospective researchers initiate projects and
keep up-to-date in their fields. An analysis of
the fields of study and research topics of BRT

student awardees needs to be made, as well as

their career paths.

activities in Thailand will help local scientists
keep up with new developments in their fields,
and help to rekindle enthusiasm for research.

4. Support and training for national biological
collections and museums. Systematic collections
are essential for biodiversity research, and when
properly curated, they provide stimulation and
gratification to both collectors and users of the
collections. They also become the focus of
international collaboration.

5. Provide additional help, and perhaps
rewards, to young researchers in writing and
publication of research results.
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Biodiversity and New Scientific Knowledge: The Case of
Freshwater Bryozoansin Thailand

Timothy S.

Wood

Wright State University, USA

This is my first experience at a BRT
conference, and | am very impressed by the
high quality of presentations and the large
number of participants. It is an honor for me to
be included in this gathering and to share with
you information about recent work on
freshwater bryozoans in Thailand.

The main point | would emphasize is this:
Biological surveys and inventories have a very
important role in scientific research. They are
doorways that provide openings for significant
scientific advances. Probably the most famous
example occurred nearly 140 years ago when
Charles Darwin’s worldwide survey of plants
and animals became the foundation for his
theory of evolution and natural selection. Other
examples include:

e Surveys of marine plankton in the 1880's

leading to major insights in marine
ecology;
e Surveys of deep-sea thermal vents

revealing entire biological communities
that derive their primary energy from
sulfide oxidation;

e Surveys of marine caves and the
discovery of Remipedia, an entirely new
class of crustaceans.

e Surveys by the&Challenger expeditions in
the 1870’s, with discoveries so
fundamental that over 30 volumes of
published results are currently accessed
online by marine biologists throughout
the world;

Today | will describe a few more recent
examples of significant scientific knowledge
derived directly from biological surveys. These
examples come from Thailand, and they all
involve freshwater bryozoans.

Although bryozoans are unknown animals
to most people, they are actually extremely
common in rivers, lakes and ponds. These
animals form networks of little tubes attached
to any submerged surface. They look very
much like dead moss (Figures 1, 2). Bryozoans
are colonial, like coral, so a single network may
include hundreds or thousands of small feeding
units, called zooids, each capable of filtering
tiny particles from the water using ciliated
tentacles. We often find bryozoans on the
underside of submerged wood, rocks, plastic

are known from marine habitats, but in fresh
water only 86 species have been documented so
far.

Until six years ago the presence of
freshwater bryozoans in Thailand was
unknown. Since that time there has been a
series of regional biological surveys conducted
through a dynamic collaboration with faculty
and students at Kasetsart University. So far we
have documented 20 species, including 7
previously undescribed and 8 that have been
largely unknown. Undoubtedly more species
will be discovered in the future.

It is very nice to have an improved
overview of bryozoans in Thailand, and no
doubt some people would be impressed. But
this is only the beginning. What | will show you
today are new areas of research that result from
these surveys. They include:

e Developing a protocol for the use of
bryozoans in monitoring water quality;

e Discovering a strategy for dispersal
which is completely unique among
bryozoans;

e Finding a totally unexpected larval form;
Documenting bryozoans that may
resemble those that lived millions of
years ago.

Bryozoans as sentinel species.

As you know, deploying sentinel species is
a form of biological monitoring in which the
uninterrupted presence of living organisms is
used to detect changes in environmental quality.
Fresh water bryozoans are perfect for this.
Why? Because they cannot go anywhere. They
cannot swim or crawl — they are permanently
attached to submerged objects. Since they grow
especially well on plastic, we use small plastic
panels as the substratum. We allow bryozoans
to grow on the panels at a favorable site, then
we transfer the panels to a study site. After an
exposure of 1-2 weeks at the study site, we
quantify results by counting the nodes of new
growth. So far, the results are promising, but
they also raise many questions. Does high
mortality indicate poor water quality or could
other factors be involved? What are the most
effective protocols under various conditions?
How can reliability and precision be

and aquatic plants. Many thousands of species maximized?
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Figure 1. Colonies of freshwater bryozoans growing on Figure 2. Portion of a bryozoan colony showing

The underside of a rock (based on Allman, 1856). Scale

bar = 10 mm.

Swimming zooids.

A second discovery resulting from our
survey has been a unique strategy for dispersal.
You will recall that bryozoans are always
permanently attached to a submerged object.
But in two small reservoirs in eastern Thailand —
Huay Chan and Tah Krabak — we have found a
unique species capable of swimming through
the water. We call itHidopia natans, the
swimming hislopia. Each sessile zooid is
capable of developing a special type of new
zooid that breaks away and swims away (Figure
3). The swimming zooids, or nautizooids, are
propelled by the cilia of their feeding tentacles,
and they are capable of traveling a considerable
distance. When they encounter a new
substratum, they adhere to it with special glands
and eventually grow a new bryozoan network of
zooids. So this is crazy, because finding a
swimming bryozoan is like finding a flying
buffalo. It has never been seen before! Of all
the thousands of known bryozoan species, this is
the only one that swims, and we can say, “Wow!
This is a great strategy!” The nautizooid is like
a swimming larva! Why has this strategy not

Allman, 1856). Scale bar = 2.5 mm

one known adsHislopia malayensis. Although
not a new species, it has received little attention
since the original description in 1916. At
Kasetsart University one evening we noticed
what appeared to be small eggs circulating
inside several zooids. These were released
spontaneously into the water where they
immediately began to develop. Within 12 hours
the eggs had transformed into swimming larvae
that resembled laterally flattened bells (Figure
4). This larval form is not new: it is well known
from marine species and is called a
cyphonautes. However, finding a classic
plankton-eating cyphonautes firesh water was
stunning and totally unexpected. While
planktotrophic larvae are common among
marine plankton, they are extremely unusual in
fresh water. This raises so many new questions:
What does it eat? How long does it livé@w

far can it swimTan it be raised in the
laboratory? How does it find a good place to
settle? Why had it not been seen before in
tropical plankton? These questions and more
will keep us busy for some time.

been adopted by other species as well? Other Living fossil bryozoans.

questions are raised: When, why, and how are
nautizooids produced? How do they orient

themselves in the water? How do they find new
substrata on which to grow? Are they selective
of the new substratum? How long can they
remain swimming? How far can they travel?

Why have we found this species in only two

small reservoirs in Thailand — and where else
might it occur?

Freshwater cyphonauteslarva.
The most common bryozoan species in
Thailand — possibly in all of Southeast Asia — is

The fourth discovery arising from our
survey is possibly the most significant. While
studying the cyphonautes larva in the laboratory
we had the opportunity to observe settling and
metamorphosis to an adult bryozoan zooid. This
transformation has now been documented in
detailed photographs. Prior to settling, the larva
fills its stomach with undigested food. After
settling the larval muscles, cilia, and other
structures disappear, while new adult tissues
grow from special cells. However, kislopia
malayensis the larval stomach remains intact,
slowly digesting its food to provide energy for
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metamorphosis. It has long been hypothesized
that ancient bryozoan species must have
retained larval structures in the adult, but this

had never been observed in modern species.
Well, here itis in Thailand: a larval stomach that

eventually becomes and adult stomach. Once
again we have a wonderful opportunity for new

research. Could this really be the most ancient
of all known bryozoan species? If so, what can

we learn from detailed studies of its anatomy,

embryology, physiology, and more? How does

the ancient genome compare to those of more
recent species?

Figure 3. Nautizooid dflislopia natans. Scale
bar = 0.25 mm.

Bryozoans and cherry snails.

I will show you something else. There is
another new discovery to come out of our
surveys, one involving bryozoans and the cherry
shail, Pomacea canaliculata. As you know, the
cherry snail was introduced to Southeast Asia
about 20 years ago from Argentina. The result
has been disastrous for rice cultivation and for a
number of indigenous species. In our work, we
noticed that wherever we encountered large
populations of cherry snails we did not find
many bryozoans. We knew that cherry snails
were significant herbivores, but do they eat
bryozoans as well? To find out, we set up
anexperiment to measure possible predation on
bryozoans by cherry snails and by indigenous
species of apple snails. The results were
striking. The cherry snails grazed heavily on the
bryozoans while native Thai snails either ate
around the bryozoans or else ignored them
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Figure 4. Cyphonautes larva ldfslopia malayensis.
Scale bar = 0.05 mm.

altogether. This conclusion has sobering
implications. Many bryozoan populations may
be seriously threatened by the cherry snail, not
only in Thailand, but throughout Southern Asia.
We worry especially about bryozoan species
that are already rare or even not yet
documented.

So in this presentation | have tried to briefly
summarize four significant areas of study that
have arisen as direct outcomes of biological
surveys in Thailand. Without the surveys, this
new research would have been highly unlikely.
This is just one illustration of how biodiversity
inventories can open doors to important new
scientific knowledge.

If you are interested in further information
about bryozoan studies in Thailand, | would
invite you to browse our website,
www.thaibryozoans.copwhich is accessible in
either Thai or English languages. Thank you
once again for the opportunity to participate in
this magnificent BRT conference. 1 look
forward to hearing more about other
biodiversity studies in Thailand.
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ANTHN 1. LRAITIUAZLDAVBILARINAINUFRT LI (green fuels) Nanansashanudaidunasnunaunuaaslan
e (National Geographic Magazine, October 2007)

source type energy ratio/gallon greenhouse gas Yield\Ton-Acre
sugar cane E25 1:8 -56 % 1,200
corn E85 1:13 -22% 600
canola oil Biodiesel 1:25 - 68 % 200
soybean oil Biodiesel - - -
palm oil Biodiesel - - -
cassava Ethanol - - -
cellulosic ethanol still in develop no current production
green algae still in develop no current production
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Algae: the Natural Heritage of Thailand

Aparat Mahakhant
Thailand Institute of Scientific and Technological Research (TISTR), Thailand,
aparat @ tistr.or.th

Abstract

The algae comprise a large, heterogeneous,

and polyphyletic assemblage of relatively
simple plants or thallophytes which lack
differentiated roots, stems, and leaves, and
have little in common except chlorophyll-a as
their primary photosynthetic pigment.

Most algae commonly occur in water, be
it freshwater, marine, or brackish. They can
also be found in almost every other
environment on earth e.g. living lichen
association on bark or even in extreme
environment e.g. the algae growing in the
snow, living in desert, and living in hot
springs. In most habitats, algae function as the
primary producers in the food chain, producing
organic materials from sunlight, GOand
water. They also produce the @ecessary for
the other organisms and over 40% of
atmospheric C@is fixed by algae.

About one third of the world plant
biomass consists of algae. The world algal
biodiversity from total 10 divisions is
expected about 100,000-10,000,000 species.
At present, the number of algal species
reported in the world is estimated at 30,000-
40,000 while the number of species reported in
Thailand is merely 1@). Nevertheless, the
number of algal strains preserved at the Algal
Culture Collection (ACC), Microbiological
Resources Centre (MIRCEN), TISTR (the
biggest ACC in Thailand) is around 700. The
mass cultivation of algae in Thailand was first
carried out at Kasetsart University in the early
1970s and supported by the German
Government. At that period, green algae,
Scenedesmus were cultured; the biomass
obtained was used as protein source. In the
mid 1990s, biofertilizer project (from N
fixing cyanobacteria or blue-green algae) and
Soirulina project were established at TISTR
and King Mongkut Institute of Technology,
Thon Buri (KMITT), respectively.

