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PREFACE

Proceeding of the International Conference on Biological Science Faculty of
Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011), Advances in Biological
Science: Education for Sustainable Development-based Tropical Biodiversity
Management and Conservation for Supporting Human Prosperity, organized by and held
at the Faculty of Biology, Universitas Gadjah Mada, Yogyakarta, Indonesia on September 23-
24, 2011. The conference addressed a range of important research from various fields in
biological science likely to play role tropical biodiversity management and conservation for
supporting human prosperity. Three kinds of session were held at the conference: plenary
session featuring keynote and invited papers, oral presentation session, and poster
presentation session. This proceeding features a number of papers presented in these
sessions, which represent 5 themes covered in the conference, i.e. genetics and molecular
biology, ecology and conservation, systematics and evolution, physiology and developmental
biology, and biomedics.

Many people have been involved in the production of these Proceedings, which is
started in June 2011 with the launching of a call for abstracts. The abstracts were reviewed by
both internal and external reviewers . Those selected abstracts were called for either oral or
poster presentations and inveted to submit full papers.

Lastly, on behalf of the organizing commite we would like to all participants for their
kindness to be part of this conference. We would like to acknowledge each partnerships and
sponsorship that involve during this event. | believe that this proceeding still has some
weaknesses, therefore any constructive comments are welcome. We hope that the papers
contain in this proceeding will prove helpful toward improving the scientific atmosphere. See you
in the nexttwo year ICBS 2013.

Yekti Asih Purwestri

Chair of the Organizing Commitee



WELCOMING SPEECH FROM CHAIR PERSON
OF THE ORGANIZING COMMITTEE

Distinguish guests

. Executive Director of Indonesia-Managing Higher Education for Relevane and
Efficiency (I-MHERE) Project

. Keynote speaker, invited speakers, participants, sponsorships, ladies and
gentlemen

Good morning and May God shower us with His blessing.

On behalf of the Conference Organizing Committee, | extend a warm welcome to all
participants to the second International Conference on Biological Science Faculty of
Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011), Advances on
Biological Science : Education for Sustainable Development-based tropical
biodiversity management and conservation for supporting human prosperity. Bio-
conservation becomes a critical issue not only in Indonesia but also in global community. A
good understanding on Education for Sustainable Development- based tropical biodiversity
management is necessary to have the right policy regarding bio-conservation action.

For this year, the organizing committee has put together an interesting Scientific
Program to accommodate the areas of Biology. The Program comprises of 6 plenary
sessions of keynote and invited speakers. The parallel session of 82 oral presentations and
more than 50 poster presentations. | realize that you are fully dedicated to the sessions but |
do hope that you all will also take time to enjoy Yogyakarta, the multicultural city and may
enjoy the special Merapi scenery, the most active volcano in the world.

I would like to take the opportunity to thank Prof Hubert Gijzen (Director of UNESCO-
Jakarta ) as a keynote speakers and also to these following invited speakers, Hao Yu, Ph.D
(National University of Singapore), Prof. Christ Austin (Charles Darwin University, Australia),
Prof. Yasumasa Bessho, Ph.D (Nara Institute of Science and Technology, Japan), Dr. Yam
Tim Wing (Senior Researcher Orchid Breeding and Conservation Singapore Botanic
Gardens), Drs. Langkah sembiring, M.Sc. Ph.D (Faculty of Biology, Universitas Gadjah
Mada) for delivering their valuable scientific information.

To make this program happen, | would like to gratefully acknowledge to Indonesia-
Managing Higher Education for Relevane and Efficiency (I-MHERE) which support this
conference. We also thank to the valuable contributions from personal and institutional
sponsorship and funding including Ms. Sachiko lida, PT Diastika Biotekindo, PT Roche,
Prima Grafika Yogyakarta., and Drs. Agus Suryanto - Indogama Yogyakarta.

| also gratefully thank to the Dean and Vices Dean of Biology Faculty, Universitas
Gadjah Mada for giving us opportunity and support to organize this conference. My deep
appreciation to the Steering Committee, the Academic Reviewers (internal and external: Dr.
Sentot Santoso from Institut fuer Klinische Immunologie und Transfusionsmedizin, Justus
Liebig Universitaet Giessen, Germany and Prof. Yasumasa Bessho, Ph.D from Gene
Expression Research, Biological Sciences, Nara Institute of Science and Technology,
Japan), members of the Organizing Committee for their strong support, active participation,
cooperation and hard works in preparing and organizing this event a success.

It is inevitable that there is a lack in organizing this conference and | profoundly
apologize to all invited speakers, oral and poster presenters, attendants, donators and
committee members.

I wish you a pleasant and rewarding two days of scientific discussion.
Thank you,

Yekti Asih Purwestri
Chair person of the Organizing Committee



OPENING REMARKS FROM THE DEAN of THE FACULTY OF BIOLOGY

Bismillahirrahmaanirrahiim.

Director of UNESCO Office Jakarta, Prof. Dr. Hubert Gijzen,

Executive Direktor of Indonesian-Managing Higher education for relevance and Efficiency
(I-MHERE) Project

Honorable speakers and distinguished guest, dear participants,

Assalamu'alaikum wr.wb., may God give us healthy and happier life

Welcome to Yogyakarta, the city of youth, education, and culture. It's been an honour
for me to be here in front of you to open the prestigious International Seminar with the
special theme of "Advances in Biological Science: Education for Sustainable
Development-based Tropical Biodiversity Management and Conservation for
Supporting Human Prosperity"”, that invited our honorable speaker from the UNESCO as
the keynote, Prof. Hubert Gijzen, Ph.D honorable invited speakers Dr. Yam Tim Wing From
Singapore Botanic Garden, Singapore; Prof. Yasumasa Bessho, MD, Ph.D from NAIST,
Japan; Prof. Christopher M. Austin, Ph.D from Charles Darwin University, Australia; Dr. Yu
Hao from National University of Singapore, and Dr. Langkah Sembiring MSc, from the
Faculty of Biology, Universitas Gadjah Mada, Indonesia.

My special gratitute to the speakers who have spent your time travelling to Indonesia
in your such busy activity. This international seminar atrracts more than 400 scholars and
students mostly come from Indonesia, and some participants come from abroad. This
occassion is such a good opportunity for us to share our experiences in research and good
practices of ESD based research and community service done, that could inspire students
and other researchers, furthermore our keynote speaker today is the Director of UNESCO
Jakarta Office, who will talk about Science, Technology and Innovation-an Engine for
Sustainable Development.

Honorable and distinguished participants,

The seminar theme taken today is in line with vission of the Faculty of Biology UGM
as the center of excellence for higher education that generates biologists who respect to our
tropical biodiversity. Since 2010, Faculty of Biology UGM had obtained an ESD based
research grant from the World Bank, through I-MHERE (Indonesian Management of Higher
Education for Efficiency and Relevance) project. In this project has been conducted 3
activities, these are: improvement of publication and research quality, improvement of
integrated collaboration research in tropical diversity with other Institutions, and community
based activities that respect to biodiversity conservation. As stated in UNESCO HE
information brief, the challenge for higher education in the context of ESD is to innovate the
traditional learning environment and learning processes in such a way that they do not only
supportlearning process in the formal education, but also in informal learning.

Our environment is now facing many dilemmas starting from global financial and
economic crises highlights the risks of unsustainable economic development models and
practices based on short-term goals. These aspects triger economic disparity between the
poor and the rich countries, many complex societal contexts, and finally environmental
degradation.

Education for Sustainable Development (EfSD) promotes quality education and its
inclusive for all people. Itis based on values, principles, and practices necessary to respond
effectively to current and future challenges. UGM has shown commitmentin Education for

Vi



Sustainable Development and will continue to conduct ESD in the future. | hope that this
Conference will continue to serve as a sustainable forum to provide opportunities for
teachers, lecturers, researchers and professionals to share experience and present
research activities and action programs. To everyone present here, | wish you have a
productive and significant Conference that will benefit humankind, civilization as well as
knowledge.

Lastly, | would like to extend my sincere appreciation and profound gratitude to the
Director of UNESCO Jakarta and NAIST Japan for their supports. My special thanks should

also go to the steering and organizing committee for their hard work in making this event a
success. Thank you very much.

Yogyakarta, September 23rd, 2011

Sincerely yours,

Dr. Retno Peni Sancayaningsih, MSc.

vii



WELCOMING SPEECH FROM EXECUTIVE DIRECTOR
I-MHERE UGM

Honorable Dean of Faculty of Biology UGM, Dr. Retno Peni Sncayaningsih, M.Sc.
Distinguish Keynote speaker Prof Hubert Gijzen (Director of Unesco in Indonesia)
Distinguish Dr. Yam Tim Wing (Singapore), Prof. Yasumasa Bessho (Japan), Prof Christ
Austin (Australia), Dr. Langkah Sembiring (UGM),

Dr. YuHao (Singapore)

Distinguish all of participants

Assalamu’alaikum wr.wb.

Welcome to Yogyakarta and participating in International Conference on Biological
Science, by Faculty of Biology UGM.

This seminar was supported by IMHERE UGM (Indonesia Managing Higher
Education for Relevancy and Efficiency). As we know, UGM get a competitive grant from
World Bank trough Directorate General of Higher Education, from 2009 — 2012, and
proposed program entitled “Education for Sustainable Development toward World Class
Research University” by establishment of Center of Excellence (CoE) on 3 selected
academic units, namely (i) “Tropical Biodiversity”, in Faculty of Biology (ii) “Medical Herbal
and Supplements” in Faculty of Pharmacy and (iii) “Reduction Emission from Deforestation
and Degradation (REDD)” in Faculty of Forestry.

Faculty of Biology has attempted for enhancement of the research quality on tropical
biodiversity, development of the integrated research on utilizing biodiversity resources to
enhance the EfSD and development of network capacity for national and international
collaboration on research and community services through Regional Centre of Expertise
(RCE) Yogyakarta.

This prestigious international seminar is one of our strategic activities to achieve
better key performance indicator, especially in international publication and international
research collaboration. As a new paradigm of competitive grant that developed by World
Bank, called “Performance Based Contracts”, achievement of our key performance
indicator in this year was 190% compare to targeted indicator for three years activities. We
would like to continuing our “Research based Learning and Services for sustainable
reputation as World Class Research University.

Please be enjoy to discuss and active participating in this seminar.
Wassalamu’alaikum wr.wb.
Sincerely yours,

Executive Director -MHERE UGM

Dr. Cahyono Agus Dwikoranto, M.Agr.Sc.
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Conservation and reintroduction of the native epiphytic orchids of Singapore -

a physiological and developmental biology perspective

Tim W. Yam®, Felicia Tay, Peter Ang
Singapore Botanic Gardens, 1 Cluny Road, Singapore Botanic Gardens, Singapore 259569

Native orchids of Singapore and their conservation

Singapore is located at about 1° north of the equator, off the southern tip of the Malay Peninsula
between the South China Sea and the Indian Ocean. It consists of the main island of Singapore, and
58 nearby islands. The total land area is about 710 sq km. The whole island consists mostly of
lowland. The highest point is at Bukit Timah, reaching a height of 165 meters. It has an equatorial
climate, with a relatively uniform temperature and high humidity. The average daily temperature
fluctuates between 25.2° C to 32° C. Its annual rainfall is about 1,700 mm; the wettest months are

November to January.

Although Singapore is a modern city, there are many interesting types of natural habitats. In the heart
of the main island there are a primary rainforest and a freshwater swamp forest. In addition, some
mangrove also remain. The other habitats consist of secondary forests, shrub, grasslands and urban
parks and fields.

According to the Singapore Red Data Book published in 2008 (Davison et al., 2008), Some 226
species of native orchids were recorded in Singapore. Of these, 178 are considered to be extinct, 40
are critically endangered, one is endangered (Bulbophyllum vaginatum), two are vulnerable (Vanilla
griffithii, Bulbophyllum trifolium), and only five are considered to be common (Arundina gramminifolia,
Bromheadia finlaysonianum, Dendrobium crumenatum, Eulophia graminea, Spathoglottis plicata). An
orchid conservation programme was initiated to monitor these species and to attempt to find ways
and means to conserve their germplasm and to increase their number for subsequent re-introduction

into appropriate habitats in the nature reserves, parks and roadside trees.

Native orchids in Singapore can be divided into two main groups: epiphytes and terrestrials. More than

80% are epiphytes.

Dendrobium is the largest epiphytic genus among the native orchids. The first orchid species that comes
to mind always is Dendrobium crumenatum (the Pigeon Orchid, Anggrek Merpati). These orchids can be
commonly seen growing on the trunks of road side trees. It is a delight to see them in bloom because the
flowers are sweetly scented. The species flower 9 to 10 days after a heavy rain storm. Another
interesting native is Dendrobium leonis, section Aporum. Leaves of this interesting species are thick,

fleshy and laterally flattened. Each of the yellowish-green flowers is borne near the apex of the stems.

' Author for correspondence: yam_tim_wing@nparks.gov.sg
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The flowers measure 1.5 cm across, and have an extremely sweet vanilla fragrance which can be
detected from a distance. It is distributed throughout Indochina, China, Peninsular Malaysia, Singapore,
Indonesia and Borneo (Seidenfaden and Wood, 1992). The species is extinct in Singapore. Seedlings
were raised from seeds collected from nursery grown plants. Dendrobium aloifolium has flattened and
pendulous stems that are 40—-60 cm long. The bottom part of the stem bears flattened leaves that are
25 mm long and 7 mm in width, overlapping each other. The upper portion of the stem is covered only
by sheathing leaves, and usually bears the flowers. Flowers are white, about 4 mm long and wide. It
can be found in Thailand, Peninsular Malaysia, Borneo, Indonesia and the Philippines, growing under

wet and bright areas in lowland forests.

Bulbophyllum is the second largest orchid genus in Singapore. Plants of Bulbophyllum vaginatum grow in
fairly exposed areas on branches of rain trees and of Eugenia grandis in the Singapore Botanic Gardens.
They usually cover an extensive area of a branch, and produce a spectacular sight when in full bloom.
The flowers are creamy-yellow. About 15 of them are arranged in a fan shape whorl or in a circle at the
tip of the scape. There is another Singapore native, Bulbophyllum medusa. Flowers of this exotic-looking
species are creamy-yellow, some varieties having purple spots on the floral parts. About 15 of them are
arranged in a fan shape whorl or in a circle at the tip of the flower stalk. The lateral sepals are 12 cm-long,
which is much longer than the upper sepal. When the flowers are seen from afar, the lateral sepals look
like some silk threads hanging on the tree. It can be found in Thailand, Peninsular Malaysia, Indonesia,
Singapore and the Pacific Islands. The species is extinct in Singapore. Bulbophyllum membranaceum is
found in Malaysia, Borneo, Java, Sulawesi, Sumatra, Papua and New Guinea, Solomon Islands Fiji,
Samoa, Tonga and Vanuatu (Seidenfaden and Wood, 1992). It is a tropical lowland species that can
be found from sea level to 450 meters. Among the smallest native orchids, it has very small flowers
(ca. 6 mm long) that do not open completely. The upper sepal is pale yellow, whereas lateral sepals
are dark red, and the petals, 1.5 mm long, appear translucent. There are only very few naturally
occurring populations of B. membranaceum left in Singapore. It is an epiphyte but in a particular
location in the nature reserve, it grows as a lithophyte creeping on a large piece of granite.
Bulbophyllum blumei is a very beautiful species that is quite adaptable to a range of habitats as it can
be found in both the hot, lowland areas to cooler conditions. It bears one leaf. It flowers quite freely in
Singapore. The inflorescence has one to two flowers. Individual flowers are 6cm across. The species
distributed in West Malaysia, Singapore, Sumatra, Borneo, to the Philippines, Papua and New Guinea,
the Solomon Islands and Australia (Seidenfaden and Wood, 1992). It is extinct in Singapore. Other

interesting Bulbophyllum species in Singapore are Bulbophyllum purpurescens and B. lepidum.

Four species of Cymbidium have been recorded in Singapore, they are Cymbidium bicolor var.
pubescens, Cymbidium aloifolium, Cymbidium finlaysonianum and the most recently discovered
Cymbidium atropurpureum. All native Cymbidium species are epiphytes, the most common being
Cymbidium finlaysonianum. It can still be found occasionally inside the nature reserve and the catchment
areas. It is interesting that it can also be found growing naturally on roadside trees near suburban areas
as well. Perhaps seeds were blown there from plants growing at the nearby nature areas. C.

finlaysonianum grows around tree trunks and its leaves are arranged in such a way that a basket is
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formed. As a result, leaf litter falling from the canopy is trapped in the basket. This enables the plant to
obtain nutrients from the decaying litter trapped around the roots. Such an adaptive feature is important
for the survival of the plant in a nutrient-deficient environment. The species bears 90 cm long
inflorescences. Individual flowers are 4 cm across. Sepals and petals are yellow-green with a brown
central band. They are accompanied by a purplish lip with some yellow markings. It is distributed in
Indochina, Thailand, Peninsular Malaysia, Singapore, Borneo, Indonesia and the Philippines
(Seidenfaden and Wood, 1992). C. finlaysonianum is critically endangered in Singapore. It has been
propagated from seeds collected from native plants.There is only one know naturally occurring plant
of Cymbidium bicolor spp. pubescens in Singapore. Thought to be extinct, it was rediscovered some
10 years ago, growing on a mangrove tree, Buta Buta (Exoecaria agallocha), at the Sungei Buloh
Wetland Reserve. It was last collected in Sungei Buloh in 1891 by Mr H. N. Ridley. It is amazing that
the species has miraculously survived much habitat loss. Leaves of the species are about 45 cm long,
1.5cm wide, wide arching, not drooping in habit, leaf bases persistent, enclosing pseudobulbs within;
raceme pendulous to 25cm long; sepals and petals with broad dark purple central band, edges pale
green, less than 2cm long, 0.5cm wide; lip yellowish with purple-brown spots; column dark purple, tip
pale yellow with purple spots. The species is distributed in Malay peninsula, Singapore, Sumatra,
Java and Borneo (Seidenfaden and Wood, 1992). Plants can be found on trees in exposed places

near the sea.

Next is the genus Coelogyne. Coelogyne mayeriana is characterised by the attractive, clear, apple-
green petals and sepals, the lip of the flowers is conspicuously marked with dark red-brown, almost black
venations. Because the dark brown-red markings are so intense in some cultivars, the name 'Black
Orchid' has been given to them. Unfortunately, the flowers of this beautiful species only last for a few
days. It can be found in Thailand, Peninsular Malaysia, Borneo and Indonesia (Seidenfaden & Wood,
1992). The species is extinct in Singapore. Coelogyne rochussenii has rather close narrowly conical,
ribbed pseudobulbs that bear two ovate leaves, measuring 20-28 cm long and 10—-15 cm wide. The
pendulous inflorescence can reach up to 70 cm long, bearing some 30 flowers. Each flowers is about
5 cm across, with pale yellow green sepals and petals (Fig. 4). Side-lobes of the labellum are dark- to
light-brown with whitish veins on the inside. It can be found in Thailand, Peninsular Malaysia,
Sumatra, Java, Borneo, the Philippines and Sulawesi, with large altitudinal amplitude ranging from
sea level to 1500 m (Seidenfaden & Wood, 1992). It is extinct in Singapore.

Although Singapore is a small country, it is the home of Grammatophyllum speciosum, the largest orchid
plant in the world. Although Singapore is a small country, it is the home of the largest orchid plant in
the world, G. speciosum. Also known as the tiger orchid, because of the markings on the flowers that
resemble the skin of a tiger, it is extremely rare if not already extinct in the wild in Singapore.
However, it can still be found in Indochina, Peninsular Malaysia, Thailand, Borneo, Indonesia, the
Philippines and the Pacific Islands (Seidenfaden and Wood, 1992). G. speciosum was last found in the
wild in Tuas and Pulau Ubin. Since a mature plant could weigh more than a ton, it is a wonder that

such a huge plant could live on the trunk of a tree.
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The orchid conservation programme, which started in 1995, aims to monitor existing species, explore
ways to conserve their germplasm, and increase their number through subsequent re-introduction into
appropriate habitats, including roadside trees, parks and nature areas. Propagation (Arditti et al.,
1982). of native species started in the mid 1990s and seedlings were introduced in 1999 . By 2009,
we succeeded in propagating and introducing five epiphytic species of native orchids, namely,
Grammatophyllum speciosum, Bulbophyllum vaginatum, Bulbophyllum membranaceum, Cymbidium
finlaysonianum and Cymbidium bicolor spp. pubescens (Yam, 2008). From 2009 to 2012, we
expanded our reintroduction effort by planting more than 6000 plants consisting of 15 species in many

parts of the island.

One of the challenges of reintroducing epiphytic orchids is that they do not grow in soil. In order to
carry out successful planting, we must understand the physiology and developmental biology of these

orchids.
Reintroduction of epiphytic orchids - a physiological and developmental biology perspective.

More than 70% of the orchids in the tropics and subtropics are epiphytes. They grow on other plants
and other objects such as rocks (these are specifically known as lithophytes) for support. The trees
provide wide range of habitats with variable conditions of temperature, exposure and illumination. For
example, epiphytes can reach positions where the light is better or where they can avoid competition

for light.
How do epiphytic orchids absorb water and nutrients?

Since epiphytes are not in contact with the soil, one of the difficulties they encounter are shortages of

water and nutrients.

Some epiphytic orchids shrivel and stop growing when water is in short supply , in fact the plant may
appear dead. When water becomes available again, they are able to absorb it rapidly and growth
resumes. Epiphytes get their water from dew, moisture in the atmosphere and rainwater running

down tree trunks.

Dust in the air and on the tree trunks and leaves contain nutrients, they are absorbed by the epiphytes
when rainwater wash them off the bark. Roots of certain species such as Grammatophyllum
speciosum and Cymbidium finlaysonianum form what the ecologists call “trash baskets.” They enable
the plant to obtain nutrients from the decaying litter trapped around the roots. Such an adaptive feature is

important for the survival of the plant in a nutrient-deficient environment.

Aerial roots of epiphytic orchids are covered with a layer (or layers) of dead cells known as the
velamen (terrestrial orchids also have velamen). It works almost like a sponge to absorb water during
the wet period and releases it slowly during the dry intervals. The silvery-looking velamen also reflects
sunlight so as to protect the roots from excessive heat. When the velamen is filled with water, it
becomes transparent allowing light to reach the green tissue in the roots. During dry periods when

water is in short supply, the velamen reduces water loss from the roots. It also cools the roots.
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The roots, in addition to providing nutrition for the plant, also fix it to the tree or rock on which it grows,
either sticking fast to the smoothest surfaces, or anchoring the plant by threading through the interstices

of bark and rock. Green roots fix carbon.
How do epiphytic orchids reduce water loss?

Water exits plants through the stomata, pores on the leave surface which open to take up carbon
dioxide from the air for photosynthesis. Most plants open their stomata during the day when
temperature is high, resulting in increased water loss. To reduce water loss, some epiphytic orchids
have succulent leaves which have thick cuticles and cuticular ledges over their stomata . The stomata

only open during the night for gas exchange when the air is cool and humid. This reduces transpiration.

Like succulent leaves, the roots of epiphytic orchids fix carbon via Crassulacean acid metabolism
(CAM). When the air is cool and humid at night, these plants open their stomata to take in carbon
dioxide (CO.,), it is then fixed and stored as malate. During the day, CO, is released where it is
concentrated around the enzyme Ribulose-1,5-bisphosphate carboxylase oxygenase (RuBisCO),
increasing the efficiency of photosynthesis. Since CAM plants close their stomata during the day,

water loss due to evapotranspiration is reduced (Arditti, 1992).
Furthermore, many of them have pseudobulbs or swollen stems which store water.
Seed production and dispersal

Most orchids are cross-pollinated, requiring specific pollinators (such as ants, bees, beetles, wasps,
moths, butterflies, flies, and birds) to transfer the pollen from one plant to another. They have many
extremely complex and ingenious pollination mechanisms to ensure effective and efficient pollination.
Many orchids attract their pollinators by having brightly coloured flowers, producing scent and
providing food rewards such as nectar, pollen, floral fragrances, resins and oils. Other attraction

mechanisms are deceit and insect pheromones.

Orchid seeds are the smallest amongst all the flowering plants. The dustlike seeds consist of tiny
elliptical embryos with thin seed coats. They are distributed by the wind, often over considerable

distances.

All orchids are myco-heterotrophic at some point in their life cycle, i.e., they rely on fungi for their
nutrients. This relationship between orchid roots and a variety of fungi is known as orchid mycorrhiza.
The fungi are very important during orchid germination, as the small dustlike seeds have very limited
energy reserves (which they have difficulties utilizing) and obtain their carbon from their fungal
symbionts. Seeds may or may not germinate in the presence of a suitable mycorrhizal fungus, but
they cannot start the germination process until an appropriate fungus has penetrated them. Once
mycorrhiza has been established, orchid seedlings grow into a small lump of tissue known as a
protocorm. It derives all of its nutrients and energy from its fungal symbiont. Once the protocorm has

grown to a sufficient size, it produces shoots and subsequently starts to grow autotrophically. In
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orchids which produce green leaves, the first leaves begin to photosynthesize. In order to germinate
in nature, the natural habitat must have the correct mycorrhizal fungus.

In light of the specific physiological requirements of epiphytic orchids, we learn that the following

points are important to ensure successful reintroduction.

Microclimate of the area such as relative humidity

Seedlings planted in areas with high relative humidity tend to survive better than those in dry areas.
For example, among all the planting locations, Kent Ridge Park is located at the highest elevation with
the most exposed environment. Seedlings planted there had the lowest rate of survival. Similarly,
seedlings of Cymbidium bicolor spp. pubescens planted at Sungei Buloh planted near the visitor
centre (less exposed to direct sun light and strong wind) grew very well and had 100% survival rate
On the other hand, of those planted near the exposed mangrove area, only 10% survived. In Pulau
Ubin, seedlings established in a damp area inside a secondary forest are healthier and more vigorous
than those growing near the sea where the breeze tends to dry the bark faster. Orchids planted at
forested area such as MacRitchie Reservoir grow well without any watering even during drought
periods.

Host tree species and the presence of other epiphytes

Trees that support more epiphytes tend to be better hosts than those with fewer epiphytes. Seedlings
of Grammatophyllum speciosum had the highest survival rate on Pterocarpus indicus and Samanea
saman. Only 10% seedlings survived on Fagraea fragrans. Both Pterocarpus indicus and Samanea
saman carry more epiphytes than Fagraea fragrans. It was observed that if conditions are suitable for
other epiphytes, they are also more appropriate for epiphytic orchids too. Young trees do not have
epiphytes grow on them because of the fine bark texture. When trees reach 15 to 20 years of age,
their bark surfaces become rougher and epiphytes such as mosses and liverworts begin to appear
(Tee, 2009). When dead leaves from surrounding trees fall within the cracks and crevices of the old
tree trunk, they decay and the resulting humus not only holds water but also provides nutrients for the
epiphytes. These pockets of organic matters also create suitable habitats for the germination of orchid
seeds dispersed by the wind and subsequent development of seedlings. The best locations for the
epiphytes to thrive are the forks of the main branches. When water flows from the top of the tree to
the ground, it tends to flow towards the fork area before coming down to the ground. Therefore, the
fork areas tend to accumulate more moisture and are more suitable for epiphytes to thrive. Of all
roadside trees that are suitable for epiphytes, the rain tree exhibits the most luxuriant growth of
epiphytic plants. The most common epiphytes are Bird’s Nest Fern (Asplenium nidus) and

Dendrobium crumenatum, also known as the Pigeon orchid.
Size of plants

The size of seedlings is also an important factor in determining survival. For example for G.
speciosum, larger plants (with at least five shoots, with approximately 25 leaves reaching a length of

45 cm) tend to survive better and become established faster than smaller plants.. Larger plants og G.
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speciosum, are more mature, the pseudobulbs are longer and fleshier, These characteristics enable
the plants to withstand a longer period of drought and dehydration This in turn would allow the plants
a longer period to adapt to the conditions of their new home. For small sized species such as B.
vaginatum and B. membranaceum, seedlings were planted on fern bark. They must be grown at the
nursery for at least 6 months until new shoots and roots begin to emerge before reintroduction. Such
seedlings have high rate of survival when planted under the right environmental conditions.Time of

planting

The best time for planting is before or during the rainy season. In Singapore, the rainy season starts
around October and last until January. March also tends to be rather wet as well. Therefore most of
our planting were done from late September to November; planting can also be done in late February
to March. Seedlings planted during these periods established themselves quickly by producing new
shoots and roots. Once the roots attach themselves to the tree bark, they can absorb water and

nutrients directly from the environment.
Growth of reintroduced plant throughout the year

Singapore has a tropical rainforest climate with no distinctive seasons, uniform temperature
throughout the year, high relative humidity, and abundant rainfall. Temperatures usually range from
23 to 33 ° C. Relative humidity averages around 80% in the morning and 73% in the afternoon. April
and May are the hottest months, with the wetter monsoon season from November to January.
Reintroduced plants grow extremely well during the wet months, their pseudobulbs look very turgid
and leaves are green. However, during the dry periods, leaves tend to wither, and pseudobulbs
shrink. During prolonged drought, some leaves may turn yellow or even drop off. Sometimes half of
the plant may look dead. Fortunately most of these plants revive when the rains start. New shoots

emerge and the plants regain their former lush appearance.
Maintenance

Our aim is to have as little maintenance as possible. Orchids planted under the right microclimate
should be able to thrive by themselves like other epiphytes. Therefore very little maintenance is
needed. In case of severe drought, plants can be drenched twice a week. If plants are reintroduced
during the dry season, or planted at more exposed locations, it is necessary to water them at least
three times a week. Once the roots of the newly planted orchids attach themselves to the tree trunk,

watering can be reduced.

When dead leaves from trees fall within the cracks and crevices of the old tree trunk, they decay and
the resulting humus not only holds water but also provide nutrients for the epiphytes. The
reintroduced orchids should be able to thrive like other epiphytes without the application of fertilisers.
In order to help the seedlings to establish faster, a light, balanced foliar fertiliser can be applied one

month after planting and for a period of six months after that.

Our hope is that the reintroduced species will act as catalysts in the restoration of at least part of the

original ecosystem. For example, pollinators may be attracted to come back to pollinate the flowers.
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Orchid seeds that are formed naturally after flowers are pollinated may be blown to the proper
environment where appropriate mycorrhizal fungi are present. And we hope that one day, we will be

able to see natural populations of native species sprouting up all over the island!
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ABSTRACT

In mouse development, many biological events sequentially occur in a strict time
schedule. However, the mechanism of biological clocks remains to be elucidated. Somite
formation is a prominent process under strict temporal regulation in mouse embryogenesis.
Somites are formed every 2 hours in mouse by budding off the unsegmented presomitic
mesoderm (PSM) in an anterior to posterior direction. This temporal periodicity of the
segmentation is translated into the repeated pattern of the even-grained somites, which serve
as repeated structures such as vertebrae, ribs and muscles. The periodicity of somite
formation is governed by a molecular oscillator termed the segmentation clock. Several genes
including Hes7, which encodes a negative transcription factor, display oscillatory expression
in a 2-hour cycle corresponding to the somite segmentation. In the PSM cells, Hes7
establishes a negative feedback loop that serves as a major mechanism of the cyclical gene
expression, which controls periodical somite segmentation as a biological clock. We
generated the mutant mice that have Hes7 with a longer half-life, and demonstrated that
instability of Hes7 protein is crucial for sustained oscillation of gene expression and periodic
somite segmentation. Thus, the segmentation clock generates metameric patterns in mouse
development using cyclical gene expression, which depends on the negative feedback loop of

Hes7 and rapid degradation of Hes7 protein in the PSM cells.

Introduction

Several medicaments possibly induce malformation of embryo if the mother takes
them during pregnant period. For example, Valproic acid (VPA) is a widely used
anti-epileptic agent, but its prenatal exposure occasionally induces developmental
abnormalities (Ornoy, 2009). The sensitivity to teratogenic reagents, including VPA, often
depends on the genetic background or individuals (Tyl et al., 2007). One interpretation of this
variability is that the developmental system possesses mechanisms to endure the chemical

perturbation and that these mechanisms have variability among genetic background or
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individuals. The axial skeleton is one of the most routinely examined developmental
patterning that might be influenced by the prenatal perturbation and noise brought by
teratogenic reagents. Therefore, we tried to seek the mechanism that gives robustness to
developmental processes using formation of axial skeleton of vertebrates as a model system.
The components of axial skeleton, including vertebral bones and ribs, is derived
from somites, the metameric unites in the mid-embryogenesis of vertebrates (Pourquie, 2001).
Somite is formed as a transient structure that gives rise to vertebrae, ribs, their accompanying
muscles and skins. In the embryos of vertebrates, somites are symmetrically arranged on the
both side of the midline as even-grained epithelial spheres (Figure 1). Thus, the well-ordered
structure of axial skeletons is the result of the metameric structure of somite, and the
teratogenic reagents are supposed to disturb the somite formation therefore leading to
anomaly of axial skeletons. The precursor tissue of somites, the presomitic mesoderm (PSM),
1s unsegmented mesenchymal tissue that is located at the most posterior part of embryo. PSM
cells vigorously proliferate and form posterior body sequentially toward the direction from
anterior to posterior. On the other side, the most anterior part of PSM cells bud off to form a
pair of somite every two hours in mouse. In the other words, somites are generated by
sequential and cyclic segmentation of PSM, and each species of vertebrae has characteristic
periodicity: 30 minutes in zebrafish, 90 minutes in chick, 2 hours in mouse and 8 hours in
human. The periodic event, somite segmentation, has been believed to be orchestrated by a
biological clock, called the “somite segmentation clock” (Bessho and Kageyama, 2003;
Pourquie, 2003). Thus, this periodicity is the origin of the even-grained structure of somite
and well-ordered structure of the axial skeletons (Figure 1). Therefore robustness of the
somite segmentation clock might be the mechanism that gives robustness to axial skeleton

formation.
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Figure 1. The somite segmentation clock is the underlying mechanism of well-ordered
structure of the axial skeleton. Notch signaling activates several gene expression and the
mechanism including several feed back loops produces the oscillatory gene expression,
which works as the somite segmentation clock. The somite segmentation clock orchestrates
the rhythmic somite segmentation and sequentially forms the array of somites, which give

rise to the vertebrae and ribs.

In 1997, Olivier Pourquie and his collaborators made a breakthrough with regard to
this somite segmentation clock (Palmeirim et al., 1997). They discovered oscillatory
expression of mRNA of a transcription factor gene, hairyl in chick PSM. Because this
oscillatory expression of hairyl is associated with the cyclic somite segmentation, this is the
first example of the molecular oscillator working in embryos, and it was believed that this
molecular oscillator controls the timing of segmentation as the somite segmentation clock.
Following this discovery, in addition to hairyl, several oscillating genes were identified, and
some of them are the components of Notch signaling, which is a cell-cell contact dependent
signaling pathway (Dequeant et al., 2006). The transmembrane protein Notch interacts with
its ligand Delta on the surface of the adjacent cell, and this binding induces limited
proteolysis of Notch and the intracellular domain of Notch (NICD; activated form of Notch)
translocates to the nucleus, where NICD activates transcription of several target genes (Lai,
2004). A transcription factor, Hes7, which is the counter part of Aairyl in mouse, is one of a

target of Notch signaling, and is specifically expressed in the PSM in a cyclic manner as
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same as hairyl in chick (Bessho et al., 2001a; Bessho et al., 2001b). Lunatic fringe (Lfng)
and Notch-regulated ankyrin-repeat protein (Nrarp) are target genes of Notch signaling, and
displays oscillatory expression in the mouse PSM (Forsberg ef al., 1998; McGrew et al.,
1998; Aulehla and Johnson, 1999; Sewell et al., 2009; Wright et al., 2009). Both are also
modulators of Notch signaling. Lfng reduces the production of NICD and Nrarp promotes
NICD degradation, thus, both control Notch activity or amount of NICD via negative
feedback loops.

Our group generated knockout mouse for Hes7 (Bessho et al., 2001b). In the
mutant embryo, both oscillatory gene expression and periodical somite segmentation is
completely missing, and that the resultant axial skeleton is severely disorganized. Thus, we
concluded that oscillatory gene expression works as the somite segmentation clock that
controls the timing of segmentation, in which Hes7 plays an essential role. Hes7 is a basic
helix-loop-helix type transcription factor that recruits co-repressors thereby acting as a
transcriptional repressor. Hes7 binds to Hes7 promoter and inhibits transcription of Hes7,
which is activated by Notch signaling (Bessho et al., 2001a). Thus, Hes7 forms a negative
feedback loop by itself. After several genetic and biochemical experiments, we revealed that
this negative feedback loop of Hes7 is the major mechanism for generating oscillatory gene
expression (Figure 2) (Bessho ef al, 2003). In each PSM cell, Notch signaling activates
transcription of Hes7, which increases Hes7 mRNA. After a while (30-60 minutes later),
accumulated Hes7 protein inhibits its own transcription, thereby decreasing Hes7 mRNA.
However, the half-life time of Hes7 protein is so short (20 min) that the inhibition by Hes7
ends up soon, and then Hes7 transcription is activated by Notch signaling again. These
repetitive processes could generate oscillatory gene expression. However, our group found
that short half-life time of Hes7 (< 20 minutes) is essential requirement for generating
oscillatory gene expression using combination of experimental and mathematical analyses;
longer half-life time of Hes7 (> 30 minutes) leads to damped oscillation (Hirata et al., 2004).