Since then it has been recognized that
(micro) algae are important natural heritage
that can be used in various fields e.qg.
agriculture, industry and environment. ACC

was established in 1995 fex situ conservation
and sustainable utilization of alghioresource
in Thailand.

The ACC'’s research activities cover the
research relevant to the collection (e.g.
development of long-term preservation of
microalgae) as well as applied research on
utilization of microalgae in the field of
biotechnology (with a special focus on agro-
biotechnology and food biotechnology) to build-
up (microalgal) bioresource-basbkitbeconomy.

Our previous success on R&D of microalgae in
the field of agro-biotechnology has been an
exclusively  transferred of  biofertilizer
production technology to SMEs. To expand the
sustainable utilization of microalgae, screening
programs have been set up for the selection of
polysaccharide and agro-active compound-
producing strains.

The ultimate goals are to develop soail
conditioner and biopesticides (e.g. insecticide,
algaecide, herbicide, and fungicide etc.)
including plant growth hormone from
microalgae. It has been found from the study that
blue-green algal strains of the order Nostocales
are a potent source for soil conditioner while the
order Nostocales, Oscillatoriales and
Stigonematales are potent sources for agro-
active compounds.

The technology on production of soil
conditioner from Nostoc strains is expected to be
transferred in the near future. In the case of the
R&D of microalgae in food biotechnology,
recently the production technology of edible
Nostoc-ball (so called “Muk Yok” in Thai) has
been exclusively transferred to industry. It is
obviously shown that the key success factors for
sustainable utilization of algae, the natural
heritage of Thailand for our prosperous future
are the systematic study afgal biodiversity,
the careful collection and conservationabgal
bioresource and the capacity building in our
own algal biotechnology. By these key success
factors, algae may be a vital basémieconomy
of Thailand. Besides the algae, the researchers
who work in this field must show their
willingness of innovator and entrepreneurship.
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Key words: algae, biodiversity, bioresource, species reported worldwide is estimated at

biotechnology, bioeconomy 30,000-40,000 (Nortoret al. 1996) while the
number of those reported in Thailand is only
Introduction 1,600 (Mahakhant, 2005). Algae are very
Nowadays, it is well accepted that important to other living organisms due to their
biotechnology is a powerful tool for the well functions in various geological processes. The

being and prosperous of mankind. photosynthesis of the blue-green algae
Nevertheless, the success of biotechnology in (cyanobacteria) and later the eukaryotic algae
developing new things (products, processes produces oxygen gas in the atmosphere that
and innovations) is depending on the richness supports life on this planet. Over 40% of the
of biodiversity and the proper management of Earth carbon is fixed by photosynthetic algae
bioresources obtained from biodiversity. By  (Bolin et al. 1977). The photosynthetic algae are
these three key words, the sustainable also the main or only source of carbon for
bioeconomy-based development could be heterotrophic aquatic organisms including all
fulfilled. It has been recognized that above those harvested by human. Their major use as
plants and animals, microorganisms including seaweed is for human consumption with the total
microalgae are important bioresources food crop worth over US$ 3 billion (Jensen
contributed to the progress of biotechnology. 1993). Furthermore, phytoplankton in the oceans
Above their crucial functions on ecological represent a major sink for GOthus cope the
services (e.g. primary producer, supply of O  problem of global warming.

purification of water and mineralization) algae The importance of algal biodiversity in
especially, microalgae seem to be a novel diverse habitats has been recognized.
source of organisms that increase their role Microalgae, especially blue-green are important
more and more in biotechnology and in many extreme environments such as alkaline
bioeconomy development. Various kinds of lake or both hot and frigid deserts where small
consumer products from algae have been number of living organisms can survive. The
entered into the world market e.g. ecological significance of algae in the soil has

neutraceutical products from Spirulina, been known by their role on soil fertility and
Chlorella, Dunaliella and Haematococcus, improvement of soil structure according to their
polysaccharides from Porphyridium and abilities in N-fixation and secretion of

biofertilizers from various species oblixing extracellular polysaccharides. It is obviously

blue-green algae etc. The approximate sizes of shown that algae are the vital fundamental
the market for these algal products are from heritage for the well being of global and
medium to large or about 5,000 to >10,000 mankind.

million baht (Benemannet al. 1987,

Borowitzka 1992 and Yamaguchi 1997). Algal bioresources: the fundamental for
The current report reviews the role of sustainable development
algal biodiversity and algal bioresources on the Similar to other organisms, the greatest

development of algal biotechnology and algae- threat to algae is the widespread loss of their
based economy of Thailand with a special habitats resulting  from environmental
focus on the conservation and R&D activities degradation, nutrient enrichment, changes in
of the freshwater microalgal resources water quality, drainage scheme and urbanization.
preserved at Algal Culture Collection (ACC), This has been the reason for the establishment of
Microbiological Research Centre (MIRCEN), Algal Culture Collection (ACC) as an algal
Thailand Institute of Scientific and  bioresources unit foex situ conservation with

Technological Research (TISTR). the ultimate goal of sustainable utilization of

these bioresources. In Thailand, Algal Culture
Algal biodiversity: the natural heritage for Collection (ACC) was established in 1995 as a
life part of Microbiological Resources Centre

Water constitutes 99% of the living (MIRCEN) at the Thailand Institute of Scientific
space on Earth so that there is plenty of room and Technological Research (TISTR). At
and time for algae to grow and evolve. The present, more than 700 local isolated freshwater
world algal biodiversity containing of 10 microalgal strains (mostly belong to divisions
divisions is expected about 100,000- Cyanophyta and Chlorophyta) have been
10,000,000 species and the number of algal preserved at ACC, TISTR. Over 400 strains are,
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Table 1. Number of algae preserved and serviced at ACC-MIRCEN, TISTR

Classes Number of genus Number of strains
Cyanophyceae 30(30)* 496(237)*
Chlorophyceae 20(16) 237(197)

Total 50(46) 733(434)

*( ) number of genus/strains available for service

Table 2. Diversity of algal genera and number of algal strains preserved at ACC-MIRCEN, TISTR

Genus of Cyanophyceae No. of strains Genus of Chlorophyceae No. of strains
Anabaena 30 Ankistrodesmus 6
Aphanocapsa 5 Clamydomonas 2
Arthrospira 1 Chlorella 40
Calothrix 85 Chlorococcum 24
Chlorogloea 4 Coccomonas 1
Chroococcus 17 Coelastrum 32
Cylindrospermum 2 Cylindrocapsa 1
Dermocarpa 1 Didymocystis 3
Fischerlla 24 Elaktothrix 5
Gloeocapsa 3 Gloeocystis 5
Hapal osiphon 42 Haematococcus 20
Lyngbya 7 Monoraphidium 18
Mastigocladopsis 1 Pediastrum 6
Mastigocladus 6 Scenedesmus 54
Merismopedia 1 Fohaerocystis 2
Microcheate 2 Tetrachlorella 3
Microcystis 3 Tetradesmus 7
Myxosarcina 9 Ulothrix 6
Nostoc 152 Cladophora 1
Oscillatoria 20 Soirogyra 1
Phormidium 14
Plectonema 2
Rivularia 2
Scytonema 10
Soirulina 3
Sigonema 10
Symploca 1
Synechococcus 24
Synechocystis 2
Tolypothrix 13

Total 496 237
Grand total 733
Table 3. Development of long-term preservation techniques for microalgal strains
Survival (%)* Total
Preservation Protectant Duration Blue-green Green algae survival
technique algae (%)
Cryopreservation 10% DMSO 18 months 44/51 50/99 94/150
(Watanabe and (86) (50) (62.6)
Sawaguchi,1995)
Encapsulation 0.5 M sucrose 3 days 3/51 13/99 16/150
(Hirataet al, 1996) (5.8) (13.2) (10.6)
Freeze-drying 10% skim milk immediately 4/51 11/99 15/150
(Tsura, 1973) (7.8) (11.1) (10.0)
Gelatin disc 5% inositol immediately 0/51 0/99 0/150
(Snell, 1984) (0) (0) (0)

! Number of survival strains/number of total strain tested (% of survival)
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readily available for culture service as listed in e Survey, collection and isolation of
Table 1 and Table Zhese algal strains cover microalgae from both natural terrestrial and
a wide range of known or potential aquatic ecosystems.

applications in biotechnology, agriculture, e Taxonomy of algae by morphology.
environment and industry. The strains are o Development of long-term preservation
subcultured to suitable solid or liquid media at techniques suitable for each group of algal
appropriate time intervals. The list of service pjoresources. As the maintenance of algal strains
algal strains can be accessed from the TISTR py subculturing method for several times leads

website: http://WWW.tiStr.or.th/mircen to the loss of genotypic and phenotypic types_ To
reduce these problems, long-term preservation

Algal biotechnology: the powerful tool for techniques  such  as  cryopreservation,

sustainable utilization of algal bioresour ces lyophilization, encapsulation and gelatin disc

Microalgal biotechnologies have haye been applied. Cryopreservation technique
attracted increasing interest since the 1980s. Using dimethyl  sulfoxide (DMSO) as
The number of patent rose from approximately Cryoprotectant is the_ most suitable technique f_or
77 over the period 1953-1980 to 194 over the lOng-term preservation of algae as shown in
period 1981-1993 (Sasson 1997). At present, 'able 3 (Kunyalung and Mahakhant 2005,
over 450 titles are registered with WIPO (World Mahakhant et al 2005).

Intellectual Property Organization) patents 2)- Research, development and technology

http:/Amww.wipo.int/pctdb/en/range.jsp Xgré:sfer on utilization of algal bioresources at
) The applied researches and developments

Past performance of algal biotechnology at ACC are focused on bioprospecting of algal

research, development in Thailand bioresources for the production of useful

~InThailand, the cultivation of algae was  compounds or useful products. The products,

early 1970s and supported by the German transferred to SMEs for sustainable utilization.
Government. At that period, green algae

Scenedesmus were cultured; to produce the
biomass which was used as protein source. In
the mid 1990s, biofertilizer project (from,N
fixing cyanobacteria or blue-green algae) and
Soirulina project were established at TISTR
and King Mongkut Institute of Technology,
Thon Buri (KMITT), respectively. The
technology obtained from KMITT was
transferred to “Neotech Co., Ltd in Ratcha
Buri province. Currently, the biggeSpirulina
farm in south-east Asia is Boonsom Farm
located in Chiang Mai province, producing
well-known neutraceutical “GD-1" brand from  Fig. 1 Biofertilizer product “Alginure” developed

i
It
g
i
]
ol
(el
2|

Soirulina using self-developed technology. from Ny-fixing blue-greeralgae.
Research, development and transfer of algal « Biofertilizer and soil conditioner from
biotechnology at ACC, TISTR N.-fixing blue-green algae

The ACC's major activities cover the Previously, TISTR  succeeded on

aspects of culture collection work, research transferring —of  biofertilizer  production
relevant to the collection (e.g. development of technology exclusively to SME, Algotech Co.
long-term preservation of microalgae) as well Ltd. The biofertilizer, so called “Alginure” (Fig.
as applied research on sustainable utilization of 1) has been used by Thai farmers in all regions,
microalgae in the field of biotechnology. especially in the central part, the largest rice
Research activities at ACC are divided into Ccultivation area in Thailand. The “Alginure” is

two aspects as follows: composed of various strains of-fiking blue-
1) Research relevant to algal biodiversity and 9reen algae (BGA), mostly attached (benthic)
algal bioresources strains which can grow and provide nitrogen
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Table 4. Biomass increment, polysaccharide production of selected algaf strains