Transcription of other Notch target genes, Lfng and Nrarp, is also induced by
Notch signaling. It is also inhibited by Hes7 protein (Bessho et al., 2003; Kim et al., 2011).
Because Lfng, Nrarp and Hes7 are inhibited by Hes7 protein, when it is accumulated, The
three genes oscillate synchronously in the PSM. In addition, because Lfng and Nrarp are
inhibitor of Notch signaling to reduce the amount of NICD, Notch activity or the amount of
NICD is cyclic in the PSM. Importantly this cyclic Notch activity plays an essential role in
somite segmentation (Morimoto et al., 2005). Thus, the somite segmentation clock consists

of several negative feedback loops, and manifests oscillation of gene expression and activity
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of Notch signaling, whose periodicity controls the periodicity of segmentation, and is

converted to the special periodicity of somites (Figure 2).
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The mechanism of somite segmentation clock includes three negative feedback loops.
The oscillation period is fine-tured by Notch signaling activity.
The feedback loop of Nrarp provides flexibility of the clock to be robust.

Figure 2
Figure 2. The molecular mechanism of the somite segmentation clock. Notch signaling
activates the transcription of several genes. Accumulated Hes7 protein inhibits the

transcription of those genes to provide synchronous oscillatory gene expression.

Our group generated a knockout mouse of Nrarp, one of the feedback inhibitor
genes of Notch signaling (Kim ef al., 2011). Nrarp knockout mice lack two vertebrae. In most
case, they have five lumber vertebrae whereas wild type mice have six, and they miss one
caudal vertebra. We measured the pace of somite segmentation and found that the period of
segmentation in mutant embryo is extended by five minutes. We also demonstrated that
Notch activity is enhanced in the mutant PSM by two folds. Together with the results of
experiment with Notch inhibitor and mathematical analyses, we concluded that the period of
the somite segmentation clock is fine-tuned by Notch activity; higher Notch activity leads to
a longer clock period and lower Notch activity leads to a shorter clock period. Thus, we
propose that the period of the somite segmentation clock is sensitive to Notch activity.

Apart from the missing vertebrae, Nrarp mutant mice have slight morphological
defects in axial skeleton (Kim et al, 2011). We found anomalies in he shape of some

vertebrae or ribs. Because Notch activity is enhanced in Nrarp knockout embryo, stronger
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Notch activity might lead to anomaly of axial skeleton. However, because Notch inhibitor
failed to rescue this phenotype of mutant embryo, it is not likely that stronger Notch activity
disturbs proper formation of vertebrae and ribs. These results suggest that Nrarp per se is
essential for proper axial skeleton morphogenesis.

According to these results, we speculated that Nrarp is involved the mechanism of
robustness of the somite segmentation clock. We then established the mathematical model of
the somite segmentation clock, which consists of three feedback loops of Notch signaling;
one of them is the self-feedback loop of Hes7 as a key of the clock and the others are
negative feedback loops of Lfng and Nrarp that modulate Notch activity by reducing the
amount of NIDC (Figure 2). Then, we carried out simulation with the mathematical model
with three feedback loops, and found that the model produces sustained oscillation with
approximately 2-hour period, which mimics the oscillation in the PSM very well. Thus we
inferred that the model well describes the somite segmentation clock. As we demonstrated by
the experiments, the oscillation period was sensitive to Notch activity in this mathematical
model in the wild type situation. However, it was less sensitive in the absence of Nrarp. In
the wild type situation, the oscillation period was variable within the range of approximately
10 minutes, whereas it was variable within only a few minutes in the Nrarp null situation.
Thus, we proposed that Nrarp provide flexibility to the somite segmentation clock.

We carried out simulation with multiple cells (five cells) and examined the ability
of synchronization with each other. In the wild type situation, five cells are synchronized
with each other if one of five cells was out of phase. And we speculated that the variable
oscillation phase that was provided by Nrarp contributes the synchronization of oscillation.
Strikingly, it took more time to recover the synchronization in the absence of Nrarp. Thus,
the result of mathematical simulation suggested that the feedback loop of Nrarp is essential
for synchronization of gene oscillation between neighboring cells, probably because the
flexibility of the oscillation period was missing in the absence of the feedback loop of Nrarp.

Finally, we tried to perturb somite formation of the segmentation clock with
teratogenic reagents in vivo. VPA perturbs somite segmentation clock thereby affecting the
morphology of axial skeleton, if we inject VPA to a pregnant mother. We used a dose of
VPA, which induce very small anomaly in the axial skeleton. Administration of VPA in this
dose disorganized gene oscillation in the PSM, regular interval pattern of somites and axial
skeleton formation in the Nrarp knockout embryo. Taken together, we concluded that the
negative feedback loop of Nrarp provide a flexibility in the oscillation period to the somite

segmentation click, which contributes to the mechanism of robustness of the somite
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segmentation clock. This mechanism secures proper morphology of the axial skeletons and it

may be one of the mechanisms that endure the chemical perturbation in animal development.
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Figures legends

Figure 1. The somite segmentation clock is the underlying mechanism of well-ordered
structure of the axial skeleton. Notch signaling activates several gene expression and the
mechanism including several feed back loops produces the oscillatory gene expression,
which works as the somite segmentation clock. The somite segmentation clock orchestrates
the rhythmic somite segmentation and sequentially forms the array of somites, which give

rise to the vertebrae and ribs.
Figure 2. The molecular mechanism of the somite segmentation clock. Notch signaling

activates the transcription of several genes. Accumulated Hes7 protein inhibits the

transcription of those genes to provide synchronous oscillatory gene expression.
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ABSTRACT

The most extraordinary feature of our planet is life and its diversity and it is in peril. Taxonomy
is the foundation science for biology and essential for biodiversity and conservation studies.
Traditional approaches to taxonomy are under threat with the “greying” of the taxonomic workforce
and the decline in the teaching of taxonomy at universities. The adoption of molecular genetic
approaches such as DNA barcoding to solve the “taxonomic impediment” offers potential, but has
limitations of its own as it is based on information from a single gene region. Such limitation may soon
disappear as we are on the verge of a new revolution of technological advances in DNA sequencing.
We will soon have the capacity to sequence complete genomes for thousands of species and many
individuals within populations. This genomic information will fundamentally transform current
approach to phylogeny, the delineation and identification of species and the study of the amount,
distribution and functional significance of genetic variation in natural populations. Much still needs to
be done in the short term to fully explore the implications of this genetic data generation revolution for
biodiversity and conservation and guidance is required on which genomics tools and approaches will
be most appropriate to use for different aspects of biodiversity and conservation studies. There is no
doubt that many of the priorities of conservation science that have been intractable through traditional
genetic techniques or cost prohibitive will be within the reach of scientist throughout the world and will
allow major advances for biodiversity and conservation science.

Keywords: biodiversity, conservation, taxonomy, genomics, DNA barcoding

Introduction

The most extraordinary feature of our planet is life and its prolific variety. Equally
extraordinary is its current rate of decline, as rapid as any mass extinction of the planet's
history and caused by us. Despite being the intelligent ape we seem powerless to stop our
destruction of the natural world and its plants, animals and microorganisms in the face of
population growth and the exploitation of natural resources required to support our
increasingly technology dependent life styles.

Also astonishing is our capacity to understand the world we inhabit and to develop
engineering and technology-based solutions to some of our major challenges. These
solutions include advances in food production, transportation, communication and health
care, all of which have improved, saved and extended lives through out the world.

One area of rapid technological development, which has seen especially significant
growth in recent years, is the field of molecular genetics and genomics and we are now

about to enter a new revolution based on new DNA sequencing technologies. This will mean
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we will soon have the power to generate individual genome sequences and thereby
personalise medicine. An added benefit of this revolution is that we will also be able to
produce genetic and genomic data in unprecedented quantities to address fundamental
issues in biodiversity and conservation science that have been either prohibitively costly or
simply intractable. In this presentation | will discuss the recent advances in genomics and
review how this revolution can assist scientists to understand, manage and conserve

biodiversity.

Biodiversity

Biological diversity or biodiversity was first used at the National Forum on
BioDiversity in 1986 (Wilson 1988) and has become both a central term in environmental
discourse and an interdisciplinary science in its own right (Singh, 2002; Khuroo, 2007). The
Convention on Biological Diversity (CBD) placed biodiversity, and specifically biodiversity
loss on the international agenda, and defined biodiversity to include genetic variability within
species and diversity between species and ecosystems (Blackmore, 2002; Khuroo 2007). In
actuality it is the species level at which biodiversity is commonly conceived and mostly
studied, even though it is genetic variability within species that is essential to support
adaptation and evolutionary resilience of species.

A conservative estimate of biodiversity is in the order of 12.5 million species with less
than 2 million having been formally recognized and described. Some taxonomists estimate
less conservatively that over 100 million species exist, which aligns with molecular genetic
studies that suggest that cryptic species and lineages (in the case of microorganisms) may
be far more common than previously realized and raises obvious conservation issues (May
1990, Bickford et al 2007).

The foundation of biodiversity and conservation science rests on the science of
taxonomy. This discipline, which comprises the discovery, description, naming and
classification of living organisms, provides the essential information for the understanding
and management of biodiversity on our Earth. Taxonomy, along with related areas of
population biology, biogeography and phylogenetics are increasingly utilising or even
becoming dependent on molecular genetic data as their primary information source. While
the study of genetic variation within and between species has been greatly enhanced with
the development of new molecular techniques, it is still costly and not equally available to all
biologists especially in tropical countries. The challenges of adequately discovering,
documenting and understanding biodiversity, especially in countries with mega-diversity in
the tropics are still extremely daunting.

A major constraint to the advancement of biodiversity and conservation science is the

uneven spread of taxonomic expertise both geographically and taxonomically and the rapid
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decline or “greying” of the taxonomic workforce. The goal of advancing knowledge of the
earth’s biodiversity and having sufficient taxonomic expertise to identify species is thus a
stupendous and potentially unattainable goal based on the methods of classical taxonomy

and current resources (Khuroo, 2007).

Barcoding — a solution to the taxonomic impediment?

As discussed the taxonomic impediment leading to misidentification of species and
undetected cryptic species can seriously compromise biodiversity and conservation studies
and is also a serious issue for ecologists (Vecchione et al., 2000; Bortolus, 2008). Bortolus
(2008) reported that 62.5% of ecology papers by him did not provide any supporting
information justifying or guaranteeing the correct identification of the organisms under
investigation.

The challenges for biodiversity and conservation scientists and ecologists seeking
verification of species identifications in the laboratory, and especially in the field, may not be
trivial. Even when adequate taxonomic keys and field guides are available it is often difficult
to identify organisms with confidence, as biologists can be dealing with juveniles,
undocumented geographic variants, sexual dimorphism etc. Further, accurate identification
might require examination of microanatomy or measurements of a complex combination of
morphometric attributes. Handling, examining and measuring individuals in the field is often
impractical, inappropriate for ethical reasons or simply dangerous, thus exacerbating the
problem of securing accurate identifications. Even if experienced taxonomists exist for the
organisms under study, it is unlikely that they will be available to assist in the field, especially
in remote locations. Voucher specimens can be taken for subsequent lodgement in
museums, however, this is often impractical for large species, samples obtained in remote
locations and studies involving multiple species. In addition even when voucher specimens
can be obtained it does not necessarily guarantee reliable and timely identification.

The DNA barcoding approach to taxonomy (Hebert et al., 2003) potentially offers
scientists, who are not expert taxonomists, a powerful tool to support the efficiency and
accuracy of field studies involving the challenging identification of diverse taxa. The
proponents of this approach mostly advocate the use of a single gene for global bio-
identification of animals based on the availability of a data base of sequences linked to
voucher specimens, thus making these sequences, in effect, a DNA barcode (Hebert et al.,
2003). A 650-base fragment of the cytochrome c oxidase | (COIl, coxl) is proposed as a
‘global’ standard because variation in COIl within species is low relative to that among
species. While the DNA barcoding approach has its critics when touted as a panacea to the
impediments presented by traditional taxonomy (Tautz et al., 2003 Moritz and Cicero, 2004)

it does potentially provide a quick and reliable means to confirm the match of individuals to
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voucher specimens and to identify groups where there is discordance in the delineation of
species boundaries that require further investigation. Nevertheless, the over arching
limitation of DNA barcoding is that it is based on the use on a single, relatively short DNA
fragment (Moritz and Cicero 2004).

The new genomics era

The world has already seen a revolution in genomics and our capacity to generate
molecular genetic data is already extraordinary. The world is now about to have another
genomics revolution. To understand the explosive pace of development in genomics and the
under pinning technologies development behind the acquisition of molecular genetic
information it is useful to start with the Human Genome Project (HGP) which was officially
founded in 1990. From inception it took the HGP 10 years to produce the first draft of the
human genome at a cost of $3 billion dollars - $1 per nucleotide (down from $10/nucleotide
in the 1980s). In addition to making a giant step forward in the genetic knowledge of
ourselves it stimulate the technology that has made direct sequencing of gene fragments
routine with the costs of conventional sequencing now being close to $0.01 per nucleotide.
Today the cost of a whole genome sequence is now in the order of $ 15-20 K with multiple
coverage (x25) and it takes as little as 2 days to generate the gene sequences.

A natural extension of the Human Genome Project and the rapid increase in
efficiency in sequencing is the study of human geographic and population genetic variation.
The 1000 Genomes Project Consortium has already produced map of human genome
variation from population-scale sequencing (Durbin, 2010) the project is already moving onto
the 2000 human genome project. The next evolutionary step in sequencing will be the
introduction of third or “next next gen” sequencing which will go even further by offering the
promise of $1000 human genomes generated in a matter of minutes at a cost of
$US0.0000005 per nucleotide and thus making the prospect of personalised medicine
almost within reach (Schuster, 2008).

Animal and plant genomes can be generally sequenced for a similar cost to humans,
however for non-model organism without a reference sequence from a close relative the
data generation requirements are higher and the analysis or bioinfomatics component may
be 10 x the cost of generating the data. Nevertheless some very ambitious projects have
been launched including the Beijing Genomics Institute’s (BGl) One Thousand Plant &
Animal Reference Genomes Project announced in January 2010, which called for
collaboration from around the world. The goal of the project is to generate reference
genomes for 1,000 economically and scientifically important plant and animal species.
Together with their collaborators, BGI have so far initiated 505 plant and animal genome

projects, completed genome maps for over 100 species and sequenced about 200 species.
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The completed projects include a range of species including rice, silkworm, cucumber,
panda, camel, oyster, ant, grouper, goose, crested ibis, potato genomes to name but a few
(Beijing Genomics Institute, 2011). It is not far-fetched to envisage the initiation of the10,000
and the 100,000 animal and plant genome projects over the next few years with the
anticipated further giant leaps forward in nucleotide generation.

While the prospect of inexpensive whole genomes for species and population
characterization is tantalizing for biologists, the analysis of 1000s of genes and millions of
nucleotides is still prohibitively expensive for most laboratories in both developed countries
and emerging economies. Also, it is not necessary for most applications in routine
biodiversity studies and conservation genetic application. Nevertheless the new technologies
offer opportunities to undertake better and new kinds of studies in biodiversity and

conservation science.

Genetics and biodiversity and conservation studies

The measurement of genetic diversity, predominantly at neutral genetic markers, in
species, populations and individuals is generally accepted as a fundamental tool in modern
biodiversity and conservation and management. Measures of genetic variability, interpreted
in the context of population genetic and evolutionary theory enables the identification cryptic
taxa, estimation of population genetic subdivision, quantification of inbreeding and genetic
relatedness at the population and individual level, provides individual identity, establishes
parentage and individual reproductive success. At the landscape scale methods now exist
that allow the identification with precision population boundaries (management units) and
fundamental aspects of population biology, which are intractable by any other means
(mating systems, behaviour, dispersal, effective population size and population trajectories).

Modern genetics also allows the study of evolutionary history in geographic space
within species (phylogeography) and at deeper levels among taxa (phylogeny). The study of
how evolutionary lineages are distributed in space allows the analysis of areas harbouring
endemism and identification of regions with evolutionary significant diversity, which allows
conservation priority setting at larger geographic scales.

New genomic methods are allowing the development of new approaches to provide
rapid, low cost genetic data acquisition and analysis that makes the process of acquiring
genetic diversity data across a variety of hierarchies including, communities, species,
populations, and individuals, possible. These new methods will allow the extension of these
traditional approaches by increasing our understanding of the functional significance of
genetic variation in natural populations by allowing the identification of genes influencing
adaptive evolution (fitness-related) and investigation of the impacts of inbreeding

depression. This offers the exciting prospect of being able to analyse suites of markers of
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functional significance for endangered species that will be relevant to adaption and
persistence in the context of environmental change (thermoregulation, water balance, exotic
species) and health and fithess more generally (i.e. protection against disease and
parasites) (Allendorf et al., 2010).

An understanding of the variety of approaches to genetic data acquisition is essential
for applying genomic approaches effectively to biodiversity questions and conservation.
There is an ever-growing list of methods of varying complexity for determining DNA
sequence differences among individuals and species and these vary in the distribution and
concentration of genetic markers across the genome, their ability to target specific loci and
the cost of genotyping (Allendorf et al., 2010). Genomic techniques can be placed into three
groups: marker-based genotyping, including a diversity of array-based SNP genotyping
platforms; partial sequencing, which uses next-generation sequencing technology to target a
subset of orthologous regions across the genome; and whole-of-genome sequencing
(Allendorf et al., 2010). A major challenge for the application of most genomic techniques will
be nucleotide data management or bioinformatics. The methods and software for handling
genomic data sets are evolving rapidly in parallel with the technological developments, but
still require a substantial investment of time and resources (Allendorf et al., 2010).

An important aspect of the genomic approach is that it does not require existing
genetic information and can utilise very small and degraded samples. A small partial
genome scan can yield an abundance of data. My laboratory has use 1/16 genome scans
costing $1,500 that generates enough data to allow the identification of 100+ microsatellite
loci and to construct whole or partial mtDNA genomes for species as diverse as sting rays,
ants, crayfish and copepods. Having a large number of microsatellite loci to choose from
means that it is possible to optimise the choice of loci for multiplexed PCR and thereby
greatly reducing the cost of genotyping. As a single multiplexed reaction consisting of 10-15
loci can cost as little as $2.00 to run on a capillary-based genetic analyser this means a
single population sample of 50 individuals can be genotyped routinely for approximately
$100.

Despite these new and exciting genomic-based projects, conventional genetic
approached are unlikely to be superseded in the short term and in fact can be further
enhanced when used in conjunction with the newer techniques. A recurring challenge for
biodiversity and conservation studies is that they often target little studied species for which
there is limited existing genetic information. This either makes it impractical to gather genetic
data or necessitates a long and often tedious and expensive process of marker development
(Guichoux, 2011). The selective use of new genomics approaches will relegate these kinds

of technical challenges to history.
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Conclusions

Much needs to be done to fully explore the implications of this genetic data
generation revolution for biodiversity and conservation and guidance is needed on which
genomics tools and approaches will be most appropriate to use for different aspects of
biodiversity and conservation studies. There is no doubt that many of the priorities of
conservation science that have been intractable through traditional genetic techniques or
cost prohibitive will increasingly be within the reach of scientist through out the world and will
provide major advance for biodiversity and conservation science. A very important
implication is that the cost of gathering genomic data is in rapid decline making it more
practical for scientist in countries with emerging economies, especially in the tropics, to
tackle important biodiversity and conservation questions either within their own country or in
partnerships with international colleagues with access to the necessary laboratory

infrastructure and instrumentation.
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ABSTRACT

Study of diversity and their relationship has been very basic discipline in biology since it is a
pioneering field in effort to further understand the realm of biology. Such study is called systematics
which its main endeavour is to understand the magnitude of diversity of living being by employing its
subdisciplines of classification, nomenclature, and identification. The pioneering nature of the
systematics means that, the achievement of its study will pave the way for further study by other
subdisciplines in biology suchs as genetics, physiology, ecology, and biochemistry of organisms. The
object of systematics is organism’s diversity while organism’s diversity is in turn also viewed as a
product of evolution, and consequently, the study of diversity must be significantly influenced by
development of evolutionary theory. Classification for instance has been influenced by evolutionary
concept since its birth as science within the realm of biology. This paper will described and discuss
the essence of systematics as well as its paramount important roles in undertanding the magnitude of
biodiversity as a product od evolutionary process. Subdisciplines of systematics is described and
discussed by objective exemplification. Biological classification is discussed critically and the school of
thoughts in classification (phenetics, cladistics, and evolutionary taxonomy) is described and
analysed within the perspective of evolutionary theory. The essence and use of nomenclature and
identification within the study of systematics will also be discussed accordingly. Finally, the impact of
science and technology development as well as the use of evolutionary theory in systematics will be
exemplified throughout the history of living things classification..

A. Introduction

Systematics has been defined in several different ways despite all of definitions still
clearly refer to almost similar meaning, namely pertaining to the study of biodiversity and
their relationships. For instance, just to quote several examples, in terms of simple and
general meaning, systematics is defined to be “the study of the diversity and relationship
among organisms” (Priest & Austin, 1995), “the study of the diversity of organisms and their
relationships” (Madigan et al., 2012), “the scientific study of the kinds and diversity of
organisms and of any and all relationship among them” (Goodfellow & O’Donnell, 1993), “the
scientific study the organisms with the ultimate object of characterizing and arranging them
in an orderly manner” (Willey et al., 2009). However, according to Merriam Webster’s
Collegiate Dictionary10™ edition (Anonym, 1993) “systematics is the classification and
study of organisms with regard to their natural relationshps”. Furthermore, in Dictionary of
Biological Terms 11" edition (Lawrence, 1997), systematics is defined to be “the study of the
identification, taxonomy, and nomenclature of organisms, including the classification of living
things with regard to their natural relationships and the study of variation and the evolution of
taxa”. Therefore, it seems that as Minelli (1993) stated “there is no general aggreement as to

the definition of systematics”.
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Despite the fact that there seem to be no general acceptance on exact definitions of
systematics among scientists, according to Myer and Ashlock (1991) “systematics stems
from the latinized Greek word systema as applied to the systems of classification
developed by the early naturalist, notably Linnaeus”. Moreover, it can also be traced back to
that one of more frequently quoted definition of systematics provided by Simpson (1961) cit.
Minelli (1993) that is “systematics is the scientific study of the kinds and diversity of
organisms and of any and all relationships among them” which has been simplified by Myer
and Ashlock (1991) to be only” systematics is the science of the diversity of organisms”.
Hence, based on Simpson’s definition it can be described that systematics is the branch of
biology which deal with the scientific study of organisms’ diversity and their relationships
including phenetic, and phylogenetic relationships since it includes any and all relationships.

According to Goodfellow and O’Donnell (1993) “systematics is a fundamental discipline
that embraces classification, nomenclature and identification, and analyses of phylogeny,
evolutionary process, and genetic mechanisms”. This is in agreements with with the
description provided by Cowan (1978). Therefore, it can be concluded that in order to study
diversity and relationships among organisms, systematics applys the three interelated
subdisciplines, namely classification, nomenclature, and identification.

One of among products of systematic studys is classification system of living things. The
history of development of organismal classification system clearly showed that it strongly
influenced by the development of concept in sciene and technology. For instance, the
publication of The Origin of Species (Darwin, 1859) greatly influneced the view on how to
classify organisms based on new evolutionary concept. This is because “in his book, Darwin
developed two main ideas: that descent with modification explains life’s unity and diversity
and natural selection brings about the match between organisms and their environments
(Campbell et al., 2008). Indeed, evolution is inevitably closely related to the work of
systematics due to the fact that systematics deals with the diversity and relationships among
organisms, including phylogenetic relationships based on the prevail theory of evolutionary
biology. At the end, as stated by Stearns and Hoekstra (2000) “the goal of systematics is to
discover the structure of the evolutionary relationships among organisms that result from
their having common ancestor”. Therefore, evolutionary biology theory could be seen as a
paramount important back ground of any systematic study of biodiversity and even is
viewed as unifying concept in realm of biology.

This paper will describe and discuss the important role of systematics in the study of
biodiversity and how evolutionary theory has shaped view on how to classify organisms
demonstrated by the history of organismal classification system development from the priod

of Aristoteles to the nowdays era of molecular biology.
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B. Classification

Classification is one of subdisciplines used by Systematics in order to study diversity of
organisms. According to Myer and Ashlock (1991) “the traditional definition of classification
is the grouping of objects into classis owing to their shared possession of attributes”.
However, some experts, have interchangebly use classification and taxonomy in identical
sense. In fact, the original meaning of taxonomy provided by Simpson (1961) cit Goodfellow
and O’Donnell (1993), “is the theoretical study of classification, including its bases,
principles, procedures, and rules”. Therefore, classification could be viewed as practical
aspect of taxonomy. Furthermore, in more elaborate way, classification can be further
defined as “the process of ordering organisms into groups (taxa) on the basis of their
relationsips in order to produce orderly arrangement or system of classification designed to
express interrelationships of organisms and to serve as an information storage and retrieval
system” (Goodfellow & O’Donnell, 1993). Therefore, classificataion or practical aspect of
taxonomy will certainly generate a classification system of organisms. However, the product
of classification will much depend on the set purpose of classification as well as.prevail
background theory in use

Based on the purpose of classification, it could be grouped into (i) artificial classication
and (ii) natural classification. The example of artificial classification could be found in a
more applicative aspect of biology such as agriculture, medicine, or industry. For instance,
plants could be classified into edible and unedible plants, or pathogenic and non-pathogenic
microorganisms, as well as industrially important and industrially un-important plants.
Natural classification is based on many characters and therefore showing overall
resemblance (Goofellow & O’Donnell, 1993), and this classification could be further devided
into (i) phenetic and (ii) phylogenetic classication.

On the basis of number of characters used, classification can also be devided into (i)
monothetic classification, and (ii) polythetic classification. Monothetic classification “is based
on unique set of features considered to be both sufficient and necessary for the group so
defined” and in practice, the overreliance placed on small numbers of subjectively chosen
morphological and physiological properties led to serious missclassification” (Goodfellow &
O’Donnell, 1993). Therefore, the clasification system resulted from such method will be very
subjective and hence has limited use in identification due to lacking of information (data)
being used. Whereas polythetic classification is based on as many character as possible in

order to show the overall resemblance e.g. numerical-phenetic classification.
B.1. Classification and evolutionary theory
Although evolutionary theory is not only restricted to Darwinian one because before

him, there had been several experts who also tried to explain the existence of life diversity
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such as Aristotle (384 — 322 B.C.) with his natural affinities among organisms, Leonardo da
Vinci (1452 — 1519) who explained that fossil is remain of extinct organisms, and Jean
Baptiste de Lamarck (1744 — 1829) with his Philosophie Zoologique (Solomon et al., 2008).
However, it must be akcknowledged that Evolutionary theory proposed by Darwin through
the publication of his book titled The Origin of Species by Means of Natural Selection (1859),
has been so influential and powerfull to change dramatically the view on how to explain the
diversity of life on the planet Earth could become as we witness today.

The essence of Darwinian evolutionary theory is that the process of evolution of
organisms happens via a mechanism of natural selection that he termed with descent with
modification. Subsequently, the ideas of natural selection as mechanism of evolution could
be summerized (Campbell et al., 2008) as “ (i) natural selection is a process in which
individuals that have certain heritable characteristics survive and reproduce at a higher rate
than other individuals (ii) Over time, natural selection can increase the match between
organisms and their environment (iii) If an environment cganges, or if individuals move to a
new environmen, natural selection may result in adaptation to this new conditions,
sometimes giving rise to ne spcies in the process”.

The publication of The Origin of Species (Darwin, 1859) did not directly followed by the
practice of classification with a specific method in order to determine common descent. Only
after Simpson (1945) cit. Myer and Ashlock (1993) developed “ a well-thought-out
statements of the principles of traditional evolutionary taxonomy and he followed this up in
1961 with a comprehensive treatment” that the concept of Darwinian evolutionary theory
was really put into practice of classification. From there on, classification has much been
further supported by molecular biology by using DNA sequence analysis along with
molecular evolution method with several different evolutionary algorithms. The revolution of
molecular biology together with molecular (population) genetics, and molecular evolution has
historically helped the birth of molecular systematics (Hilis et al.,1996) which concerns with
molecular phylogenetic analysis of life diversity. The development in concept and method of
analysis has provoked the revolution of classification of living things. The impact of
evolutionary view on classification could be clearly followed along the history of the

development of living things classification.

B.2. Three school of thoughts in classification

The essence of practicing Darwinian theory in classification of organisms is how to
generate classification system which reflect relationships in terms of similarity and descent
because in practice, both of the two criteria of relationships are frequently in conflict (Myer &
Ashlock (1993). Furthermore, with regard to evolutionary theory, three schools of thought

of classification had been developed based on the priority given to each of the criteria,
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namely (i) “Phenetics, which gives primacy to similarity (ii) Cladistics, which gives primacy
to the branching points of descent, and (iii) Evolutionary taxonomy, which consider the two
sets of criteria equally but sequentially, that is taxa privisionally delimited by similarity and
subsequently tested by monophyly” (Myer & Ashlock (1993). The healthy debate among
those three different school of thoughts in classification is continuing although there has
also been moves to adopt a polyphasic approach since it was declared by Rita Colwell
(1970).

In microbiology, the polyphasic systematic approach has been practiced so far by
combining the independent approach of numerical-phenetic, chemosystematics, as well as
molecular systematics in order to achieve sounding classification. Congruence among the
three independent approaches is viewed as a good basis to generate the rigorous and
robust classification system as an excellent basis for devising a useful identification

schemes.

C. Nomenclature

This is another subdiscipline of systematics which also responsible to support the
study of diversity and relationship of organisms. As Goodfellow and O’'Donnell (1993) stated
that “Nomenclature deals with the terms use to denote taxonomic categories, e.g. species,
genus, and family, the relaive rank of such catagories, and the process of allocating correct,
internationally recognized names to organisms” . The scientific names of organisms are
regulated internationally. Bacterial and Archeal scientific names are regulated by the
International Code of Bacterial Nomenclature (Sneath, 1992), Plants and Fungal
nomenclature are regulated by the International Code of Botanical Nomenclature (Greuter et
al., 1994), and Animal and Protozoa nomenclature are regulated by the International Code of
Zoological Nomenclature (Ride et al., 1985).There is also effort made to unify the three
nomenclatual codes as Goddfellow (2000) stated that “there are moves to produce a
Universal code of Nomenclature” although it seems that there is still time to wait for
unification of the Code.

The importance of universal code of nomenclature is undiniable due to its use for
internationall communication purpose. Therefore, it has been agreed by each code that the
scientific names for organisms are given in Latin or latinized words and written in binomial
fashion such as Bacillus anthracis. The first representing the genus name, e.g. Mangifera,
and the second consisting the species identity (specific epithet), e.g. indica. In this
example, the binomial name is Mangifera indica. The choice of Latin words as MacDoo
(1993) stated “provides very great importance for two reasons (i) the use of Latin facilitated

international uniformity in nomenclature without offence to any one’s national pride (ii) it
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guaranteed continuing precision of application unaffected by popular inaccuracy, since no
country’s population use latin as the language of every day discourse”.

The universal aspect of scientific names clearly benefits all scientists who intend to
communicate any orgnism’s name across the world and prevent misscommunication among
parties. International communication among parties would have been impossible if such
regulation had not been carried out. Instead of using banana (English) equivalent to pisang
(Indonsian) the scientific name of Musa paradisiaca could be used to facilitate universal
communication. The same case will also follows for naming a grass carp fish (English)
equivalent to ikan mas (Indonesian) and this could be solved by using scientific name of
Cyprinus carpio.

However, as Goodfellow (2000) stated that it is important to recognize that the
nomenclature of a group of organisms does not depend on the correct latinization of words,
but on the the thoroughness of the preceding taxonomic work becouse when
(micro)organisms have been rigorously characterised and classified it is relatively simple
matter to apply the rules of nomenclature. Once the name for a taxon has been chosen, the
next step is to publish it. The paper submitted for publication should give the derivation of the
new name and the name itself should carry the relevant indiction of novelty (e.g. sp. nov.,
gen nov.” For example, there were six novel species of Indonesian streptomycetes validly
published in the International Journal of Systematics and Evolutionary Microbiology
(Sembiring et al., 2000), namely Streptomyces asiaticus sp. nov.DSM 41761T Sembiring et
al., 2000, S cangkringensis sp. nov. DSM 41769" Sembiring et al., 2000, S. indonesiesnsis
sp. nov. DSM 41759" Sembiring et al., 2000, S. javensis sp. nov DSM 41764 Sembiring et
al., 2000. S. rhizosphaerius sp. nov. DSM 417607 Sembiring et al., 2000, and S.
yogyakartensis sp. nov. DSM 41766 Sembiring et al., 2000. The application International
nomenclature could in fact be achieved once a thorough characterization has been carried
out properly to generate a reasonable basis for proposing of the new species names

through international publication.

D. Identification

The last sub-discipline used by systematics to study diversity and relationships of
organisms is identification. Goodfellow and Priest (2000) provide that “identification covers
both the act and result of determining whether an unknown organism belongs to a particular
group in a previously made classification. It involves determining the key characters of the
unknown organism and mathing of these against databases containing information on validly
described taxa”. Therefore, “it is crucially to understand that organism could only be

identified if classification has been a preceeding step and the resultant taxa given names or
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codes, but if the organism respresent an undescribed taxon, then it cannot be identified”
(Priest & Austin, 1995).

In terms of plant or animal specimens, the identification can be carried out by matching
the key characters of the specimens against databases containing information in form of
identification keys. However, for microbial strains identification must be performed by
matching the key characters of the strain in question with key characters of live reference
strain obtained from culture collection or from somewhere else.

Thus, identification is the product of systematics which is mostly useful for anyone
who intend to guarantee the identity of organism s(he) work with. Irresspectively of his/her
scientific background, s(he) needs to achieve the definite identity of organism in question let
alone if it is being communicated scientifically. Therefore, the basic understanding of
identification strategy is required for any biologist to be able to solve his/her own problem of
identification. Although, they may sometime be helped by institutional identification services
such as, Herbarium for plant speciemens, Zoological Museum for animal specimens, and
Culture Collection for microbial strains.

Based on the description above, classification and identification is much more
dependent on database and therefore they are continuously developed along with the
application of new taxonomic concept and methods (Goodfellow & Priest, 2000). It means
that the identification scheme will always be based on the preceeding resulted classification
system. It also follows that the robustness of any identification scheme entirely dependent on

classification system to which its development has been based.

E. Chronological development of Living Things Classification

Classification system developed by Linaeus (1753) grouped all organism only into two
Kingdoms, namely Kingdom Plantae (Plants, Algae, Fungi, Bacteria, and of course including
Archaea) and Kindom Animalia (Animal dan Protozoa). Subsequently, the development of
reseach instruments, especially microscope, a microorganism (Euglena) was found. This
organism was not fit to be classified into either Kingdoms, and therefore Haeckel (1866)
proposed the three-kingdom system, those were Kingdom Plantae, Kingdom Animalia, and
Kingdom Protista. The last kingdom was created to accommodate organisms which were not
fit for another two kingdoms.

Furthermore, as a result of electron microscope development, it was known that in fact
internal structure of cell showed that cells of plants, animal, algae, fungi, and protozoa
possess membrane-bound organell but bacteria and archaea were found to be lacking of it.
Therefore, Chatton (1937) termed the first group of cells to be eukaryotic, and the second
group of cell to be prokaryotic. Subsequently, such dichotomous classification system was

accepted and used by most of biologists, and eventually dogmatically treated as
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fundamentally and evolutionarily correct. Let alone that electron microscopical and
biochemical studies also strongly supported the existense of eukaryotic and prokaryotic
cells, and therefore inspired the experts to devise a new classification system based on
those state of the art.

One of new classification system devised on the basis of the dichotomous paradigm of
prokaryotic-eukaryotic was poposed by R.H. Whittaker (1969) who groupped organisms into
five Kingdoms of life. In this system of classification, Fungi (including mushroom, molds, and
yeasts) were excluded from Kingdom Plantae to be independet Kingdom as Kingdom Fungi.
The exclusion of Fungi from Kingdom Plantae was based on the facts that fungi are non
photosynthetic, heterotrophic, cell wall consists of chitin, their body structure, as well as
their nature of reproduction. Furthermore, Kingdom Monera was created to accommodate
bacteria and archaea which were regarded as fundamentally different due to their nature of
prokaryotic. Therefore, Whittaker (1969) proposed a five kingdom system consisting of
Monera, Protista, Fungi, Palntae, and Animalia which was based only on three main
characteristics, namely (i) internal structure organization of cells (ii) cellular organization, and
(iii) nutritional type.

Further development continued since the finding of double-helix structure of DNA
molecule by Watson and Crick (1953) enhanced the bitrh of molecular biology which in turns
strongly infulenced view of biologists on life itself. During 1970s, Carl Woese of University of
lllinois (USA) pioneered the application of molecular biological techniques, that was
sequence analysis of small sub unit rRNA (SSU-rRNA) to study phylogenetic relationship of
living organisms. He used variational analysis of the universal molecules (rRNA) to
challenge the old dogma that hold all prokaryotes are closely related and very similar one
among theother. However, based on the result of rRNA molecule variations analysis, Woese
(1987) proposed that indeed prokaryotic organisms (Kingdom Monera) consisting of two
groups of fundamentally different organisms, namely Archaea (formerly called
Archaebacteria) and Bacteria (formerly called Eubacteria). Therefore, based on rRNA
sequence analysis, it was proposed that prokaryote covers two among three of evolutionary
lines, those are Archaea, Bacteria, and Eukarya (Woese et al., 1990).

The proposal of three domain of life by Woese et al. (1990) was subsequently getting
support from Carol J. Bult and collegues (1996) who reported that genome sequence
similarity between an archean (Methanococcus janashii) and bacteria (Domain Bactria) was
only less than 50%. Based on this molecular biological data and further studies, eventually
most of nowdays biologists come to agreement that prokaryote is diveded into domain
Archaea and. Bacteria.

Based on fundamental molecular difference between archaea, bacteria, and eukarya,

most of nowdays systematists, especially microbial systematists use a taxon hierarchi above
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Kingdom, that is Domain. Thus, living things is now classified into three Domain, namely
Domain Archaea, Bacteria, and Eukarya. Results of rRNA sequence analysis showed that
member of Archaea possess genes which are combination between genes which are very
similar to bacterial genes and eukaryotic genes. From further molecular biological studies it
showed that Domain Archaea even more closely related with Domain Eukarya compared to
Domain Bacteria.

Consequently, on the basis of molecular biology data, within the prespective of
application of evolutionary concept, most biologists accepted the classification of Three
Domain and 6-Kingdom System of life. The universal acceptance of such system has been
clearly demonstrated by the fact that many biology text books, e.g. Biology by Solomon et al.
(1995-2008), Biology by Campbell et al. (2008), and Biology by Hoefnagels (2008), and most
of all microbiology text books, e.g. Microbiology by Prescott et al. (1997-2009), Brock
Biology of Microorganisms (2000 -2012), Microbiology by Tortora et al.(2007) have totally
adopted the Three Domain-Six Kingdom System, those are Kingdom Archaea, Bacteria,
Protista, Fungi, Plantae, and Animalia. All of domains and 4 Kingdoms among which
containing microorganisms, namely Kingdom Archaea, Bacteria, Protista, and Fungi

According to further analysis of molecular phylogenetic systematics, Kingdom Archaea
has been classified further into 4 Phyla, namely Phylum Crenarcheota, Euryarcheota,
Korarcheota, and Nanoarcheota. And based on phylogenetic classification, Kingdom
Bacteria consisting of 23 Phyla (Prescot et al., 2009). Finally, it can also be added that the
structural and molecular (molecular signature) differences amongest the three Domains

strongly supported the existence of Domain Archaea, Bacteria, and Eukarya (Atlas, 1997).

F. Concluding remarks

Systematics is a basic subdiscipline in biology which deal with the scientific study of
organisms as well as relationship among them, including phenetic as well as phylogenetic
relationship. Since the object of systematics is living organisms which based on modern
concept of biology is a product of evolutionary process, the study of diversity must also be
equipped with evolutionary concept in order to understand the nature of diversity itself. In
practicing the diversity study, systematics make use of its three interelated sub-disciplis,
namely classification, nomenclature, and identification. Classification is also much influenced
by kind of data as well as method of data analysis. Adopting the evolutionary theory in
classification means that the best classification to be achieved will be one that could reflect
relationships in terms of similarity and descent. Based on this perspective, there have been
developing three different school of thoughts within the realm of classification, namely (i)
phenetics, which gives primacy to similarity (ii) cladistics, which gives primacy to the

branching points of descent, and (iii) evolutionary taxonomy, which consider the two sets of
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criteria equally but sequentially, that is taxa privisionally delimited by similarity and
subsequently tested by monophyly. The debate among the three schools has been
continuing in order to sort out better approach in classification. The impact of evolutionary
theory on systematics is very significant since the study of diversity is strongly influenced by
the development of concept and method of data analysis. Along the history of living things
classification it has been clearly demonstrated the impact of science and technology
development as well as development of concept and method of data analysis including

molecular evolutionary concept and molecular data anlytical methods.
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A genetic framework for flower initiation

Hao Yu
Department of Biological Sciences and Temasek Life Sciences Laboratory, National
University of Singapore, Singapore

The transition from vegetative to reproductive growth is the most dramatic phase

change in the life of flowering plants. This developmental switch responds to various

environmental and endogenous signals and results in the generation of flowers, which bear

reproductive organs for seed production. In the last two decades, intensive investigations

have progressively unraveled the underlying mechanisms of flower initiation in the model

plant Arabidopsis. Our recent studies suggest that several MADS-box transcription factors

play key roles in mediating the successive changes of flower initiation, including flowering

time control, floral meristem specification and floral organ patterning. This talk will focus on

the regulation of flower initiation by these MADS-box transcription factors.
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Abstract

Agrobacterium-mediated genetic transformation has become increasingly important
tools for improving cultivars and studying gene function in plants. This is particularly true in
orchids, which are highly valued ornamental plants that are continually being genetically
altered. To improve the quality of Indonesian black orchids, we developed a convenient
method for the genetic modification of this orchid using Agrobacterium tumefaciens. The T-
DNA of a disarmed Ti plasmid containing the coding region of a neomycin
phosphotransferase Il gene as a selectable marker-was successfully introduced into intact
protocorms of the Black Orchid (Coelogyne pandurata L. Form East Kalimantan). The
BREVIPEDICELLUS (BP)/KNAT1 gene was under the control of the Cauliflower Mosaic
Virus (CaMV) 35S promoter, and is a member of the family of class 1 KNOTTED-like
homeobox (KNOX) genes in Arabidopsis thaliana that is required for the maintenance of
indeterminate state of cells. the T-DNA containing BP/KNAT1 was transformed into the
black orchid. The protocorms that were transformed with BP/KNAT1 produced multiple
shoots, indicating that the BP/KNAT1 gene can be used to improve shoot formation for mass
propagation of these orchids. In vitro culture using leaf discs of the 35S::KNAT1 transgenic
Black orchid on hormon-free medium also resulted in multishoots production. These data
indicate that the KNAT1 gene maintained its function in secondary shoot growth of
transgenic black orchid. The method can be applied to the commercial production of orchids
in Indonesia for both domestic and international trade.
Keywords: Black orchids, secondary shoot induction, genetic transformation, Agrobacterium
tumefaciens.

Introduction

Techniques on plant tissue culture for orchid micropropagation are useful for mass
production. Since the needs of orchids are always increase by the time for commercial
trades, the conservation efforts should also be elaborated. Mass propagation through in vitro
culture will become a good tool for these efforts. But, in orchids, there are many obstacles to
do tissue culture, due to the slow growth rate and the long life cycle of orchid. Recently, we
developed an efficient technique for orchid micropropagation through Agrobacterium—
mediated genetic transformation of Knotted1-like Arabidopsis thaliana (KNAT1) gene into
genomes of three genera of Indonesian orchids, i.e Phalaenopsis amabilis (L.) Blume,

Vanda tricolor Lindley and Coelogyne pandurata Lindley (1, 2).. The insersion of KNAT1
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gene into orchid genome resulted in multishoot formation in P. amabilis and C. pandurata,
but not in V. tricolor. In P. amabilis, there was 31-90 shoots emerged from one protocorm
(developing orchid embryo), and in C. pandurata there was 4-7 shoots emerged from one
transformant’s protocorm. There is still a question to be addressed: is there any stable orchid

transformant that maintained the function of interest gene in their secondary growth?

In this report, we analyze the continous function of KNAT1 transgene on secondary
growth of black orchid transformant’s shoots in tissue culture condition, to understand the
stability of KNAT1 as a foreign gene in orchid genome. It is worth to elaborate for this orchid
due to the rareness of the black orchid C. pandurata as an Indonesian endemic orchid. The

method could be implemented for other Indonesian natural orchids.
Materials and Methods

Plant materials and culture condition

Four developing independent shoots of 35S::KNAT1-black orchid transformants that
are growing up on 100 mg. I"" Kanamycin-containing New Phalaenopsis (NP) medium were
used as plant materials in this experiments. The shoots as source of explant were cut into
two leaf discs and a stem to induce new shoot formation on regeneration medium in vitro.
Explants were cultivated on half strength of New Phalaenopsis (NP) medium (3), with
addition of 150 mlI" coconut water, and combination of plant growth regulators 2-
isopenthenyladenine (2iP) and Naphtalene acetic acid (NAA) with ratio of 1: 1 (0.15 and 3
MM). The cultures were incubated at 25°C with 1000 lux continuous light. The growth of
protocorm like bodies (PLBs), and shoots from the explants were examined every week. For
control experiment, a similar set of experiment was also done using non-transformant black

orchid plant.
T-DNA Construct for Genetic Transformation and Detection of Transgene by PCR

Genetic transformation of plasmid 35S::KNAT1 and pGreen vector into orchid was
carried out according to the method of Semiarti et al. (1). The structure of 35S::KNAT1
containing T-DNA construct that inserted into orchid genome is shown in Fig. 1.

RB

LB
—. Pnos I NPTII > Tnos I p358 > KNAT1 > BAR I Tnos _—

Figure 1. Schematic Structure of 35S::KNAT1 containing T-DNA. LB, Left border; RB, Right
Border, 35S: CaMV promoter; KNAT1 gene; HPT: Hygromycin phosphotransferase; Tnos:
Nos terminal. Bar: 1.2 kb.
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Genomic DNA of transformant plants and non transformant were isolated and
extracted using QIAGEN gDNA extraction kit (GmBH, Germany) according to the manual
instruction from the manufacture. Pured gDNA from the emerged shoots from selected
transformant explants were detected by polymerase chain reaction (PCR) method for the
existance of KNAT1 gene using KNAT1 gene specific primer KNAT1F1 (5'-
CTTCCTAAAGAAGC-ACGGCAG-3’) and KNAT1R1 (5- CCAGTGACGCTTTCTTTGGT-T-
3’), that amplified 1.2 kb DNA fragment.

Results and Discussion
Phenotypic analyses

Morphology of the shoot and leaves of transformant are normal as the same as non
transformant plant. The growth rate of shoot(s) from transformant and non-transformant
stem explant on half strength NP medium with various concentration of growth regulators
treatment showed that generally, induction of shoot formation in transformant was faster
than that of non-transformant (Table 1).This data indicates that the growth of shoots from
transformant explant may be induced by KNAT1 gene activity that integrated in the orchid

genome, than that of induction by growth regulators endogenously or exogenously.

Table 1. The Growth of Shoots from transformant and non-transformant stem explants on
half strength NP Medium and Various Concentration of Growth Regulators Auxin and
Cytokinin.

Growth regulators The first time shoot emerging from explant (week)
NAA: 2-1P 1 2 3 4 5 6 7 8
(0.00 : 0.00) T NT
(0.15:0.15) T NT
(3.00 : 3.00) T NT

T= transformant; NT = Non-transformant

The fastest emerged shoot(s) from transformant stem was two weeks after explant
inoculation on 72 NP medium without additional growth regulators and 2 NP+ 0.15 yM NAA
and 0.15 yM 2iP, though in non transformant explant the shoots emerged at 4 weeks after
inoculation. Interestingly, when the higher concentration of growth regulators was added into

medium, the shoot formation delayed up to 6 weeks in transformant explant and 8 weeks for
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non transformant explant. It is inline with our previous data in P.amabilis, that shoots formed

on leaf discs of 35S::KNAT1 transformant grown on hormon-free NP medium (1).

Multishoots production from 35S::KNAT1 Transformant Explants

In the case of number of shoot production, the transformant stem produced
multishoots from one stem explant. The higher number of shoots were produced in
transformant explants,than that in non transformant stem (Fig.2, Table 2). Multishoot
production were also reported by Yu et al. (4), when Dendrobium Orchid Homeobox1 (DOH1)
introduced into orchid hybrid Dendrobium “Madame Thong In”. Introduction of KNAT 1 gene
into some Dicot was also induced multishoot formation, i.e Chuck et al. (5) observed
multishoot production in Arabidopsis, and Nishimura et al. (6) obtained multishoots in
tobacco transgenic explants. Semiarti et al. (7) reported that the expression of KNATL1 gene
was improved in a leaf mutant of Arabidopsis, assymetric leaves2 mutant, that produced

multishoots on mutant leaf disc in that were cultured on hormone free medium.

Figure 2. Multishoot formation from stem explant of 35S::KNAT1 on 2 NP + 0.15 uyM
NAA+ 0.15 uM). 0 ; week 0, starting inoculated explant, 2; Shoot initiation (emerging leaf
primordia) come out from explant, week-2; 7; Week-7, 9 ; Week-9, 11; Week-11, and 13;

multishoots emerged at week-13 (Bar: 1mm)
Multishoots production might also be related to the arrangement of endogeneous

phytohormone biosynthesis pathway, such as cytokinin and gibberelic acid (GA) that

involved in cell division, cell elongation and shoot formation. As described by George et al.
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(8), that in plant tissue culture, during adventif shoot formation the concentration of
cytokinin in cell increase, but the concentration of GA will be decreased. In tobacco
transgenic plants, overproduction of KNAT1 protein suppressed the activity of GA200x
(Ntc12) that bound to some sequences in the first intron of the GA200x gene. This
complex reduced the synthesis of GA, in turn it will activate cytokinin synthase gene,that
caused multishoot production.. Overexpression of KNAT1 gene will also eliminate apical
domination in the shoot tip, so that the determinated cells will switch into undeterminated
cells (9, 10). It is reasonable that multishoot production in this experiment has also proved

the activities of overexpressed KNAT1 gene in the black orchid stem.

Table 2. Number of Shoot Production from 35S::KNAT1 transformant stem explant after 13

weeks cultivation on 72 NP Medium supplemented with various growth regulators.

Number of shoots
No. Growth regulators
(NAA: 2-1P) (M) Transformant Non transformant
1 (0.00 : 0.00) 11 5
2 (0.15:0.15) 36 4
3 (3.00 : 3.00) 13 20

Detection of KNAT1 gene in 35S::KNAT1 transformant plant’s genome

Seven shoots of transformants and three non-transformant plants were analyzed to
prove the prescence of 35S::KNAT1 into its genomes. The genomic DNA of each plants
were amplified using specific oligonucleotide primers for KNAT1 genes (KNAT1F1 and
KNAT1R1), that resulted in about 1.2 kb amplified DNA fragment. Four out of seven shoots
showed positive results, but the other three were negative (Fig. 3). These results indicate
that KNAT1 gene still integrated into the genomes of four orchid transformant lines and
maintained its activity for shoot production in these orchids. Using these four lines,
micropropagation of black orchid (C. pandurata) can be improved, as well as the use of the
transgenic technology for other character improvement of this orchid. The use of Green
Flourescent Protein (GFP) as a reporter gene as described previously (11), combine with
KNAT1 gene will improve the orchid quality in both shoot multiplication and flourescence
plant. Hopefully, it will give benefit to support both conservation and commercial trade of

Indonesian natural orchids.
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Figure 3. Detection of KNAT1 gene in 35S::KNAT1 Black Orchid Transformants. Lanes (A-D)
show that 1.2 kb DNA fragment could be amplified from four transformants. A indicates A

DNA digested by Sty | enzyme that used as DNA size marker.

Conclusion

The Arabidopsis KNAT1 gene can be used for improvement of shoot formation in
micropropagation of Black Orchid (C. pandurata). The KNAT1 gene has stably maintained
its function in secondary shoot growth of black orchid transformant. The method can be
applied to the commercial production of orchids in Indonesia for both domestic and

international trade.
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Abstract

One of the most important nutrients for plants is phosphorous. Phosphorus is critical
to bioenergetics, photosynthesis, and regulation of a number of enzymes. Plants acquire
phosphate as inorganic phosphate ion (Pi). When Pi is limited, plants respond by changing
their root architecture to aid the uptake of Pi. Plants reduced primary root length and
increased length and density of lateral root and root hair to enhanced uptake of soll
phosphate. This study evaluated several genes involved in Pi regulation under Pi starvation
in a model plant Arabidopsis thaliana using RT-PCR. Results showed that some of the
genes are up regulated under Pi limited condition, and some are down regulated. These
results suggest that plants feature complex regulatory networks to maintain P homeostasis
and optimise their phosphate (Pi) uptake and storage capacities to meet metabolic and
developmental demand.

Keywords: phosphate starvation, gene regulation, RT-PCR, Arabidopsis thaliana

Introduction

One of the most important nutrients for plants is phosphorous. It is involved in the
regulation of many biochemical and physiological processes and is a structural component
of nucleic acids, phospholipids and numerous other biological molecules. Phosphorus is
also critical to bioenergetics, photosynthesis, and the regulation of a number of enzymes [1].

Plants acquire phosphate in the form of inorganic phosphate (Pi). The concentration
of soluble Pi of many soils ranges from about 1 to 10uM, while for optimal growth, plants
require intracellular Pi concentrations range from 5 to 20mM [2]. When Pi supply is limited,
plants respond through morphological, physiological and biochemical adaptations [3].
Morphologically, to cope with Pi deficiency, plants change their root architecture to aid the
uptake of Pi. Plants reduced primary root length and increased length and density of lateral
root and root hair to enhanced uptake of soil phosphate [4]. Pi deficient plants usually
accumulate excessive anthocyanin. Absorption of ultraviolet light by anthocyanin can
protect nucleic acids and the chloroplasts from damage caused by Pi starvation [1].

Plants are reprogramming their genetic pathway in respond to Pi starvation. This

study studied several genes involved in Pi regulation under Pi starvation in a model plant
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Arabidopsis thaliana using RT-PCR. Morphological responses of plant growth to Pi limitation

were also evaluated.

Materials and Methods
Plant materials and growth conditions

Arabidopsis thaliana Col-o were grown in vertical plates in 2 strength of Hoagland
medium supplemented with 0.25 mM phosphate in the form of KH2PO4. Seedlings were
maintained in a growth chamber under controlled condition (10h light, 25°C). After five days,
the seedlings were transferred to fresh medium without phosphate and continue to grow for
another 4 days to induce Pi starved condition. Seedling were then again transferred to

medium with phosphate and harvested after 1, 2, 3 and 7 days.

Root morphological and fresh weight analyses
Images of the root system were recorded from plants growing in petridishes using a
desktop scanner (resolution: 300 dpi). Fresh weight of shoot and root were measure at day

1, 2, 3 and 7 in minus phosphate medium and after phosphate resupplied.

RT PCR
Isolation and generation of cDNA was done using magnetic beads [5]. Quantification
of transcripts was performed using SYBR Green RT-PCR from Applied Biosystems. Several

genes studied were shown in Table 1.

Table 1. Primers used for quantitative RT-PCR

Genes Primer
Pht1:4 5TGTGCCGGCCGAAATCT3
5TTGCTCCTAATTTTCCTGATGCT3’
Pht1;5 5 GACCTAATGCGACGACGTTTG3
5 CGCCGATATCCCATGACAAG3’
Pht1;7 5CGCGGCTTCTGGAAAATTAGT3’
5TGGAGGATATCCATGCTCTGTCT3’
PHF1 5AGTGGAAAGAGTGGCAGATATATGC3
5 CTCGAAGAATACGTATGCAGCTATCA3
PHR1 5ATATCGGCCAGAACCATCAGAAACT
5TGTAATACCTATCCCACCTTTCAAATC3’
NMT3 5’ GCACCAAGAAGGAGTATCCTGATAA3

5TGCTGGCTTGTCTTGGATATGT3’

Results and Discussion
Root morphology of phosphate starved seedlings and normal seedling was shown in

Fiure 1. As can be seen in Figure 1, Arabidopsis seedlings growth in phosphate depleted
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medium showed a decrease in elongation rate of primary root. In addition, Pi-starved
seedlings increased root hair growth and density. The primary root suppression in Pi-
deprived seedlings was induced by inhibition of root meristematic activity. It was reported
this condition was caused by the inability of inactive meristematic roots to respond to auxin,

which lead to the decrease of mitotic activity [6].

b
Figure 1. Root architecture of phosphate starved plant (a) and normal plant (b). Plants were
grown in 250mM of phosphate for 5 days, were then transferred to Pi-lacking medium for 7
days (a). Plants after 5 days in 250mM of Pi-medium were transferred to fresh medium with
250mM phosphate and grow for 7 days (b).

Root hair density increased in low-phosphorous root (Figure 1). This adaptation is an
important strategy to facilitate uptake of phosphate by increasing surface area of absorption.
A piece of evidence has been shown that root hair participated in phosphorous uptake. A
study proved that 63% of total P uptake was contributed by root hair when 70 percent of the
root hairs grew into the labeled soil [7].

Fresh weight of root to shoot ratio after 1 day, 2, 3 and 7 days in minus phosphate

medium as well as after resupplied with phosphate is demonstrated in Figure 2.
0.6 4
0.5 -+

0.4 -

0.3 -
B minus phosphate
0.2 1 B 250mM Phosphate
0.1 -
0 - T T T
1 2 3 7

time after re-supply (days)

Figure 2. Fresh weight of root to shoot ratio of seedlings grown in minus phosphate and plus

phosphate medium after 1, 2, 3 and 7 days.
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Figure 2 demonstrates the increase of root to shoot ratio of seedling fresh weight
under phosphate starvation. This alteration correlates with the promotion of lateral root and
root hair growth in deprived-phosphate seedlings

Phosphate starvation responses in plants are coordinated by expression of huge
number of genes [9]. Among them, three transporter genes were evaluated in this study
(Figure 3).
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Figure 3. Expression of Phtl;4, Phtl;5 and Phtl;7 in Arabidopsis seedling during Pi-starved

and normal conditions

As indicated in Figure 3, the expression of phosphate transporter genes both in root
and shoot were higher in seedling grown in lacking phosphate medium. This up regulation
of transporter genes allows transporter to actively assimilate Pi. It was reported that

knockout of Phtl;4 leads to the decrease of Pi acquisition during Pi deficiency [8]. Beside
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phosphate transporter genes, other genes which were studied included PHF1, PHR1 and
NMT3 (Figure 4).
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Figure 4. Expression of PHF1, PHR1 and MT3 in Pi starved-seedlings compared to those in

normal seedling

In Arabidopsis starved seedling, PHF1 was upregulated. PHF1 acts as facilitator of
PHT1 to exit from endoplasmic reticulum [10]. The phf mutan undergoes retention of Pi
transporter in endoplasmic reticulum and shows reduce Pi content [9]. At low phosphate,
the expression of PHR1 remained unchanged (Figure 4). PHRL1 involves in activation of Pi
starvation-induced genes by binding a P1BS (PHR1 specific binding sequence) cis-element
(GNATATNC). The phr1 mutant shows a reduced concentration of Pi under both Pi-
sufficient and Pi-limited conditions [10].

The expression of NMT3 was also evaluated. As can be seen in Figure 4, there was

a down regulation of NMT3 gene. NMT3 encode enzymes phosphoethanolamine N-
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methyltransferases which involved in phospholipid biosynthesis [11]. Plants under Pi-lacking

conditions have a lower concentration of phospholipids [11], therefore the phospholipid

biosynthesis is repressed by down regulation of NMT3 gene.

From this study, it can be concluded that highly coordinated mechanisms involved in

respond of plant to Pi-limited condition. Those include alteration of root architecture,

increase of root to shoot ratio and upregulated as well as down regulated of Pi-starved

responsive genes.
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ABSTRACT

Ebony leaf monkey or Javan Langur, locally named Lutung Jawa, (Trachypithecus auratus) is
one of the endemic species of Indonesia which is suspected as a vurnerable primate by the
International Union for Conservation of Nature and Natural Resources (IUCN). There are several
species of ebony leaf monkeys in the Javan Langur Rehabilitation Center (JLC), Dau subdistrict,
Malang Regency. Relationship identification of Javan Langur in JLC has always been done based on
morphological characteristics which gives limited information. DNA analysis is considered to give
more accurate information. In this research, two types of Lutung Jawa, which are suspected to be
Trachypithecus auratus auratus (named Rus) and Trachypithecus auratus mauritius (named ljem)
were studied. To amplify Cytochrome-b gene (cyt-b) forward primer used was 5'-
CTTCCATGAGGACAAATATC-3' (modification of L15162) and reverse primer was RMuch 5'-
GTGGAGTATAGGTATGATTGC-3'. This Polymerase Chain Reaction (PCR) process resulted on 500
bp cyt-b fragment for Rus and 501 bp for ljem. Phylogenetic analysis using Maximum-likelihood (ML)
method, and pairwise distance using MEGA5 software show that Rus and ljem have a close
relationship and is in a same species with T. a. auratus. Pairwise distance value both sample is 0.4%
+ 0.0027. Phylogenetic tree using ML shows both of samples are close with
0i|148970501|gb|EF465117.1|T. a. auratus haplotype aaJ, gi|148970497|gb|EF465115.1| haplotype
aaG, and gi|148970487|gb|EF465110.1| haplotype aaB, and also placed in one group with others T.
auratus.

Keywords: Relationship, Javan Langur, Lutung Jawa, Trachypithecus auratus, Cyt-b.

Introduction

From 200 species of primate in the world, 25% or 50 kinds lives in Indonesia. 70%
among them are endangered, where 20 of them are endemik to Indonesia (1). One of these
endemik animal is Javan Langur (2), localy named Lutung Jawa. Javan Langur, Ebony Leaf
Monkey, or Lutung Jawa is synonymus with Trachypithecus maurus Horsfield (1823),
Trachypithecus pyrrhus Horsfield (1823), Trachypithecus sondaicus Robinson & Kloss
(1919), Trachypithecus kohlbruggei Sody (1931), and Trachypithecus stresemanni Pocock
(1934) (3). Indonesian government considers Javan Langur as a protected animal since
1999. International Union for Conservation of Nature and Natural Resources (IUCN)
consider Javan Langur as a primate that is vulnerable against habitat disturbance and

poaching for trading.
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Taxonomic position of the

Javan Langur species has not N
been able to be clearly determined
(4). Lee (5) and Roos et al., (6)
categorize Javan Langur into two —
different species those are T.

auratus and T. mauritius as each Fig. 1: Distribution of Javan Langur (T. auratus) (3).

has different morphology and clear

biogeographical source. Biogeographically, Javan Langur can be divided into two which are
Javan Langur that comes from western java (T. a. mauritius) and those that come from
Eastern Java (T. a. auratus) (Fig. 1) (3). International Union For Conservation of Nature and
Natural Resources/ IUCN (2006) divide Javan Langur into two subspecies those are T.
auratus auratus and T. auratus mauritius. This ambiguity may cause problem in
conservational efforts of this animal (7).

According to its morphological characters, Lee (5) has described the difference
between T. auratus and T. mauritius. T. auratus have Facial skin with yellow eye rings and
bluish face (black morph) or eye rings-in some forms, the whole face “depigmented” and
freckled face (red morph); pelage glossy black except for the red morph and not “frosted”
(i.e., no silver tips). Circumfacial hair (cheek hairs and hair on crown) is erect and forward-
curled, forming a “mussel-shaped” semicircle around the orbits. There is no pointed crest. In
red morph, tips of hairs on head, arms above wrists, near elbow, and legs above ankles are
whitish; there may be a dorsal tinge of black. Females differ from males in having a pale,
usually yellowish white pubic area . T. mauritius has Black pelage hairs without white tips;
face black or gray with no eye rings; pointed crest; long, outward-pointing cheek hairs. T. a.

mauritius is smaller in size than T. a. auratus (8).

Fig. 2: Javan Langur (Trachyphitecus auratus) . A. Red Morf and B. Black Morf come from East Java, C. from
West Java (C). (Photo: Kurniawan, 2008)

The Javan Langur Rehabilitation Center (JLC) is a conservation center that was

previously own as Javan Langur center (JLC). This organization is a rehabilitation facility for

56 Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

Javan Langur before being released into the wild. Javan Langur in this conservation are
langurs saved by the Indonesian government or were given by citizens voluntary.
Accommodation of Javan Langur is done before being released to its natural habitat. JLC
contains langur with black fur with white tip and pure black langurs. Based on these
morphological characteristics, the first langur is thought to be T. a. auratus, while the second
langur is thought to be T. a. mauritius.

Species and relationship identification in JLC has been always done using
morphological characteristic and original source. ldentification using these methods often
causes ambiguity (9,10). DNA variation analysis, especially mitochondrial DNA (mtDNA) is
often used to reconstruct phylogenetic relationship between species or populations in the
same species. This is because mtDNA has higher rate of mutation (5-10 times) compared to
nucleic DNA (11,12). mtDNA also has a high copy number, which is 10°- 10* (12). mtDNA is
in a circular double helix shape consisting of several regions: 12S rRNA, 16S rRNA, ND1,
ND2, CO I, CO Il, ATP, CO Illl, ND3, ND4, ND5, ND6, cyt-b and D-loop (displacement loop)
evolve in replication process (13).

Cytochrome b gene (cyt-b) has been used as a reference in determining
relationship (14). Cyt-b is relatively conserved making it ideal to identify at species level
(11,15) or to clarify phylogenetic relationship into deeper levels (16). Cyt-b gene is directly
involved with electron transport in the respiration process of the mitochondria, consisting of
eight transmembrane with helical shape and conecting between the outer and inner
membrane (17). Cyt-b gene can be used as a gnetic marker that has a high rate of mutation,
making it able to give information about haplotype in spesies (18).

On the previos research, cyt-b sequence has been used to understand genetic
diversity for conservation management, one of them being the tibetan moose (Procapra
picticaudata), an endagered species in the high lands of Qinghai-Tibet, China (15). Cyt-b
gene has also been used to identify relationship of Trachypithecus barbei (19) and was also

able to diffrentiate between subspecies of Javan Langur (6).

Materials and Methods

Sample collection

Samples were taken from Javan Langur Rehabilitation Center (JLC), Dau sub district,
Malang Regency. The samples were taken from two langurs, named Rus and ljem. The first
langur named Rus is thought to have come from Mount Lawu, Sragen, East Java, while ljem
is thought to be from Ciremai Mountain, Kuningan, West Java. Sample taken was the
langur’s blood (Fig. 1). Blood sample were stored in EDTA 3 ml tube. In the laboratory, the

blood samples were stored at 20°C until use.

Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011 57



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

DNA extraction and PCR amplification

Whole genome of mithochondrial DNA isolation follows protocol from Roche isolation
DNA Mini Kit. Polymerase chain reaction (PCR) used two primers; Forward Primer that was
modified from Primer L15162 (20), 5- CTTCCATGAGGACAAATATC -3’
5-GTGGAGTATAGGTATGATTGC-3' which self-created. The cycling

parameters used were as follows: Initial denaturation for 5 minutes at 95°C, denaturation for

and Reverse

Primer Rmuc1

1 minute at 94°C, 40 siklus, annealing for 2 minutes at 47°C, extention for 2 minutes at 72°C,
and final extention for 5 minutes at 72°C. The results of the PCR amplifications were
checked by running an aliquot on a 1.5% agarose gel. Sequensing of the PCR Products
were performed using both the forward and reverse primers of PCR amplificaton with the Big

Dye terminator AB1 3130 and 3130 xI Genetic Analyzer.

Phylogenetic Analysis of the Cyt-b Sequence Gene

Optimalize of chromatogram reading use Peak trace program, while consensus
sequence were carried out with DNA baser. Multiple alignment were carried out with the
Clustal W at BioEdit. Sequece gene validity were hold in software Basic Local Alignment

Search Tool (BLAST) from www.ncbi.min.nih.com. Phylogenetic tree reconstructions were

carried out with the Maximum likelihood (ML) algorithms as implemented in MEGAS. ML
trees were constructed with the Kimura-Nei model of sequence evolution with selected as
best fitting model according to a hierarchical-likelihood with  T. obscurus
(0i|62161253:14192-156332) was used as outgroup. internal nodes was performed by
bootstrap analyses with 1000 replications. To identify species we compare topology analisys

and pairwise distance (MEGAS5) value.

Results and Discussion
Results
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Table 1: Character Diagnostics of Individual T. auratus Haplotype
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cyt-b query. Based on the above analysis, it can be concluded that the sequence formed is a
part of the cyt-b. gene

Cyt-b gene sequence gained from both samples are very conserved compared with
T. a. auratus, T. a. mauritius, T. cristatus and T. germaini. This difference was only found on
a few bases, and not more than two consecutive bases. Substitution took place on several
bases, such as on base 42, base 69, base 72, base 141, base 159, base 177, base 255,
base 303, and base 310 (Table 1).

Sequences obtained were then analyzed using MEGAS software to determine the
relationship between Rus and ljem. Phylogenetic tree reconstruction using ML method
showed that Rus and ljem are located in one cluster with T. a. auratus haplotype aaJ, T. a.
auratus haplotype aaB and T. a. auratus haplotype aaG and are in one group with other T.
auratus (Fig. 3). Pairwise distance analysis (+ = standard error) using the Kimura-2
parameter model showed that Rus and ljem (using 2% standard) has a really low value
which is 0.4% £ 0.0027. This indicates that both of them are from one species. Based on
topology and phylogenetic tree, both samples are closely with related T. a. auratus
haplotype aad, T. a. auratus haplotype aaB and T. a. auratus haplotype aaG and has
bootstrap value of 62.

Species determination analysis was done by comparing pairwise distance value
between Rus and ljem with T. a. auratus and T. a. mauritius. The result of the comparison of
Rus with T. auratus showed that the lowest pairwise distance is 0.2% + 0.0019 and the
highest pairwise distance is 1.62% * 0.0054, while for T. a. mauritius the lowest pairwise
distance is 3.08% * 0.0077 and the highest pairwise distance reached 3.29% + 0.008. The
result of comparison for ljem with T. auratus has a lowest pairwise distance of 0.2% + 0.002
and highest value of 1.62% £ 0.0055, while when compared with T. mauritius showed a
lowest pairwise distance of 3.3% + 0.008 and highest of 3.51% £ 0.0083. Based on these

analyses, it can be concluded that Rus and ljem belongs to T. a. auratus.

Discussion

The result of multiple alignment showed that samples from Rus and ljem us very
similar and was only diffrentiated by two bases; the first diffrence was on the 9" basem while
the second was on the 72" (Table 1). The diffrence in bases is the result of diversity
between individuals, as basically no two individuals has the same base sequence as others.
Diversity in gene sequenceinside a species can show the relation between one individual
and another (21).
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. a. a. haplotype aaB
gi|148970497|gb|EF465115.1|T. a. a. haplotype aaG
gi|148970489|gb|EF465111.1|T. a. a. haplotype aaC
— gi|148970495|gb|EF465114.1|T. a. a. haplotype aaF
29 — gi|148970503|gb|EF465118.1|T. a. a. haplotype aaK
gil46410411|gb|AY519455.1|T. a. a.
—— gi|148970511|gb|EF465122.1|T. a. a. haplotype aaO
gi|148970491|gb|EF465112.1|T. a. a. haplotype aaD
gi|148970505|gb|EF465119.1|T. a. a. haplotype aaL
gi|148970513|gb|EF465123.1|T. a. a. haplotype aaP
— gi|148970509|gb|EF465121.1|T. a. a. haplotype aaN

89

88

gi|148970507|gb|EF465120.1|T. a. a. haplotype aaM
53 4'

951 gi|148970515|gb|EF465124.1|T. a. m. haplotype aaQ
L——— gi|148970499|gb|EF465116.1|T. a. a. haplotype aaH

20 gi|148970519|gb|EF465126.1|T. a. m. haplotype amB
499‘: gi|148970517|gb|EF465125.1|T. a. m. haplotype amA
gi|148970521|gb|EF465127.1|T. a. m. haplotype amC

gi|148970551|gb|EF465142.1|T. c. haplotype cnQ

7: gi|148970553|gb|EF465143.1|T. c. haplotype cmR
94 | 9i|148970563|gb|EF465148.1|T. g. haplotype gA
_| gi|148970575|gb|EF465154.1|T. g. haplotype gH
gi|148970569|gb|EF465151.1|T. g. haplotype gE
gi|148970571|gb|EF465152.1|T. g. haplotype gF

95 gi|148970565|gb|EF465149.1|T. g. haplotype gC

gi|148970567|gb|EF465150.1|T. g. haplotype gD
gi|62161253:14192-15332 Trachypithecus obscurus

100

—
0.01

Fig. 3: Analysis of Gen Cyt-b Between Rus, ljem, and Others Trachypithecus Using Maximum likehood.
T. c. = Trachypithecus cristatus, T. a. a. = Trachypithecus auratus auratus. T. a. m. = Trachypithecus
auratus mauritius. T. g. = Trachypithecus germaini.