Strains Biomass increment Polysaccharide
(9(tw)/1) (mg/g)
Nostoc sp. TISTR 8290 29.07+1.13 124.86+2.74
Nostoc sp. TISTR 8873 33.08+1.56 114.92+2.00
Nostoc muscorum TISTR 8871 16.06+1.61 117.94+1.65
Nostoc muscorum TISTR 9054 14.63+1.39 120.10+2.56

! Data analysed after 21 days of cultivation

source along the duration of rice cultivation. goals are to develop biopesticides (such as
The application of “Alginure” can reduce the insecticide, fungicide and herbicide) including
chemical fertilizer consumption and cost of 30- plant growth regulator from microalgae. The
50% as well as decrease the adverse effects ofresearch program is actively conducted to
chemical fertilizer on agricultural soil (e.g. investigate agroactive compounds produced by
compaction of soil) and aquatic ecosystems algal strains. The bioactivities of crude algal
(e.g. toxic algal blooms due to eutrophication). extracts have been tested against various groups
In addition, “Alginure” has already received of microorganisms including plant pathogenic
the Organic Agriculture Certification from  microorganisms and insect pest. The results of
Ministry of Agriculture and Cooperation. the screening program showed that over 20% of
Nowadays, more than 50% of the crude algal extracts expressed their
agricultural soil in Thailand has been widely bioactivities towards at least one microorganism
destroyed and so classified as very low fertility (Table 5). It was found that most of the potent
soil (less than 1.5% organic matter content in strains belong to family Stigonemataceae.
soil). To improve soil fertility including From our screening results, three BGA
restoration of soil resources, a project strains, Hapalosiphon sp. TISTR 8252,
concerning the production of extracellular Calothrix sp. TISTR 8906 anHapal osiphon sp.
polysaccharides (EPs) from BGA (as soil TISTR 8225 were selected for further research
conditioner) has been set up recently. The aims and development on the productions of
of this project are to construct soil structure insecticide, fungicide and herbicide,
and enhance soil organic matter by the respectively.
addition of EPs continuously secreted from « Insecticidal compounds produced by
selected living BGA strains. In this project, 4 Hapalosiphon sp. TISTR 8252
algal strains oNostoc were selected according The crude extract oHapalosiphon sp.
to their fast growing and high capability of TISTR 8252 was investigated for its insecticidal
producing polysaccharide (Table 4). The effect on important insect pest of Thailand
performances of these 4 strains on the (Polchaiet al. 2002). The results obtained from
improvement of soil are now under the feeding test showed that crude extract of
investigation in both laboratory level and out- Hapalosiphon sp. TISTR 8252 exhibited
door pot experiment prior to field trial. antifeedant and insecticidal activities on cotton
ballworms,Heliothis armigera Hibner and beet
armyworm, Spodoptera exigua Hubner. The
increased concentration of the crude extract
associated with greater weight loss and also
correlated to higher mortality. The antifeedant
activity caused mortality due to starvation of
larvae as they hardly ate the algal-extract applied

' leaves.
Fig. 2. EPs produced Byostoc sp. in liquid form Long-term effect of crude extract i1
(left) and dried form (right) instar of cotton ballworms expressed antifeedant
activity which had an effect on the growth and
« Agroactive compounds development of larvae. Although the maximum

To expand the sustainable utilization of weights of all treatments (0.2, 0.6, 1.0% w/v
algal biodiversity at ACC, a screening program algal extract) did not differ from control,
has been set for the selection of agroactive prolongation of larval stage of more than 4 days
compound-producing strains. The ultimate could be observed. One percent of algal extract
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Table 5. Number of algal strains used in the
(Mahakhangt al. 2004)

screening for bioactive compounds and their results.

Target organisms Total screening algal strains Inhibition (%)
Bacteria 84 55(64.48)
Yeast 43 9(20.93)
Fung? 71 50(70.42)
Brine shrimg 65 48(73.85)
Insect pest 65 12(18.46)
Gras$ 28 4(14.30)

!Bacteria —Bacillus subtilis TISTR 8, Escherichia coli TISTR 780, Pseudomonas aeruginosa TISTR 781,
including cyanobacteridnabaena siamensis TISTR 8012 andMicrocystis aeruginosa TISTR 8325;?Yeast —
Candida albicans TISTR 5239,C. krusei TISTR 5099,C. tropicalis TISTR 5045,Pichia membranaefaciens
TISTR 5107,P. kluyveri TISTR 5150, Cryptococcus neoforman IFO 06121;3Fungi —Aspergillus fumigatus
TISTR 3396 A. fumigatus IFO 31952 A. niger TISTR 3390 Aurobasidium pullulans TISTR 3389,Chaetomium
globasum TISTR 3340, Microsporum audoini IFO 8147, Trichophyton mentagophytes IFO 32412;“Brine
shrimp —Artemia salina; *Insect pest -Spodoptera exigua, GrassOryza sativa PTT1.

could decrease 50% adult emergency of total
number of larvae.

Insecticidal effect of crude extract if"2
instar of beet armyworm indicated that the
mortality of beet armyworm treated with 3-10
% of the extract was 100% after 3 days and the
larval weight was 5 times less than the control
within 2 days, while 1% of crude extract and
0.25% of commercial neemAfadirachta
indica Valeton) extract showed the similar
results. At least 3% concentration of crude
extract expressed an antifeedant activity ' 3
instar larvae as strong as 89-100%, while 1%
algal extract and 0.25% of commercial neem
extract showed the similar results. The results
of pot experiments revealed that 5% algal
extract had potential on controlling of beet
armyworm. With this concentration, the
average larval weight was 4 times less than the
control and about 74% mortality was shown
(Table 6) (Mahakhant et aR001).

Purification and elucidation of chemical
structure of active compounds from the crude
extract fromHapalosiphon sp. TISTR 8252
led to the findings of other three active
compounds, 12pi-hapalindole C isonitrile,
12-epi-hapalindole F isothiocyanate and
hapalindole H.

The hapalindole is the class of alkaloids
of mixed biogenesis, presumably derived from
tryptophan and a monoterpene unit, found in

slightly described, Stratmarst al. 1994 found
that lipophilic extract of Westiella intricata
exhibited insecticidal activity against blowfly
larvae. The larvicidal activity is basically
initiated by N-methylwelwitindolinone C
isothiocyanate.

« Fungicidal compounds produced by
Calothrix sp. TISTR 8906

As in many countries in the world, mung
bean and mung bean sprouts are among the most
popular vegetables consumed in Thailand.
Nevertheless, the supplies of mung bean
production cannot meet the consumer’s demand.
A major problem of mung bean cultivation is the
infection by Macrophomina phaseolina (an
important plant pathogenic plant fungus which
causes various kinds of plant diseases such as
stock rot in corn and sorghum, seedling rot in
flax and charcoal rot in mung beafnpm both
soil-borne and seed-borne sources. As this
fungus can destroy mung beans at each growing
stage, mung bean production is significantly
reduced. Nowadays, the public concern is
seriously focused on alternative methods of pest
control e.g. biopesticides from natural
compounds to reduce our dependence on
chemical pesticides.

An anti-fungal antibiotic was
characterized from crude extract@dlothrix sp.
TISTR 8906 with respect to an inhibition effect
on M. phaseolina. The applications of crude

some blue-green algae of Stigonemataceae extract for the control of charcoal rot disease in

(Klein et al. 1995). From previous studies,
antifungal activities were reported from 12-
epi-hapalindole C isonitrile, 12pi-
hapalindole F isothiocyanate and hapalindole
H (Smitkaet al. 1992; Stratmanmt al. 1994
and Kleinet al. 1995). However, the report on
insecticidal activity from BGA has been
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both laboratory and pot experiments were
investigated (Mahakhangt al. 1999). At the
laboratory scale, the effects of crude algal
extract concentration on the inhibition .
phaseolina infection in mung bean was studied
at eight concentrations of crude algal extract
ranging from 100-50Qug/seed. Control oM.



Table 6. Controlling of ¥ instar beet armyworm on field test potHgpal osiphon 8252 extract

Treatment® Mortality (%) Ave. wt.
(mg/body)

Control 0.07 8.0°%
Neem ext. 0.5% 27.7 3.1
Algal ext. 19 31.9 2.6
Algal ext. 3% 47.7 2.5
Algal ext. 5% 74.3 1.8¢
Algal ext. 796 94.6 1.3

'5 replicate/treatment, 10 larvae/replicat@itial average weight = 0.96 mg/larvithe activity of 100 mg of
algal extract is equivalent to 1.16 mg standard gentanfiwéeyosis of leaves were shown.

12-epi-hapalindole C isonitrile

12pi-hapalindole F isothiocyanate

IIIIQ

hapalindole H

Fig. 2 Chemical structures of insecticidal compounds producéthpsi osiphon sp. TISTR 8252

phaseolina at the seed level showed that the
algal extract concentration of 2h@/seed was
the minimum inhibitory concentration that
could express the same controlling effect as
“mancozeb” (one of the most popular
commercial fungicides used in Thailand) at the
recommended dose of approximately 200
pg/seed (3 g/kg seed) (Table 7).

The study on control of seed-borne and
soil-borne charcoal rot disease by microalgal
extract was conducted in pot experiments.
Direct inoculation of fungus on mung bean
seeds at the concentration of 500 c.f.u./seed

source of cardioactive agent in isolated mouse
atria (Mooreet al. 1989 and Gregsomt al.
1992).

e Herbicidal compounds produced by
Hapal osiphon fontinalis TISTR 8225

Among the chemical pesticides imported
to Thailand, herbicidal compounds shared the
highest in both volume and value. To search for
other alternative, the screening for herbicide-
producing algal strains and study on herbicidal
activities has been recently conducted at ACC.
More than twenty algal strains the crude extract
of which previously shown algicidal effects were

(seed-borne model) expressed the same degreere-screened for their herbicidal effects toward

of infection as when the seeds were inoculated
with a mixture of fungal inoculation and
sterilized garden soil at the concentration of
10’ c.f.u./g soil (soil-borne model). It was
obviously shown that crude algal extract at the
concentration of 25Qug/seed expressed the
same controlling effect as mancozeb at the
recommended dose (2Q@/seed) in both the
seed-borne and soil-borne model (Table 8).
Purification and elucidation of chemical
structure of active compounds from the crude
extract fromCalothrix sp. TISTR 8906 led to
the finding of active compounds belong to
puwainaphycins (Fig. 3). More details of
structures are under investigation. Previously,
puwainaphycins A-E were reported as a potent
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grass plant. The herbicidal activities of the three
selected algal strains are shown in Table 9.
Hapalosiphon fontinalis TISTR 8225 showed
the best on inhibition of grass root with the
lowest EGq of 2.6 g (algal dried weight)/l (80%
methanol). Electron micrograph of grass root
after exposed to crude extract laépal osiphon
fontinalis TISTR 8225 indicated that it could
cause the Iloose tip cells to come off,
consequently their damage (Fig. 4).

e Food product fromNostoc commune
TISTR 8878
Nostoc commune N.-fixing blue-green algae
occurred on soil or rocky surface are one of the
most popular edible algae among the local
people in many parts of the world (Lembi and

B
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Table 7. Effects of crude algal extract concentration on the inhibitidvlaofophomina phaseolina in mung
bean seeds

Treatment M ean no. infected seedings'
Seed+fungus 20.6°
Seed+algal extrat{100 pg/seed)+fungus 12.4
Seed+algal extract (200 pg/seed)+fungus 6.2
Seed+algal extract (250 pg/seed)+fungus 1.6
Seed+algal extract (300 pg/seed)+fungus 1.2
Seed+algal extract (350 pg/seed)+fungus 1.¢0
Seed+algal extract (400 pg/seed)+fungus 1.¢0
Seed+algal extract (450 pg/seed)+fungus 0.4
Seed+algal extract (500 pg/seed)+fungus 0.0°
Seed+mancozeb (200 pg/seedl)ngus 0.0

'Means from 20 times of replication, each replication containing 20 s@dds;ophomina phaseolina at the
concentration of 500 c.f.u. sekdAny two means having a common letter of a, b, ¢ or d are not significantly
different at the 5% level of significance by Duncan’s multiple range fAtj;aI extract formulated using
surfactant (0.1% Tween 20 (v/vfPose of mancozeb as recommended by Rohm and Haas Company.