The formation of phylogenetic tree was done to find the relationship between Rus
and ljem compared to sequence reference from the NCBI. The result of phylogenetic tree
topology analysis using the maximum likelihood metho (ML) showed that Rus and ljem are
in the same cluster and is grouped with T. a. auratus haplotype aaJ, T. a. auratus haplotype
aaG, and T. a. auratus haplotype aaB, and is in one big group with other T. auratus (Fig. 3).

This topological result showed that ljem Rus are closely related with the T. a. auratus group.
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Pairwise distance anylises was done to find the genetic distance between one
individual with another that was done using the MEGAS software. The genetic distance
,between invertebrate species using cyt-b is larger than 2% (22,23). Previous research (6)
showed that pairwise distance value between T. a. auratus is around 0.92% £ 0.001.
Pairwise distance analysis between Rus and ljem showed value between 0.4% * 0.0027.
This value indicates that Rus and ljem are of one species.

liem’s charachtersitics of having pitch black fur, which morphologically represent T. a.
mauritus, has actually different result if examined genetically. Based on pairwise distance
anylisis, comparison between ljem and T. a. mauritus has a higher value (more than 3.3%
0.008) when compared with T. a. auratus (less than1.62% + 0.0055). Species determination
analysis on Rus showed the same result with ljem. Rus’s pairwise distance when compared
with T. a. mauratus showed a higher value (more than 3.08% + 0.0077) when compared with
T. a. auratus (less than 1.62% % 0.0054). Based on phylogenetic tree tophology Rus and
liem are located in one cluster with T. a. auratus. Based on the pairwise distance analyses
and philogenetic tree topology, its can be concluded that Rus and ljembelong to T. a .

auratus.
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ABSTRACT

Indonesian swamp eel are an economically important freshwater fish due to their
reputation as delicious food, their ability to survive and grow in poorly oxygenated waters,
and to be transported live. However, the taxonomy and phylogeny of this fish species are
poorly understood. Although it is commonly accepted that the Indonesian swamp eel
belongs to the species described as Monopterus albus, much of debate has centered on the
number, distribution and taxonomic status of Monopterus species in southeast Asia. This is
due to these fish being phenotypically plastic, which has lead to an extensive and confusing
taxonomic nomenclature.

In this study, Indonesian swamp eels were collected from twenty-two sites through
out Indonesia. Partial sequences of 16S rDNA and Cytochrome ¢ Oxydase Subunit | (CO1)
mitochondrial genes were used to examine genetic variation between populations and
reconstruct evolutionary relationships. The sequence analysis of the two mitochondrial
genes revealed two distinct group, which are genetically distinct from each other and distinct
from other forms from southeast Asia.. Further studies are required to clarify species
boundaries, identify diagnostic morphological traits and establish phylogenetic relationships
of swamp eels in Indonesia and more widely in southeast Asia.

Keywords : swamp eel-mitochondrial genes-taxonomy-phylogenetics
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ABSTRACT

Green Fluorescent Protein (GFP) is a gene encodes GFP protein which emits green
fluorescent light when excited by blue light. GFP is widely used in cell and molecular biology
researches as a reporter gene. GFP is obtained only in some genera of jellyfish, i.e Aequorea,
Mitrocoma, Obellia, and Phialidium. Research on GFP from the local jellyfish of Indonesia has not
been reported, although Indonesia has many different types of jellyfish. This research was conducted
to determine whether Indonesian local jellyfish has the GFP gene and to determine the differences
from Aequorea victoria’s GFP. The jellyfish were sampled on the Marina Beach Semarang.
Amplification was done by using four sets of GFP-specific primers designed from specific parts of
A.victoria’s GFP gene as the sequence reference. Morphological observations showed that the local
jellyfish from Semarang is Rhizostoma sp., species x, and y (not yet identified). Using GFP’s primer,
only Rhizostoma sp. shows positive result. The amplified genomic DNA from the local jellyfish using
GFP primers showed differences in the DNA sequence to local jellyfish and A.victoria as the positive
control (plasmid pCambia). There are 64 nitrogen base and 11 amino acid in Rhizostoma’s GFP
differences. The amino acid 163 valine become alanine and serine 175 become glycine on
Rhizostoma’s GFP, make this GFP can give better fluorescent at 35-37°C. Rhizostoma’s GFP have
chromophore structure as A.victoria’s GFP. Isoleucine 167 become threonine revert the sensitifity of
GFP from 395nm became 475nm. From this research we conclude that Semarang’s Rhizostoma sp.
has GFP gene which differ to A.victoria’s GFP.

Keywords: GFP, DNA markers, local jellyfish Semarang, Rhizostoma sp.

INTRODUCTION

Green Fluorescent Protein (GFP) is a non-destructive reporter gene that can report
gene expression directly, so that it widely used in cell and molecular biology research [1].
GFP is capable to emit green fluorescent light when highlighted by ultraviolet light. By
utilizing Green Fluorescent Protein, it is expected to increase research on molecular
detection moreover the going on process in the living organism. For example, the
development of nerve cells in the brain or how cancer cells spread in the human body. Tens
of thousands of different proteins obtain in the bodies of living things. These proteins control
important chemical processes in comprehensive manner. So the Green Fluorescent Protein
is also expected to map out a variety of proteins that exist in the human body for medical
purposes.

GFP gene was first isolated by Osamu Shimomura (1962) from Aequorea victoria

jellyfish, that usually live in the northern Pacific region. This species has bioluminescent
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proteins called Aequorin that can emit blue light fluorescence. GFP reporter gene has the
advantage over other reporter gene. This gene may function as a screenable marker which
is non-invasive, non-destructive, and does not require exogenous substrates and cofactors
to fluorescent [2]..

It has been reported that GFP is obtained only in some genera of jellyfish, i.e
Aequorea, Mitrocoma, Obelia, and Phialidium [3]. Research on GFP from the local jellyfish of
Indonesia has not been reported, although Indonesia has many different types of jellyfish.
The research on the detection and isolation of GFP gene in the local jellyfish is needed.
Because there are no data base on Indonesian GFP, tropical GFP and The isolated GFP
gene can be used for advanced research on gene cloning using either GFP cloning vector or
expression vector. This research was conducted to determine whether Indonesian local

jellyfish has the GFP gene and to determine the differences from Aequorea victoria’s GFP.

MATERIAL AND METHOD

A. Sampling and Identification

The research was conducted from January 2010. Samples of the jellyfish were found
in the north coast sea of Java, in the Marina beach Semarang. Jellyfish were photographed
and then placed in ice boxes to be brought to the laboratory as research material. Jellyfish
identification was done by morphological observation based on morphological characters of
jellyfish in "the Marine Conservation Society jellyfish Survey"www.mcsuk.org as reference.
B. Genomic DNA Isolation of Jellyfish

Jellyfish body placed into a bowl and it molten by itself. Then 200 mg of the jellyfish
liquid use as sample. The genomic DNA was isolated from the powder according to protocol
Genomic Qiagen Midi Kit (QIAGEN GmBH, Germany). The isolated DNA is checked by
0.8% agarose gel electrophoresis, 50 mA, for 45 minutes. DNA quantification was done by

spectrophotometer A260/280 nm.

C. Isolation of Green fluorescents protein (GFP) gene(s) by polymerase chain reaction
(PCR)

Jellyfish genomic DNA was amplified using four kinds of oligonucleotide primers
specific for GFP gene using PCR. The primer sequences designed specifically based on
Aequoria victoria GFP gene [5] (Table 1). The primers are stick to four specific locations on
the GFP gene (Figure 1). Frozen Jellyfish DNA were thawed by hand and then brief vortexed
and spindown. Jellyfish DNA was used as a DNA template for PCR reaction. The PCR
reaction mixture consists of genomic DNA, PCR kit (Roche ®), and specific primers for the

GFP gene. PCR performed with Thermalcycler using programs pre-denaturation 94°C for 2
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minutes and 30 second as one cycle of denaturation 94 ° C, annealing temperature varies
based on the Tm of each primer, and elongation at 72°C for 1 minute and 30 second with 30
cycles and final phase of elongation of 72°C for 5 minute as one cycle. Plasmid pCambia
that carrying the GFP gene was used as positive control. Visualization use agarose

electrophoresis, agarose 1%, 50mA for 45 minute.

Table.1 Specific GFP gen Primer

Set m anneali [ Amplikon
Primer Nukleotide Sequens (°C) | ng (°C) Size
GFP A F15 ATGAGTAAAGAAGAAGAAC 3 49 .4°

50,8° 714 bp
R15 GTATAGTTCATCCATGCC 3 52,3°
GFP B F15 CTTTTCACTGGAGTGGTCCC & 63,5°
61,6° 700 bp
R15 GCCATGTGTAATCCTAGCAG 3’ 59,7°
F15 GGGAACTACAAGACACGTGC 3 62,2° 60,9° 400 bp
GFP C-B
R15 GCCATGTGTAATCCTAGCAG 3’ 59,7°
F15 CTTTTCACTGGAGTGGTCCC 3’ 63,5°
GFP B-D 60,7° 400 bp
R1 5’ ACAAAGATGACGGGAACTAC 3 58,00

Design primer

Primer A

Primer B

Primer C
— Drimer D Watkins and Campbell, 1995

Figure 1. Primer construction design from cDNA of Aequorea victoria’s GFP.
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D. Sequencing and Bioinformatics Study

Forty micro liters of PCR product that shows positive result send to 1% Base
Singapore to sequence. The data compare with Aequorea victoria’s GFP to analysis the

amino acid component use BioEdit software.

RESULT AND DISCUSSION

From the sampling on Marina beach Semarang there are 3 species of jellyfish. The
first Jellyfish has white color transparent, cone-shaped tentacles and umbrella speckled with
size 25 cm. Based on morphological characters described in the literature of "Jellyfish
Conservation Society Marine Survey" (accessed on www.mcsuk.org, April 15, 2010),
indicates that the jellyfish from Semarang was a member of the genus Rhizostoma (Figure
2). The second jellyfish also has white color transparent, non marking umbrella with size 15
cm and tabulate-shaped tentacles (Figure 3). The last jellyfish has brown color, umbrella
speckled with size 35 cm, and dark brown branched tentacles (Figure 4). The second and

the third jellyfish not yet identified and called with x and y jellyfish.

Figure 2. (A) Habitus of jellyfish Semarang (Rhizostoma sp.), (B) Umbrella with black spots,

(C) Conical tentacle.

Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011 67



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

Figure 3. (A) Habitus of jellyfish Semarang (X) with white color transparent (B) non marking

umbrella and tabulate-shaped tentacles

Figure 4. Habitus of jellyfish Semarang (Y) has brown color, umbrella speckled with size 35

cm, and dark brown branched tentacles

From the amplification using specific primer only Rhizostoma sp. shows positive
result (Figure5). The negative result on the other sample, indicate that they not have GFP.
On Rhizostoma sp. only primer B shows positive result. This is can be caused the sequence
on Rhizostoma sp.’s GFP different on the edgeand in the middle, proofed with negative

result using primer A, C and D.
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Figure 5. The amplified DNA fragments with specific primers GFP in A. Victoria (pCambia)
and Rhizostoma sp. M, marker A / styl; lane 1, pCambia with primer A; lane 2, Rhizostoma
sp. with primer A; lane 3, pCambia by primer B; lane 4, Rhizostoma sp. with primer B; lane
5, pCambia with primer B (fw) and D (rev); lane 6, Rhizostoma sp. with primer B (fw) and D
(rev); lane 7, pCambia with primer B (rev) and C (fw); lane 8, Rhizostoma sp. with primer B
(rev) and C (fw).

Sequencing result shows there are 64 nitrogen base and 11 amino acid different
between Rizostoma’s GFP and Aequorea victoria’s GFP (Figure 6). This different makes
primer C and D not amplified. From the literature study there are 3 differences hat can make
different on Rhizostoma’s GFP properties. The amino acid 163 valine become alanine and
serine 175 become glycine on Rhizostoma’s GFP, make this GFP can give better
fluorescent at 35-37°C. this GFP became more sensitive and more lighter at this
temperature. Rhizostoma’s GFP have chromophore structure same as A.victoria’'s GFP.
Chromophore consist of phenilalanin, serine, tyrosin, glycine, valine and glutamine (amino

acid number 64 until 69) [3]. This is indicate that Rhizostoma’s GFP give same color as
A.victoria’s GFP. Amino acid Isoleucine 167 become threonine revert the sensitifity of GFP
from 395nm became 475nm. A.victoria’s GFP is more sensitive at 395nm than 475nm [6]
[7]. So the characteristic of Rhizostoma’s GFP is very unique. From this research we
conclude that Semarang’s Rhizostoma sp. has GFP gene which differ to A.victoria’s GFP.

To prove this theory need to do further research about the expression of Rhizostoma’s GFP.
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Figure 6. Comparison of Amino acid sequens between Aequoria vctoria (control) and
Rhizostoma sp.(sample).
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ABSTRACT

The epidermis protects the inner-cell leaf from the external environment. Therefore,
metabolome in the epidermis is important as the first barrier against abiotic and biotic factors. In this
study we investigated the epidermis metabolome of Jacobaea vulgaris, Jacobaea aquatica and their
hybrids. For |solat|on of epidermis extracts, carborundum abrasion (CA) technique was applied.
Subsequently, 'H nuclear magnetic resonance (NMR) spectroscopy and multivariate data analyses
were applied to compare the metabolome of the epidermal extracts with the abraded (mesophyll)
extracts. Orthogonal partial least-squares-discriminant analysis (OPLS-DA) of the processed 'H NMR
showed a clear separation among the two different tissue extracts. The epidermal extracts contained
significantly higher amounts of phenylpropanoids which were four times as much 5-O-caffeoyl quinic
acid (CQA) and one and a half times as much 3-O-CQA and feruloyl quinic acid (FQA) compared to
the mesoph?/ll extracts. Both CQA and FQA are known for their inhibitory effect on herbivores and
pathogens Also the defence compounds jacobine-type pyrrolizidine alkaloids (PAs) were identified.
They were slightly increased in the mesophyll. Comparison of the epidermal extracts revealed a clear
discrimination between parental species and hybrids. J. vulgaris contained higher amounts of proline,
succinic acid and jacobine-like PAs while J. aquatica contained higher amount of sucrose, fructose,
and the PA senecionine. The hybrids metabolome contained compounds of both parents in
intermediate amounts and no new compounds were detected. Our results emphasize the importance
of studying the appropriate leaf tissue for chemical defences of herbivores and pathogens.

Keywords: Senecio sp, defence compounds, tissue distribution, metabolomics, NMR
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ABSTRACT

Wonosadi forest is located between Dusun Duren and Dusun Sidorejo, Beji village,
Ngawen, Gunungkidul. The biodiversity inside Wonosadi is protected by people around Wonosadi
using local wisdom. One of the endemic biological diversity in Wonosadi is natural orchid.
Conservation which is related to biodiversity were needed to maintain the existence of natural orchid
in Wonosadi sustainly. Study on natural orchid in Wonosadi can be used as the database for
conservation programs. In this study, genetic variation was analysed using random amplified
polymorphic DNA (RAPD), while viruses were detected using reverse transcript-polymerase chain
reaction (RT-PCR).

The results show that there were genetic diversity in the populations of natural orchid in
Wonosadi. It can be concluded that the population of natural orchid in Wonosadi can be adaptive to
environmental change. Genetic diversity is required for populations to evolve to cope with
environmental change. It can be used as a database to develop the potential of natural orchid in
Wonosadi forest. The viruses found in population of natural orchid in Wonosadi were Cymbidium
mosaic virus (CyMV) and Odontoglossum ringspot virus (ORSV). Viruses existance might be
recognised from the physical symptom on plant and analysis of coat protein (CP) gene using
polymerase chain reaction (PCR).

The research of diversity and conservation of natural orchid in Wonosadi forest may be used
to support education for sustainable development (EfSD) concept in conservation of biological
diversity. Exploration activity can be focused at area which is protected by local wisdom and involves
local people. By doing this, local people may be actively included on protecting and developing
biological diversity at their own comunity. Thus, it may result a sustain condition of natural resources.
This research can be used in supporting and developing programs of natural orchid in Wonosadi
forest in order to develop the conservation programs.

Keywords : genetic diversity, natural orchid, CyMV, ORSV, conservation

INTRODUCTION

Wonosadi forest is located between Dusun Duren and Dusun Sidorejo, Beji village,
Ngawen, Gunungkidul. The biodiversity inside Wonosadi is protected by people around
Wonosadi using local wisdom. The entire area of Wonosadi forest is about 25 Ha. About 15
Ha of the entire area is located in Dusun Duren, and the rest (10 Ha) is located in Dusun
Sidorejo. Wonosadi forest consists of core zone and buffer zones. In the core zone, there
was customary rules that forbid on taking anything in the forest. Whereas, the buffer zones

were utilized by local people for plantation, especially woody plants.
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Wonosadi forest is managed by local wisdom. It makes the biodiversity inside
Wonosadi is totally protected by people around this forest. One of the endemic biological
diversity in Wonosadi is natural orchid. Orchid in tropical forest can grow naturally and
diverse, from epiphyte to terrestrial [2 & 3]. Orchids that natively grow in Wonosadi are
terrestrial orchids that can be found in open area with high intensity of light. Conservation
which is related to biodiversity were needed to maintain the existence of natural orchids in
Wonosadi sustainly. It can be done through the study on diversity of natural orchid in
Wonosadi [11 &14].

The maintenance of the natural orchid existence in Wonosadi forest can also be
done by detection of disease that harm the orchid. Orchids in Wonosadi grow in the area
which are not maintained by local people. There was great possibility that the orchid was
attacked by viruses. Two viruses that commonly found in orchid are Cymbidium mosaic virus
(CyMV) and Odontoglossum ringspot virus (ORSV) [9]. The study on genetic diversity and
virus detection of natural orchid in Wonosadi forest has not been done. This research can be
used as the database in supporting and developing programs of natural orchid in Wonosadi
forest in order to develop the conservation programs. The people around Wonosadi can be
involved to support education for sustainable development (EfSD) concept in conservation of

biological diversity.

MATERIALS AND METHODS

Plant Materials

Young leaves approximately 50-100 mg of specimen will be used as the source of
DNA and RNA extraction for PCR-RAPD analysis and viruses detection. Before used, the
specimen will be kept in vinyl zipper bags with silica-gel until they were stored at -20° C in
the laboratory [4]. Those samples were collected in May 2010 on the wet season, when

terrestrial orchid in Wonosadi usually grown.

Genetic Diversity

Total DNA was extracted from young leaves collected using Nucleon Phytopure kit
and adapted to Orchid as follows: 0,1 g young leaves extracted with Phytopure | reagent.
Then, the Phytopure Il reagent was added. The mixture was incubated at 65°C for 10
minute, followed by incubation at 4°C for 20 minute. Then Phytopure ressin was added,
followed by extractions with isopropanol. Isopropanol was used to precipitate nucleic acids,
and the pellet obtained was dissolved in Tris-EDTA (TE) buffer (10 mM Tris-HCI, pH = 8.0
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and 1 mM EDTA, pH = 8.0). The total DNA was quantified by spectrophotometry [13]. DNA
samples were stored at 4°C.

Six decamer oligonucleotides (Table 1) were used for polymerase chain reaction
(PCR) amplification [10] following the procedures of Lim et al. (1998) with some
modifications. Experiments were carried out with SuperHot Master Mix PCR kit which
consists of 0,4 mM dNTPs of each, MgCl,, Tag DNA Polymerase, 32 mM (NH,4),SO,, and
130 mM TrisHCI, pH 8,8. The thermal cycler was programmed to have a cycling profile of 1
min denaturation at 95 °C, 2 min annealing at 35 °C and 2 min extension at 72 °C for a total
of 45 cycles, using the fastest possible transitions between each temperature. A final
extension at 72 °C for 10 min was included after the last cycle. The DNA fragments
produced were visualized in a 1,5% agarose gel and stained with ethidium bromide.
Replication of the RAPD reaction for every combination of template DNA and primer was
carried out to ensure reproducibility. Only reproducible RAPD markers were included in the
analysis.

The molecular sizes of the amplification products were estimated using 100 bp DNA
ladder plus (Microzone, Ltd, UK). Bands on the photos were then scored. The RAPD bands
were represented as ‘1’ (present) and ‘0’ (absent). The PCR was repeated at least twice in
order to check reproducibility. The dendrogram following the NTSYS, UPGMA algorithm was

generated with the Jaccard coefficient based on all the markers generated [12].

Table 1. Primers used in RAPD analysis.

Code Sequence 5’°to 3’
OPU3 CTATGCCGAC
OPUS8 GGCGAAGGTT
OPU10 ACCTCGGCAC
OPU12 TCACCAGCCA
OPU13 GGCTGGTTCC
OPU16 CTGCGCTGGA

Virus detection

RNA virus was isolated from orchid’s leaf samples by grinding 0,1 gram of leaf in 1
ml Redzol reagent, followed by chloroform extraction and ethanol treatment. RNA was
separated from other contaminant by centrifugation of homogenate in SiMax™ membrane
spin column. The yield of RNA was diluted in 50 yl DEPC water. cDNA synthesis was
carried out using gene specific primer (reverse primer) with reverse trancription (RT) kit from
Two step RT-PCR kit (SBS Genetech). PCR step was done directly after cDNA synthesis by
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using the same kit. Specific primer which were used in RT-PCR were specific for amplifying

the gene coat protein of CymMV and ORSV.

Table 2. Sequences of specific primer used in RT-PCR step [7]

Primer Nucleotide sequence 5’ — 3’
CymMV CP-F1 ATGGGAGAGYCCACTCCARCYCCAGC
CymMV CP-R1 TTCAGTAGGGGGTGCAGGCA

ORSV CP-F1 ATGTCTTACACTATTACAGACCCG
ORSV CP-R1 GGAAGAGGTCCAAGTAAGTCC

Amplification of cDNA was done by Thermocycler (Eppendorf) using time-design :
Pre-denaturation at 94°C for 5 minutes, denaturation at 94°C for 1 minute, annealing 50°C
for 1 minute, elongation 72°C for 2 minutes, and post-elongation 72°C for 7 minutes. Cycle
was programmed for 34 cycles. For further analysis, PCR products were analysed by
electrophoresis in 2% agarose gel in TBE buffer. gel was stained with ethidium bromide (1
Mg/10 ml aquades. The DNA bands on gel were examined under UV-transilluminator. DNA

marker 100 bp was used to estimate the size of PCR products.

RESULTS AND DISCUSSION

The diversity of orchid in Wonosadi forest were analysed using RAPD method. The
samples were taken from 3 populations : Pelataran Ngenuman (population 1), east buffer
zone (population 2), and west buffer zone (population 3). From the observation, there were 3
species of natural orchid in Wonosadi forest, Pecteilis sussanae, Liparis sp., dan

Spathoglottis sp. RAPD results were shown in DNA fragments :

Figure 1. RAPD profiles of Pecteilis susannae using primer (A.) OPU 8, (B.) OPU 3, (C.)
OPU 10, (1.) DNA ladder, (2.) Population 1 (3.) Population 2, and (3.) Population 3.
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DNA profiles than analysed using NTSYS program to construct the dendrograms for
each species :

|Popu1m1

Populasi2

Populasi3

[ T T T 1
031 0383 0.84 0.86 038
Coefficient

Figure 2. Pecteilis susannae dendrogram on 3 populations in Wonosadi forest.

| Populasil

Populasi2
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Figure 3. Liparis sp. dendrogram on 3 populations in Wonosadi forest.

0sa
Cosfficient

Figure 4. Spathoglottis plicata dendrogram on 3 populations in Wonosadi forest.

The results showed that 3 populations of orchid in Wonosadi were separated in 3
different branches. It revealed that there were genetic diversity in those orchid populations
caused by adaptation in different habitat. Population 1 and 2 were located inside Wonosadi
forest. Both were natural populations with minimal influence of human. Whereas, population
3 were located outside Wonosadi forest which is bordering with villages. Genetic diversity
describes the evolutionary potential of population. Since evolution, at its most basic level, is
a change in the genetic composition of a population, it only occurs when there is genetic
diversity [6]. Genetic diversity allows populations to tolerate a wide range of environmental

extremes. Loss of genetic diversity is often associated with inbreeding and reduction in
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reproductive fitthess and survival [1]. Genetic diversity in populations were required to

respond the environmental change and avoid extinction [5].

Virus Detection

Based on electrophoresis result, it was known that Wonosadi orchid was infected by
ORSV. DNA band at +474 bp was appeared Liparis sp. sample (L2) and was the only
positive sample for ORSV. Liparis was also assumed being infected by CymMV since there
was faint band at £669 bp. Compared to other Wonosadi orchids, Liparis has a thinner and
smoother leaf which may lead to it’s higher sensitivity to virus than other.

Other orchid that were not infected by virus (according to electrophresis result) may
show similar symptom as virus-infected orchid since virus’ symptoms is varied among
orchid. The similar symptom may appear due to other pathogen attacks or extreme

environmental factors.

fragment

Figure 5. Electrophoresis result of PCR product for ORSV at 474 bp (left) and CymMV at
669 bp (right). M = marker; L2 = Liparis sp.

Activities Based on EfSD implementation

Research on genetic diversity and virus detection of natural orchid in Wonosadi
forest has become potential effort to support Education for Sustainable Development (EfSD)
concept. The activities may be foccused on biodiversity exploration around Wonosadi.
Exploration activity can be focused at area which is protected by local wisdom and involves
local people. By doing this, local people may be actively included on protecting and
developing biological diversity at their own comunity. Thus, it may result a sustain condition
of natural resources.

The implementations of EfSD concept were based on the results of the research. By
understanding the genetic diversity of natural orchid, local people can be more familiar to

orchid species inside Wonosadi, its potential, and how to maintain in an appropriate way.
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Whereas, the research of virus detection in natural orchid can assists local people in
understanding the symptoms and how to cope with the iliness caused by viruses. The results
of this research can be used to optimize the natural orchid conservation. The implementation
of EfSD in this research was manifested by building of “Rumah Anggrek”. “Rumah Anggrek”
was expected to be the center of ex-situ conservation of natural orchid which located near
Wonosadi. Natural orchids from Wonosadi were taken and grown in "Rumah Anggrek”. It
also facilitates people who want to see the natural orchids in Wonosadi, without entering the
forest. The making of “Rumah Anggrek” was conducted by cooperation with local people and
students of KKN-PPM program from Gadjah Mada University. The development of natural
orchid’s potential in Wonosadi Forest can also be used in ecotourism activities. It could

support the economy condition of local people around Wonosadi.
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Abstract

The rodent tuber plant (Thyphonium flagelliforme Lodd.) is a medicinal plant which shows
detoxificying, antineoplastic or anti-cancer agent, antibacterial and antiviral activities. Contains bioactive
compounds such as alkaloid, flavonoid, saponin, steroid and glycoside. However, the genetic variation in this
plant is relatively low. The purpose of this study is to found optimal media for calli induction, proliferation of
calli and shoots induction from embryogenic calli. Using tissue culture technique and to obtain optimal
composition of plant regulators having the ability to regenerate plantlets from embryogenic calli. Single node of
rodent tuber was sterilized and cultured on MS basal medium. Embryogenic calli were induced on MS basal
medium and treated 1 mg/l NAA and 0.5 mg/l BAP. Proliferated calli were treated within various
concentration of 2.4-D : 0.5 mg/l, 1 mg/l and Kinetin : 0.1 mg/l, 0.2 mg/l , 0.3 mg/l. The best embryogenic calli
were produced on medium using 2.4 D 0.5 mg/l and Kinetin 0.1 mg/l. The embryogenic calli have genereted up
to 14.38 plantlet per explant on MS basal medium and treated with 1 mg/l NAA dan 0.5 mg/l BAP. This study
suggests the plantlet can be regenerated in significant amounts through the induction of embryogenic calli from
single node.

Keywords : Thyphonium flagelliforme, single node, embryogenic calli, 2.4 D, NAA, Kinetin

Introduction

Rodent tuber (T. flagelliforme Lodd.) is a medicinal plant belonging the family
Araceae, native to Indonesia which are found in Java and grow well at an altitude of 100-300
m above sea level (Essai, 1986). It is an herbal plant that has a detoxifying agent. This plant
is found to have the potential to cure cancer. All parts of plant, namely roots, stems, leaves
and flowers contain bioactive compounds that function as anticancer agent. It can grow up 30
cm tall. This plant is also found in India and Sri Lanka (Nicolson and Sivadasan, 1981).

Rodent tuber is known to be useful in treating some diseases including cancers of
breast, colon, prostate gland, liver, leukemia and cervical cancer (Hoesen, 2007; Heyne,
1987). It contains antineoplastic or anticancer and antiviral cpds as well as (Teo and Ch'ng,

1996). Compounds which are efficacious in this plant are alkaloids, saponins, steroids and
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glycosides (Syahid, 2007). Medicinal plants contain bioactive compounds that can inhibit
pathogenic microorganisms such as bacteria, fungi and viruses (Lai et al., 2003). Choon et al.
(2008) has stated that the rodent tuber as an anti-cancer activity and induces apoptosis.

Rodent tuber plant is generally propagated vegetatively by tillers separation / hump
(Essai, 1986). Micropropagation of shoots can be induced by provision of optimal plant
growth regulators. The effectiveness of plant growth regulators auxin and exogenous
cytokinin depends on endogenous hormones in the plant tissues. Furthermore, cytokinins
(Benzyl Adenine) commonly used in the regeneration of in vitro culture of plant growth
regulators for this function in cell division and differentiation of adventitious buds (Bhojwani
and Razdan, 1981). In this study micropropagation in vitro methods through a single node or
shoot meristem can be induced shoot multiplication. The addition of plant growth regulators
BA and NAA on the media is expected to produce an optimal shoot multiplication.

The purpose of this study is to found optimal media for calli induction, proliferation

of calli and shoots induction from embryogenic calli.

Materials and Methods

Plant Material

Rodent tubers were obtained from Balai Tanaman Obat Bogor. The material used was single-
node culture of node rodent tuber from Bogor. Node rodent tuber with buds were aseptically

used as explants.

Sterilization of explants.

The rhizomes of T. flagelliforme were washed thoroughly with detergent and rinsed in
running tap water to remove any soil particles. The single node tuber of T. flagelliforme were
used as explants resources. The buds were excised from the rhizomes and soaked in a a
solution fungicide and bactericide each for 2 hour. Thus, The explants of node tuber were
sterilized using 2.5 % and 1.5 % Clorox bleach with three drops of Tween-20 for 10
minutes respectively. Explants node tuber were sterilized again using Clorox bleach 1% for 5
minute and HgClI2 0.1 % for 5 minute respectively. Explants were rinsed again using sterile

water three times. Explant node tuber were grown in MS medium.
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Experiment 1. Calli induction in basic culture medium for optimum in vitro culture
growth of T. flagelliforme.

Callus was induced on MS basal medium treated with growth regulators 2,4 D : 0
mg/l, 0.1mg/l , 0.5 mg/l, 1 mg/l with BA 0.3 mg/l and NAA 1mg/l with BA 0.5 mg/l. The
sterilized explants cultured in five kinds of MS medium with addition of plant hormones.
Four explants of node tuber were used for each culture medium. The best medium was
induced embryogenic calli with supplemented NAA 1 mg/l and BA 0.5 mg/l. Parameter is
observed when the callus induction begins to form.

Experiment 2. Effect of 2,4 D and Kinetin on Proliferation embryogenic calli

The material used were the calli induced from single-node culture. Calli were
obtained from previous treatment media and then sub-cultured to a new media.
Embryogenic calli were proliferated on MS basal medium treated with growth regulators
2,4D and NAA. The design used was completely randomized design in factorial pattern with
3 replications per treatment. The first factor is 2.4 D :0.5mg /1 and 1 mg /| and the second
factor is the third level of kinetin: 0.1 mg / I, 0.2 mg / | and 0.3 mg / |. The observed

parameters is diameter of the calli, colour of calli and texture of calli.

Experiment 3. Effect of NAA and BA on Shoots Induction from calli embryogenic

Calli embryogenic were have proliferated and then its subcultured to media of shoot
induction. Calli embryogenic were regenerated to be shoots on MS media with treatment
NAA : 0.5 mg/l ; 1 mg/l dan 1,5 mg/l and BAP 0.5 mg/l. The parameters observed were the
number of shoots formed. These experiments the number of shoots formed from each calli
embryogenic after 8 weeks of culturing was recorded. The data were analyzed using ANOVA
and the means compared using Tukey's pairwise comparisons at P= 0.05.

The pH of the culture media for all the above experiments was adjusted to 5.6-5.8
before autoclaving at 121°C for 20 minute. The cultures were placed in a culture room with

the temperature regulated 22°C and 16 h fluorescent lighting with a light intensity 1000 lux.

Result and Discussion
1. Percentage of calli Induction
Callus induction in basic culture medium for optimum in vitro culture growth of

T. flagelliforme by single node culture. MS Media were supplemented with 2,4 D 0, 0.1,
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0.5 orl mg/l, or 0.3 mg/l BA couldn’t induce calli from single node culture of rodent tuber.
This could be due to the balance of the addition of auxin 2,4 D and cytokinin BA were not

optimal to calli induction.
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Figure 1. Percentage of induced Calli in the media MS supplemented with 1 mg/
NAA with 0.5 mg/l BA

The MS media added with 1 mg/l NAA or 0.5 mg BA induced calli from single node
culture of rodent tuber up to 77.78 % (Fig.1.) The result showed that auxin NAA and
cytokinin BA can be induced calli of rodent tuber after 5 weeks. According to Bhojwani and
Radzan (1996), 2,4 D was a powerful normally used for callus induction. The same study was
done with the induction of callus from embryo using auxin 2.4 D in Wheat (Rahman et al.,
2008; Kamil, 2002).
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Fig.2. Calli Induction from single node culture of rodent tuber from Bogor: (A ) Explants
within three weeks of culture; (B) Calli induction within 5 weeks of culture; (C)
Embryogenic calli winthin eight weeks of culture.

2. Proliferation Embryogenic Calli

The embryogenic calli were induced from single node culture could be proliferated in
optimal medium. The best medium to proliferated embryogenic calli was MS media
supplemented with 1 mg/l 2,4 D and 0.3 mg/l kinetin or 0.5 mg/l 2,4 D and 0.3 mg/l kinetin.
The resulted data obtained from various treatments showed that every treatment was
different (Table 1). The induced calli were friable, compact and globular structure. Produced
Calli were embryogenic indicated with a light green and yellowish green color (Table 1.)

Plant growth regulators of 2,4-D is a strong auxin often used to induce callus
formation from various plant tissues (Bhojowani and Razdan, 1996). Plant growth regulators
of 2,4 D is effective to initiate callus (Nagasawa and Finer, 1988). The use of auxin (2,4 D)
and cytokinins (Benzyl Adenine) will enhance the process of callus induction (Litz et al.,
1995). Cytokinins BA are commonly used in the process of regeneration in vitro culture
because this plant growth regulators are function in cell division and differentiation of

adventitious buds from callus (Bhojwani and Razdan, 1996).

Table 1. Effect 2.4 D and kinetin to calli proliferation of colour of calli and texture of calli
after 10 weeks

Treatment Colour of calli Texture of calli

1 mg/l 2.4-D + 0.3 mg/l Kinetin Light green friable, compact, globular
1 mg/l 2.4 -D + 0.2 mg/l Kinetin Greenish Yellow friable, compact

1mg/l 2.4 -D + 0.1 mg/l Kinetin Light Yellow Translucent, slimy

0.5 mg/l 2.4-D + 0.1 mg/I kinetin Brownish yellow Translucent, slimy

0.5 mg/1 2.4-D+ 0.2 mg/l Kinetin Brownish yellow friable, compact

0.5 mg/l 2.4-D+ 0.3 mg/l Kinetin Yellowish green friable, compact, globular
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The effect in addition of plant growth regulator 2.4-D and kinetin showed that each
treatment produced a significant different texture and colour of the embryogenic calli. The
combination of auxin and cytokinin concentrations determined optimal embryogenic callus
formation (George and Sherrington, 1984). Oluk and Kaskar (2005) stated that the addition

of kinetinand NAA can be induced embryogenic callus on Papaver somniferum plant.

Table 2. Effect of 2,4 D and Kinetin to calli proliferation of Rodent Tuber Diameter after

10 weeks
Source DF Seq SS Adj SS Seq MS F P
(mm)

24D 1 30,6 30,6 30,6 0,26 0,614™
Kin 2 5,6 5,6 2,8 0,02 0,976™

24D*Kin 2 79,3 79,3 39,6 0,34 0,716™
Error 18 2092,5 2092,5 116,3
Total 23 2208,0

Note : analyzed using ANOVA

The results showed that supplementation of 2.4 D and kinetin on MS medium could
propagated calli but not significant for calli diameter. Diameter of calli can be achieved 39.6
mm per clump (Table 2). The development and proliferation of calli can be produced a
embryogenic calli (Fig. 3 and 4). Among the six treatment of MS media, addition of 0.3 mg
/I kinetin and 1mg/l 2,4-D or 0.5 mg/l 2.4 D tended to make the texture of calli was friable,

compact and globular stucture.

Fig 3. Development and proliferation of embryogenic Calli with supplemented 1 mg/l 2,4 D
and 0.3 mg/ | Kinetin (A) Embryogenic calli within one week (B) Embryogenic Calli
within four weeks (C) Embryogenic Calli within six weeks (D) Embryogenic Calli
within ten weeks
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Fig 4. Development and proliferation with supplemented 0.5 mg/l 2,4 D + 0.3 mg/ | Kinetin
(A) Embryogenic calli within one week (B) Embryogenic Calli within four weeks (C)
Embryogenic Calli within six weeks (D) Embryogenic Calli within ten weeks

3. Shoots induction from calli embryogenic

Embriogenic calli could be regenerated on various medium. Medium used for shoots
induction from embryogenic calli were MS medium with  NAA and BA. Embriogenic
calli were regenerated to plantlet. All shoots produced from three combination of BA and
NAA with various concentrations (0.5 mg/l; 1 mg/l; 1.5 mg/l) added in MS medium
produced normal shoots (Fig.5). When the combination of concentration of 0.5 mg/l BA
and 1 mg/l NAA, the number of shoots induced from each clump of embryogenic calli
was significantly increased. The best medium which enabled embryogenic calli to
produced the highest shoot numbers (14.38 per clump) was the MS medium
supplemented with 1.0 mg/l NAA and 0.5 mg/l BA (Table 3).

Tabel 3. Effect of various NAA and BA combination on production of T. flagelliforme
Shoots from embryogenic calli after 8 weeks of culture

Treatment Shoots number from derived of calli
1.5 mg/l NAA + 0.5 mg/l BA 8,13
1.0 mg/l NAA + 0.5 mg/l BA 14.38°
0.5 mg/l NAA+ 0.5 mg/l BA 4,25°

Means followed by the same letter are not significantly different (compared using Tukey's pairwise
comparisons at P=0.05 )

MS medium was the best basic medium for the in vitro production of multiple shoots
of T. flagelliforme (Sai et al., 2000). Tuber is commonly used a part of plant as explants in
micropropagation of rodent tuber. According Nobakht et al. (2009), MS medium contained 5
mg/l BAP and 1 mg/l NAA can produce the most number of shoots per explant. At a higher
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concentration of NAA (0.1 — 1 mg/l) , roots were produced, but abnormally shortened and
thickened and a high NAA concentration (> 0.5 uM) inhibited shoot multiplication (Sai et al.,
2000)

Fig.5. Induction Shoots from embryogenic Calli (A) Shoots produced in MS in the presence
1 mg/l NAA + 0.5 mg/l BA, (B) Shoots produced in MS in the presence 0.5 mgl/l
NAA + 0.5 mg/l BA (C) Shoots produced in MS in the presence 1.5 mg/l NAA + BA
0.5 mg/l

Conclusion

Calli induction of rodent tuber from single node can be obtained in the treatment of
1 mg/l NAA and 0.5 mg/l BA within 5-8 weeks of culture. The best proliferation of
embryogenic calli on medium MS were added 1 mg/l 2,4-D and 0.3 mg/l kinetin; 0,5 mg/I
2,4-D and 0.3 mg/I kinetin. Texture of embryogenic calli were compact, friable and globular.
Calour of embryogenic calli were yellownish green and light green. The embryogenic calli
have been resulted up to 14.38 shoots per explant on MS basal medium and treated 1 mg/l
NAA and 0.5 mg/l BAP.
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ABSTRACT

A study has been conducted to determine the profile of metabolites synthesized under
osmotic and acid shock in Klebsiella sp. grown in LB medium. Osmotic shock was mimicked by using
NaCl, while acid shock was imposed by using aluminum sulphate. Klebsiella sp. was grown in LB
media supplemented with NaCl, or aluminum sulphate, as a single shock-imposing substance, or by
using both substances to impose a double-shock effect. Metabolite of cell was extracted using
absolute methanol and was analyzed using GC/MS Rxi-5MS. The synthesised proteins indicated a
different correlation pattern among shock conditions imposed. Analysis demonstrated that several
metabolites were synthesized under specific shock condition. Under osmotic shock, several
metabolites that are fatty acids (nonanedioic acid and tetradecanoic acid) and amides (octanamide,
dodecanamid and hexanamid) were synthesized as osmoprotectant. Acid shock, on the other hand,
resulted in the synthesis of metabolites of silicate anion tetramer and silicone polymer which as
chelating agents aluminum. Under double-shock condition, two specific metabolites of oleic acid and
stearic acid were detected. The both metabolites are a double role as osmoprotectant and aluminum
chelating agents.

Keywords: osmotic shock, acid shock, Klebsiella sp., metabolite profile

INTRODUCTION

Klebsiella sp. are bacteria that can live in rhizosferand able tocolonize plant
roots and tolerant to environmental shock (Metting, 1993). The results of previous studies
have been isolated Klebsiella sp. are tolerant to osmotic shock reaches 0.75 M NacCll
and acidity shock KAIy(SO,), reached 3000 uM in M63 mineral medium (lkhwan et al.,
2001).

Under conditions of environmental shock, rhizobacteria will respond physiology and
affect the metabolic system (Moat & Foster, 1988). Hochachka & Somero (1984), states that,
in shock conditions microbes will perform a biochemical adaptation by (1) regulation of cell
macromolecular components (enzymes, isoenzyme and alloenzyme), (2) setting
macromolecular cell function, and (3) setting the output macromolecular system of cells.
Under conditions of osmotic shock rhizobacteria will perform three mechanisms  of
adaptation are: (1) osmoprotectan synthesize de novo, (2) take osmoprotectan in
rhizosphere and (3) change the composition of cell walls from being damaged due to high
osmotic pressure (Hartman et al ., 1991). According to Canovas et al. (1996), accumulated

osmoprotectan not only to restore the turgor pressure of cell membranes, but also keep the
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enzyme from inactivation by high ionic strength, and prevent damage and maintain the
integrity of the cell components.

In the double shock conditions (osmotic and aluminum shock), the concentration of
aluminum will affect the accumulation osmolyte cells. In conditions of high concentrations of
aluminum, aluminum will close the channel K™ so that K* blocked entry into the cell (Liu &
Luan, 2001). Therefore K* ion is the major intracellular osmolyte under conditions of osmotic
shock (Ohwada and Sagisaka, 1988), and the high concentration of aluminum will reduce
microbial tolerance to osmotic shock. In addition, at high aluminum concentrations can occur
cytoplasm aggregation (Yaganza et al., 2004) which would affect cell metabolism (synthesis
osmoprotectan). Thus the conditions of aluminum shock, microbial tolerance to osmotic
shock will decrease. On the other hand, osmotic shock will affect the inactivation of enzymes
and damage to cell components (Csonka, 1989 and Canovas et al., 1996). This will affect
the metabolism and synthesis of metabolites system cells, which can lead to accumulation of
citrate decreased so that the tolerance to aluminum also decreased (Anop et al., 2003).
Thus there is interaction between the effects of osmotic shock and shock of aluminum on
cell metabolism and regulation system. Changes in metabolism and regulation of adaptive

systems cause changes in the synthesized metabolites (Hochachka & Somero, 1984).

Materials and Methods

Preparation of Microorganism
Klebsiella sp. used in this research is the result of isolation and identification of a

previous study. Klebsiella sp. grown on Luria Bertani (LB) medium ( 5 g yeast extract, 10 g
tryptone, 5 g NaCl, 1 L H,O) with 0.65 M NaCl as osmotic shock and acid-Al shock
(Alx(SO4); 1000 uM at pH 4.6) (Ayanaba et al. (1983).
Extraction of Metabolites

Cell harvested by cold centrifugation 4000 rpm for 15 minutes, and washed 2 times
with PBS pH 7.0 solution. Pellet was resuspended in 1ml absolute methanol and sonicate in
ice bucket 3 x 30 sec with repeating duty cycle 0.7. Soluble metabolites (supernatant) was
separated from pellet by spin 13000 rpm for 5 min at 4 °C. The supernatant was
concentrated by freeze dryer essentially as described by Christoph et al. (2007).
Analysis of Metabolites by GC-MS

Metabolite composition was analyzed using GC-MS (Gas Chromatography with
Mass Spectrometry) Shimadzu QP2010S. The 1-uL aliquots of the extracts were injected
into a RXi-5ms DBS5-MS capillary column (30 m x 250 pm i.d.). The initial GC oven
temperature was 70 °C, 5 min after injection the GC oven temperature was increased with 5

°C/min to 320 °C and held for 30 min at 320 °C. Helium was used as a carrier gas and
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pressure programmed such that the helium flow was kept constant at a flow rate of 1
mL/min. Detection was achieved using MS detection in electron impact mode and full scan

monitoring mode (m/z 33-600) essentially as described by Maud, et al. (2006).

Results and Discussion
Profile of Metabolites

The results of analysis by GC / MS, showed the number of metabolites that differ
between osmotic and acid-Al shock. Metabolites were detected from each treatment were:
(A) osmotic shock 23 metabolites, (B) acid-Al shock 15 metabolites and (C) the double
shock (osmotic and acid-Al) 7 metabolites (figure 1). According to Hiller et al. (2007)

microbial metabolite profiles determined by kind of growth medium and shock.

W\ J
W N

Figure 1: The GC/MS analysis of cell metabolite profile in several shock, A: osmotic shock,
B: acidity shock and C: osmotic and acidity shock

Principal Component Analysis (PCA) of Metabolites

The result of principal components analysis showed that there are differences in
the distribution of metabolites of each treatment on Component | (the influence of shock) and
Component 2 (kind of metabolite) (Figure 2).
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Figure 2: Principal-components analysis of metabolites Klebsiella sp. various treatments, m:
osmotic 0.65 M NaCl, 4 : acid-Al (Al(SO4); 1000 ppm) and »: osmotic 0.65 M
NaCl + acid-Al (Al;(SO4); 1000 ppm). PC1: effect of shock and PC2: the type of
the metabolites

An osmotic shock, specific metabolites synthesized tend to have negative
correlation to the effects of shock (PC1) but positively correlated to the type of metabolite
(PC2), in contrast to acid-Al shock tend to be positively correlated both to the effect of shock
(PC1) and type of metabolites (PC2). On the other hand at double shock (osmotic and acid-
Al shock), metabolites tend to negatively correlated to the effect of shock (PC1) and the
kinds of metabolites (PC2). It shows that these metabolites are different metabolites that
have a specific correlation both on the influence of shock and the kinds of metabolites
(Dunn, 2008). Positive correlation indicates that the effect of high shock causes
the synthesis of many specific metabolites, reverse the negative correlation indicates that

the influence of high shock causes the less specific metabolites are synthesized.

Analysis of Specific Metabolites

Result of metabolite analysis from each treatment, there are 2 metabolites basalt,
2 non-specific metabolites and 16 specific metabolites (Table 1). The specific metabolites
consisted of 5 metabolites of osmotic shock, 6 metabolites of acid shock Al,(SO,); and 4
metabolites of double shock (osmotic and acid-Al shock). According to Borner et al. (2007),

microbes will synthesize specific metabolites when responding to environmental shock.
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Table 1. Analysis of metabolite specific, not specific and basalt, from each treatment shock

Metabolite consentration (%)

5 2 :
= 0 X < = o
s E Metabolite 3 o £ 0 3
o o £ 2} b D 5
x E 8 = O X =
= < < a
15.02 Alloaromadendrene - 6.31 - sp
16.04 Delta.-Guaiene - 11.93 - sp
17.16 Nonanedioic acid, dimethyl ester 2.18 - - sp
18.30 Patchouli alcohol - 28.27 - sp
19.12 Tetradecanoic acid 3.72 - - sp
20.88 Eicosanoic acid, methyl ester 3.18 3.9 - nsp
21.31 Hexadecanoic acid / Palmitic acid 29.06 14.99 3.49 bsl
22.24 9-Octadecenoic acid / Oleic acid 9.27 4.36 - nsp
22.70 9-Octadecenoic acid - methyl ester / - 7.89 - sp
23.13 Octanamide, N-(2-hydroxyethyl) 5.01 - - sp
23.15 9,12-Hexadecadienoic acid, methyl ester - - 29.43 sp
23.20 9,11-Octadecadienoic acid, methyl ester - - 40.85 sp
23.31 Octadecanoic acid / Stearic acid 19.58 9.25 7.2 bsl
23.42 9,12-Octadecadienoic acid - - 5,98 sp
23.62 Dodecanamide / Lauric amide 4.03 - - sp
23.98 Olealdehyde, dimethyl acetal - - 1.3 sp
24.02 Hexanamide, N-(2-hydroxyethyl) 2.57 - - sp
26.83 1,2-Benzenedicarboxylic acid, dioctyl ester - 2.42 - sp
27.79 Silicate Anion Tetramer 1.3 sp
29.20 Silicone Polymer - 2.37 - sp

Description: (1) sp: specific metabolite, (2) nsp: not specific metabolite, and (3) bsl: basalt
metabolite,

Osmotic shock. The result of osmotic shock metabolite analysis using GC / MS
obtained several fatty acids (nonanedioic acid and tetradecanoic acid) and amides
(octanamide, dodecanamid and hexanamid). The Metabolites can serve as osmoprotectant
under conditions of osmotic shock. According to Singh et al. (2002) fatty acids may function
as osmoprotectant in osmotic shock conditions of high salinity. In addition, fatty acids are a
major component of cell membranes, which helps maintain cell membrane transport systems
and the effect on osmotic regulation system and the integrity of cell (Albert et al., 1994). On
the other hand amide compounds can a role in cell osmotic regulation. Nicolaus et al. (1989)
and Csonka (1989), states that in response to changes in osmotic pressure, microorganisms

will accumulate compatible solutes to adjust the osmolarity of the cell by synthesizing
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osmoprotectan of inorganic cations, amino acids or amides, polyhydric alcohols and

carbohydrates.

Acid-Al shock. Result analysis of metabolites in acid-Al shock was synthesized
several fatty acids (oleic acid methyl ester and Benzene-dicarboxylic acid), and anion silicate
(silicate anion tetramer and silicone polymer). According to Feussner & Wasternack (2002),
carboxylic group of fatty acids can be negatively charged and capable of binding Al** ions. In

13

addition, fatty acids can as a precursor of citric acid synthesis that is able to bind Al*" ions,

and forming a ligand system (Moat & Foster, 1988). Appana & Pierre (1996) states that, in

conditions of aluminum shock, AI**

ion bound by citrate in cells and secreted out of cells. On
the other hand, the shock is also synthesized silicate anion tetramer and silicone polymer
that can serve as chelating agents of AI** ion (Smith & March. 2001). Therefore AI3* ions

become inactive and do not poison the cell.

Double Shock (Osmotic and acid-Al shock). Result analysis of metabolites in a
double shock (osmotic and acid-Al shock) by using GC-MS are mostly fatty acid that is
hexadecadienoic acid, octadecadienoic acid and linoleic acid. Fatty acids on the double
shock is an efficient adaptation pattern because these fatty acids can be a double function in
osmotic shock conditions as a osmoprotectant that play a role in the regulation of cell
osmotic pressure and in the same time the acidity of aluminum shock conditions fatty acids
may function as a chelating agent of aluminum. In addition, the fatty acid is a component of
cell membranes that act to maintain cell membrane integrity in conditions of acidity and
osmotic shock. According to Guerzoni et al. (2001), in conditions of osmotic and acidity
shock affect the intracellular fatty acid composition and specific fatty acids would be

synthesized in response to these shock.
Conclusion

The synthesised metabolites indicated a different correlation patern among shock
conditions imposed. Analysis of metabolite demonstrated that several metabolites were
synthesized under specific shock condition. Under osmotic shock, several metabolites that
are fatty acids (nonanedioic acid and tetradecanoic acid) and amides (octanamide,
dodecanamid and hexanamid) were synthesized as osmoprotectant. Acid shock, on the
other hand, resulted in the synthesis of metabolites of silicate anion tetramer and silicone
polymer which as chelating agents aluminum. Under double-shock condition (osmotic and
acidity shock), two specific metabolites of oleic acid and stearic acid were detected. The

both metabolites are a double role as osmoprotectant and aluminum chelating agents.
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ABSTRACT

Our previous studies have revealed that Hyaluronan (HA) has ability to inhibit apoptosis in pig
granulosa cells. Moreover, sufficient interaction between HA and its receptor (CD44) is necessary for
cell survival signaling. The present study was aimed to elucidate relation between apoptosis inhibitory
action of HA-CD44 and PI3K/Akt pathway in pig granulosa cell. Pig follicles having 3-5 mm in
diameter were isolated from ovaries. Cumulus-oocyte complexes with a granulosa layer (COCG) from
healthy follicles were cultured for 48 hours supplemented with FSH 50mU and various concentration
of 4-MU (HA synthase inhibitor), IM7 (anti-CD44 antibody). The control group had only the medium.
The protein expressions were detected using western blotting. Our data reveal that PI3K and Akt were
detected in granulosa cells from healthy follicle but decreased their expression in progressing atretic
follicle which most cells are apoptotic cells, indicated that PI3K/Akt pathway is involved in the cell
survival and apoptosis inhibition mechanism of pig granulosa cells. PI3K and Akt were expressed in
granulosa cells cultured with FSH or HA, but not in medium alone (control). Furthermore, when HA
synthesis was inhibited using 4-MU, the band of PI3K and Akt also decreased, indicating that HA
possibly functions through PI3K/Akt pathway. The expression of PI3K decreased after IM7 treatment,
compare with FSH alone or FSH with normal rat IgG. This finding revealed that perturbation of the
binding of HA-CD44 led to a decreased of PI3K expression. Hence, the binding of HA to CD44

activated the PI3K which one of survival cell pathway.

Keywords: Hyaluronan, CD44, PI3K/Akt signaling pathway, apoptosis, pig
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Abstract

AFLP is one of the DNA Fingerprinting techniques which have broad application as
genetic marker in various fields. Begin with the DNA sequence digestion using one or more
particular restriction enzyme, ligation of the adapters to the overhanging sticky ends followed
by DNA fragments amplification using PCR. The PCR reaction uses primers that match the
adapter sequence and have some (1 to 3) additional “selective” bases which could be any
bases, this reduces the number of bands that will be amplified. Such technique intended to
increase the amplified fragments peculiarity so the polymorphism of the organism being
studied could be well visualized by gel electrophoresis. The computer aided of AFLP
simulation developed in this research was aimed to predict this electrophoresis result by
simulate the digestion, ligation and PCR process using some pattern recognition algorithm
applied to the DNA sequence from online databases. Through this simulation the researcher
could determine the best combination of restriction enzyme and selective bases for their
laboratory experiment. Suffix tree indexing was conducted during the exploration process of
the genome sequence (in FASTA format) to find the restriction sites rapidly and create
fragments of it. Data modeling enable the system draws the fragments into virtual DNA’s
electrophoresis pattern. Data mining accomplish the simulation by exploring overall possible
virtual DNA’s electrophoresis pattern and determine the best restriction enzyme and
selective bases combination by calculating certain quantitative criteria.

Keywords : DNA Fingerprint, AFLP, PCR, Suffix Tree Indexing, Data Mining

l. INTRODUCTION

Since its first development in the mid-1980's, technique for DNA fingerprinting has
rapidly evolved. In the field of agriculture, this technology assisted seed selection in order to
acquire high quality plant such as cereals [1] and tea [2]. Many researcher suggested that
Amplified Fragment Length Polymorphism (AFLP) is the best genetic marker nowadays in
term of it's information quantity, reproducibility and resolution of genetic polymorphism.
With this technique, DNA treated with restriction enzymes is amplified with PCR. It also
allows selective amplification of restriction fragments, giving rise to large numbers of useful
markers which can be located on the genome relatively quickly and reliably. Users can
determine the specificity level of genetic marker by altering the restriction enzyme and

sequence of bases in primer’s selective bases. Unfortunately, due to the operation cost, it is
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not an easy task to conduct trial and error attempt to find the best combination of restriction
enzyme and selective bases. Therefore AFLP simulation program (in silico experiment) was
developed in this research to help researchers simulate combinations of restriction enzymes
and selective bases on virtual AFLP procedure by computational method so that they can
determine the combinations that can be used to produce the desired genetic marker through

in vitro experiment.

.  MATERIALS AND METHOD

Input of this computational method is DNA sequence from the online database. Vitis
Vinifera genome sequence was taken from GenBank NCBI as an example and as much as
145 type Il restriction enzymes were downloaded from the online Restriction Enzyme
Database (rebase.neb.com). In order to make the simulation operational in the wet
laboratory these 145 restriction enzymes were selected based on following criteria : (1)
palindromic; (2) sticky end; (3) cut the DNA precisely on the restriction site; (4) no
ambiguous and methylated bases on the restriction site; (5) at least one supplier available.
Virtual restriction digestion then conducted by applying suffix tree algorithm as string pattern
matching technique on the genome sequence. This algorithm will rapidly seek the string
pattern which is match the restriction site of the enzymes being studied and then separate
the genome sequence into subsequences. Hence, virtual PCR is done by exploring the
compatibility between sub sequences and the primer-selective bases being studied. At the
end of the simulation, exponential regression data modeling would enable the system draws
the subsequences into virtual DNA’s electrophoresis pattern. Data mining accomplish the
simulation by exploring overall possible virtual DNA’s electrophoresis pattern and determine
the best possible restriction enzyme and selective bases combination by calculating certain

quantitative criteria and conduct cluster analysis.

. SYSTEM’'S DESIGN
.1 Input

DNA’s genome sequence in FASTA format is required as system’s raw material as
well as the information of enzyme’s restriction site pattern. The sequence could be store in
several files (one file for each chromosome) in txt format. This FASTA sequence then
considered as a text. Hence, all algorithm used in the consecutive processes should be

string based algorithms.
1.2 Suffix Tree Algorithm

The first process is tracing the whole text (whole genome sequence) to find the short

text (sub sequences) which is match the restriction sites of the restriction enzymes being
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studied. The major computational problem when dealing with genome scale sequence is
execution time due to computer’s processor and memory performance limitation. It can take
time up to one hour to find one short sequence along the whole genome [3]. Therefore, an
effective string matching technique should be implemented to speed up the process. Hence,
more restriction enzyme combination could be simulated. One popular technique to run fast
string matching is suffix tree algorithm. Suffix tree are versatile data structures that can help
execute short subsequences (queries) very efficiently. In fact, suffix trees are useful for
solving a wide variety of string based problems [4]. For instance, the exact substring
matching problem can be solved in time proportional to the length of the query, once the
suffix tree is built on the database string. The example of suffix tree construction is shown in
Figure 1 [5].
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3 - x
L] ! L
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£
CAL - b e
w |
GTACAS 2| B ® . ™,
9 =] b it o GTACAS g
L o ®

Figure 1. Suffix Tree Representation

The tree will inform every possible subsequence from a sequence as a pattern. One
pattern is considered as particular path from the top node (root) to the most bottom node
(leaf), for the example on the figure there are 10 possible sub sequences for the
ATTAGTACAS sequence. The $ character is added to inform the end of the sequence.
There are three main function in this exploration process :

1. Build tree , construct suffix tree on the database. Every sequence (in FASTA format)
subjected to the exploration should be transformed to the tree structure. Once it build,
the FASTA format no longer needed so that it can be deleted and provide more space on
the computer’'s memory.

2. Node searching, explore the tree for the queries, begin from the root (the top node) and
end up at the leaf which is the most bottom node. If the query doesn’t exist the system
will report as “nothing”. Each subsequence being found is indexed by number, represent
its location on the sequence and its length (the number of the string).

3. Dispose, automatically erase the tree from the memory after it is stored on the database.

There will be 53.248 search on the Vitis Vinifera sequence’s tree, the detail is explained in

the following paragraph.
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According to its restriction site, the restriction enzymes were classified into 44 groups and
the simulation was conducted on 13 combinations among it. The combinations were
determined as follow : (1) Three group having 4 bases of restriction site were paired with 3
group having 6 bases of restriction site, all with the most frequent match on the genome
sequence; (2) The EcoRI and Msel pair also included in the combinations although EcoRlI
do not fulfil the criteria because of there are facts that thus pair was used frequently for
AFLP experiment [6,7,8,9]; (3) The restriction site of each pair do not overlap because such
condition could lead bad and unpredicted restriction result. Three nucleotide selective bases
were used for each subsequence’s right and left hand end. Because there are 4 possible
base (A, T,C,G), the total combination for selective bases should be 4% = 4.096. Therefore

the total run for searching process on the tree is 13 x 4.096 = 53.248.

1.3 Cluster Analysis
The exploration result from the suffix tree then analyse by regarding on some criteria,

which are : (1) Fragment (subsequence) length; (2) Percent of “in range” fragment, the
number of fragment with the length does not exceed the polyacrylamide gel range criteria
divided by the total fragment; (3) Percent of redundancy, the number of fragment with same
length but different sequence divided by the total fragment. The analysis was done using

multi dimension cluster analysis. The example of cluster representation is shown in Figure 2.

.-----. b
o

(a) (b)

Figure 2. Cluster Respresentation, (a) restriction enzyme and selective bases combination with their percent of
“in range” fragment and percent of redundancy; (b) restriction enzyme and selective bases combination with their
fragment length

.4 The Selection Criteria

In order to find the best ten combinations of restriction enzyme and selective bases,
the selection criteria should be well define. The combination will be considered good if : (1)
Percent of redundancy less than 25%, too many different subsequence which have same

length will reduce the polymorphism information; (2) Percent of fragment “in range” more
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than 75%, too many fragment “out range” cause electrophoresis failure due to most of the
fragment can not well visualize; (3) The average difference of the fragment length should be
large enough so that it could be nicely separate on electrophoresis process. The selection is

done by applying IF THEN rules.

1.5 Exponential Regression Model
To simulate the electrophoresis process, the system provide 1 Kbp DNA ladder from
which the exponential model was developed. The exponential model between fragment size
(bp) and its distance (cm) from the well is as follow:
In(size) = 10.81 — 0.736 * distance

IV. RESULT AND DISCUSSION
IV.1 Genome Description

The FASTA format of Vitis Vinifera genome sequence was separated in 19 different
txt file, one file for one chromosome. Table 1 contains the description of each chromosome

sequence component :

Table 1. The Vitis Vinifera Chromosome Sequence Description

Chromosome | ALt e | CCComent ) | SGEAENT

1 28 34,45 15.701
5 83 34,48 17.682
3 48 34,42 10.233
7 54 34,40 19.380
5 47 34,85 23.533
6 55 34,45 24.257
7 70 34,46 15.302
8 36 34,47 21.654
9 31 33,69 16.607
10 55 34,53 9.691
11 21 34,46 13.999
2 49 34,51 18.624
14 25 34,57 19.568
15 25 33,72 7.728
16 32 34,14 8.196
17 33 34,89 13.118
18 23 34,70 18.780
19 33 34,05 14.135

Total 42 34,43 300.211

IV.2 Exploration Process Performance

The main problem when facing with simulation of genome scale sequence is the
operation time, but it is proven that by conducting suffix tree algorithm the operation time
could be reduced significantly. Table 2 describes the time needed for suffix tree construction

based on the size of the genome sequence. It is shown that the time needed increase in
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linear form with the size of genome sequence, however the system could still operate in
reasonable time (less than 3 minute) to handle genome sequence up to 12.1 Mbp long..

Once the suffix tree is constructed, all short pattern searching could be done in no time.

Table 2. Time for Suffix Tree Construction Based on Genome Sequence Size

Size of Genome Sequence (Mbp) Time (second)
2,43 17
4,87 32
7.3 52
9,74 66
12,1 80

IV.2 Restriction Result Description

By conducting the data mining technique, there are several information that could be
infer about the restriction result. It is known that a lot of small fragments were formed using a
pair of restriction enzyme with 4 nucleotide restriction site, in the other hand just few bigger
fragments were formed using a pair of restriction enzyme with 6 nucleotide restriction site.
This facts were inline with the restriction digestion theory, restriction site with many
nucleotide will have less probability to match the genome sequence. Therefore, the
combination of restriction enzyme with 4 and 6 nucleotide of restriction site seems to be the
better choice. These combinations will produce moderate number of fragments with

moderate length as well.

IV.3 The Best Ten Combinations
Regarding to the selection criteria, the best ten combinations of restriction enzyme

and selective bases were found. Table 3 describes thus combinations.

Table 3. The Best Ten Combinations Description

Restriction Enzyme Selective Base Fragment in % of % of

Rank Range TS Redundancy | o Gnonoo é\rrzplmed

1 2 1 2 Total % gment
1 AATT ATGCAT GCA TAA 25-150 (126) 48 80,00% 22,92% 1,24% 0,04%
2 AATT ATGCAT GCA CCA 25-150 (126) 44 80,00% 25,00% 1,24% 0,03%
3 AATT AAGCTT GCA CTC 25-150 (126) 43 82,69% 23,26% 1,23% 0,03%
4 AATT ATGCAT GCA TCT 25-150 (126) 42 76,36% 19,05% 1,24% 0,03%
5 AATT ATGCAT GCC AAA 25-150 (126) 42 80,77% 23,81% 1,24% 0,04%
6 AATT AAGCTT GCA ACA 25-150 (126) 41 77,36% 24,39% 1,23% 0,04%
7 AATT ATGCAT GCA GAA 25-150 (126) 40 75,47% 20,00% 1,24% 0,03%
8 AATT ATGCAT GCC TAA 25-150 (126) 38 77,55% 15,79% 1,24% 0,03%
9 AATT ATGCAT GCA CGA 60-400 (341) 38 77,55% 21,05% 1,24% 0,03%
10 AATT AAGCTT GCA 17T 25-150 (126) 38 77,55% 21,05% 1,23% 0,04%
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Figure 3 depicts the visualization of virtual electrophoresis pattern based on the
exponential regression model using 1 Kbp DNA Ladder. The blue line indicate that there is
only one kind of subsequence with particular size, the green line indicate that there are two
kind of subsequences with the same size, the red line indicate that there are three kind of
subsequences with the same size and finally the black line indicate that there are more than
three kind of subsequences with the same size. The black line should appears as the most

thick and bright band in real gel electrophoresis result.

AATT-ATGCAT

GCA-CGA
#
3B
8
®
AATT-ATGCAT AATT-ATGCAT AATT-AAGCTT AATT-ATGCAT AATT-ATGCAT AATT-AAGCTT AATT-ATGCAT AATT-ATGCAT 210 AATT-AAGCTT
GCA-TAA GCA-CCA GCA-CTC GCA-TCT GCC-AAA GCA-ACA GCA-GAA GCC-TAA GCA-TTT
161
- “  —— 140 Pe——Cil
133 e %] 130 ﬁﬁ — 330
H Bt i Bt E—) Bt —1"] 8t =1}
i) 13 1@9 i) Ht i) i b g; i
aﬂ 104 104 10 104 4 s —— 104
) ® % ) 3 » w
& — 5 = a1 ] — 91
91 91 @0 %0
—— o— B B — 2
| = =) =1 — =i =} = =|
=42 & ] — & 8 ] ] é ] ]
6 3 o —_— g —_— & —8 —_— & &
y E— g — —_— — » =
— s g B = -
: i - . : g
2 & 4 3 -
§ =3 s =3 ‘ s — = =: S
—_— k] % % £ ™ s — %é
» . P = . =i == . =
— ;_2 % % % 2 z —_— % —3 27
Figure 3. Visualization of The Virtual Electrophoresis Pattern

V. CONCLUSION

Like other simulation software, many factors embedded in laboratory experiment
could not completely cover in this system, so that the result should be considered as
recommendation (certainly with its probability of failure). However, so far the simulation
result of AFLP with suffix tree indexing and data mining shows quite promising guidance for
the laboratory experiment. The system developed in this research is a prototype from which
more automatic and integrated system could be easily constructed. Machine learning
technique such as genetic algorithm could be implemented to automate the optimization of
selection criteria. At the end, laboratory conformation for this research result still could not
leave behind. Therefore in the short incoming time such laboratory experiment should be

conducted.
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Abstract

Bali endemic starling or Bali mynah (Leucopsar rotschildi) is an endangered Balinese bird in
Indonesia with their natural habitat located in Bali Barat National Park. The very exotic starlings are
increasingly in demand to be raised as pets; many are stolen or poached from their natural habitat.
Conservation has been performed by sending and breeding the birds overseas to American and
England zoos since 1950’s. After an overseas breeding process, the birds were returned to Bali Barat
National Park and released into their natural habitats or either kept in captivity after passing
habituation. These birds are expected to reproduce naturally to increase their natural population. For
half a century breeding of birds occurs in different environment overseas, but their genetic
characteristics are not known. Therefore, the aim of this study is to investigate the genetic diversity of
this Balinese starling through DNA analysis. Blood and tissue samples preserved in formaldehyde
were collected from Bali Barat National Park, birds bred overseas, and from semi-range habitat in the
Nusa Penida Island. The result showed genetic diversity of the indigenous Balinese starling was not
found to be different after many generations. However, by acknowledging that DNA samples can be
analysed from deceased bird tissues preserved in formaldehyde is a novel. This result can be used
as a reference of technical analysis of DNA particularly in animal samples that are exceptionally rare
as in Balinese starling.

Key words: Balinese starling (Leucopsar rotchildi), Bali Barat National Park, DNA.

Introduction

Leucopsar rotschildi or Bali mynah is a Bali endemic bird in a status of critically
endangered species. Van Balle et al. (2000) " stated that the species was highly
endangered due to vastly small population, restricted to small area, illegal poaching and
failing suitable habitat within its natural range.

This land bird is distinctive by bluish colour of the body and almost completely covered
with white plumage, except around the eyes that is bare similar to their skin, giving the
gorgeous look. These characteristics distinguished them from their relatives, Sturnus that
have impressively distributed through out Eurasia, Africa, and the eastern Pacific but
restricted to the old world %!,

Many studies have been carried out to evaluate the population of the bird. Strategies
have been improved to maintain a captive population size to meet the educational and
conservational programs using the technique so called the Bali mynah Species Survival Plan
(SSPs), an association of Zoos and Aquariums (AZA) on corporative breeding and

management program (http:/www.aza.org/ConScience/ConScienceSSPFact/index.html; ).
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As summarized by Earnhardt (2009) !, most of the captive populations are small loss of
genetic diversity, and the interactions of population structure, stochastic and genetic
diversity. SSPs actively manage captive populations to minimize the loss of genetic diversity
1 and maintain the population size and structure™. In early 1980’s the population size and
composition of Bali mynah SSPs has met the standard of AZA’s genetic and demographic
objectives (Long, 2005) in Earnhardt (2009) ! in spite of SSP participants concerned of the
ability to sustain this population in the future ©.

High demand to the birds as pets and other purposes has a negative impact to the Bali
mynah population, as a result the bird population decreased. Although the population of L.
rotschildi in overseas captivity increased and considered as a self-sustaining population',
but based on census conducted in October 1997, 12-17 individuals birds were recorded in
the entire wild population of Prapat Agung in Bali Narat National Park!"®.. After a temporary
recovery, in 1998 the number of individuals of L. rotschildi was at lowest level, fewer than 15
individuals restricted to Bali Barat National Park!" ®. A survey conducted in March 2005
recorded of 1.000 individuals were in captivity, but only 24 were in the wild (Bird Life
International Indonesian Program 2007, Bogor).

The declining number of birds in the wild is thought to be affected by extrinsic
anthropogenic factors, primarily poaching for pet trade and due to the contribution of habitat
loss® . Furthermore, Earnhardt ! states that the decreasing number of the bird population
has also affected by the intrinsic population factors (e.g. stochasticity, loss of genetic
diversity) that was contributed to the large fluctuations in population size.