Table 8. Effects of algal extract on the controlling of charcoal rot disease in mung bean seed cultivated in soil

Fungal inoculation method Treatment M ean no.
Infected Seedings'

Direct inoculation (seed-borne) Seed+furfgus 1.55%
Seed+algal extrat(250 pg seet)+fungud 0.40
Seed+mancozeb (200 pg sépdungus 0.18
Mixing with soil (soil-borne) Seed+fungus 1.55
Seed+algal extract (250 pg seépefungus 0.3¢
Seed+mancoz&l§200 pg seed)+fungus 0.2¢

IMeans from 20 times of replication, each replication containing six séddstophomina phaseolina at the
concentration of 500 c.f.u. setd’Any two means having a common letter of a or b are not significantly
different at the 5% level of significance by Duncan’s multiple range#&lsfal extract at a concentration of 250
ng seed formulated by surfactant (0.1% Tween 20 (v/¥)acrophomina phaseolina at a concentration of 0
c.f.u. g*soil; °Dose of mancozeb as recommended by Rohm and Haas Company.

Waaland 1988). This alga has been consumed

by Chinese people for more than thousand

years. Chinese indigenous wisdom recorded

that Nostoc could prevent cancer, gout, night

blindness and other ailments (Huasg al.

1998). The indigenous wisdom in north and }_(Lu

north-eastern parts of Thailand believes that
Nostoc can protect the gastro-intestinal system. =
The Japanese scientists have few reports on
hypocholesterolemic and anti-colon tumor
effects from Nostoc (Hori et al. 1994;

Takenaka et al1997)).
ACC, TISTR was firstly supported by

BRT to conduct the project “Research and
development on food products from “Hed
Lap” (Nostoc commune, Cyanophyta)” in
2004. In this project “Hed Lap” Nostoc
commune TISTR 8299, north-eastern region
isolate) was studied. A great deal of basic and
applied knowledge was obtained from this Property. In 2007, ACC, TISTR has successfully
project. One patent and 9 petty patents were developed théNostoc-ball of various sizes from
submitted to Department of Intellectual “Kai Hin” (Nostoc commune TISTR 8878,

Fig. 3 Structureof puwainaphycin product
by Calothrix sp. TISTR 8913
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Table 9.

Herbicidal activities of algal extracts on grass

ECs!
Algal strains g/l (80% MeOH)
Shoot Root
Anabaena sp. TISTR 8077 12.0° 4.2
Hapal osiphon fontinalis TISTR 8225 17.0 2.6
Oscillatoria sp. TISTR 8245 47.0 3.8

'50% effective concentratioflean from 3 times of replication, each replication containing 10 plants

Fig. 4 El

central

ectron mlcrographs of grass root after exposure to crude exthbaibs hon ontl nalls TISTR 8225,
control (A) and treatments (B, C), showing the loose off cells at root tip

Fig. 5 The green-lusteNostoc-ball or “Muk Yok” of the size 2 mm. (left) and 4 mm. (right)

region isolate). TheNostoc-ball financial support from BIOTEC and private

contains no taste and odor which is suitable to companies in paint and biocide industries. As a

develop

to various kinds of food and result, the Thai Industrial Standard, TIS 2321-

beverages. Its morphology of green-luster-ball 2006 (2549): Weather Resistant Emulsion Paints

is also

attractive to the consumers. TISTR was established. In this TISI's standard, 3

succeeded on transferring oNostoc-ball problematic microalgal strains (Fig. 6) showing
production technology exclusively to SME, the highest occurring frequency on paint isolates

Siam Nostoc and Microalgae Co. Ltd. under under the project “Survey and Collect of
the trade name “Muk Yok” meaning jade pearl Microalgal Strains from Natural Sources” (with
(Fig. 5). financial supported by BRT) have been selected
« Standard microalgal strains for the and used as Thailand Standard Strains. At
testing of TIS 2321-2006 (2549) present MIRCEN, TISTR has provided the test
The market value of paint industry in Thailand for this TISI's standard for paint and related

is over 10,000 million baht/year and for export industries.

is over

3,000 million baht/year. Due to the

high competition of this industry, TISTR and Future challenges for our algal natural
the Thai Industrial Standards Institute (TISI) heritage: the TISTR aspects

establis

hed a project “Research on the Nowadays, microalgal products e.g. food

Establishment of Thailand Standard Test supplement from Chlorella, Dunaliella,

for Determining the Resistance of Spirulina andNostoc including biofertilizer from

Emulsion Paint to Algae” with  various strains of Nfixing BGA etc. have been
— ; o @

Method
Exterior

Phormidium angustissmum TISTR 8979 Nostoc paludosum TISTR 8978 Chlorococcumsp. TISTR 8973

Fig. 6 The three Thailand standard microalgal strains applied in the TIS 2321-2006 (2549) test
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widely available in many countries around the
world. Many businesses have been involved
with cultivation and production of algal
products. For example, Cyanotech Corporation
has been registered in NASDAQ Capital
Market. In Asia, algae biotechnology in China
has rapidly developed. Nevertheless,
comparing to products from other groups of
microorganisms (bacteria, yeast and fungi), the
algal products have indicated far less
development than others.

From our study, it is obviously evident
that microalgae, particularly blue-green algae
are the potential sources of useful compounds.
To maximize the sustainable utilization of
algal biodiversity and bioresources for algal

bio-based economy, three main aspects have

been considered, firstly, algal biodiversity,
secondly, ex situ conservation of algal
bioresources and thirdly, algal biotechnology
for the development of large-scale cultivation
and production of useful products. The fact
that there are a number of algal strains used in
screening program related to success in
obtaining the most potent strain while the
development of cultivation techniques
especially large-scale biomass production will
breakthrough the commercial scale of
production.

As the largest ACC in Thailand with the
aims to improve the development and
sustainable utilization of algal biodiversity, our
future challenges are as follows:

- Enhancement in both quality and quantity of
algal strains preserved at ACC by improving
the isolation, the cultivation and the long-term

preservation techniques to increase the number

of high quality strains and diversity of algae

besides the cyanophyta and chlorophyta
groups that can be cultured and retained for
both service and research activities.

- Application of molecular techniques to

identify taxonomic and phylogenic studies of
the algal strains preserved.
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ABSTRACT

There are currently 33 species of native
jasmine of Thai origin whereas 200 species are
growing throughout worldwide. Jasmine is
characterized by its woody climber and scandent
shrub. The habitats and distribution areas are at
all altitude across the country ranging from high
mountains in the north to lower and plain regions
in the central and also including the islands in the
Gulf of Thailand and along the Andaman coast in
the south. The centre of genetic diversity has
been discovered in the national parks and wildlife
sanctuaries such as Khao Yai, Khao Luang, Doi
Suthep-Pui, Kaeng Krachan, Doi Chiang Dao,
Khao Soi Dao, Ton Nga-Chang water fall, Ko
Chang and Huai Kha Khaeng.

All  native sweet

jasmine  possesses

fragrance not including Pan Yi jasmine or
Jasminum nobile subsp. rex, the biggest jasmine
flower in the world. The classification of jasmine is
practically identified by its leave formation e.g.
simple leave or compound leave, penninerved
leave or prominent basal veined leave. The later
criteria of jasmine classification are performed by
flower formation such as calyx tube, calyx lobe,
corolla tube and character of corolla lobe. The
number of corolla lobes varies in native jasmine
species. Thus, this can not be wused for
classification. While some native jasmine species
are confusingly called depending each region
since there has been some similar common name

locally. In the past, Thai selected the best jasmine
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species from jungle regarding of its mild fragrance,
beautiful flower and practical in use. One jasmine
species may possess Vvariable characteristics
depending on eco-type. Flower-rich jasmine species
are scientifically named Jasminum scandens, J.
decussatum, J. multifforum and J. anodontum and
some other jasmine having long flowering season
such as J. anodontum, J. decussatum, J.
multiflorum, J. funale subsp. funale, J. elongatum
and J. nobile subsp. rex .The mildest fragrant
jasmine species are namely J. decipiens, J.
rambayense, J. syringifolium, J. adenophyllum and
J. anodontum. The most popular native species for
cultivation are in the best order from J. muliflorum,
J. adenophyllum, J. scandens and J. decussatum.

The conventional uses of jasmine flowers in
ancient time were as for decoration (in the north,
the central and the east of the country), floating
jasmine blossom in drinking water (in the central
and the east), heart stimulated herb powder (in the
central and the east), medicinal herb (in the
northeast) and local vegetable (in the north). There
was no evidence of jasmine use in the south.

The development of jasmine species from
native plant to economical added value species
required some criteria of decoration and fragrance
characteristics as follows: compacted shrub or less
climbing character, long period or all year round
flowery period, mild fragrance blossom, blight yellow
or violet petal (besides pure white one) At present,
jasmine flowers have been further developed for

aromatic essential oil, perfume and spa applications.