In order to maintain the populations of the Balinese mynah in the wild, particularly in
Bali Barat National Park, during late 1980’s the SSP transferred the offspring to Bali.
However, the supplementation had no impact on the persistence of the wild population,
possibly because poaching pressure was not mitigated ). The SSPs anticipate for poaching
to be eliminated or greatly reduced, for they will act to reintroduce the Bali mynah birds. This
action necessitates the SSPs to self-sustain birds that are demographically, behaviourally
and genetically appropriate for reintroductions®. Reintroduction of the mynah in Bali Barat
Natioanl Park may have an impact to the genetic diversity of the Bali mynah; therefore this
study was conducted to find out the genetic variability of the Balinese mynah that is native to
Bali Barat National Park and from birds sent to Bali through the SSPs program. With regard
to the conservationists and the presence number of the L. rotschildi in Bali Barat National
Park, sample (blood and preserved muscle tissue from deceased birds) was collected in a

manner to minimize the damage of the birds.
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Materials and Methods

Samples were collected from bird captives in Bali Barat National Park and Nusa
Penida either alive or deceased and are preserved in formaldehyde. The samples were
blood from the living birds and muscle tissue samples from preserved deceased bird.

Blood samples were collected by 1ml needle in the wing or toes of the bird’s vein, 150-
200ul for each of 6 birds collected. Samples were then placed in a 1.5 ml ependorf tube with
150pl cell buffer lyses. Muscle tissue samples were collected from 10 deceased birds
preserved in formaldehyde.

DNA was extracted with the Phenol-Chloroform methods and precipitated in ethanol
following Sambrook and Russel (2001) "? with modifications. Mixed blood sample and lyses
buffer was added with 40ul SDS 10%, 40 pl 5M NacCl, 400ul — phenol pH 8.0, and 400 ul
CIAA. Mixed sample homogenised for 2 hours in room temperature. Sample was then
centrifuged with the speed of 5000rpm for 5 minutes. Aqueous phase DNA was moved to
1.5ml ependorf tube, then added with ethanol 2 times as much as the volume of sample.
Sample was freezed for 2 hours up to one night. Frozen sample was centrifuged with the
speed of 10.000rpm for 15 minutes, supernatant was removed, but the pellet was
resuspended with 900ul 700% ethanol in TE solution, centrifuged with the speed of
10.000rpm for 15 min. Supernatant was removed and the pellet was dried out in room
temperature or dried in vacuum drier for 30 min. Pellet was then resuspended with 50l 80%
TE and DNA sample can be used directly for DNA analyses or keep in refrigerator before the
analyses.

Before the extraction of samples, the Formaldehyde preserved muscle tissue were cut
in small pieces, washed with lyses buffer for many times until the formaldehyde was
removed from the sample. The next procedure was similar to the blood sample.

Extracted DNA samples were amplified in PCR machine with 6 pairs microsatellite
primers, those were TH3, TH6, TH12, TH15, WB2 dan WB5. The amplification was
conducted in the volume of 12.5ul which contained of 10.5ul PCR platinum super mix
(Invitrogen), 1ul primer mix and 1ul DNA template (sample). Amplification was carried out in
the PCR that was set up in 94 °C denaturation for 45 min., annealing at 50-60°C for 1.30
min. and elongation processes in 72°C for 2.15 min in 30 cycles. Amplification results and
DNA standard of 100bp were electrophoreses in 6% polyacrilamide gel (PAGE) for 60min.
In order to visualize the DNA bands, gel was stained in silver nitrate. DNA typing was

performed by comparing the distance of DNA migration and DNA standard.
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Results and Discussion

The result of DNA extractions in 1% agarose gel stained in Ethidium Bromide is
presented in Figure 1. Bands of DNAs migrated at similar distances from the first loading
samples. Figure 1 indicates that sample in the 8" column was not visible. The DNA band in
the 7™ column which sample was taken from muscle tissue preserved in formaldehyde was
barely visible. Less visibility of DNA bands in the gel could be as a result of poor quality of
extraction or in the case of the preserve muscle tissue, the cells may yet been bound in
formaldehyde, although it has been washed for many times. However, the finding that the

preserved tissues can be extracted for DNA analyses is novel information.

Figure 1. Bands of DNA on agarose gel shows the speed/length of DNA migration. Samples were
collected from Taman National Bali Barat (TNBB); Bali Bird Park (BBP); Nusa Penida
(NS). The name of the samples (columns from left to right) are: TNBB DR 01, TNBB DR
04, TNBB DR 05, TNBB DR 06, DNA Marker, TNBB DG 06, BBP DR 10, BBP DR 12, NS
01, NS 02, NS 03. (DR = Blood; DG = Muscle).

Out of six pairs of primers, TH3, TH6, TH12, TH15, WB2 dan WB5, only two primers
(TH6 and TH15) were amplified. The electrophoresis of 6% polyacrylamide gel showed that
only four of 18 samples could be amplified using the two primers. This poor result could be
affected not only by technical problems such as the absent of DNA due to failure during
extraction, but also the failure of DNA attachment during DNA amplification. The
amplification failure could be due to mutation or the primer sites changed, result in failure of
primer attachment during DNA amplifications. This may be the case because during DNA
extraction, there was a quantity of DNA with good quality observed and presented on

agarose gel without smear.
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Figure 2. Bands of DNA in polyacrilamide gell. The bands shown of TH6 primer are column 1
(TNBB DR 01), 2 (TNBB DR 02), 9 (TNBB DG 04); and TH 15 primer are column 11
(TNBB DR 01), 12 (TNBB DR 02) and 20 (TNBB DG 04). Bands in column 10 is DNA
ladder of 100bp.

The results also shows the length of the alleles of bird endemic to Bali Barat National
Park and bird form overseas breeding (England) was not different. This means that they are
a monotype genus as found by van Ballen " although they have been apart and bred in
different condition and environment (see " for further historical distribution). This may also
indicates that overseas breeding has similar response genetically in terms of demographic
and behaviour, therefore the SSPs program on reintroducing birds bred overseas has no
major impact to the genetic population of the birds in the wild. However, it is important to
note that our results were only based on two alleles, therefore precaution should be taken
when drawing conclusion.

The distance migration of DNA bands compared to 100bp DNA ladder, as a DNA
standard, showed that each allele has similar 156bp for the TH6 primer. That means TH6
locus only has an allele (156 pb). The TH15 locus, however, has 2 alleles. One of them
was allele 153bp which was found in TNBB DR. 01 and TNBB DR.02. Although the bird
samples were from different source, the TNBB DR.01 from England and TNBB DR.02 from
Bali Barat National Park, share similar allele. However, it should be noted that the parents of
the bird from England might have been from Bali Barat National Park. The same results
were found on muscle tissues from preserved deceased birds in formaldehyde.

The other allele of individual chicks from breed at Bali Barat National Park also has
variations that were shown in samples of TNBB DR.01, TNBB DR02, and TNBB DG.04.
This result, however, need further investigation. Other blood samples from other places
(Captive bird in Nusa Penida; Figure 2: Column 18 and 19), which the parent was from

England, could not confirm the findings due to the DNA that was not amplified.
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Although this study has minimal results, but the novelty was the founding of the birds
muscle tissues which has been preserved in formaldehyde for quite some time could be

used for DNA analyses.
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ABSTRACT

Microbiology surface active agents (biosurfactant) have recently been recognize as important
microbiology products with properties applicable in a number of industries and bioprocesses. Being
capable of lowering surface and interfacial tension biosurfactant are today thought to be efficient
replaces and possible enhancer of chemically synthesized surface active agents. Some of their
superior, such as absence of toxicity, biodegrade ability and their specification, make these
microbiology products both attractive for specifie industries and environtmentally acceptable. In these
study, characterization of biosurfactant producing bacterial consortium were assessed by measuring
surface tension, interfacial tension and emulsification activity. The result of these research showed
that the surface tension was reduced to below 51 dynes/cm for bacterial consortium and the lowest
interfacial tension values were obtained 10 dynes/cm, emulsification used E24 of 86,11%. The
biosurfactant was a positive to contain various value of carbohydrate, protein and lipid.

Keywords : Biosurfactant, Characterization, Bacterial Consortium, Surface Tension, Emulsification Activities.

1. INTRODUCTION

Biosurfactants or microbial surfactants are surface metabolites that produced by
bacteria, yeast and fungi having very different chemical structures and properties [1-2].
These biosurfactants are amphiphilic molecules consisting of hydrophobic and hydrophilic
domains that find application in an extremely wide variety of industrial process involving
emulsification, foaming, detergency, wetting, dispersing or solubilization [3]. Nowadays,
biosurfactants are used in industries as a cosmetic and special chemical substances, food,
pharmaceutics, agriculture, cleansers, enhanced oil recovery and bioremediation of oil-
contaminated sites [4 -5]. They are potential alternatives of chemically synthesized
surfactant in a variety of application because of their advantages such as lower toxicity,
higher biodegradability, better environmental compatibility, lower critical micelle
concentration, each of production, ability to be synthesized from renewable resources,
higher foaming, higher selectivity, specific activity at extreme temperature, pH and salinity [2,
6]. In this recent year, the biosurfactants have been placed on the environmental impacts of

chemical surfactants and new surfactants for use in any field. The aim of this study is to
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characterize biosurfactant of bacterial consortium from soil contaminated hydrocarbon in
Cepu Area-Central Java.
2. MATERIALS AND METHODS

a. Growth of the Biosurfactant-Producing Bacteria
The fourth strains of soil bacteria (isolate 33, isolate 34,isolate 35, isolate 38) and one
bacterial consortium were obtained from a culture maintained by the Bioprocess Lab,
originally isolated from a petroleum contaminated region of the Cepu Area Central Java. The
strains were streaked on the surface of nutrient agar plates (Merck, Germany). After
incubation at 37°C for 48 h, distinct colonies were isolated. Nutrient Broth medium was used.
All of them were growth separately in a 1L Erlenmeyer flask containing 500 ml growth
medium. The flask was incubated at 37°C on a shaker incubator (Pars Azma Co., type:
INO7) at 200 rpm for 96 h [7].

b. Extraction of the Biosurfactants

The growth medium for each strain was centrifuged in 250 ml test tubes at 6000 rpm
for 20 min at room temperature to separate the bacteria from solution. After each spin, the
supernatant was collected, which was acidified to pH 2 with HCI. The biosurfactant was
extracted from the supernatant using two volumes of 500 mL chloroform/ethanol (2:1)
solution in a separatory funnel. The bottom layer was extracted and collected. The solvent
was removed from the biosurfactant by rotary evaporation at a temperature below 40°C
(Rotary Evaporator: Eyela NVC200, Tokyo Rikakikai Co,.Ltd). At heat gun was used
sparingly to evaporate any remaining solvent. The weight of each product was recorded and

the biosurfactants were stored in at -10°C overnight.

c. Biosurfactant Characterization

Analysis of Carbohydrate

The presence of carbohydrate groups in the biosurfactant molecule was assayed by
rhamnose test using the method of Phenol-Sulfuric Acid [8]. A volume of 0.5 ml of cell
supernatant was mixed with 0.5 ml of 5% phenol solution and 2.5 ml of sulfuric acid, and

incubated for 15 minutes before measuring absorbance at 490 nm.

Analysis of Protein
The presence of protein groups in the biosurfactant molecule was assayed by
Bradford Methods [ 9]. A volume of 100 ul of cell supernatant was mixed with 900 ul of

bradford solution and incubated for 15 minutes before measuring absorbance at 595 nm.
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Analysis of Lipid
The presence of lipid groups in the biosurfactant molecule was assayed by Blight and
Dyer methods [10]. A volume of 1 ml of cell supernatant was extracted with 20 ml of
chloroform solution and shaker during | hour. Gasses chloroform and heated in the oven and

the last measure the lipid .

d. Emulsification Index (E24)

The emulsifying capacity was evaluated by an emulsification index (E24). The E24 of
culture samples was determined by adding 2 ml of Arabic Liquid Crude Oil (ALCO) and 2 ml
of the cell-free broth in test tube, vortexed at high speed for 2 min and allowed to stand for
24 h. The E24 index is given as percentage of the height of emulsified layer (cm) divided by
the total height of the liquid column (cm). The percentage of emulsification index calculated

by using the following equation [11,14]. E24 = Height of emulsion formed x 100

Total height of solution

e. Surface Tension Measurement
The surface tension measurement(s) of cell free supernatant was determined in a K6
tensiometer (Kriiss GmbH, Hamburg, Germany), using the du Nouy ring method. The values
reported are the mean of three measurements. All measurements were made on cell-free

broth obtained by centrifuging the cultures at 6000 x g for 25 min.

f. Interfacial Tension Measurement

Equal volume of ALCO and surfactant solution was poured into a glass beaker of
diameter 4 cm and the resulting mixture used for the interfacial tension studies. The same
procedure used for the surface tension measurement was used for the interfacial tension
study except that the balance of the tensiometer reading for zero was checked with the
platinum ring completely immersed in the ALCO phase and not in the surface or the interface
of ALCO-surfactant. The platinum ring was then completely immersed in the surfactant
phase before the platform was gradually adjusted until a force necessary to detach the
platinum ring upward from the surfactant— oil interface was exerted (12). This experiment

was repeated in triplicate at a room temperature and the average value reported.
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3. RESULTS AND DISCUSSION
a. Biosurfactants Characterization

Analysis of Carbohydrate
The fourth strain (isolate 33, 34, 35, 38) and one bacterial consortium indicated their
ability to produce biosurfactant that containing carbohydrate (total sugar). The results of this

study shown in figure 1 below.
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Figure 1. Quantification of total sugar for each isolate and bacterial consortium

The lowest total sugar values were obtained at isolate 35 with 608,18 ppm followed by
bacterial consortium with 666,36 ppm, isolate 34 with 680 ppm, isolate 38 with 940,30 ppm
and the last isolate 33 with 1006,67 ppm. It has been occurred may be due to more water
solubility and availability of the substrate to the microorganism. The ester linkage in ALCO at
isolate 33 and isolate 38 should be hydrolyzed to release total sugar for biosurfacant
production. So, isolate 33 and isolate 38 seems to be more suitable for oxidizing ALCO
component in biosurfactant production to produce carbohydarate.

Analysis of Protein
The fourth strain (isolate 33, 34, 35, 38) and one bacterial consortium indicated their
ability to produce biosurfactant that containing protein. The results of this study shown in

figure 2 below.
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Figure 2. Quantification of protein for each isolate and bacterial consortium

The lowest protein values were obtained at isolate 33 with 17,44 ppm followed by
bacterial consortium with 19,69 ppm, isolate 35 with 21,57 ppm, isolate 38 with 21,77 ppm
and the last isolate 34 with 24,81 ppm. The ester linkage in ALCO at isolate 34 and isolate
38 should be hydrolyzed to release protein for biosurfacant production. So, isolate 34 and
isolate 38 seems to be more suitable for oxidizing ALCO component in biosurfactant

production than isolate 33, isolate 35 and bacterial consortium.

Analysis of Lipid
The fourth strain (isolate 33, 34, 35, 38) and one bacterial consortium indicated their
ability to produce a small biosurfactant that containing lipid (g). The results of this study

shown in figure 3 below.
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Figure 3. Quantification of lipid for each isolate and bacterial consortium
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The lowest lipid values were obtained at isolate 33 with 0,063 g followed by isolate 38
with 0,067 g. Unique, bacterial consortium, isolate 34 and isolate 35 has the same value with
0,070 g each other. The ester linkage in ALCO at bacterial consortium, isolate 34 and isolate
35 should be hydrolyzed to release the same lipid for biosurfacant production. So, bacterial
consortium, isolate 34 and isolate 35 seems to have the same ability for oxidizing ALCO

component in biosurfactant production to produce lipid values.

b. Emulsification Activities (E24)
The emulsification activities of biosurfactant that produced by fourth isolate and one
bacterial consortium were measured with triplicate treatment. The results of this study

shown in figure 4 below.
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Figure 4. Prosentation of emulsification activities for each isolate and bacterial consortium

For isolate 34 and isolate 35, biosurfactant had the highest emulsification activities
with each EA 92,36 % followed by bacterial consortium with 86 %, isolate 38 with EA 73,61
% and the last isolate 33 with EA 72,22 %. It is known that bacterial consortium and all of the
isolates have ability to optimize uptake of insoluble hydrocarbons by producing biosurfactant

that promote substrate emulsification to get into direct contact with the oil phase.

c. Surface Tension Measurement

Surfactants- reduction of air-water surface tension indicates their ability to reduce the
interfacial force that holds oil and water together. The results of this study shown in figure 5
below.
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Figure 5. Surfactant activities assay results (Surface Tension)

The lowest surface tension values were obtained at bacterial consortium with 51
dynes/cm and isolate 38 with 53,2 dynes/cm. It has been occurred may be due to more
water solubility and availability of the substrat to the microorganism. The ester linkage in
ALCO at bacterial consortium should be hydrolyzed to release gliserol and fatty acids for
biosurfacant production. So, bacterial consortium seems to be a suitable for oxidizing ALCO
component in biosurfactant production.

It is known that most of bacteria optimize uptake of insoluble hydrocarbons by
producing biosurfactant that promote substrate emulsification and/or solubilization and/or
enhance cell hydrophobicity thus allowing the cells to get into direct contact with the oll
phase (13)

d. Interfacial Tension Measurement

The interfacial tension between ALCO and distilled water was measured. The results

of this study shown in figure 6 below.
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Figure 6. Surfactant activities assay results (Interfacial Tension)

The lowest interfacial tension values were obtained at bacterial consortium with 10
dynes/cm. As the surfactant solution is introduced, this value was reduced as shown in
figure 6. The reduction of interfacial tension indicates the ability of surfactants to remove oil
from soil. As the interfacial tension between ALCO and water is reduced, the capillary force
holding the ALCO and water is equally reduced. Therefore, this reduction will increase the
contact angle and the reduction of the capillary force holding ALCO and water together

which result to the mobilization of oil.

4. CONCLUSIONS

The fourth strain of soil bacteria (isolate 33, 34, 35, 38) and one bacterial consortium
have the capacity to use ALCO as a carbon sources. These strain and one bacterial
consortium can produce biosurfacants that containing carbohydarate, protein and lipid with
various values from substrates. Biosurfactant had the highest emulsification activities with
each EA 92,36 % for isolate 34 and isolate 35. The lowest surface tension values were
obtained at bacterial consortium with 51 dynes/cm and for interfacial tension with 10

dynes/cm.
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Abstract

Nata has been widely produced in Indonesia and it is generally made from coconut
water. Stock of coconut water is limited in certain areas, therefore alternative materials are
needed. Rotten fruits can be obtained in most regions in Indonesia and usually become
waste, and not even sold. Most traditional fruit markets in Indonesia produce about 0,5-4
tons of rotten fruits per day. Rotten fruit has high potential as a carbon source for producing
nata because it contains high carbohydrate approximately 4.7 to 22.28 %. Nata production
from rotten fruits and its character were carried out at laboratory scale. The objective of the
research are to utilize rotten fruits to make nata from rotten fruits juice (nata de fruity), and to
explore the characters of Acetobacter xylinum related to biofilm formation. Rotten fruit was
crushed to obtain fruit juice, then was strained, cooked and inoculated with the inocula
commersial nata (Acetobacter xylinum), then incubated for two weeks. The biomass
produced was then harvested to obtain nata. The result showed that 1 kg of rotten fruits
contained approximately 53 g/L reducing sugar and produced 500-700 gr nata with 1.5-2 cm
thickness. This research concludes, that a rotten fruit is a promising substrate for
Acetobacter xylinum growth to produce nata de fruity.

Keywords: rotten fruits, nata de fruity, Acetobacter xylinum

INTRODUCTION

Nata has been widely produced in Indonesia and it is generally made from coconut
water. Demand production of nata every month approximately 100 tons. In the dry season
nata demand increased until 40 %, but can not fulfiled entirely because limitations of
coconut water as raw material for nata de coco (Ardian, 2010), therefore alternative
materials are needed.

Indonesia produces approximately 15.13 million ton fruit every year (BPS, 2010).
Post harvest fruits abundance causes problems in Indonesia because its fruit enzymatic
reaction for ripening resulted in rotten fruits and become waste. Most traditional fruit markets
produce about 0,5-4 tons of rotten fruits per day (Suratmin, 2009 ; Samsiyah, 2011).
Because of they contain high carbohidrat approximately 4.7 - 22.28% (Lapus, 1987,
Lancasire, 2006), rotten fruits have a high potential substrate as a carbon source for bacteria

to produce nata.
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The obijective of the research are to utilize rotten fruits to make nata from rotten fruits
juice (nata de fruity), and to explore the characters of Acetobacter xylinum related to biofilm

formation.

MATERIALS AND METHODS
Rotten fruit was crushed to obtain fruit juice, then was strained, cooked and
inoculated with the inocula commersial nata (Acetobacter xylinum). Growth medium was
used in this research content of water apple (10,81%), red apple (8,65%), mandarin apple
(10,81%), green apple (7,57%), orange (27,03%), guava (29,73%) and guava water apple
(5,41%). All of fruits was juiced, filtered and was made serial dilution with concentration
rotten fruits (mg/100 ml) 50 %, 37,5%, 25% and 12,5%. Bacteria used in this research was
Acetobacter xylinum which gotten from Agroprima Industries Bantul. This experiment was
conducted using a complete randomized design with 4 variations extract containing different
concentration of reducing sugar of rotten fruit (63 g/L, 41 g/L, 29 g/L and 18 g/L). Fruit juice
was measured their reducing sugar with DNS method. Fruit juice with various concentration
of reducing sugar placed in the 100 ml jam bottle and sterilized in 121°C about 15 minutes.
Acetobacter xylinum was inoculated in the sterile fruit juice medium and incubated 12 days.
Every day this medium was measured decrease of reducing sugar, spectroscopy of density
of cell bacteria, thickness of nata and in the last day observation this nata was measured wet
weight, net weight and fiber content.
This fluid medium was added bioagar (0,5-1%), was sterized and inoculated with
Acetobacter xylinum for observing of biofilm production. This semisolid culture of
Acetobacter xylinum place in the sterile object glass and incubated in the room temperature

and was observed biofilm production every day.

RESULTS AND DISCUSSION

The result showed that 1 kg of rotten fruits contained approximately 53 g/L reducing
sugar. From the proximat test (Table 1) rotten fruit juice has hight carbohidrat content and
rotten fruit juice was potentially substrat for Acetobacter xylinum growth to produced nata.

Table 1. content of roten fruit juice

Content (%)

Water 97,73
Ash 0,16
Lipid 0,098
Protein 1,33
Complex carbohidrat 0,682
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a b

Figure 1.  (a) morfology of Acetobacter xylinum in the coconut water agar medium
(b) morphology of Acetobacter xylinum cell with gram staining 1000x magnification

Figure 1.a shows the morphology of Acetobacter xylinum.they are filamentous,
crenate, opaque, elevation convex and white color. The microscopy observation (Figure 1.b)
shows that shape of the cell is elips until short bacillus, they are gram negative bacteria.

Nata is indicated by the formation of Acetobacter xylinum nata on the surface of the
medium. Nata is an extracellular cellulose produced by bacteria that floats on the surface of
the medium due to be carried away by the gases CO, is trapped between the fibers of
cellulose. Figure 2 below shows nata formed on a wide variety of medium after incubation for
12 days. .

Figure 2. Acetobacter xylinum growth in the rotten fruit juice substrate
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Acetobacter xylinum bacteria capable of growing and producing fruit nata in liquid fruit is not
worth selling to different levels of reducing sugar. A variety of medium with different

concentration reducing sugar shown in Table 2 below.

Table 2. reducing sugar levels at various concentrations of juice.

Concentration

of Rotten Fruit Reducing sugar (g/L)
50% 53,35
37,5% 40,97
25% 29,23
12,5% 17,85

these data indicate that 1 kg rotten fruits in 1 L of distilled water (dilution
concentration 50%) reduction of sugar-containing 53.35 g / L. This reinforces that the liquid
fruit is not worth selling the potential to become a growth medium in Acetobacter xylinum
produce nata. Juice diluted to 37.5% sugar content reduction of 40.97 g / L. Dilution
containing a concentration of 25% reduction in sugar content 29.23 g / L. while diluting the
concentration of sugar-containing 12.5% reduction of 17.25 g / L. The existence of
Acetobacter xylinum bacteria growth can be determined by the formation of surface nata in
growth medium. Here are the results of the measured growth of Acetobacter xylinum nata
formed during the incubation process.

Growth of Acetobacter xylinum in a wide range of concentrations of juice with a pH of

4 is shown by the formation of nata shown in Figure 3.

30

25 ﬁ

20

15 / _ ——53%
/ —-—10%

10 3.0%

>

Thicness (mm)

day

Figure 3. Nata thickness changes during incubation

Figure 3 shows the thickness of nata tended to increase in accordance with the
pattern of cell growth during incubation either in medium with reduced sugar content of 18 g /
L to 53 g/ L. On day 0 of incubation until day two begins with the growth phase lag and not
the addition of thickness. Acetobacter xylinum in the lag phase of growth will require

adaptation in the media. Acetobacter xylinum began to synthesize cellulose after incubation
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day 2. This is indicated by the formation of membrane floating on the surface of the medium.
The results of microscopic observations showed that the cell appears enveloped
extracellular cellulose which seems obvious after incubation of day 2, especially in medium

with reduced sugar contentof41 g/L,29g/Land 18 g/L (Figure 3).

Table 3. The results of measurements of product parameters nata from 1 kg rotten fruits

Comparision between Reducing
water an_d .rotten fruit sudar _ Wet n_et Thickness Fiber
juice concentration  weight weight (cm) content color smell taste
Rotten Fruite  Water (9/L) C); (9 (%)
(kg) (L)
1 1 53.35 690.3¢  137° 1.8¢ 1,92°  white normal normal
3 5 40.97 566° 67° 1.9° 1,19°  white normal normal
1 3 29.23 542.7%  23% 1.4 0,43% white normal normal
1 7 17.85 342.7°  16° 1.05° 0,41°  white normal normal

Note: Figures followed by same letter within a column indicate no real difference in the level of 5%.

Table 3. can be seen that the highest wet weight is on comparision between water
and rotten fruit juice 1 kg : 1 L is 690.3 g. This suggests that the variation of sugar levels in
the medium produce nata reduction with a significant difference in wet weight. The higher
levels of reducing sugars in the medium, the more extracellular cellulose produced and the
more water is trapped in the cellulose thereby increasing the wet weight of nata produced.
Medium that produces the highest wet weight is a medium with reduced sugar content of 53

g/L.

Nata of the highest dry weight obtained from the growth of Acetobacter xylinum in
medium with reduced sugar content of 53 g / L of 137 g (Table 3). The ability to grow
Acetobacter xylinum in liquid medium fruit is not worth selling can be seen from the results of

the analysis of sugar reduction, total acid content and pattern of growth of bacteria.

Reducing sugar content was measured by DNS method. These measurements
aimed to determine changes in the substrate during the product formed. Glucose, which is
one constituent sugar juice reduction as the primary substrate for growing Acetobacter

xylinum cellulose formed under acidic conditions.
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Figure 4. Biofilm (extracellular cellulose) formed by Acetobacter xylinum in rotten fruit medium
thicker by the day.

Biofilms formed by Acetobacter xylinum because there glucose in the medium.
Glucose is transported from outside the cell using a group translocation (fosfoenol pyruvate:
fosfotransferase), where glucose chemistry changes during pass cytoplasmic membrane by
the addition phosfat (Moat & Foster, 1995).

Approximately 1 kg of rotten fruits, that are not worth selling after extracted with 1
liter water can be used as an alternative growth medium Acetobacter xylinum in the
manufacture of nata (nata de fruity) and produced 500-700 gr nata. Rotten fruits that
contained approximately 53 g / L reducing sugar and pH 4 produce nata (nata de fruity), with
1.5-2 cm thickness, with white color, smell and taste normal and preferred. Rotten fruit is a
promising substrate for Acetobacter xylinum growth to produce nata de fruity. Biofilm
(extracellular cellulose) formed by Acetobacter xylinum in rotten fruit medium thicker by the

day.
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Abstract

Phalaenopsis javanica J. J. Smith, an endemic orchid from Java, is suspected to be
extinct in the wild due to high exploitation rate and intensive habitat conversion. This fact
encourages Bogor Botanic Garden to provide seedlings through in vitro culture for mass
propagation. The aim of this study is to induce the growth and development of seed derived
P. javanica using injury treatment and media supplemented with organic materials and
benzyl adenine (BA). Ten months protocorm like bodies (PLBs) were cultured on Knudson
C based medium (KC) supplemented with 150 ml/l coconut water (CW) and 150 g/I green
bean sprouts extract (GBSE); sweet potato juice (15 g/l), banana pulp (20 g/l), and peptone
(20 g/l); and 2,5 mg/l BA. The results showed that shoots were emerged after 10 weeks on
medium containing coconut water (150 ml/l) and sprout extract (150 g/l) in combination with
injury treatment. The growth of shoot, leaves, and roots of PLBs after 12 weeks on this
medium were also induced. This results is significantly better compared to PLBs cultured
in other medium used in this experiment. The average numbers of shoot, leaves, and root of
P. javanica after 12 weeks were 2.86, 3.17, and 1.17 respectively.

Keywords: in vitro culture, orchid, organic materials, Phalaenopsis javanica

Introduction

Phalenopsis javanica J. J. Smith, commonly known as anggrek bulan jawa, is an
endemic orchid from West Java. It was originally found in the south of Garut. Later in 1975 it
was discovered by a party from the Bogor Botanic Gardens on a mountain in West Java.
Unfortunately, an Indonesian exporter of orchid species learned about the discovery and
persuaded the local people to collect it to extinction from this small mountain [1,2]. Recently,
this orchids is suspected to be extinct in the wild due to high exploitation rates and intensive
habitat conversion. Therefore, this orchid faces a high risk to extinction if no serious
conservation effort were made.

Propagation through in vitro culture can become an alternative management
measures by providing plant stocks in large quantity, thus securing wild stock in nature [3].
Sadly, up until now there is no report or publication on the success of P. javanica
propagation through in vitro or conventional methods. On the other hand, there are chances
to increase success rate of in vitro culture, such as the addition of plant growth regulator and
organic materials to stimulate growth of orchids [3]. However, the addition of growth
regulators and certain organic materials on the growth of a plant species will provide a

variety of influences.
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These facts encourage the Bogor Botanic Gardens to provide seedlings of
P. javanica through in vitro culture for mass propagation as a resort of conservation. This
study aims to obtain a culture medium capable of inducing the growth and development of
P. javanica in vitro. This study used plant growth regulators benzyl adenine (BA) and the
organic materials. Coconut water, extracts of green bean sprouts, sweet potatoes, bananas
pulp, and peptone were added in the Knudson C (KC) basic medium. We also tested the

physical (injury) treatment that could induce the growth of explants.

Materials and Methods

The experiment was conducted at Tissue Culture Laboratory, Center for Plant
Conservation, Bogor Botanic Gardens (PKT - KRB). Materials used in this study are
protocorm like bodies (PLBs) of P. javanica from collection of Tissue Culture Laboratory,
PKT - KRB (8.VII1.08). Ten months PLBs of P. javanica were cultured on Knudson C base
medium (KC) supplemented with 150 ml/l of coconut water (CW) and 150 g/l green bean
sprouts extract (GBSE); sweet potato juice (15 g/l), banana pulp (20 g/l), and peptone (20
g/l); and 2.5 mg/l BA; combined with or without injury treatments (Table 1).

The study was conducted with a Completely Randomized Design with two factors,
namely the culture medium consisting of four levels and injury treatment consisting of two
levels. There are eight treatments tested, each with 12 replication containing three PLBs.
Furthermore, the cultures were exposed to artificial light (daylight fluorescent tubes, 36 W)
with a light/dark cycle of 12/12 h at 16 °C. Observations were made every week until 12
weeks after planting (WAP), which includes the emergence of first shoots, leaves and roots;
number of explants growing shoots, leaves, and roots (%); and number of shoots, leaves,
and roots. Data from observations of explants growing shoots, leaves, and roots (%) as well
as the number of shoots, leaves and roots of P. javanica subsequently analyzed using SPSS
13 for Anova. Significantly different values were analyzed further by Duncan test at level
confidence of 0.05.

Table 1. Treatments for in vitro propagation of P. javanica on KC base medium.

Treatments Injury Coconut water (150 mi/l) Sweet potatoes (15 g/l) + BA
treatment + green bean sprouts banana pulp (20 g/l) + (2.5 mg/l)
extract (150 g/l) peptone (20 g/l)

P1
P2
P3
P4
P5 - - - -
P6 - * - -
P7 - - * -
P8 - - - +

+ 4|+ +
1
+
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Results and Discussions

Observations showed leaves, roots, and shoots of P. javanica first appeared at
weeks 1, 3, and 10 weeks after planting (Table 2). The number of explants growing shoots at
12 WAP ranged from 0.00 to 25.00% with an average number of shoots between 0 to 2.86
(Table 3). Anova Test results show that the number of explants P. javanica growing shoots
in eight treatments tested differ significantly. Highest germination was found in KC medium
(25.00%) with the addition of organic material (coconut water and green bean sprouts
extract) combined with injuries treatment on explants (P2) before planting. Values are
significantly different from the percentage of explants growing shoots that were cultured on
KC basic medium with or without the addition of 2.5 mg/l BA treated injuries (P1 and P4), as
well as the KC media with or without the addition of organic materials and BA with or without
treatment injuries before planting (P5).

The average number of shoots of P. javanica that grows at 12 WAP is influenced by
the organic materials added into the medium and the physical treatment of injuries provided
in the PLBs. ANOVA Test results show that the average number of shoots of P. javanica on
the eighth treatment are significantly different. In the media with the addition of organic
materials in combination with physical treatment (P2 and P3), the average number of shoots
that appear higher than in other treatment media. The average number of shoots in both

media, respectively 2.86 and 2.08 shoots (Table 3).

Table 2. Time of emergence of first shoots, leaves and roots of P. javanica on eight
media tested.

Treatments  Time of emergence of  Time of emergence of Time of emergence of

first shoots (WAP) first leaves (WAP) first roots (WAP)
P1 0 1 3
P2 10 1 3
P3 11 1 4
P4 0 1 5
P5 0 1 4
P6 10 1 4
P7 12 1 4
P8 12 1 3

Observation showed that explants with least average leaf of 66.67% were found on
treatment with the addition of KC media 2.5 mg/l BA combined with treatment of injuries
(P4). These results are significantly different since in other treatments where least average
leaf are much greater, even up to 100% on media treatment of KC with the addition of
coconut water (150 ml/l) and extract of green bean sprouts (150 g/l) combined with treatment

of injuries (P2). Leaf formation in cultures of P. javanica is also influenced by the organic
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materials added into the medium and physical treatment of injuries provided in the PLBs
prior to planting in the media. The average number of leaves of P. javanica on KC medium
with the addition of organic materials combined with treatment of injuries (P2 and P3) were
higher and differ significantly than the average number of leaves in other treatments. The
average number of leaves in both media, respectively 3.17 and 3.08 leaves (Table 3).
Number of explants P. javanica rooted at 12 WAP ranged from 11.11 to 86.11% with an
average number of roots are ranging from 0.19 to 1.17 (Table 3). ANOVA also showed
significant different of the number of explants growing roots and the number of roots formed

within the eight different treatments.

Table 3. Growth of explants P. javanica at 12 weeks after planting (12 WAP).

Treatments Injuries | Number of | Average Number Average Number of | Average
explants | number of of number of explants number of
growing shoots explants leaves growing roots

shoots growing roots (%)
(%) leaf (%)

P1 + 0,00° 0,00° 88,89° 1,33° 11,112 0,19°
P2 + 25,00° 2,86° 100° 3,17° 86,11° 1,17
P3 + 19,44° 2,08° 97,22° 3,08° 83,33° 1,037 |
P4 + 0,00° 0,00° 66,67° 1,28° 16,67° 0,22% |
P5 - 5,56° 0,06° 91,67° 1,67° 44.44° 0,50
P6 - 0,00° 0,00° 94,44° 1,587 66,67 0,67
P7 - 2,78° 0,03° 91,67° 1,72° 69,44 0,83% |
P8 - 0,00° 0,00° 86,11° 1,55° 52,78 0,69%

KC medium with the addition of organic materials combined with treatment of injuries
(P2 and P3) were significantly higher compared to other treatments. Therefore, we suggest
that growth of explants of P. javanica on KC medium with the addition of organic materials
and combined with injury treatment (P2 and P3) are relatively equal and better than the
growth of explants on other treatments. However, based on the observation time of
emergence of first shoots, leaves and roots, it appears that the growth of P. javanica on KC
medium with the addition of coconut water (150 ml/l) and green bean sprouts extract (150
g/l) combined with physical treatment (P2) is faster than in other treatments. In addition, the
stature of P. javanica grown on media with treatment of injuries is healthier and more firm
than explants in other treatments.

The results of this study indicate that the KC media with the addition of coconut water
(150 ml/l) and green bean sprouts extract (150 g/l) combined with treatment of injuries (P2)
is able to induce the growth of P. javanica better than other treatments. All growth parameter

of P. javanica observed are better. Currently, there are a lot of studies using coconut water
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to enrich culture media, since it contains amino acids, organic acids, nucleic acids, purines,
sugars, sugar alcohols, vitamins, plant growth regulators, and minerals. Additionally, coconut
water also contains plant growth regulators auxin, cytokinin, gibberelin, and abscisic acid
[4,5]. Auxin is responsible for cell elongation and for other developments including root
initiation; cytokines is responsible for promoting cell division and morphogenesis; while
gibberelin plays a role in seed germination, flowering and fruiting, as well as cell elongation;
and absisic acid plays a role in ripening seeds and the process of opening and closing of
stomata [6].

These results are consistent with Ishii et al. [7] and Amilah & Astuti [8] that used
media added with coconut water or green bean extract. Ishii et al. [7] reported that the best
callus induction and regeneration of somatic embryogenesis in Phalaenopsis Richard
Shaffer 'Santa Cruz' PLBs are using media containing coconut water 200 ml/l. The results
Amilah & Astuti [8] showed that the addition of 150 g/l in the culture media of green bean
sprouts extract has given the best results in the formation of leaves and roots of
Phalaenopsis amabilis (BI.).

On the other hand, addition of sweet potatoes (15 g/l), banana (20 g/l), and peptone
(20 g/l) on KC medium combined with treatment of injuries (P3) also gave a slightly lower
response with the addition of coconut water and green bean sprouts extract combined with
treatment of injuries (P2). Studies by Widiastoety et al. [9] showed the addition of banana is
also able to induce the growth of roots and leaves on a Phalaenopsis orchid culture. Their
results showed that the number and leaf area and the number and length of Phalaenopsis
orchid roots on media with the addition of bananas is higher than its growth in medium
without the addition of bananas.

Moreover, according to research results from Ichihashi & Islam [10], the addition of
bananas and peptone can induce the growth of Phalaenopsis hybrid callus. Addition of basic
medium with bananas will add nutrients required for growth and enlargement P. javanica,
since hundred grams of bananas show water content (70 g), protein (1.2 g), fat (0.3 g),
carbohydrate (27 g), fiber (0.5 g) and potassium ( 400 mg). In addition, the banana is also a
source of vitamin C, B1 (thiamin), B2 (riboflavin), B3 (niacin) and B6 [11].

On the other hand, combination of peptone and sweet potato has different effect.
Explants on P3 grow quite well, but shoot and root emergence were a week later than in P2.
Amaki & Higuchi [12], found that peptone addition can stimulate growth of Phalaenopsis
PLBs 'Surfrider' because peptone is a source of nitrogen; however, Ichihashi & Islam [10],
found callus growth of Phalaenopsis hybrid can be hampered in the culture medium when

added sweet potatoes.
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Results are also consistent with other studies using injury treatment, where PLBs of
P. javanica subjected to injury treatment have better growth response. Studies by Kuo et al.
[13] showed that somatic embryos formed on the leaf pieces (the injuries) of Phaleonopsis
'Little Steve'. Studies by Gow et al. [14] on somatic embryogenesis and leaf pieces
Phalaenopsis amabilis and Phalaenopsis nebula also showed that the cut areas or areas
that have suffered injuries gave the best embryogenic response than other parts of the leaf.
According to Kuo et al. [13], somatic embryos are originated from leaf epidermal cell layer.
Furthermore, meristematic cells that will form a globular embryo are enlarged, which in the
end, will form a mature embryo meristem and shoot apical meristem of roots.

Meanwhile, the addition of 2.5 mg/l BA does not seem to give a noticeable effect on
the growth and development of the PLBs P. javanica. This is probably because of BA
concentrations used in this study may not be sufficient to induce the growth and
development of the PLBs P. javanica. Research by Kuo et al [13], showed that the highest
frequency of leaf pieces embryogenesis Phalaenopsis 'Little Steve' found on media with the
addition of 3 mg/ | BA. Other probability is the the growth PLBs in P. javanica requires a
combination of growth regulators. Ishii et al. [7] reported a culture medium containing 0.01
mg/l BA and 0.1 mg/l 2,4-D is more effective in inducing callus from PLBs Phalaenopsis
Richard Shaffer 'Santa Cruz' compared to other media. In addition, the study by Chen et al.
[15] also showed that the callus from PLBs P. nebula can form in culture medium containing
growth regulators 5 mg/l BA and 1 mg/l 2,4-D.

This study shows that addition of organic material using coconut water and green
been sprout extract to KC basic medium along with physical injury treatment can induce
faster and better growth and development of PLBs of P. javanica. Even so, further study is

required since the number of shoots produced is still quite limited.

Acknowledgement
We would like to thank Mrs. Suprih Wijayanti, Mrs. Sutini, Mrs. Suratmi, Mrs. Irma
Handayani, & Mr. Sudarso for their support during the research. We also would like to

thank Bogor Botanic Gardens for providing funding and facility for this research.

References

[11 Comber, J.B. 1990. Orchids of Java. Royal Botanic Gardens, Kew: 407 pp.

[2] Cribb, P.J., S.P. Kell, KW. Dixon, & R.L. Barrett. 2003. Orchid conservation: A global
perspective. In: KW. Dixon, S.P. Kell, R.L. Barrett, & P.J. Cribb (eds.). 2003. Orchid

conservation. pp 1—24. Natural History Publications (Borneo), Kota Kinabalu.

132 Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

[3]

[4]

[5]

[6]

[7]

[8]

George, E.F. & P.D. Sherrington. 1984. Plant propagation by tissue culture. Exegetics,
Basingstoke: 709 pp.

Goerge, E.F., MA. Hall, & G.J. De Klerk (eds.). 2008. Plant propagation by tissue
culture. Volume 1. The Background. 3™ Ed.. Springer, Dordrecht: 501 pp.

Yong, JW.H,, L. Ge, Y.F. Ng, & S.N. Tan. 2009. The chemical composition and
biological properties of coconut (Cocos nucifera L.) water. Molecules Vol. 14: 5144 -
5164.

Hopkins, W. G. 1999. Introduction to plant physiology. 2" Ed. John Wiley & Sons, Inc.,
New York: 512 pp.

Ishii, Y., T. Takamura, M. Goi, & M. Tanaka. 1998. Callus induction and somatic
embryogenesis of Phalaenopsis. Plant Cell Reports 17: 446—450.

Amilah & Y. Astuti. 2006. Pengaruh konsentrasi ekstrak taoge dan kacang hijau pada
media Vacin and Went (VW) terhadap pertumbuhan kecambah anggrek bulan

(Phalaenopsis amabilis, L.), Bulletin Penelitian 9: 1—20.

[9] Widiastoety, D., R.W. Prasetio. & Purbadi. 2004. Pengaruh bubur buah pisang terhadap

[10]

[11]

[12]

[13]

[14]

[15]

pertumbuhan planlet anggrek Phalaenopsis dalam media kultur; Prosiding Seminar
Nasional Florikultura, Bogor, 4-5 Agustus 2004: 89—93.

Ichihashi, S. & M. O. Islam. 1999. Effects of complex organic additives on callus growth
in three orchid genera, Phalaenopsis, Doritaenopsis, and Neofinetia, J. Japan. Soc.
Hort. Sci., Vol. 68, No. 2: 269—274.

Espino, R. R. C., S. H. Jamaludin, B. Silayoi & R. E. Nasution. 1992. Musa L. (Edible
cultivars). In: Verheij, E. W. M. & R. E. Coronel (Eds.). Plant resources of South-East
Asia 2: Edible fruits and nuts. PROSEA, Bogor: 225—233.

Amaki W. & H. Higuchi. 1989. Effects of dividing on the growth and organogenesis of
protocorm-like bodies in Doritaenopsis. Sci. Hortic. 39: 63—72.

Kuo, H.L., J.T. Chen, & W.C. Chang. 2005. Efficient plant regeneration through direct
somatic embryogenesis from leaf explants of Phalaenopsis ‘Little Steve’. In Vitro
Cellular and Developmental Biology—Plant 41: 453—456.

Gow, W.P, J. T. Chen, & W. C. Chang. 2009. Effects of genotype, light regime, explant
position and orientation on direct somatic embryogenesis from leaf explants of
Phalaenopsis orchids. Acta Physiol Plant 31: 363—369.

Chen, Y.C., C. Chang, & W.C. Chang. 2000. A reliable protocol for plant regeneration
from callus culture of Phalenopsis. In Vitro Cellular Developmental Biology—Plant 36:
420—423.

Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011 133



ORAL -TOPIC 2

Ecology and Conservation (O-EC)

Faculty of Biology Universitas Gadjah Mada

FACULTY OF BIOLOGY I-MHERE
UNIVERSITAS GADJAH MADA PROJECT



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

O-ECO1

MANGROVE FOREST ASSESSMENT IN SEMBILANG NATIONAL PARK
BANYUASIN SOUTH SUMATERA USING LANDSAT TM/ETM IMAGERY

YAndi Agussalim, ?Hartono and ?Sutikno
Department of marine science, Faculty of Mathematic and Natural Sciences
Sriwijaya University, Palembang, South Sumatera
2)Faculty of Geography, Gadjah Mada University, Jogjakarta
andiagussalim_aas@yahoo.com

ABSTRACT

Mangrove ecosystem has become one of the key factors in considering the global warming
issue and thus mangrove ecosystem becoming increasingly important. It is well-known that
the mangrove ecosystem plays important roles in coastal regions by its functions including,
supplying food and fuel wood for humans and natural protection against erosion. This papers
present a mangrove forest assessment from 2003 to 2007 of the Sembilang National Park,
Banyuasin South Sumatera. The aims of this research are to describe the plant composition
and structure of mangrove forest in the study area, and to evaluate the deforestation level
and its amplitude by means of a retrospective analysis of the cover and distribution area of
mangrove using Landsat TM/ETM imagery. Cover area and distribution of mangrove in the
study area were mapped using Landsat ETM+ (acquired 2003) and TM (acquired 2007). A
supervised classification was applied using the maximum likehood algorithm, considering
five initial classes. This classification was evaluated by obtaining a classification error matrix
and by assessing its accuracy. The results showed that the mangrove forest area declined
from initial estimate of 88,944.65 hectare in 2003 to 86,762.42 hectare in 2007 which
represent a decrease of 2,182.23 ha in a 4-yr period.

Keywords: Mangrove forest, Landsat TM/ETM+, Sembilang National Park

1. Introduction

Indonesia, as an archipelago country, is well known for rich and diverse natural
resources. Among the resources is mangrove forest which form a very unique ecosystem in
the coastal area. One of province in Indonesia which have mangrove forest area that is
South Sumatera Province. The total extent of the forests is 363.424 ha (1). They are
distributed in two regencies, namely Banyuasin and Ogan Komering llir Regency. Most of
mangrove forest in Banyuasin regency reside in Sembilang National Park.

The Mangrove forest are the dominant ecosystem along the sheltered shoreline of
Banyuasin Coast. They are a vital resources that serves the inhabitat of coastal areas and it
is important in stabilizing coastal ecosystem. Mangroves provide wood products for house
construction, firewood, and other non-wood forest products such as tannins and medicine
(2). At the ecosystem level, mangroves serve as habitat and breeding areas for many
commercially important fish and crustaceans, provide detritus for offshore fisheries, control
coastal erosion as well as maintaining water quality. Mangrove ecosystems provide

protective habitat for fish, crabs, shrimps and nesting grounds for bird species (3). A strong
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correlation has been shown to exist between the presence of mangrove ecosystem and the
productivity of fish and marine lie in coastal areas (4).

Despite these benefits, mangrove forest vegetation is threatened by human and
natural factors. Along the coastal areas in most developing countries especially Indonesia,
populations pressure has led to the conversation of many mangrove areas to other uses,
including infrastructure development, aquaculture, rice production, and shrimp ponds (3 dan
5). Over the years, mangroves forest have been subjected to ever-increasing human
population and economic pressure that has led to their degradation (6).

The major problem facing the management of mangrove forests in Banyuasin is the
lack of management plan. Owing to lack of reliable and up-to-date comprehensive
vegetation maps, mangrove managers do not have access to information on the present
forest condition and also on the changes that have occurred in the forest cover over period
of time. Accurate mangrove vegetation maps with details of distribution and abundance are
essential for monitoring forest changes over time, for estimating mangrove production and
for investigating linkages with other ecological system that rely on them either directly or
indirectly. A comprehensive database, including the information on distribution and extent on
mangrove areas and forest structure is a prerequisite for the development of mangrove
management plans. Essentially, change detection involves the ability to quantify temporal
effects using multitemporal data sets. One of the major applications of remotely sensed data
obtained from Orbiting Satellites is change detection because of repetitive coverage at short

intervals and consistent image quality (7).

2. Materials and methods
2.1 Description of the studi area

Administratively, Sembilang National Park is located in Banyuasin district and has
been a national park since March 19th 2003. It is located at 1.3° ~ 4° South latitude and
104°40’ — 105° 15’ East longitude (Figure 1). The total area of park is + 202.896,31 ha
(including its waters area). It is a natural coastal wetland area with various forest ecosystems
of peat moss swamps, freshwater swamps, mangrove forests and mud flats. Banyuasin
regency has 80% of the flat topography of the land to tidal marsh and lowland swamp, while
a 20% longer, wavy to undulating form of dryland with an altitude range 00-40 meters above
sea level. It has type B1 according to the classification Oldemand climate with an average
temperature of 26.1° to 27.4° Celsius and average humidity and relative humidity 69.4% -

85.5% with an average rainfall 2723 mm / year (8).

136 Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011


http://www.tripadvisorindonesia.com/ecotourism/mount-leuser-national-park.html
http://www.tripadvisorindonesia.com/island-2/galang-island-the-vietnamese-safe-haven.html
http://www.tripadvisorindonesia.com/underwater-tourism/raja-ampat-ultimate-underwater-expedition.html
http://www.tripadvisorindonesia.com/island-2/the-thousand-islands-a-sensational-islands-resort.html

International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

MAP OF BANYUASIN REGENCY , Esﬁé

400000 460000 500000 £60000

933?303
+
0000036
>
=
@

P o
=]
=
(7]
@
3
=
N
3
=3
o
o
=
=

Bangka Island
angra stan e Capital of district

m Capital of Regency

Area of district
Il Air Salek

[ ]Banyuasin |
Banyuasin Il
Banyuasin Il
Betung
Makarti Jaya
Muara Padang
Muara Sugihan
Muara Telang
Pulau Rimau
Rambutan
Rantau Bayur
[ Talang Kelapa
[_]Tanjung Lago
[ Tungkla llir
[ JLaut.shp

9750000
=
c
2,
o
@
2
=
@
2,
=
D
@
“w
@
=
1
Z
T
0000526

L ONRCE0

OKI Regency

9700000
+

+

000e

400000 450000 A0000 £50000 Rupabumi Map of Banyuasin

Figure 1. Banyuasin regency map, Province of South Sumatera

2.2 Data Acqusition and Processing

The Landsat satellite image data employed in this study were acquired in 2003 and
2007. The Landsat ETM+ and TM satellite data were processed using ENVI 4.4 image
processing software. The images were imported into ENVI format. Two steps were taken to
process the data. In the first step, the image were imported into ENVI standard image format
(.hdr). Since the images were in single bands, they were stacked together using the layer
stack technique to form a floating scene. A subset of the images was obtained from the
floating scene to identify the study area and then, later displayed as false-color composites
using a band combination.These data were geometrically corrected, overlain, and precision
rectified to ground control points were selected from a series of topographic maps. In order
to assure the map accuracy in terms of the relationship between specific pixels and map co-
ordinates, the images were geometrically corrected using first order polynomial
transformation. The final positional accuracy (RMSE) for the transformation was within < 0.5
pixel (9). The images were later resampled using the nearest neighbor techniques in order to
preserve as much of the original details in the images as possible. The images were later
enhanced using histogram equalization techniques, and classified using an supervised

classification technique to identify land cover features within the study area.
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2.3 Sampling Procedurs

An intensive field survey was conducted in Oktober 2009. The ground-truthing objective
was to correlate field features with the result of satellite imagery classification. In addition,
essential ecological data, as well as botanical and phonological features were collected.
Transects were selected and made to run from the sea ward or channel bank inward across
the types already marked out on the image, the length of each transect depending on the
locality and the extent of the types. Sampling units were 30 X 30 m? quadrat (adapted for
landsat resolution). Sampling for adult trees was restricted to stems with diameter > 10cm.
Within the quadrat, individual trees were identified and counted. Vegetation measurements
included tree height and diameter of the stem at breast height (DBH), The impotance value
(IV) of each species was calculated by summing its relative density, relative frequency and

relative dominance (10).

3. Results and discussion

The digital supervised classification methods applied on the 2003 ETM+ and 2007 TM
image resulted in 12 classes, and mergered to be 7 main classes. For this analysis, the
ocean and rivers were merged into one class. The classification result of the 2003 and 2007

images are provided in Figures 2 and 3, and Table 1.
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Figure 2. Map of mangrove forest distribution in Sembilang National Park,
result of supervised classification (2003)
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result of supervised classification (2007)

The results were compared to the ground truth data which provided an overall
accuracy of 80 and 85% for the 2003 and 2007 images, respectively. Mangrove declined
from an initial estimate of 88,944.65 hectare (ha) in 2003 to 86,762.42 ha in 2007
representing an overall decrease of 2.45 percent (Table 1). There was a significant
decrease in areas covered by open land, Agriculture and Shrimp. While there were decline
in mangrove, agriculture activities and shrimp in the area were increasing. For instance,
between 2003 and 2007, agricultural activities increased from 5,905 ha to 8,597.61 ha
representing a change of 45.6 percent. Shrimp posted an increase of 92.5 percent from
2,042.64 in 2003 to 3,932.19 in 2007. Table 1. Results of the classified 2003 and 2007

images.

Table 1. Changing of Landcover Class in 2003 to 2007

No. Classes Frea (ha) Area(12) 9 change (2003-2007)
1. Mangrove 88,944.65 86,762.42 -2.45

2. Swamp forest 31,658.55 28,951.92 -8.85

3. Peat Swamp forest 19,871.19 20,487.69 +3.1

4. Open land 3,169.17 1,694,43 -46.53

5. Agriculture 5,905 8,597.61 +45.6

6. Shrimp 2,042.64 3,932.19 +92.5

7. Shrubs 29,552.67 30,509 +3.24
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The decrease in mangrove and swamp forest may be partly due to the economic activities
along the coast. Also, the increase in the agriculture activities in this area may be attributed

to the reduction in the mangrove, swamp forest, and open land.

Community characteristics

Structural attributes like basal area, density and species composition that were recorded
from sample plots were used to characterize mangrove community of Sembilang National
Park. In general, there are eight mangrove species that occur in the study area. Based on
the highest, the principal species are Rhizhopora mucronata (IV = 132.25%) , Bruguiera
gymnorrhiza (IV=90.49%). Others are Rhizophora apiculata, Avicennia marina, Bruguiera

spp, Xylocarpus granatum, Sonneratia alba, Excoecaria agallocha and ceriop tagal.

4. Conclusion

Have happened degradation of mangrove forest in Sembilang National Park. This study
has also shown that the most significant factors affecting mangrove degradation are shrimp
pond and agricultural activities. This calls for the need of government of Banyuasin regency
to integrate the local population into the decision making process. There is need for the
government to integrate remote sensing data into the management planning process. This
may provide baseline data for planning of mangrove resources and show existing spatial
patterns of the area. Incorporation of remote sensing data may also assist the inventories of

coastal resources over time including mangroves resources.
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ABSTRACT

Mangrove of Segara Anakan is the largest area of remnant mangrove in Java. Between the 1996
to 1997 a large of mangrove forest was cleared and converted to intensive shrimp ponds at alarming
rate. However, after one to two years these shrimp ponds failed and were abandoned. These
abandoned shrimp ponds left large areas of canopy gaps, which was occupied by shrub and liana
mangrove. Beside that, this mangrove area also experienced heavy siltation and tree cutting. The
purpose of this research was to study the forest profile at the abandoned shrimp pond. Data
vegetation was collected from 2 quadrate plots of 50mx50m using Oldeman methods. The results
revealed that the abandoned shrimp ponds was composed of two layers od forest. The canopy gaps
triggered the pioneer species of mangrove shrubs and liana, Acanthus ilicifolius and Derris
heterophylla which dominated 100% of the mangrove forest floor. The mangrove trees were
consisted of natural and planted tree species. The natural-tree species were composed of Sonneratia
alba, Avicennia alba, and Aegiceras corniculatum. The planted tree was Rhizophora apiculata,
42.29%, at the island of the pond. The A. alba was the natural tree which clumped in the shrimp pond
canal. The levy of the ponds was dominated by Wedelia marina. The forest floor vegetation both
Acanthus ilicifolius and Derris heterophylla prevented the mangrove tree propagules to grow, and they
characterized this abandoned shrimp pond.

Key words : canopy-gap, mangrove tree, Acanthus, Derris
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ABSTRACT

Ranu Pakis is one of three lakes located in Lumajang region, which are used as
fresh-water aquaculture. The damage of the water bodies might cause the deterioration of
fish diversity. The purpose of this research is to study the diversity of fresh water fishes living
in Ranu Pakis District Klakah, Lumajang as the first step of fish conservation. This research
used a descriptive explorative approach. Sampling was done using 30x15 cm fish-net (Mesh
0.1 mm). Fishes caught then identified based on morphological characteristics. The diversity
was analysed using Shannon-wiener index, eveness and richness were also counted. The
result shows that there are six species of fishes living in Ranu Klakah, those are: Gobionella
shufeldti, Oreochromis mosambicus, Oreochormis niloticus, Clarias batracus, Rasbora
argyrotaenia, and Gambusia affinis with species diversity low to medium (0.51 to 1.31),
evenness hight (0 to 0.73), and species richness hight (1.25 to 1.28).

Keywords: fish diversity, Ranu Pakis, conservation.

Introduction

Ranu Pakis is one of the three largest lakes in Lumajang which is used by local
community for fresh-water aquaculture of Oreochromis mossambicus and Tilapia using
floating net system. In addition, they also use the lake for washing, bathing, irrigation, and
recreation.

Fish feeding which is given at regular intervals to support fish life might harm other
organisms which depend on water resources”. The damage of water bodies can lead to
damage and even loss of fish diversity, especially in Ranu Pakis. In daily base, the local
community Ranu Pakis doing fishing outside the cage area. They left behind the
consideration for the natural preservation which might put more danger to the environtment.
Recent data from the Department of Marine and Fisheries (2008) states that most areas in
Indonesia have experience overfishing and already been in critical condition?.

According to the World Bank (1998) Indonesia is rich of freshwater ecosystems with
high biodeversity, yet less the attention in resources management®. Various developmental
activities threaten the preservation of freshwater biota. Various kinds of information required
for biodiversity conservation efforts, including the benefits for humans, distribution, status,

trends of disrupting threat, and ecological relationships®. The determination of protected
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areas will not hit the target if do not accompanied by good knowledge about the distribution

of species and conservation priority determination of particular areas®

Material and Method

Target organism

The target organisms are spesies of fish which are living in Ranu Pakis
Method

The study was conducted in Ranu Pakis District Klakah, Lumajang, from February to
March 2011. To study the diversity of fish we catch the fish using 30x15cm (0.1 mm mesh)
fish net in three replications. The observed areas are including inlet, middle, and outlet of
water body (Fig. 1). This data is supported by interview data with the local community and

ecological parameters.
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Fig 1. Point Sampling Fish in Ranu Pakis District Klakah, Lumajang. A1, A2, A3, B1, B2, B3,
C1, C2, and C3 are sampling points.

Data Analysis

To find out the diversity of the fishes, the data was analyzed using Shannon-Wiener

formula, counted the Eveness, and Richness index, as well.

Result and Discussion
Ecological parameter
During the observation, we found that the ecological parameters of Ranu Pakis

showing a neutral condition (Table 1).
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Table 1. Physico-chemical parameters of Ranu Pakis during Februari-March 2011

No Parameter Value

1 pH 75-87

2 DO 8,03-11,12
3  Temperature (°C) 26,7 - 28,3
4  Sachie Disc Depth (m) 0-1,3

5  Turbidity (mg/l) 46-57

6 Brightness (Lux) x100 693,7 - 800,1

The Fish diversity

Based on the morphological characteristics, we found six species of fish Gobionella
shufeldti, Oreochromis mosambicus, Oreochormis niloticus, Clarias batracus, Rasbora
argyrotaenia, and Gambusia affinis (Fig. 2). Diversity index of fishes living in Ranu pakis is

low up to medium, with evenness is hight, and richness hight (Table 2).

Fig 2. Species of fishes lining in Ranu Pakis A. Clarias batracus, B. Oreochromis
mossambicus C. Oreochromis niloticus D. Rasbora argyrotaenia, E. Gambusia affinis, F.
Gobionella shufeldti.

Table 2. Summary of Diversity Index, Evenness and Species richness in Ranu Pakis

Station H' E R
Inlet 1.05 0.59 1.25
Midle 1.31 0.73 1.28

Outlet 0.51 0.29 1.28
Quotation: H' Shannon-Wiener index; E veness index; R Richness index
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Fish diversity in Ranu Pakis is low to medium. The diversity can be categorized low
when 0 <H' <2.30. A community have a high diversity when there are many species with a
number of individuals of each species evenly distributed are relatively®. Thus, when a
community consists of only a few species with an uneven number of individuals,
communities can’t be said to have a high diversity”.

Evenness index show high value, it indicate that the location where the fish were
found have nearly the same tolerance limits of abiotic conditions and the availability of
existing resources. Evenness index was used to view the evenness of the distribution of
individuals among species®.

The richness index show high value, it caused by many different types which living in
these habitats. It can be happened if only the food chain is long and complex which gives a
greater opportunities for every component to interact. The high richness index is influenced
by various environmental factors, such as the type of natural food supplies for fish,
heterogeneousity, and complexity of environmental conditions and the pH.

According to local community there are two types of Tillapia found in Ranu Pakis,
those are Oreochromis mossambicus, locally named Nila, and Oreochromis niloticus locally
named Mujair. Other fishess found, following the local name are Gatul fish (Gambusia
affinis), Goby fish or Cakul fish (Gobionella shufeldti), Lele fish (Clarias batracus), and Gatul
fish (Rasbora argyrotaenia). In 2008 Subarijanti reported those are six species that found in
Ranu Pakis, including Tawes (Puntius javanicus), Nila (Oreochromis mosambicus), Cork
(Ophiocepalus striatus), Lele (Clariasbatracus), Black Tilapia (Oreochormis niloticus) and
Tombro (Cyprinus carpio L)?. From this research we found that there are three species have
no more exist; those are Cork (Ophiocepalus striatus), Tawes (Puntius javanicus) and
Tombro (Cyprinus carpio L). From these research we found three new species, there are
Wader (Rasbora argyrotaenia), Gatul (Gambusia affinis), and Goby (Gobionella shufeldti).
We suggest that the enviromental changing which occur in Ranu Pakis has caused the
missing of those three species.

The finding of new species in Ranu Pakis might be caused by the entrace of invasive
fish through the inlet flow of Ranu Pakis, or by the introduct by local community which
develop the aqua-culture system there. Further identication is required to find out what
spesies are living in these lake, along with those six we found.

Fish that are caught, and who had obtained can be influenced by the invasive fish
from the inlet and the activities of fish cages. Further inventaritation to find out what the fish
that living in these waters are considered necessary to know what kind of fish that living in

these lake.
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From the interview with local community we found that the produktivity of Ranu Pakis
is decreasing by five fold; recently the people could only catch 5kg, compared to 25kg (10
years ago). Beside, there is changing in clarity of Ranu Pakis water as an impact of cage-
system aqua-culture. Capture, it cause a suddent death of fishes in particular system. This
decreasing maight be influenced by fishing method they apply daily catching they do and or
the tools they use such as gill net which may the overfishing™.

Based on the interview we suggest that fish sudden-death in Ranu Pakis is caused
by the increasing population of algae. The impact of this phenomenon the changing of water
color which becomes dark green and have very bad smell. The population explosions of
algae the ecological impact of eutrophication. If algae die, it can settle and accumulate at the
bottom of the lake'". Decay of algae by bacteria resulted in decreased concentrations of
dissolved oxygen in the bottom of the lake which, if is last long it will arrive to a very low level

under the ability to support fish life, the situation, often referred to as fish Kills.

Conclussion

Based on the morphological characteristics, we found six species of fish Gobionella
shufeldti, Oreochromis mosambicus, Oreochormis niloticus, Clarias batracus, Rasbora
argyrotaenia, and Gambusia affinis. In 2008 those are six species that found in Ranu Pakis,
including Tawes (Puntius javanicus), Nila (Oreochromis mosambicus), Cork (Ophiocepalus
striatus), Lele (Clariasbatracus), Black Tilapia (Oreochormis niloticus) and Tombro
(Cyprinus carpio L). From this research we found that there are three species have no more
exist; those are Cork (Ophiocepalus striatus), Tawes (Puntius javanicus) and Tombro
(Cyprinus carpio L). From these research we found three new species, there are Wader
(Rasbora argyrotaenia), Gatul (Gambusia affinis), and Goby (Gobionella shufeldti).Diversity
index of fishes living in Ranu pakis is low up to medium, with evenness is hight, and richness
hight.
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ABSTRACT

The raising of fish in fish karamba can affect the physical and chemical parameters of
water. Continued cultivation of fish in fish karamba can also cause environmental
degradation, which is marked by the decrease in water quality. Therefore research is needed
to obtain information on the effect of fish cultivation in fish karamba towards the quality of
water in Ranu Pakis, Klakah sub-district, Lumajang regency. This research was carried out
by measuring parameters which are physical, chemical, and biological; the result was then
compared with the standard environmental quality of the East Java province. Results shows
that from eleven environmental parameters that were tested, smell, water temperature,
conductivity and turbidity did not show significant differences. Meanwhile, for DO, TSS, pH,
BODs, Nitrate, the sum of Coliform and Fecal coliform bacteria showed significant
differences, where the area near the fish karamba had lower qualities. This is caused by the
excessive addition of fish feed and the presence of fish feces from metabolic processes,
making the amount of organic materials in the water rise. This causes water quality to
decrease.

Keywords: fish cages, water quality, physical parameters, chemical parameters, biological
parameters.

INTRODUCTION

Indonesia is one country that most of its territory is water. One of the water resources
which are found in Indonesia is the lake. The waters of the lake is one form of freshwater
ecosystems that exist on the surface of the earth. According Haryani (2004) the lake is a
natural water body which is always inundated throughout the year and has a particular water
quality, varied from one lake to another lake. Quality of water between the lake with each
other lakes differ depending on the content of pollutants into the waters of the lake, and
ingredients derived from the lake itself. Lake ecosystems, including freshwater habitats that
have the calm waters are characterized by the presence of a very slow stream of about 0.1
to 1 cm / sec or no current at all.

Triangle Lake is the name for Pakis lake, Klakah lake and Bedali lake. Triangle Lake
is a lake formed by volcanism, which is the lake formed due to volcanic activity. Triangle

Lake is located in District Klakah, Lumajang. Agriculture and fisheries are the main
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commodities in Klakah District. Types of fish produced, among others, Tilapia and fish
Oreochromis mossambicus. Pisciculture in the district Klakah done by the method of
keramba. Keramba placed in rows and along the banks of moderate Ranu Pakis. Installation
of keramba starting from a distance of about 50 m from the shore to 150 m to the center of
the lake. Rearing fish in keramba have an impact on the quality of these waters. Rearing fish
in keramba can affect the physical and chemical factors such waters (Sari, 2007).

At the time the amount exceeds a certain limit can lead to high sedimentation
process of accumulation of food remains in the bottom waters, the waste will cause a
decrease in water quality (reduction of oxygen supply and pollution of lake water) which in
turn affects the animals are kept. Food remains and metabolism of fish in cages
maintenance activities as well as domestic wastes from agricultural activities of household
waste as well as a major cause of declining lake ecosystems function ended on pollution of
the lake, ranging from eutrophication caused the explosion (blooming) of phytoplankton and
water weeds such as water hyacinth (Eichornia crassipes), and others that can result in
aquatic organisms (mainly fish farming).

Sari, (2007) describes the activities of fish culture in keramba constantly also cause
environmental degradation, which is characterized by declining water quality. Environmental
constraints faced in farming activities such as territory or spatial arrangement of the
development of cultivation that do not pay attention to the environmental carrying capacity
due to improper management, causing environmental problems with all aspects of its
complications in the long period of time. Organic waste is always produced each cultivation
cycle will cause problems on water quality and soil condition of the lake bottom, so the
decline in water quality easily occur. These conditions led to abiotic factors such as

dissolved oxygen and pH often fluctuates, this will also lead to the decline in fish production.

MATERIALS AND METHODS

This study is a descriptive exploratory study. The study was conducted by measuring
the parameters of physics, chemistry and aquatic biology. Parameters include odor,
temperature, conductivity, turbidity, pH, DO, TSS, BODs, Nitrite, Total Coliform and fecal
coliform total. The measurement results are then compared with the quality standard
according to its designation, based on Government Regulation no. 82 of 2001 on water
quality management. For the waters of the lake that used standard quality standard that is
the quality standard of quality class | and class Il standard. Tools and materials used in this
research that DO meter, digital pH meters, Turbidity meters and konduktifitimeter, incubator,
autoclave, LAF (Laminar Air Flow), spectrophotometer, analytical balance, stoves (heating),

desiccator and oven. The materials used are water samples, aquades, beef extract,
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peptone, lactose, BGLB, aluminum foil, cotton, wrapping paper, label paper, rope, 70%

alcohol, matches, filter paper.

RESULT AND DISCUSSION

Results of measurements of physical parameters, chemical and biological water

environment Pakis lake, District Klakah, Lumajang compared with the value of the

Environmental Quality Standard According to Government Regulation no. 82 of 2001 on

Water Quality Management.

Baku mutu Sample Location
. Around
Parameter Unit Gol | GI(I)l Inlet Centre | Outlet fish
keramba

Smell j - - | Tidak Tidak | Amis (+++) Amis (+)
Temperature °c - - 28,3 28,2 28,2 27,6
Konduktivity ps/cm - - 299 311 319 316
Turbidity mg/I - - 9 6 6 5
TSS mg/| 50 50 401 254 294 352
pH mg O./I 6-9 6-9 7,90 7,83 8,46 8,31
DO mg/l 6 4 7,55 8,27 7,41 6,87
BODs mg/l 2 3 5,06 6,00 6,55 7,60
Nitrit (NO,-N) mg/l 0,05 | 0,05 0,49 0,39 0,49 0,50
Total Coliform MPN/100 ml | 1000 | 5000 30 6 673 240
Total Fecal coliform | MPN/100 ml 100 | 1000 23 0 283 23

Keterangan:

(+) : Smell sting

(+4) : Smell more sting

(+++) : Smell most sting

1. Smell

Rearing fish in keramba affects the intensity of the odor of the waters in Pakis lake,
District Klakah, Lumajang. The pungency is shown in the inlet, middle, outlet and around
fish cages vary from one to another smell that smell is the result of decomposition of
organic substances contained in water. Decomposition of organic substances is performed
by microbes present in waters. Residual organic material derived from fish feed and fish
excrement. According Warlina (2004), the smell of the waters is the result of the
decomposition of organic material by microbes waters. Organic substances in the waters
described by the bacteria produce NH; and amin. Amin is what causes the fishy smell in the
waters.