Key words: native jasmine, potential, utilization
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RS A GG GER

NMIAIIVLDNAT
yzd (jasmine) LﬂuWiivaﬁﬁa%ﬂu’N?T

Oleaceae luﬁqa Jasminum ﬁiiaﬂﬁag 200 %@

(Green, 2000) én3uludsznelneduzafwias 33

TU@ (species) 8 THhALing (subspecies) LAz 4 WITDH

s (varieties) (Green, 2000 & Prachaya et al., 2004)

u:ﬁﬁﬁuﬁ%ﬁﬂni:mUagjﬁ"aﬂiuﬂﬂﬁué‘?\au@iUa@maﬂ

glumamntia manziueanideanite saunfiefisy

ﬂ;ﬁ\lﬂ']ﬂﬂﬂ'm ﬂ']ﬂ@l:'?%aﬂﬂ vLﬂ%%ﬁGﬂ']ﬂsLﬁ ﬁﬂizﬁnﬂ

ﬁuﬁ:ﬁy’duugw’]ga fisudn LRTANLNZE9 9 valu

Hegnalne uasdanziaduasin Doz, 2549 n.)

vzAtuiiosveslneddaFonuandrain

srasialuit (nani'la, 2544 use Prachaya et al., 2004)

1. Jusminum adenophyllum Wall. ex C.B. Clarke
WA

2 J. annamense Wernham subsp. annamense
1n3n3u uaz J. annamense Wernham subsp. kerrii
(Bhatnagar) P.S. Green azanuanns

3. J. anodontum Gagnep. & lAfuuLas

4. J. attenuatum Roxb. ex G. Don ¥£ALAN

5. J. calcicola Kerr L'gmﬁu

6 J. coarctatum Roxb. var. coarctatum LATaRuwIy
98 Wz J. coarctatum Roxb. var. vanprukii (Craib)
P.S.Green uzaih

7. J. cordatum Ridl. N8

8. J. craibianum Kerr 3<8U%

9. J. decipiens P.S. Green JZRNW&

10. J. decussatum Wall. ex G. Don L"ﬁmg
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11. J. dispermum Wall. subsp. forrestianum
(Kobuski) P. S. Green uzAqag

12. J. elongatum (Bergius) Willd. =3 &

13. J. extensum Wall. ex G. Don a¢RLaN

14. J. flexile Vahl NzRLaLa3

15 J. funale Decne. subsp. funale 1alnluaiu wae
J. funale Decne. subsp. sootepense (Craib)
P.S. Green uzA1N

16. J. harmandianum Gagnep. 1&lA

17. J. kedahense (King & Gamble) Ridl.
wRluGm

18. J. lanceolaria Roxb. subsp. lanceolaria
NeRIAHLAN WAz J. lanceolaria Roxb. subsp.
scortechinii (King & Gamble) P.S. Green WA
1advas

19. J. latipetalum C. B. Clarke uR1wag

20. J. laurifolium Roxb. var. laurifolium N<R88 LAy
J. laurifolium Roxb. var. brachylobum Kurz
Nl

21. J. maingayi C.B. Clarke Nz81/w

22. J. multifiorum (Burm.f.) Andr. &I:qﬁ

23

24

25

26

27

nervosum Lour. L%mngﬂ

nobile C.B. Clarke Uu#d
perrisanthum P.S. Green m?z{]m
pierreanum Gagnep. NZRL
rambayense Kuntze el
29. J. scandens (Retz.) Vahl L"gmﬁ
30
31
32

33

A
A
. J.
A
. J.
28. J. rufohirtum Gagnep. JZ8UWI12
.
. J. siamense Craib y¥88214
. J. stellipilum Kerr 4=8@aIg%
. J. syringifolium Wall. ex G. Don Lﬁﬂfaglmmau
. J.

undulatum Ker Gawl. 4281883

luﬁhmumaﬁmﬁmﬁﬁagj 33 zila Huzddwdion
(endemic species) 31w 5 e (Green, 2000) laun
1. J. calcicola Kerr L"gmé'fu

2. J.siamense Craib Nz@&e1

3. J.annamense Wernham subsp. kerrii
(Bhatnagar) P.S. Green uzanuaans

4. J. perrisanthum P.S. Green m?}{]m
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5. J. stellipilum Kerr UZRRIIFIW

lunnssainusnafiavesuzaiuiios onld
anwazianlunnsduun (Green, 2000) lasi3ed
ANNEGY 9T
1. 1y ﬁmmwnmjmﬂu’lwﬁm wazludsenau
2. 1wy ﬁmnmmﬂuﬂfvjwﬁ'ﬁLﬁuumuﬂmﬂ'u
iN% UAZLAWLANIZEUIN
3. NAVLAYS ﬁmnmmﬂumjwﬁﬁmmm’mamaaﬂ
NAULREILABNALIRBIYN T LLa:mjuﬁﬁmwma
2038NAVIRBIIINIWI o s IIABaNALAeN

4. nAuaan AN ILendunaNNiaNNe1IVeI%Raaa

q

a A a \ Y
NAUadNLLAIETNALADNANIINY

nslddszlosdanusiludagiu daulngjin
IFuzdrfianIamoiuiindrnndrsdzina
VZAN NLRTEU NLRANT WNDTIA WNDTIANKAI UAE
wzAna9 udw suuzanwiosdnsleuss lomi
dandnotos nsthanldusToaiiieslaifoia
Lt (Uoiz, 2549 4., Ellison, 1995) NILNULNT
mmfﬁaw:'ﬁﬁmﬁadﬁ’lumﬁfa%amgmw%muﬁ‘n
onuT n oA 1nInsh 98y (rUmAasaaw, 2547
n.) uazlunibsfeaynininuisanss v ldud L%mg
LLa:L‘*ﬁmgLﬁn 98Y (TITUWNALIIY, 2547.)
Janszan

LN aﬁnmiagmmﬁaﬁuﬁqmw LRENIINICANY

—_

@ € AAT A
WutvanzAtwilasludzinalng

2. Lﬁaﬁﬂmmwﬁﬂﬁmmwmyﬁuﬁ: wazn1Tan
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LREIMANZRY
A = o o & a

3. WadnudnuniwwaznstUseloviivesnsd
NuLilad

4. WawaIoudeyadwivdionaanaluladg
wwIa1e haannanlasinis BRT

5. LNalarsudayadIniudariinisgan TWaw
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1. ﬂ'\i‘i']ﬂi')N?Taﬁaﬁ%ﬁ']% JUNIIuTINIgt
ﬂ']iﬁ%’]i')ﬁ]ﬁ\l:aﬂladﬁﬂﬁﬂiﬁﬂl%“ﬁ')dﬁﬂhuuﬂ uaziime

Jaduunriialaslitoyn asik



1.1

Flore Siamensis Enumeratio. Vol. 1 Part 1-

4. (Craib, 1925-1931)

1.2 Oleaceae. In: Santisuk T, Larsen K. Eds.

Flora of Thailand, 7: 271-340.
2000)

(Green,

1.3 Jasminum rufohirtum Gagnep. a new record

for Thailand. In: Thai For.Bull. (Bot.) 32:146-
148.2004. (Prachaya et al., 2004)

1.4 Tansyombawistseinealneg 16y s@wn

2. nsan lwAwNLBaINIzI1 WS

2.1

avuuilaindy w.e. 2544 (nsud'le,
2544)

4

Q

ﬁﬂmanmdMLﬂuguﬁﬂmdmw
WAINRANN A LTNITY Iﬂﬂ%‘*ﬁagaﬁugm
73 uddunmaludrsa UAZTIUTINTBYS
masmnuluiuidnsnswn 16 v leun
anuuuiImanlng wainmwuisadih
Nl gnonwuiiTI@aesBunuud il
39URILINRDNIUNIT ONUULITIARDY
ginw-Uo lwainsiuiaaithaesideienn
wainwRuitingesa wainswugi
WIB TS aNTUULAITIRRNIU aNEn
WHITIR U RN qwmuuﬁa"mﬁnﬂmzﬁa
ANPIBUITIALDINAIT ANITUUAITIAUNS
N3TB GNIUUKITIAITNTELEEA LA
nRuiFaithlawnts uazwadnswug

% 6 LM )
F01 UG (LTe4)

2.2 LAUAI8EN9NY Ha6 GUNAN LLazLuﬁmﬁuﬁm

= % v ¢ &
ANBIATWUNIIVLN UW%ELLﬂ$ﬂ17ﬂ QﬂLa HN)

3. nsAns lwulasnaaas

3.1 ?mmﬁ’mmwmUﬁuﬁ:ﬁmmzawimlﬁiazﬁ%

3.2 ?mmﬁmmsﬂgmﬁm

3.3 AnwenudngnIwwaznsial sz laml

4. maa3zadayaiiamsiglselond

4.1 103patayadinivdionaainalulady

wiat1e lainannaulasinis BRT

4.2 03Ty adInTUIANInRIFa NI IN AU

suuunslfdszlomivesldaannay

WAN15I28
1. Mmanszanwdvasnzaiwidaslunlsznalng
(799 1)
2. gmsf NANUHIANANAINVAIN WA RN TN
(TN 2)
o« ¢ &
3. MIvEnRwsuarnslgnidae
= 6
3.4 MIVNLRUE
mnmimaawmﬂﬁ'mfmaﬁmﬁauwiawﬁ@
wudmnrfiasunineiawusldlasinisidng

NN3IA% LAZMILNIZLUEA

3.2 mydgniaes
g ad A g
mﬂmimaaaﬂg}mam 29% ﬂamiﬂgmam
Wuwlanszans Lmsmiﬂg}mﬁmaaluuﬂmnmmﬁa

wuhudazzialianumanzaudanislaniass aad

3.2.1 mudgnidpadulinazans
A Aa A ' A LY
ThanuaNNnuIzINd 8L 10 T9a lawn J.
adenophyllum, J. decipiens, J. decussatum, J.
funale subsp. sootepense, J. multiflorum, J.
nervosum, J. nobile, J. rambayense, J. scandens

Wae J. siamense
3.2.2 ﬂﬂsﬂgﬂtﬁadadluuﬂadﬂaﬂdLLf{Ta
wudmﬂ"ﬁﬁﬂﬁmmmm:amiamiﬂgﬂad
wUaINaIunad LLﬁaﬁmsé’@Lwiﬂﬁmwg'uﬂamﬂwﬁw
vﬁaﬁa’aﬂﬁﬁmﬂ'gamvl,@i%m%aﬁu
4. @ngnwuaznsiadselond
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L%U’Jﬂ ludrsuen lnelusm Iaenuauluptige
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¥

a74f 1. 3lla MInszneWug uszngaanaanvasuzifwiles

Fadnsneans Falng Llﬂddﬂizﬁ)’lﬂ‘ﬁ%f; (9917A) aaAan

1. J. adenophylium NeANRE ﬁﬂiﬂgnﬁﬁﬂixmﬂ n.8.-3.9.

2.1 J. annamense  subsp. 1nsnTu ANAUAT IUNYI A0 A.0.-N.8.

annamense

2.2 J. annamense subsp. kerrii NrdnueAs WHoIAY FNAUAT WATWUA YNATHIT 6.9.-5.0.

3. J. anodontum 1&lafunas TFoni wAITNTHNN F9213 TALT NI W.0.-N.9.
UszudIIus

4. J. attenuatum WAL Wodluad §1109 muwawss wn 0.0.-5.9.

5. J. calcicola Feadu dha awy3 &z1s mgauys TA-NN.

6.1 J. coarctatum var. 3aruINTa odlnal 8119 Remlan JunyT nyauys §.0.-w.a.

coarctatum WATIITRNN UATATTITNNT {9

6.2 J. coarctatum var. wzath D938 §1U19 WS LY VanULT® §.0.-7.9.

vanprukii

7. J. cordatum WRT aNE) I iNa a9 §.0.-8.9.

8. J. craibianum VAU Faglna uidasman LW‘HSHiEﬁ WATINTRIN bHLEL-I..

9. J. decipiens TERh VDY) L8 WATIITHIN N.A.-N.8.

10. J. decussatum L’fmg widasman Foslna azys myauwys s a.0.-5.9.
UsznudITus Juns szuad a3

11. J. dispermum subsp. yrdnay Fealnal q.a.-n.a.

forrestianum

12. J. elongatum vz ld bn odlwal widasman 1n iwpIyT gnugind §.0.-130.8.
WATAITITUTT @59 uTna

13. J. extensum eIt 0 Goglna uigasman N.0.-L3. 8.

14. J. flexile VRUNLAY Woalnd W.g.

15.1 J. funale subsp. funale 1&lnlugu odlnal an uaIEIId Junil myauyIawys 8.9.-6.0.
TAYT 3089 WIN &IV

15.2 J. funale subsp. VAW Bealnal AW UWS UATRITIA %ﬂgﬁ awa.ql‘% 0.8.-n.9.

sootepense myany3 Uazufidus

16. J. harmandianum &1 odlwal §1hs Fupll wasnofin myauys W.A.-N.0.
#3213 YT INTILT g

17. J. kedahense WAluFen UATTITRNN TUWT 32489 Won daanit 5.0.-4.9.

18.1 J. lanceolaria subsp. WLAIRELAN Yol Funil ua TN W.A.-N.A.

lanceolaria

18.2 J. lanceolaria subsp. NeAaean Fealnal a3azine UATIITREIN 0.9,

scortechinii

19. J. latipetalum NTR ALY Mayanys ..

20.1 J. laurifolium var. Nhao WUNYT §9AN §.a.-10.8.

laurifolium

20.2 J. laurifolium var. wzRzii wiidadmau TYT MyInys $.0.-100.8.

brachylobum

21. J. maingayi ERY 898 QLﬁ@ Fealna U.0.-T.N.

22. J. multifiorum uzad ﬁ“nﬂgnﬁaﬂs:mﬁ .8.-30.9.

23. J. nervosum L?Imgl,ﬁn odlnal §1wu s 18e weITTEN T8LT aNa f.a-w.e.
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Fadnseans #alny UAAINTZALNUE (9% IA) a9aan

aNumIHh TUNT Wi WNad A%

24. J. nobile und TUNY3 9319 W20, Ne-a.e.

25. J. perrisanthum maqm 1% n.w.

26. J. pierreanum WA odlwal an uaITaEan mgawy3 n.e.

27. J. rambayense ELrR) e Y33 Wea Wings ssuan daenil n.9.-6.9.

28. J. rufohirtum NTRUUEND i f.a-wea.

29. J. scandens FAY 1ae iwry ol Fun uaInrdN duhe Foglnal 1.0.-5.4.
Uiy aszui dazanudidus

30. J. siamense wzRaew wigasman oslna §1119 @ awy3 myauys NW-W.0.
dszudstus

31. J. stellipilum NEARAIRIN TUNT T2U8Y na=dl n.w.

32. J. syringifolium L%‘Imgslmmau a8 N3zl szuas gy ind Qiia nw.-8.a., ne.-

q.9.
33. J. undulatum uBAE usigasmaw Foslnal ..

a3eh 2. ﬂ%gﬂﬂ%‘]LLVNﬂ’J’m%ﬂ’Wﬂ‘HRWUﬂ?dﬁ%qﬂiiu Fuwnsie uaredasiaNwy

URRINWINITH NINTRA sa%a

1. an muLLﬁ\‘]“H’@Lmlmy: 10 J. lanceolaria subsp. lanceolaria, J. lanceolaria subsp .scortechinii , J.
elongatum, J. pierreanum,
J. extensum, J. kedahense, J. decipiens,

J. scandens, J. harmandianum, J. decussatum

2. Lmﬂ%ﬂ‘lﬂ’]ﬁufﬁ@l’fﬂﬁﬂ@ ] 10 J. lanceolaria subsp. lanceolaria , J. lanceolaria subsp. scortechinii, J.
harmandianum, J. coarctatum var. coarctatum, J. elongatum, J.
scandens, J. funale subsp. sootepense, J. anodontum, J. rambayense,

J. nervosum

3.an PULAIT R a8 Bunuur 7 J. dispermum, J. funale subsp. funale, J. funale subsp. sootepense, J.
pierreanum, J. extensum,

J. attenuatum, J. nervosum

4. RAITVRILIAFDNFTUAINY 7 J. lanceolaria subsp. scortechinii, J. craibianum,
J. funale subsp. sootepense, J. nervosum,

J. pierreanum, J. scandens, J. siamense

5. aqﬂmuww‘ma@aﬂqmw-ﬂqﬂ 6 J. siamense, J. maingayi, J. coarctatum var. coarctatum, J. funale
subsp. sootepense,

J. attenuatum, J. nervosum

6. Lﬂlﬂ%'ﬂmﬁufﬁ'@l’fﬂmam% HNQap] 5 J. lanceolaria subsp. scortechinii, J. harmandianum, J. pierreanum, J.

attenuatum, J. nervosum

7. Lm@l%’nmﬁufﬁm‘ﬂﬁmaaﬂma 5 J. anodontum, J. coarctatum var. coarctatum,
J. funale subsp. sootepense, J. attenuatum

J. nobile subsp. rex

8. Lm@%ﬂiﬂ’]ﬁufﬂﬂﬁ’l TS RIGIR, 5 J. siamense, J. harmandianum, J. scandens,

J. decussatum, J. nervosum
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URRINWNTTH MMINTRA se%e

9. an muLLﬁd’maw‘IWWu 4 J. annamense subsp. annamense , J. annamense subsp. kerrii, J.
elongatum, J. funale subsp. sootepense

10. qwmuuvﬂa’maﬁmmq 4 J. lanceolaria subsp. lanceolaria , J. coarctatum var. coarctatum, J.
elongatum, J. scandens

11. an muLL‘iﬁ'W’]ﬁQﬂi:ﬁd 4 J. siamense , J. elongatum, .J. scandens, J. funale subsp. sootepense

12. an PIBUAITIRALYIAR 3 J. lanceolaria subsp. scortechinii , J. coarctatum var. coarctatum, J.
decussatum

13. gneuUAITIALTINIZINN 3 J. elongatum, J. funale subsp. funale, J. anodontum

14. E;Ylil"mLW\'d“HﬁL“ll“lmu%'awaﬂ 3 J. siamense, J. elongatum, J. funale subsp. funale

15, wasnwusaa iU launds 2 J. coarctatum var. coarctatum, J. rambayense

16. 1NTad 2 J. adenophyllum, J. nervosum

WONY WAZHANIINAaILEN19nain Teazidn
Uszloodlasassdagldnnau uazilunafde
LI NAVRILUITING

42 m3lgus:lomlidudndwdas lunawmiled
M3uzddag (J. adenophyllum Wall. ex C.B.
Clarke) S9iiFariastiwin dnudr TldUselomiiin
N lagdisaadauu1uslng (296N1T8I%
WONBARAS, 2540)

4.3 malsUslomisnuwladaanladszau Tdaes

Vl@isﬁu waz baaannay

= 1 o a
nnsane lweraInianazluula
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MUIINNAAL AI5h
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4.3.2 AANINAURDULANIZEN LauA u:'ﬁgvxma
e lalaluuvey veddad lalamunas
Lmzlfimgﬁn

a

4.3.3 enufisulunmsdgniaos léun vzl vl
Tad 1FOIH uaiiong
4.4 nm3zdszlomiannaangainisinaansau

Jouwrswnan LEluRTnITnc9 g 1w Yy
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Aanssu “aralanonarszaslan (All the world’s
webs)”

ELHEERALE Lﬁaiﬁﬁﬁ'ﬂmwwmﬂ%awma
Famw uazaoesernsussiiuaasm It les
suwsugauluzialouisiia uarvinnseddse
\Rgaruanunanas e T nneuladiunite
ﬁﬁwamzwmia%’imaawwﬁ

Objective: Define biodiversity and create a
word web that illustrates some of the complex
connections in the web of life. Discuss at least

one way biodiversity affects people’s lives.

earth energy

key words

plants

aftitnals
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I0UINIUAINRAINKANLNIIBINN
(quantifying biodiversity)
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Climate change: a case study at cloud forest

Mullica Jar oensutasinee and Krisanadej Jaroensutasinee
Walailak University, Nakhon Si Thammarat
jmullica@gmail.com; krisanadej@gmail.com

Climate change Cloud forest and climate change

When we talk about climate change, For species with narrow elevation ranges,
there are several questions raised up on climate the predicted rate of climate change may move
change issues such as how is the Earth them completely outside of their climatic niche
changing and what are the consequences of life space within only one or two generations.
on Earth?, how is the global Earth system Climate change, coupled with habitat
changing?, how does the Earth system respond destruction, could cause species communities to
to natural and human-induced changes?, what experience greatly increased extinction rates.
are the consequences of changes in the Earth
system for human civilization?, and how well What have we done?

can we predict future changes in the Earth We have done several aspects on the cloud

system? forest initiative project. We had organized the
Cloud Forest Expedition during 16-21 April

What arecloud forests? 2007 with 30 researchers participated in this

Cloud forests are a type of evergreen e€vent. We compiled the species list of cloud
mountain forest found in tropical areas. Cloud forest endemic species. We studied Cloud forest
and mist is frequently in contact with the forest characteristics such as climate, soil, hydrology,
vegetation. An abundance of mosses, ferns, and vegetation. We installed two automatic
orchids and other epiphytic plants are on every Weather stations and eight ATM shelters around
tree and rock surface. Trees typically decrease Khao Nan National Park (Fig. 2). We have
in stature. Leaves become smaller, harder and Studied Parah phenology, beetles and macro-
thicker. Stunted trees are encountered and the moth species diversity and abundance.
leaves become even more akin to desert
xeromorphic leaves. Trees in the cloud cap are Link Khao Nan projectswith climate change
heavy covered with epiphytes. This unique The Davis au_tomatic weather station
ecosystem is known as the tropical montane measures barometric pressure, temperature,
cloud forest. Asia-Pacific-Potential cloud humidity, rainfall, rain rate, rain storm, wind
forest distribution and sites were recorded in speed, wind direction, dew point, heat index,

the UNEP-WCMC cloud forest database UV, solar radiation, evapo-transpiration, and
(Fig.1). percent soil moisture. This weather station

comes with wireless, remote anemometer,
receive data from up to eight different
& O transmitting stations, field station with solar
f LNEP WOMC : power and soil moisture. Wireless field station
runs on batteries or solar power kit. Atmospheric
data display in graphs.

A o R, _ Sanyen Cloud Forest Expedition

: Za ; Sanyen Cloud Forest Expedition was
conducted during 16-21 April 2007. There were
479 species of plants and animals found during
this expedition. There were composed of 11 new

s species: one orchid species, four moth species,
b two reptile species, and four amphibian species.
There were three new records for Thailand: two
Figure 1. Asia-Pacific - Potential cloud forest ant species and one moth species. There were 34
distribution endemic species for cloud forest: four
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be on the cloud forest. This study investigated
the climatic characteristics of tropical montane
cloud forest at Sanyen cloud forest, Khao Nan
National Park, Nakhonsithammarat and
compared climatic data with Parah forest and
Walailak University climatic data. We collected
climatic factors at Sanyen cloud forest, Khao
Nan National Park from 18-20 April 2007.
Sanyen cloud forest was located at 1270 m
. E above mean sea level (Fig. 3). HOBO data
oy A : b SHE o~ logger was used to collect mean, maximum and
Figure 2. Eight ATM shelters around Khao Nan minimum air temperature, relative humidity and
National Park. Red line represents Khao Nan solar radiation. We also collected the same
National Park boundary. climatic data at Parah forest and Walailak
o . . . University by using Davies weather station
Zingiberaceae, five Orchids and 25 bird g4 P?lo IIyPIus. garah forest weather station
spec!esFor plants, thee were 82. Bryophytes ., was located at 220 m above mean sea level.
species, 73 Pterophytes species, 30 orchid \ygailak Weather station was located at 8 m
SPeCIes, 25 Ficus species, thﬁegros_temma above mean sea level. We compared Sanyen
SPecies, 43 vascqlar plant  species, SEVEN cloud forest climatic data with climatic data
Zingiberaceae species and two Algae SPecies. q,m parah forest weather station and Walailak
For an!mals, the_re were 72 ant SPECIES, 56 \eather station on the same dates by using
Butte_rflles SPecies, 13 M.Oth speqléé’, descriptive statistics, linear and non-linear
Reptllgs species, 15 Amphibians species, and regression.

123 Birds species. The mean, maximum and minimum air
temperature at Sanyen cloud forest were as
following: mean temperature x(+ SO ) =

20.1240.89 °C; maximum temperaturex¢ SD
=24.15%2.79°C; minimum temperaturex SD)
= 17.454.74<C. As air temperature increased,
%relative humidity (RH) decreased in all three
locations (nonlinear regression: Sanyen cloud
forest:Fs 573 = 1.20x10, P<0.001, Fig. 4a, Eq.1;
Parah forestF;,ss = 7000, P<0.001, Fig. 4a,
Eq.2; Walailak University:F;s;5 = 2.349x16,
P<0.001, Fig. 4a., Eq. 3), where T was stand for
temperature. These results were clearly shown
that Sanyen cloud forest was much cooler than
Parah forest and Walailak University. The
maximum temperature at Sanyen cloud forest
Cloud Forest Characteristics was 28°C. On the other hand, the maximum
Tropical montane cloud forest occurs in  temperature at Parah forest and Walailak
mountainous altitudinal band frequently University were 33 and 34C. %RH at Sanyen
enveloped by orographic clouds. This forest cloud forest ranged from 60-97%. This indicates
obtains more moisture from deposited fog that the surface atmosphere at Sanyen cloud
water in addition to bulk precipitation. The forest contains more water vapours even in the
main climatic characteristics of cloud forests summer time. As air temperature at Sanyen
include frequent cloud presence, usually high cloud forest increased, % RH decreased with a
relative humidity (RH) and low irradiance. shallow slope. On the other hand, as air
Little has been done on climatic factors and temperature at Parah forest and Walailak
their effects on tropical montane cloud forest University increased, % RH decreased with
in Thailand. The lack of understanding of the steeper slopes than at Sanyen cloud forest.
cloud forest characteristics make it difficult to Solar radiation (w/f) at Sanyen cloud
predict what the impacts of climate change will forest had positive association with solar

Figure 3. Sanyen cloud forest climatic study site,
Khao Nan National Park
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At Sanyen cloud forest, %RH =94.25,

= 94.25-2.48 (-19.62+T),

At Parah forest, %RH =094.15,

= 94.15-4.74 (-25.97+T),

At Walailak University, %RH = 93.56,

= 93.56-4.15 (-26.07+T),

radiation (w/m) at Parah forest (linear
regression: y = 0.0194x + 0.630° R 0.702,
F1,125 = 294.746,P< 0.001, Flg 4b) The
amount of solar radiation (wAnat Sanyen
cloud forest was low with a range of 0-19
w/m? (Fig. 4c). The amount of solar radiation
(w/m?) at Parah forest was high with a range of
0-1000 w/r (Fig. 4d). Tropical montane cloud
forests have regular fogs or cloud immersion.
This cloud immersion reduces a large amount
of solar radiation. Our results support previous
findings that the amount of solar radiation was
a lot less at Sanyen cloud forest when we
compared with Parah forest and Walailak
University. This large reduction in solar
radiation also reduces bioproductivity.

We studied vegetation characteristics
from Klongkai station at 329 m in elevation to
Sanyen cloud forest at 1279 m in elevation
during 17-21 April 2007. There were three
parts of this study: (1) leaf size, (2) tree height
and (3) % epiphyte cover tree trunk. For leaf
size, we collected 10 leaves/tree and five trees
per study site. We selected leaves that were in
good conditions from the first branch of the
tree. We took photographs of these leaves with
a Canon Ab530, 5 million pixels in the
laboratory against white A4 paper (Fig. 5a).

These photographs were then analysed for leaf F7s,20s =

width, leaf length and leaf area using Adobe
Photoshop and MultiSpec Win 32. For leaf
thickness, we used vernier caliper to measure
at 0.01 cm resolution. We used simple linear
regression to find the association between leaf
size and elevation.

For tree height, we selected a type of tree
and measured a tree height of five trees that
had a diameter at breast height (DBH) between

T <19.62°C
T>19.62°C Eq. (1)
T < 25.97°C

T > 25.97°C Ed. (2)
T< 26.07°C

T> 26.07°C Ed. (3)

90-110 cm at each study site using clinometre
and tape measurement. We found this tree
starting at 1122 m in elevation and continuous
measured tree height up to Sanyen cloud forest
with a total of 13 study sites. We measure tree
height (H), the distance from the ground to bush
(a) and the width of the bush in 4 directions (i.e.
north, east, west, south) (Fig. 5b). We used
simple linear regression to find the association
between tree height, bush size and elevation.
For % epiphyte cover, we selected five
trees/study sites that had DBH between 100-130
cm and took photographs of epiphytes cover on
tree trunk. We started our study sites at 384 min
elevation and collected every 100 m increased in
elevation until we reached Sanyen cloud forest
with a total of 20 study sites. We took
photographs of these leaves with a Canon A530,
5 million pixels with a camera stand using a
rectangular frame with scales on it (Fig. 5¢). We
estimated % epiphyte cover/area and then used
simple linear regression to find the association
between tree height, bush size and elevation.
There were no differences between leaf width,
leaf length, leaf thickness and leaf area with

elevation (leaf width: X+ 3D =6.264.35,
F5oygzg: 1.290, ns; Iength;i D =19.18+3.67,

1.070, ns; thickness: X+ SD
=0.0074#€.0056, F,,,7 = 0.0761, ns; area:

x+ s =87.80832.70,F5 259 = 0.949, ns). As
elevation increased, bush height and tree height
decreased (bush height: y = -0.013x + 23.351, R
= 0.091, k44 = 4.429,P< 0.05, Fig. 6a; tree
height: y = -0.022x 38.604, R= 0.231, R 44 =
13.203, P< 0.001, Fig. 6b). There was no
association between bush width and bush ratio
with elevation (bush widthF; 44 = 0.323,ns;
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Figure 4. Climatic characteristic of Khao Nan cloud forest at Sanyen from 19-21 April 2007 (a) relative humidity
and temperatureC): A (--) Sanyene (__ ) Parah forest and(__ ) Walailak University(b) Solar radiation
(w/m?) at Sanyen cloud forest and Parah forest, (c) Solar rad{ationf) at Parah forest, and (d) Solar radiation

(w/m?)

bush ratio:F; 44 = 1.473,ns). As elevation
increased, % epiphyte cover increased (y =
0.064x + 0.147, R= 0.724,F, 4, = 246.93, R
0.001, Fig. 6¢).

With increasing elevations, plant species
change from lowland species to montane
species with tree stature, and leaf size
decreases but the epiphyte load tends to
increase. Cloud forest trees are twisted, gnarled
and often have umbrella-like crown [3, 4]. Our
results support previous findings. This high
epiphyte load could have four important roles
in cloud forest. First, the productivity of
epiphytes in cloud forest can exceed other
flora. Second, epiphytes could capture, store
up to 50,000 litres/ha or 3000 litres/ha and
slowly release water to canopy animals in
cloud forest. Third, epiphytes capture, store
and slowly release up to half the total input of
NH,", NO; and other important ions and
nutrients in cloud forests from water stripping
from passing clouds. Finally, epiphytes
provide home for invertebrates, amphibians,
birds and even some primates.

We studied soil and hydrology
characteristics of Sanyen cloud forest, Khao
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Nan National Park. We measured soll
characteristics both in the field and collected
some soil samples and measured in the
laboratory. In the field, we used Kelway soil
probe to measure soil pH and moisture. We
placed this soil probe in the soil no deeper than
10 cm soil depth every 100 m interval starting
from Klongkai station until we reached Sanyen
Cloud forest with a distance of 5600 m (Fig. 7a).
At each study site, we measured soil pH and
moisture three times within 1 meter radius and
measured latitude, longitude and elevation of the
study sites using GPS model 76 CSX. We also
collected soil samples at these following
elevations: 300, 500700, 900, 1100, 1200, and
1300m (Fig. 7b) by using soil auger. We
weighed all the soil samples by using soil 550
g/sample and oven dried at 90 for 24 hrs and
then reweighed soil again to calculate % soil
moisture. Because this soil contained a lot of
rocks, we used sieve number 10 to sieve the
rocks out from our soil samples. Then we
weighed 50 g soil/soil sample and burned it at
550 °C for 1 hr. We weighed the soil after
burned it and calculated %organic content. We
measured water quality in all water body along



(a) (b)

Figure 5. Vegetation characteristics (a) leaf photography, (b) tree height, and (c) % Epiphyte cover around tree

trunk with scales

Klongkai station to Sanyen cloud forest (Fig.
7c). Water quality was composed of water
temperature, conductivity and dissolved
oxygen (DO) using METTLER TOLEDO
Portable Lab™300 MX three times per study
site.

From the soil field data, as the
elevation increased, % soil moisture increased
(y = 0.021x + 4.370F;16 = 43.180, R =
0.213, P<0.001, Fig. 2a). From the sall
laboratory data, % soil moisture and % organic
content were separated into two groups: above
900 and below 900 m in elevation. As we can
see, % soil moisture and % organic content
were higher in 900 m in elevation (Fig. 8b,c).
Our results support previous findings [2, 3]
that cloud forest soils were high in organic
contents, and soil moisture. The results were
clearly shown that after 900 m in elevation,
there were a large increased in % soil moisture
and % soil organic content. This indicates that
Sanyen cloud forest started from 900 m in
elevation. The capacity of the soil to absorbs
and stores a great deal of water provides the
important services of erosion and flood control
as well as dry weather stream flow [2].

As the elevation increased, water
temperature, conductivity, and DO decreased
(water temperature: y = -0.006 x + 26.875,
F1.= 230.015, R= 0.891,P<0.001, Fig. 8b;
conductivity: y = -0.029 x + 46.734&,3, =
58.2155, R = 0.653,P<0.001, Fig. 8d; DO: y
-0.0003x + 2.14F,; 3 = 28.947 R = 0.483,
P<0.001, Fig8f). Our results showed that
water temperature, conductivity, and DO were
lower at Sanyen cloud forest than at lower
elevation water body. For water temperature,
this result has a similar trend with air
temperature. This could be due to the cloud
reduced the amount of solar radiation at the
cloud forest. This study showed that

(©

conductivity was very low at Sanyen cloud
forest. This could be due to Sanyen cloud forest
is the head of watershed, therefore, there would
be less ions in the water body than in lower
elevation water bodies. It was quite a surprised
that the amount of DO at Sanyen cloud forest
was very low, especially at 1250 m in elevation.
This water body was very shallow with 10 cm
deep with lot of algae at the bottom.

Parah Elateriospermum tapos) is only
plant in monotypigenus. It is native to
Thailand, Malaysia, and Sumatra Island. We
found them at Jengka national forest in Malaysia
[1], and Belalong forest in Brunei [2]. Leaf
phenology was studied in individuals of a
canopy species, Elateriospermum  tapos
(Euphorbiaceae), at various ontogenetic stages,
in a Malaysian rain forest [3]. 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 larger 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 phenology of Parah tree
(Elateriospermum tapos) and how climatic data
might effect on bud burst time and flower burst.
We installed the Davis weather station model
wireless Vantage Pro Il plus at the Parah park
ranger station (latitude 8.86543 N and longitude
99.62230 E) (Fig. 9a) since 21 November 2006.
This weather station collected the amount of
rainfalls, max/min  temperature, relative
humidity, solar radiation sensor, UV, wind speed
and wind direction. For phenology study, we
selected 30 Parah trees at the Parah park ranger
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Figure 6. Vegetation characteristics from Klongkai station to Sanyen cloud forest during 17-21 April 2007. (a) bush
height (m) and elevation (m), (b) tree height (m) and elevation (m), and (c) % epiphyte cover and elevation (m)
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Figure 7. Sanyen cloud forest climatic study site, Khao Nan National @arkoil field study sites(b) soil
laboratory study siteand(c) hydrology study sites

station. We marked these 30 Parah trees by bursts at Parah forest was 2.25 + 2.97
placed an individual tag on each tree (Fig. 9b). branches/day. The maximum bud burst/day
We measured each tree the diameter at baseoccurred on 1 March 2007 with a total of 17
(DAB), the diameter at breath height (i.e. 130 branches. Flower burst occurred from ™15
cm) (DBH), and tree height. We selected three February to 3® March with a flower burst
branches/tree and marked them with green duration of 44 days (Fig. 10a). The mean +SD of
ribbons. We visited Parah trees once every two number of flower bursts at Parah forest was 2.05
weeks and recorded the time that first buds and £ 2.81 branches/day. The maximum flower
the first flowering buds appeared at the top, the burst/day occurred on 8 March 2007 with a total
middle and the base of the branches. of 12 branches. This indicates that bud burst
Parah trees had a mean +SD of DAB of occurred 1 week prior to flower burst. There
226.87 £ 91.68 cm, DBH of 138.00 + 46.13 were two days time lag between bud burst and
cm, and tree height of 31.03 + 9.41 m. Bud flower burst in Parah trees at Parah park ranger
burst occurred from 13 February to 24 station, Khao Nan National Park. The mean +SD
March with a bud burst duration of 40 days of climatic factors at Parah forest from
(Fig. 10a). The mean +SD of number of bud November 2006 to June 2007 were24.0 +
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3.14 °C with the relative humidity of 90.8 +  synchronous bud burst and flower burst pattern
10.61 %, and the daily rainfalls of 42.10 + in March-April. Osada et al. also found similar
100.06 mm (Fig. 10b,c,d). During bud burst pattern on leaf fall that tall Parah trees showed a
occurred, there was almost no rainfall during clear synchronous leaf-fall pattern with annual
that time. This may suggest that Parah trees cycle. Our results support Osada et al.’s findings
require some drought period as an indicative that mature trees  produced flowers
cue for bud burst. This drought stress signal for simultaneously with new leaves, after shedding
leaf fall, bud burst, and flower burst have been their leaves. This suggests that the need to
shown in many crop species. synchronize flowering might be the primary

Our study observed only mature Parah determinant of leaf production phenology in
trees and found that tall trees showed a clear mature individuals.
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Figure 8. Soil and hydrology characteristics and elevation (m) from Klongkai station to Sanyen cloud forest during
17-21 April 2007. Soil characteristics: (a) % soil moisture from field data, (c) % soil moisture from laboratory data
and (e) % organic content. Hydrology characteristics: (b) water tempeta@)réd) conductivity(uS/cm), and (f)
Dissolved oxygen (mgyl

(@)

Figure 9. (a) Parah park ranger station (yellow pin) and (b) Parah tree
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This study investigated the species and make decision on the natural resources
diversity and abundance of macro-moth at management and support the Biodiversity
Khao Nan National Park. The results from this Convention. We set a 18 watt of the black light
study can be used as an initial data for further trap against a white sheet from 6.00 pm to 6.00
ranking conservation status of macro-moths am daily from January 2007 to April
2007 at Khao Nan Head Quarter (HQ) (UTM Bangkok for identification. The moths were set
X: 0979723, Y: 0568732, elevation 120 m) and and identified by using both Moths of Thailand
Hui Lek park ranger station (UTM X: Vol. |, Saturniidae [1] and the Identification
0979723, Y: 0568732, elevation 80 m), Khao Guild for Regulated Insects [2]. The relative
Nan National park (Fig. 11a). All macro-moths abundance (individuals/spot sample) was
were observed, collected and counted twice calculated as: k= total number of individuals/
during the trapping period at 10.00 pm and (total surveying days x 2). Macro-moth
6.00 am and sent them to the Forest conservation status was assigned by using IUCN
Entomology and Microbiology group in  Categories & Criteria (C.3.1).
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Figure. 10. Bud burst date in relation to climatic factor. (a) Accumulative number of bud bursts (solid line) and
flower bursts (dashed line), (b) Daily rainfall, (c) Maximum temperature (thick dashed line), Mean temperature
(solid line), and Minimum temperature (dashed line), and (d) Maximum relative humidity (thick dashed line),
Mean relative humidity (solid line), and Minimum relative humidity (dashed line)
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We found 11 species of macro-moth in  Khao Nan HQ. However, the marcro-moth from
four families. There were one species of HuilLek park ranger station are more importance
macro-moth in Uraniidae family, one species because we found one species of Thai protected
in Saturniidae, one species of Eupterotidae and insect,Actias maenas and one species of export-
eight species of Spingidae family (Table 1). import prohibited insectyssa zampa (Table 1).
When we compared between Khao Nan HQ This indicates that primary tropical rainforest at
and Hui Lek park ranger station, we found that Hui Lek park ranger station is still in good
Khao Nan HQ had more species richness than condition. Uraniidae family (i.eLyssa zampa)

Hui Lek park station with 11 and 3 species, had a highest abundance of 0.0136
respectively (Fig. 12a,b). This could be individuals/spot sample (Table L)yssa zampa
because Khao Nan HQ was more opened than has ever been the protected insect and will be
Hui Lek park ranger station; therefore, macro- monitored by the Department of National Parks,
moth could see light at a greater distance at Wildlife and Plant Conservation for exportation.

(@) (b)

Figure 11. (a) Study sites: Khao Nan Head Quarter and Hui Lek park ranger station, and (b) light trap setting

Table 1. Macro-moth species, family and abundance at Khao Nan HQ and Hui Lek park station, Khao Nan
National Park during January-April 2007 *Protected Thai Insects, **Export-import prohibited insects

No. [ Moth species Family Abundance Relative abundance
(Individuals) (Individuals/spot sample)
Khao Nai | Hui Lek | Khao Nan| HuiLek] Total
1 Actias maenas® Saturniidae 0 2 0 0.0095 0.0045
2 Ambulyx moorei Sphingidae 1 0 0.0043 0 0.0023
3 Ambulyx pryeri Sphingidae 1 0 0.0043 0 0.0023
4 Ambulyx substriggilis Sphingidae 2 0 0.0086 0 0.0045
5 Ambulyx tattina Sphingidae 1 0 0.0043 0 0.0023
6 Amplypterus panopus Sphingidae 2 0 0.0086 0 0.0045
7 Antheraea helferi Saturniidae 1 0 0.0043 0 0.0023
8 Archaeoattacus edwardsii | Saturniidae 0 1 0 0.0048 0.0023
9 Elibia dolichus Sphingidae 1 0 0.0043 0 0.0023
10 Lyssa zampa** Uraniidae 1 5 0.0043 0.0238 0.0136
11 Marumba cristata Sphingidae 2 0 0.0086 0 0.0045
12 Melanothrix Teucotrigona | Eupterotidae 1 0 0.0043 0 0.0023
13 Theretra boisduvalii Saturniidae 1 0 0.0043 0 0.0023
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Local education through Khanom School
Projects

A better awareness on biodiversity and
its importance can be done through the local
educationKhanom School research projects is
a project that require some collaboration
among teachers, students and scientists
working on research topics related to Khanom
area. These school projects plan to be area
based researches, focused on local wisdom,
inquiry-based activity, handed on experience,
and required community involvement. The
most important is that it is FUN!
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There were 16 Khanom school projects
funded by BRT and PTT groups. From 16
projects, there were six projects that have been
currently working on the projects for 6 months.
These six projects were (1) Climate Change
monitoring from Atmospheric Data and Cloud
Structure from Ban Bangnood school, (2)
Climatic and seasonal factors affecting breeding
sites of Aedes spp. andCulex spp. larvae from
Kanompittaya school, (3) Capacity building on

marine resources for students at
Thongniankanaphibal School, Khanom District,
Nakhon Si Thammarat Province from



Thongneunkanapiban school, (4) Monitoring
population density, size, and reproductive
phase of marsh clam$Pdlymesoda sp.) at
Bantamoung, Kanom, Nakhon Si Thamarat,
(5) Species Diversity, Abundance, and
Reproductive Stage of Caught Fish at Khanom,
Nakhon Si Thammarat and (6) Soil
characteristics of mangrove and macro-
invertebrate at Bang Pan canal from Ban Ta
Muang school.

There will be ten school projects which
will be started in January 2008: (1) Species
Diversity of Millipede, Earthworms and Snail
from Different Altitude above Sea Level at
BanPret area Khanom District, Nakhon Si
Thammarafrom Banpret school, (2) Local
Wisdom on Shrimp Paste Fermentation, (3)
firefly population density and distribution from
Thongnienkanapiban school, (4) Para Rubber
Plantation Ecosystem at Khanom, Nakhon Si
Thammarat, (5) Forest Ecosystem of Dadpha
Hill at Khanom, Nakhon Si Thammarat from
Udombanyajarn school, (6) Khanom School
Research Program Database Construction
Kanompitaya school, (7)Aedes and Culex
larva diversity in rubber plantation and fruit
orchard at Khanom, Nakhon Si Thammarat, (8)
the Study of Tourist Variety at Bannadan,
Khanom, Nakhon Si Thammarat from
Kaitkanomsuksa  school, (9) Dolphin
population and distribution at Khanom area,

and (10) Dragon fruit phenology at Khanom area
from Chumchon Ban Bangnod school.

Call for proposals

Researchers and Graduate students
(M.Sc./Ph.D.) are welcome to submit a research
proposal.BRT will grant 200,000 Baht for M.Sc.
students and 300,000 Baht for Ph.D students,
and 500,000 Baht for searchers. We would like
to encourage everybody to come and talk to us
about the projects priori to proposal submission,
please email us amullica@gmail.comor give
us a call at 075-672038.

Summer Ecological Research Training
(SERT 2008) at Khao Nan, Khanom, and WU

This summer ecological research training
will be inquiry based, hand on experience
working with leading scientists in the field, used
some sensor based measurements, data
visualization, data analysis, oral (power point )
presentation in English, writing up your own
manuscript based on your summer data, and how
to get it published!! Please apply now! BRT will
fully support: Traveling cost to WU (RT), Room
and Board during the training, Research budgets,
10 students only, and 500 B Application fee.
Deadline of submitting application form is 1 Feb
2008 and the announcement of acceptance will
be on 15 Feb 2008 at BRT website. The SERT
2008 Course starts on 21-23 April 2008.
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