2. Temperature

Rearing fish in keramba did not affect the temperature of the waters in Pakis lake,
District Klakah, Lumajang. Water temperature is affected by the radiation of sunlight, air
temperature, weather and location. Solar radiation is the main factor affecting the rise and

fall of water temperature. Sunlight causes the hot water on the surface more quickly than
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deeper water bodies. Water density decreased with the increase of temperature so that the
surface and deeper water can not be mixed perfectly. This will cause the temperature
stratification (stratification themal) in water bodies (Sasi, 2007). Suwono (2010) mentions
that a stable temperature will greatly affect the circulation and water mass stratification, it
can affect the distribution of organisms. Based on the results of measurement is known that
the temperature of waters in the inlet, middle, outlet and around the fish keramba and it
ranged fairly constant (27-29)°C.
3. Conductivity

Rearing fish in keramba did not affect the conductivity of the waters in Pakis lake,
District Klakah, Lumajang, this is indicated from the results of measurements show that the
conductivity at each sampling site was relatively similar. Conductivity indicates that in these
waters contained dissolved chemicals such as NaCl. Conductivity value depends on the
total concentration of ions in water. From the results of conductivity measurements it
appears that the conductivity at the inlet area of 299 ps / cm, was 311 us / cm, outlet 319 us
/ cm and about 316 fish keramba 316 ps / cm. Conductivity in a water proportional to the
temperature rise. The temperature rise in the waters of the conductivity will also rise.
Mahanal (1998) mentions that the electrical conductivity is also influenced by temperature,
temperature rise of 1° C will increase the electrical conductivity of 1.9%. Conductivity
associated with salinity, the higher the salinity the higher the conductivity. According to
Boyd (1990) is the salinity levels of the ions dissolved in water.
4. Turbidity

Rearing fish in keramba did not affect water turbidity in Pakis lake, District Klakah,
Lumajang. Turbidity is the intensity of the darkness in the water caused by materials that
float. Turbidity waters generally caused by the suspension of particles such as clay, silt,
dissolved organic materials, bacteria, plankton and other organisms Mahida (1993). Of the
four sampling sites, the highest turbidity was located in the inlet area equal to 9 mg / |, while
for the middle of 6 mg / |, outlet 6 mg / | and around fish keramba 5 mg / |. Differences in
levels of turbidity can be caused by organic and inorganic substances contained in water.
Organic component consists of phytoplankton, zooplankton, bacteria and other microscopic
organisms. While the inorganic component consists of detritus, inorganic particles and
sludge particles (Supono, 2008).
5. TSS (Total Suspended Solid)

Rearing fish in keramba did not affect water turbidity in Pakis lake, District Klakah,
Lumajang. TSS consists of silt and fine sand as well as the bodies of microorganisms
mainly caused by scraping the ground or carried by erosion into water bodies. The highest

TSS content is located in the inlet 401 mg / | and TSS second highest in the area around
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the fish keramba 352 mg /|. TSS in the middle of 254 mg / | and an outlet region of 294 mg /
I. TSS at Pakis lake waters caused by the content of the sludge particles carried by water
flow and also from the remnants of water-borne organic material derived from domestic
waste and the community. The remaining fish feed given to fish in keramba is also a major
factor causing high suspended solids. Suspended solids can be either mineral or organic
material derived from soil erosion, industrial, sewage and waste that can be found in
surface water. Suspended solids can be toxic if excess oxidized by the organism so that it
can lower the DO concentration to cause death in fish (Sasi, 2007).

6. pH

Rearing fish in keramba affect the pH of the waters in Pakis lake, District Klakah,
Lumajang. PH value indicates the degree of acidity or alkalinity of a water that can affect the
lives of plants and aquatic animals (Setyobudianti, 1997). water pH increased along with the
sampling stations. pH 7.9 at the inlet area mgO2 / |, the middle region 7.83 mgQ2/ |, the
area around the fish keramba of 8.31 mgO2 / | and pH too high is located in the outlet area
of 8.46 mgO2 / |. Mahida (1993) states that the waste industry and household waste can
affect water pH value. PH value can affect the speciation and toxicity of chemical
compounds from microscopic elements contained in the waters, for example toxic H,S is
mostly found in polluted waters and waters with low pH values. In addition, pH also affects
the value of BODs, phosphate, nitrogen and other nutrients. pH of water affects the level of
fertility because it affects aquatic organisms living there. Sasi (2007) says the more the
number of fish cages will increase the amount of dissolved organic material and causes the
pH value decreased, due to increasing CO, concentrations due to microbial activity in
deciphering organic material.

7. DO (Disolve Oxigent)

Rearing fish in keramba affect aquatic DO in Pakis lake, District Klakah, Lumajang.
Source of dissolved oxygen in water comes from the diffusion of oxygen in the atmosphere,
currents or the flow of water through rain water and the activities of photosynthesis by
aquatic plants and phytoplankton. Boyd (1990) describes the oxygen can diffuse directly
from the atmosphere after the contact occurs between the surface of the water with air
containing 21% oxygen. Of the four sampling sites appears that daerak around fish
keramba has the lowest oxygen content of 6.87 mg / | compared to the inlet 7.55 mg / |, was
8.27 mg / I. and outlet of 7.41 mg / I. This occurs due to organic matter content of feed
derived from fish described by microbes and the microbes in the decomposition process
that requires oxygen for energy. In addition the number of fish that many causes oxygen
content of the smaller fish around the keramba. Fish in keramba do respiration so that the

amount of DO in water is reduced (Sasi, 2007). Oxygen demand for fish is relatively quiet
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compared to fewer fish while on the move and spawn. The main cause of reduced levels of
dissolved oxygen in the water due to contaminants that can consume oxygen.
Contaminants are mainly composed of organic materials and anorganic derived from
sources, such as manure (animal and human), organic waste, waste materials from industry
and households. According to Connell and Miller (1995), most of the contaminants that
cause decreased dissolved oxygen is organic waste.
8. BODs (Biological Oxigent Dimand)

Rearing fish in keramba affect aquatic BODs Pakis lake, District Klakah, Lumajang.
BOD is defined as the amount of oxygen required by organisms at the breakdown of
organic material under aerobic conditions. Breakdown of organic materials used by
organisms as food and energy derived from oxidation processes (Salmin, 2005). Based on
research results from the four sampling sites appear highest BODs content is located in the
vicinity of fish keramba of 7.60 mg / I, while that for the inlet area of 5.06 mg / I, was 6.00
mg / |, and the area outlet 6.55 mg / |. BOD5 content of which is due to the high content of
organic material around the fish keramba is quite high. The content of organic material is
derived from the rest of the feed given to fish in keramba. Sukimin (1990) describes the
organic wastes that pollute the waters of the lake, based on the origin can be differentiated
into organic waste originating from outside the lake and is derived from activities in the lake
water body. Waste originating from outside the lake in the form of industrial waste,
domestic, and agriculture, while those derived from activities in the waters of the lake is the
remnant body pellets of fish farming activity in the keramba (cage Floating Net).
9. Nitrite

Rearing fish in keramba affect aquatic Nitrite Pakis lake, District Klakah, Lumajang.
Based on the results of measurements of nitrite in the vicinity of fish keramba in the amount
of 0.50 mg / I, while the inlet and outlet have the same nitrite content that is equal to 0.49
mg / |, and the regional center by 0.39 mg / I. A high content of nitrite caused by the content
of pollutants originating from a given fish feed. The remaining fish feed and fish feces are
organic materials with high protein content. Excess feeding causes the accumulation of
organic material to accumulate. Acucumulation organic material is followed by a decay
process that utilizes oxygen from the water and the decomposition of anorganic material
which is a fertilizer for phytoplankton. The process of decomposition of organic materials
was carried out by Nitrosomonas and Nitrobacter bacteria. High content of nitrites which
can also be caused by high pH, where the content of the pH around the fish keramba is
more alkaline than the other locations so that the nitrification process can run optimally. Low

content of DO also cause nitrification processes can run optimally.
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10. Total Coliform and Fecal coliform

Rearing fish in keramba affect the total amount of total Coliform and Fecal coliform
waters Pakis lake, District Klakah, Lumajang. Aquatic environments easily contaminated by
pathogenic microorganisms (harmful) coming from various sources such as settlements,
agriculture and animal husbandry. Based on the test results it appears that many Coliform
bacteria content in the outlet area of 673 MPN/100 ml. This shows that the outlet has been
contaminated by the feces both human and animal waste manure. Outlet region is an area
that is often used by people around for everyday purposes such as bathing, washing and
even toilets are also performed at the outlet of lake, other than that the outlet is also the
area closest to the fish keramba. Fecal coliform bacteria is an indication of fecal
contamination in the most efficient, because the Fecal coliform only and always present in
human feces (Effendi, 2003).

CONCLUSION

The conclusion of organic matter and nutrients that come from outside and from
aquaculture keramba would affect the availability of oxygen and water carrying capacity.
Carrying capacity is the ability of the waters in the receiving waters, dilute and assimilate
the load without causing changes in water quality or pollution. Oxygen reserves in the
waters of the lake is very limited. In the end the excessive feeding of fish on fish KJA
system become the main cause of decline in lake ecosystems function ended on pollution of
the lake, ranging from eutrophication caused the explosion (blooming) of phytoplankton and
water weeds like water hyacinth (Eichornia crassipes), and so another that can cause death
in aquatic organisms (mainly fish farming) and ending with more thickening layer of

sediment in the lake water body.
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ABSTRACT

Corbulidae bivalves are well-known as resistant species on habitats that are
experienced environmental disturbances. In some areas, corbulid are widely exploited for
consumption as well as animals feeding. The objective of this research was to study the
morphological characters of Potamocorbula faba that are very abundant in the estuarine
regions of Sidoarjo coastal water. Specimens collected from Sidoarjo Coastal Water, East
Java. Specimens were relaxated by using MgCl, 7% in sea water and fixed in 10% formalin
in sea water. Finally, specimens were preserved in 70% ethanol. Observation was done on
the internal morphology of all specimens. Morphometric measurements were done on the
length, height, and width of shells, length and width of ctenidium and labial palp. The results
of this research showed that the diagnostic characters of P. faba were the exterior and
interior characters of the shell, form and the type of siphon, and the form of foot. Ratio
length: height of the shell=1: 0,6; ratio length= width of the shell: 1: 0.4, ratio height: width of
the shell= 1: 0.6. The ctenidium of P. faba is relatively bigger than its labial palp, the ratio of
ctenidium: labial palp is 1: 0.9. Based on the morphometric measurements of ctenidium and
labial palp, P. faba can be categorized as suspension feeder.

Keywords: Potamocorbula faba, Corbulidae, Bivalvia, morphological character of bivalve,
suspension feeder

INTRODUCTION

Corbulidae bivalves are well-known as resistant species on habitats that are
experienced environmental disturbances. Some research revealed that Corbulid bivalves
could live in abundance in polluted water."? Hrs-Brenko? proposed that the nature of the
shell has contribution to maintain their survival on disharmonic environment.

Corbulid bivalve, namely kupang putih (Potamocorbula faba) was reported abundant
in costal water of Sidoarjo and Surabaya. This bivalve dominated the estuarine region and
has been fished by local people for commercial traditional food called lontong kupang, raw
material of krupuk and petis, as well as for animal feed. Although this bivalve is popular
among the local people, the biological studies of this species are still limited. Previous

studies focused on the pollution and heavy metal content of bivalve, such as kupang putih.>®
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Therefore, we interested to describe the habitat as well as the morphological characters of

Potamocorbula faba as the database of this species.

MATERIALS AND METHODS

Bivalve samples were collected from Sidoarjo coastal water, East Java Indonesia.
Specimens were collected by using vertical core sampler. Some habitat parameters, namely
type of substratum, acidity of the substrat, as well as turbidity and salinity of water were
observed and measured.

Specimens were relaxed by using MgCl, 6H,O 7% in sea water, and fixed by using
formalin 10% in sea water. Finally, specimens fixed in Alcohol 70%. Morphometric
measurements were done to 50 specimens by using caliper, including length, height, and
width of the shell, and length and the width of ctenidium (gill) and labial palp. Internal
morphology of the specimens was observed carefully under magnifier lamp. These

morphometric data were analyzed by using regression analysis.
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Figure 1. Morphometry of shell, ctenidium, and labial palp; I: length, h: height, w: width

RESULTS AND DISCUSSION

Diagnostics characters of Potamocorbula faba. Relatively small (10.5-14.40
mm). Trignonal shell, truncate posteriorly. White shell. Periostracum tick, glossy and
brownish grey. Inequivalve, right valve bigger than left valve at ventroanterior region.
Trigonal chondrophore located at left valve. Right valve with big and prominent cardinal

tooth.
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Figure 2. Morphology of Potamocorbula faba; A: interior of left valve; B: exterior of right valve; C:
inequivalve shells, right valve bigger than left valve

Description. Elongate trigonal shell. Exterior shell is white, covered by relatively tick
periostracum. Periostracum is brownish grey. Smooth exterior shell with concentric striae.
Anteriodorsal shell with stronger concentric striae and covered by ticker periostracum.
Dorsal of the shell flattened and narrowed posteriorly. Lunule and eschuteon not clear. Right
valve is bigger and more convex than left valve (Figure 2).

Heterodont hinge teeth. Left valve has two big cardinal teeth and one small cardinal
tooth. Chondrophore is located between these two cardinal teeth. Left valve with adductor
scars. Anterior adductor scar is almost equal with posterior adductor scar. Posterior adductor
scar located at posteriodorsal of the shell, while anterior adductor scar located at
anteriodorsal of the shell. Palial line entire, sinus poorly developed (Figure 3).

Flesh vyellowish white. Mantle attached ventrally, pedal gape located at
ventroanterior. Foot is axe-like, relatively big, with ventral byssal groove. In some
specimens, in these part can be found one byssal thread, yellowish white. Eulamelibrach gill
type. Gill located anterior—posterior. Outer demibranchia is much smaller than inner
demibranchia. One pair of labial palp located at anterior of gill. Labial palp is wide. Anterior
and posterior adductor muscles are equal and rounded. Anterior adductor muscle attach to
anteriodorsal of the shell. Posterior adductor muscle attach to posteriodorsal of the shell.
Anterior pedal retractor muscle attach to interior shells, at dorsal region of anterior adductor
muscle. Posterior pedal retractor muscle attach to interior shells, at dorsal region of posterior
adductor muscle. Posterior pedal retractor muscle is bigger than anterior pedal retractor

muscle. Siphon very short, can be distinguished into inhalans and exhalans siphon.
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Exhalans siphon located at dorsal region of inhalans siphon. Exhalans siphon is pinkish, with
short tentacles on its tip. Inhalans siphon is bigger than exhalans siphon, with longer

tentacles. Inhalans siphon is brown (Figure 4).

pas aas

ps

S mm

Figure 4. Interior of shell of Potamocorbula faba; A: anterior, P: posterior; D: dorsal; V: ventral; aas:
anterior adductor scar; pas: posterior adductor scar; pl: palial line; ps: palial sinus; lig: ligament, u:
umbo

Figure 4. Internal anatomy of Potamocorbula faba A: anterior, P: posterior; D: dorsal; V: ventral; aam:
anterior adductor muscle; pam: posterior adductor muscle; u: umbo; cte: ctenidium; Ip: labial palp; si:
siphon inhalans; se: siphon exhalans; m: mantle; f: foot.

Kupang putih [Potamocorbula faba (Hinds, 1843)] is the only corbulid bivalve that can

be found in the coastal water of Sidoarjo. Previously, Potamocorbula faba was classified
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under genus Corbula Bruguiere 1797, however it was revised and classified under genus
Potamocorbula Habe 1955 (Willan, 2010; personal communication). Collection of
Potamocorbula faba at Museum Zoologicum Bogoriense, i.e. MZB Pel.1643, was also
determined as Corbula faba. Some members of genus Potamocorbula have been also
classified under genus Corbula before finally revised, namely Potamocorbula amurensis
(Schrenck, 1867), P. laevis (Hinds, 1843), and P. ustulata (Reeve, 1844).

Important characters that can be used to distinguish are as follows: Shell is relatively
small (10.5-14.40 mm); trignonal shell, truncate posteriorly; white shell. Periostracum is tick,
glossy and brownish grey. Inequivalve shell: right valve is bigger than left valve at
ventroanterior region. Trigonal chondrophore is located at left valve. Right valve has big and
prominent cardinal tooth.

The valve of Potamocorbula faba is elongate trigonal with the ratio of length and
height of the shell = 1: 0.6; ratio length and width of the shell = 1: 0.4 and ratio of height and
width of the shell = 1: 0.6. The ratio of morphometry of the shell reveals that the shells of
Potamocorbula faba tend to elongate and flat. The pattern of relationship of the length and
height of the shells can be shown by regression equation Y=-0.24+0.626X, R?>= 0.764; the
length and the width of the shells by Y=0.156+0.576X, R?*= 0.764; while the height and width
of the shells by Y=0.577+0.549X, R?>= 0.626 (Figure 5). These equations also reveal that the
form of the shells of P. faba tend to vary. This can happen due to the influence of
environment.

The results of regression analysis also reveal the pattern of shells growth. The
growth of the height and width of P. faba are negative allometric against its length because
b<1. This shows that the shells grow faster in their length compare to height as well as width
of the shells. The pattern of the growth of height against the width is also negative allometric.
It means that the shells grow faster in their height than their width.

Morphological characters of Potamocorbula faba are very suitable to their mode of
life. Potamocorbula faba can be catagorized as shallow infauna which burrow in 0-3 cm of
the soft bottom substratum. This bivalve burrows on vertical position, hence the tip of
posterior end of the shells can be shown on the upper layer of the substratum, while the foot
is extended to the substratum through ventroanterior pedal gape. Carlton et al.” reported that
P. amurensis also burrow in the sediment and half up to two three of the shells can be
shown on the upper layer of the sediment. The siphon of Potamocorbula faba is very short,
hence this bivalve is only able to have shallow burrow. Hrs-Brenko? stated that Corbula
gibba, the other member of Corbulidae, have short siphon and burrows in 0—5 cm. Lamprell

et al." also stated that Corbulid bivalves have short and retractile siphon.
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Figure 5. Pattern of morphometry of Potamocorbula faba shell based on linear regression.

The results show that Potamocorbula faba has eulamelibranchia gill, and the outer
demibranchia of the gill is smaller than the inner demibranchia. The labial palp is relatively
smaller than the qill; the ratio of gill and labial palp insang dan palpus labialis = 1: 0,9. This
ratio reveals that Potamocorbula faba is more active as suspension feeder because the gill
is more developed and big in size to support its function in pumping the water. Compton et
al.® stated that suspension feeder has big gill and small labial palp to support the function of
gill to pump the water. The finding of this research supports the results of other research.
Lamprell et al' stated that Corbulid bivalves are ciliary suspension feeder. In addition, Hrs-
Brenko? also reported that Corbula gibba, which belongs to Corbulidae, is suspension
feeder. Potamocorbula faba is dominant species in the estuary of Kepetingan River.
Moreover, this bivalve is also found in abundance in the coastal water of Pulo Dem, the
estuarine region of Porong River. Both of estuaries of Kepetingan River and Porong River

have relatively higher content of sand compare to other region of Sidoarjo Coastal water,
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the sand content is 3,72-51,87%. Lamprell et al." also reported that Corbulid bivalve can be
found at sandy bottom as well as muddy sandy bottom.

Potamocorbula faba can be found not only at subtidal, but also at lower intertidal.
This bivalve occupies habitat with wide range of water salinity, namely 12—-30%., water
temperature: 29-32°C, range of substratum acidity: 6,6—7, and range of turbidity: 11,4-56,7
FTU. Carlton et al. (1990) reported that P. amurensis, which is native species of China,
Japan, and Korea, are able to survive and live in abundance in San Fransisco Bay.
Potamocorbula amurensis are able to live in water salinity <1%0—32,6%c and extrem
temperature range, namely 8,0-23°C.

During the sampling period, Potamocorbula faba was the only living bivalve that
could be found, but in extremely high density, namely 3549—10000 individu/m?. Some factors
may influence this condition. First of all, the estuarine region of Kepetingan River was in
disharmonic condition due to organic and inorganic pollution. In polluted ecosystem, only
resistant organisms can survive and multiply in number. Lamprell et al." mentioned that
Corbulid bivalves have high degree of tolerance of environment degradation and some of
them can be found abundantly in polluted environment. Hrs-Brenko? also reported that
Corbula gibba (Corbulidae) are living abundantly in polluted beach, harbour, and bay.
Potamocorbula amurensis were found in abundance, and reached almost 10.000
individu/m?.” The dominancy of this species can change the benthic community, hence P.
amurensis was categorized as “pest” by National Introduced Marine Pest Information
System-Australia.’

The unique morphological characters of P. faba support their survival on extreme
environment. The equivalve shells enable the valves closed tightly, hence they can protect
their selves during the extreme conditions such as extreme salinity. Their develop
eulamelibranchia gill also support their feeding as suspension feeder. The presence of
retractile siphon supports the activities of shallow burrower, which also increase their

survival rate.
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ABSTRACT

Conservation for Sumatran Butterflies had been done in 4 hectares forest area
(secondary forest) at 460m above sea level. Since 1998, the method was habitat enginered
to achieve a supportive microhabitat for butterflies diversity. Water system and planted
plants rewarded had been succeed to attract butterflies, visit and reproduced in forest area
that had been recovered. Butterflies population was rising as the availability of larval food
plants and nectar plants. Nowadays, there were 160 Sumatran Butterflies species had been
identified.

Keywords: Sumatran Butterfly, habitat engineering

Introduction

Biodiversity of butterfly is a potential nature resource in Indonesia which have not
been use optimally. Butterfly has beautiful color of wings, living as pollinator and giving
economic value for supporting ecotourism.

Butterfly biodiversity is determined by food plant availability. That condition is giving
barrier on butterfly life cycle. In addition, Soekardi (2000) some species are supported by
only one specific plany. For example, Troides helena larvae only eat Aristolochia tagala
leaves, Appias lybithea only eat Cleome rutidosperma leaves, Appias lybithea only eat
Cleome rutidosperma leaves. During butterfly, need nectar from flowers as its food. The
drinking nectar activity made butterfly’s role as pollinator.

Mount Betung Lampung (1.240 m above sea level) are protected forest area with
22.224 ha and located facing Lampung Bay. It has a critical condition (Anonim, 1997)
because of the land conversion become cultivated area. These condition became threat for
butterflies species, the existence in natural environment were having pressure, mainly
caused by disturbance in ecosystem and food plants for larva were shrinking (Soekardi,
2000). Because of that, it is the time to do butterfly conservation.

The problem in conserving butterflies is how to make a sufficient microhabitat that

support butterfly life cycle in certain location.
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Methodology

Open garden type butterfly park was built on 4 ha area, 400 m above sea level on
Mount Betung, Lampung. The early condition of the area was dominated by Pterocarpus
indicus, Coffea Arabica and Imperata Cylindrica. There were no food plants as larva food
plant neither nectar plant, unless food plant for butterfly grass ( Lycaenidae and Hesperidae
family).

Habitat enrichment is chosen as the main methodology in this research with adding
the plants resources that is needed for butterflies to thrive. The long continuous research
started in June 1999 until Juni 2001. Since June 1999, there were 25 species food plants
was planted with 200-800 plants each species. Those plants were collected from Mount
Betung Lampung in > 700 m above sea level and several places in Lampung Province and
other province in Sumatra.

The planted food plants are Aristolochia tagala, Clausena excavate, Apama
tomentosa, Citrus aurantifolia, Michelia champaca, Asystasia intrusa, A. coromandeliana,
Persea Americana, Graptophyllum pictum, Piper aduncum, Cassia siamea, Cassia alata, C.
biflora, Evodia malayana, Triphasia trifolia, Annona muricata, A. squamosa, Synedrella
nodiflora, Fleurya interrupta, Flacourtia rukam, Pseuderanthemum reticulatum, Murraya
koenigii, Clotnopis gigantean, Cleome rutidosperma, Loranthus sp..

Nectaring plants which is planted in research area was based on observation in field
on type flowers which often visited by butterflies. This type of plant also chosen by the height
of flower tube, the longer tube will be visited by bigger butterfly with longer proboscis while
the short tube will be visited by much smaller butterfly with shorter proboscis. The planted
nectar plants are Clerodrum paniculatum, Ixora javanica, Lantana camara, Stachytarpheta
indica, Celosia argentea, C. surinamensis, Calliantra callothrsus, Tithonia rotundifolia, and
Cuphea hysopifolia. Each was planted 200-800 plants.

Research on butterfly visitation to nectar producing plants and food plants was

conducted after habitat enrichment is done using survey method.

Results and Discussion

Sumatran butterfly conservation in Mount Betung , Lampung has been successfully
invite 160 species of Sumatran butterfly from the surrounding area (See: Table 1). Soekardi
(2009) stated that butterfly conservation model in Mount Betung, Lampung with habitat
engineering and enrichment had cause various butterfly populate and breed in the area.

This is mainly cause by various species of food plants and nectar producing plants
available to the butterflies which are selected through continuous research according to

butterfly needs and preferences (Soekardi, 2009).
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There is a clear result that when there is an increase in biodiversity of plants, it is
also followed by the increase of butterfly’s biodiversity (See Figure 1). We engineered the

type of plants with continuous plant type additions that closely related to butterfly needs.
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Figure 1. Species Trends in Butterfly Park Mount Betung, Lampung

Table 1. Sumatran Butterflies Species that Populate the Butterfly Park (2011 Survey)

Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011 169



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

No. | Family/ Species 31 Eurema simulatrix
Papilionidae 32 Hebomoia glaucippe

1 Atrophaneura coon 33 Leptosia nina

2 Atrophaneura nox 34 Pareronia valeria

3 Graphium agamemnon 35 Saletara liberia

4 Graphium doson Nymphalidae

5 Graphium sarpedon 36 | Acraea violae

6 Maendrusa payeni 37 Amathusia phidippus

7 Pachliopta aristolochiae 38 Amathuxidia amythaon

8 Papilio demoleus 39 Ariadne ariadne

9 Papilio demolion 40 Cethosia hypsea

10 Papilio helenus 41 Cethosia penthesilea

11 Papilio iswara 42 Chersonesia rahria

12 Papilio memnon 43 Cirrochroa surya
Papilio memnon agenor 44 Cupha erymanthis

13 Papilio nephelus 45 Danaus chrysippus

14 Papilio palinurus 46 Danaus genutia

15 Papilio peranthus 47 Discophora sondaica

16 Papilio polytes cyrus 48 Doleschallia bisaltide
Papilio polytes romulus 49 Dophla evelina

17 Pathysa antiphates itamputi 50 Elymnias hypermnestra

18 Troides helena cerberus 51 Elymnias nesaea
Pieridae 52 Elymnias panthera

19 Appias libythea 53 Euripus nyctelius euploeoides

20 Appias lyncida 54 Euploea core

21 Appias indra 55 Euploea eunice

22 Catopsilia pomona 56 Euploea mulciber

23 Catopsilia pyranthe 57 Euploea tulliolus

24 Catopsilia scylla 58 Euthalia aconthea

25 Delias hyparete 59 Euthalia adonia

26 Delias pasithoe 60 Euthalia ipona

27 Eurema blanda 61 Faunis canens arcesilas

28 Eurema brigitta 62 Hypolimnas anomala

29 Eurema hecabe 63 Hypolimnas bolina

30 Eurema sari 64 Hypolimnas missipus
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65 Ideopsis(Radana) juventa 99 Arhopala pseudocentaurus
66 Junonia hedonia 100 | Caleta roxus
67 Junonia(Precis) atlites 101 | Catochrysops strabo
68 Junonia(Precis) iphita 102 | Chilades pandava
69 Junonia(Precis) orythia 103 | Deudorix epijarbas cinnabarus
70 Lebadea martha 104 | Everes lacturnus
71 Lethe europa 105 | Flos apidanus
72 Lethe minerva 106 | Hypolycaena erylus
73 Lethe vindhya 107 | Hypolycaena thecloides
74 Lexias pardalis 108 | Hypolycaena(Zeltus) amasa
75 Melanitis leda 109 | Jamides alecto
76 Modusa procris 110 | Jamides celeno
77 Mycalesis anaphita 111 | Jamides elpis
78 Mycalesis janardana 112 | Jamides malaccanus
79 Mycalesis meneus 113 | Leptotes plinius
80 Mycalesis perseoides 114 | Manto hypoleuca
81 Mycalesis visala 115 | Miletus biggsii
82 Neptis clinia 116 | Miletus gopara
83 Neptis clinioides 117 | Pratapa deva
84 Neptis harita 118 | Pratapa icetas
85 Neptis hylas 119 | Prosotas dubiosa
86 Orsotriaena medus 120 | Prosotas nora
87 Parantica aspasia 121 | Rachana jalindra
88 Phalanta phalantha 122 | Rapala iarbus
89 Polyura hebe 123 | Rapala pheretima
90 Symbrenthia lilaea 124 | Sinthusa nasaka
91 Tanaecia iapis 125 | Spalgis epius
92 Tanaecia pelea 126 | Spindasis seliga
93 Tirumala septentrionis 127 | Surendra vivarna
94 Xanthotaenia busiris 128 | Tajuria albiplaga
95 | Ypthima baldus 129 | Zizina otis
Lycaenidae Riodinidae
96 Allotinus falax 130 | Zemeros flegyas
97 Anthene emolus goberus Hesperiidae
98 | Arhopala aurelia 131 | Ampittia dioscorides camertes
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132 | Ancistroides gemmifer 147 | Matapa cresta

133 | Badamia exclamationis 148 | Notocrypta paralysos
134 | Borbo cinnara 149 | Oriens gola

135 | Celaenorrhinus asmara 150 | Pintara pinwilli

136 | Charmion ladana 151 | Pirdana hyela

137 | Choaspes subcaudatus 152 | Plastingia naga

138 | Coladenia dan 153 | Plastingia pellonia
139 | Gangara thyrsis 154 | Potanthus flavum
140 | Hasora schoenherr chuza 155 | Pseudocoladenia dan
141 | Hasora taminatus 156 | Suarda swerga

142 | Hidari irava 157 | Suastus gremius

143 | Hyarotis adrastus praba 158 | Tagiades japetus
144 | Koruthaialos sindu 159 | Telicota augias

145 | Lotongus avesta 160 | Udaspes folus

146 | Matapa aria

If we do the grouping per family we found that Papilionidae family has 18 species,
Pieridae family has 17 species, Nymphalidae species has 60 species, Lycaenidae has 34
species, Riodinidae has only one species, while Hesperiidae has 30 species (All totaling 160
species).

In this research butterfly family with the highest biodiversity is Nymphalidae.
According to Smart (1975), Nymphalidae family is one of the largest butterfly family; it is
represented in all world regions which contains of several thousand species. The lowest
biodiversity is held by Riodinidae family. This family was belong to the Lycaenidae family as

sub family (Riodininae) that just recently being promoted to family level.

Conclusion
1. Butterfly conservation can be done with habitat enrichment, that is closely related
with diversity food plants and nectar plants conservation.
2. Open garden type butterfly park has been succeeded inviting 160 species butterflies
from 6 families to visit and reproduce.
3. Open garden type butterfly park in Mount Betung can be model in-situ butterfly

conservation.
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ABSTRACT

Some studies showed that the population of indigenous chickens in Indonesia have been
decreasing. To maintain their population and sustainable use, it is important to design conservation
programmes which take into account the functions of the chickens to household economics. This is
to ensure that the genetic traits those are important for fulfilment these functions can be incorporated
in the conservation scheme.

A study to determine the functions of indigenous chickens for farmers’ livelihood was
conducted in two districts in West Java. The study employed survey method using face to face
interview to the farmers who have been rearing two indigenous chickens; Pelung chicken in Cianjur
District and Sentul chicken in Ciamis District.

The result showed that the functions of the chickens are as income source, insurance and
saving as well as social integration. Income source is the main functions of Sentul chickens because
the farmers have regular money for their daily activities by rearing these chickens. The main function
of Pelung is as insurance and or saving which means that by keeping the chickens, the farmers can
have some money to provide some expenditure such as school fee and for saving against
unexpected events. Another function for both chickens is as social integration which means that
raising chickens is considered as a means of networking and by rearing these chickens, the farmers
can have satisfaction. Further study should be exploring genetic traits which are important for
fulfilment these functions.

Keywords : livelihood, conservation design, indigenous chickens, West Java

Introduction

Animal Genetic Resources (AnGR) contributes significantly to humankind through the
production of food and non-food items. Approximately 30 to 40 percent of the total value of
global food and agricultural production is derived from animal products (lgrassia et al. 2005).
ANnGR is also important for rural livelihood by contributing to the livelihood of 70% of the
world’s rural poor (LID 1999). In addition, AnGR is closely linked to the religious and socio-
cultural aspects of life of people in developing countries (Branckaert & Gueyé 1999).

Currently, FAO (2007) reported that there are more than 7,500 breeds in the world of

which about 5,500 are mammalian breeds and 2000 are avian breeds. A total of 1,487
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breeds (or 20 percent) is classified as being ‘at risk’’. The number of breeds at risk is 607
breeds for avian species among which, chickens have by far the highest number of breeds
at risk on the world scale.

A recent study pointed out that Indonesia is one of chicken domestication centres in
the world (Sundari et al 2007). However, studies which investigate population numbers are
limited. Some of those have been executed by Susanti et al (2007; 2008) who concluded
that population numbers of indigenous chicken in West Java is decreasing. For instance,
Sentul chicken has only 100 — 1000 female adults while there are 5,000 — 10,000 Pelung
chicken. In addition, Wareng and Ciparage chickens are nearly extinct. Based on FAO risk
classification Sentul, Wareng and Ciparage can be classified as ‘at risk’ while Pelung is not
at risk. However, Pelung chicken and other indigenous chicken breeds in Indonesia are
predicted to decrease because of Avian Influenza outbreaks (Diwyanto & Prijono 2007).

FAO (2007) indicated that the rapid spread of large-scale intensive production;
inappropriate development policies and management strategies; disease outbreaks and
control programmes and various types of disasters and emergencies were important threats
to AnGR. Importantly, all these threats occur in the poultry sector and conservation action
may be necessary in this sector (Hoffman 2009).

Conservation can take different forms, depending on need and resources (Wolliams
et al. 2008). Nevertheless, conservation methods are broadly grouped into in situ in vivo, ex
situ in vivo and in vitro (Gibson et al. 2005). In-situ conservation through the community
based approach is likely the best strategy for conservation of Indonesian indigenous
chickens. This is because most chickens have been kept by certain communities for
generations and have become important for the livelihood of these communities. AnGR are
household assets for farmers because they have multiple livelihood functions, including
income, non-income and socio-culture purpose (Dorward et al. 2001). Rege (2001) argued
that local communities are the most appropriate people to conserve particular breeds since
they depend on their livelihood to these breeds and they will be loss if the breeds are

decreasing.

Methods

The study to determine the asset functions of indigenous chickens for farmers’
livelihood in West Java was conducted in December 2009 and February 2010. The
purposive sampling technique was used to determined locations of study in two districts in

West Java; Cianjur and Ciamis districts. In Cianjur, Buni Kasih Village in Warung Kondang

! A breed that has been classified as either critical, critical-maintained, endangered, or endangered-maintained
(FAO 2007)
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sub district was chosen because it has been acknowledged as an area in which Pelung was
firstly developed. Benteng and Cigembor Villages in Ciamis District were chosen because
there are no farmer groups in Ciamis which rearing Sentul chickens except in these villages.
This study employed face to face interview to the 20 farmers in Cianjur and 21 farmers in

Ciamis.

Result and Discussion

From an economic perspective, environmental resources, including AnGR as part of
natural capital, together with physical, human, social and financial capital (Barbier, 2003;
Farrington et al., 1999) are important economic assets. The importance of the indigenous
chicken breeds to the livelihoods of farmers in West Java was assessed through a method
called Asset Function Framework approach which was developed by Dorward et al (2001;
2004).

Asset Function Framework approach

This approach was based on a sustainable livelihoods approach applied to livestock
production system settings. The conceptual framework brings together the relationships
between the different livelihood functions of assets. Asset functions can be broadly
classified according to contributions to production, savings, buffering, insurance,
consumption and social integration Dorward et al (2004). Regular cash income may be
achieved from sales of products such as eggs, meat and manure or of live animals. Many
products and services that are sold are also used for domestic consumption or for production
of other commodities which themselves may be consumed or sold.

AnGR may contribute to livelihood as variety of savings type functions such as
buffering which means that investments are made during periods when production or income
exceeds consumption needs and then these investments are drawn upon later in the season
when lower production and income are not sufficient to support consumption needs. In terms
of saving, AnGR may provide some major expenditure such as a major purchase or
investment, or expenditure on school fees. In addition, AnGR may contribute to some
insurance against unexpected events that either reduce income or make extra expenditure
demands. Another form of saving is the process of accumulation. By this process AnGR
inventory of a household is built up over time as consumption needs and sales do not
exceed the reproductive capacity of the livestock kept.

The last function, AnGR may take part in social integration functions for society and
culture. Ownership may confer status or animals may need to be exchanged or provided in
certain traditional ceremonies or relationships which are important for people’s position in

local society.
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The functions of indigenous chickens

Pelung chickens are regarded local to Cianjur District (West Java). The farmers in
this area kept these chickens as singing chickens. There are regular contests for Pelung in
Cianjur and other districts in West Java held by government and non government
organizations. On the other hand, Sentul chickens are originated from Ciamis District in
West Java. Some studies indicated that this chicken is a good egg producer. However, the
result from this study showed that the farmers are kept these chickens for meat production.
The chickens are capable to gain 900 gram (sale weight for indigenous/local chicken) within
2,5 months.

Table 1 reveals that indigenous chickens fulfil income and several non-income
functions including savings and social integration. Income function and consumption
functions were less important. The majority function of chickens in Cianjur is as social
integration. This function is higher in Cianjur (56%) than that in Ciamis (33%). Most of
farmers in Cianjur regard Pelung as a local heritage that should be maintained for its
existence. This is because most of the farmers believe that Pelung is originated from their
village and they have an obligation to take care this chicken. In addition, by keeping these

chickens, the farmers can have important position if their chickens winning singing contests.

Table 1. The functions of the indigenous chickens

Functions Sentul Pelung

Percentage (%)

Income 24 25
Saving and insurance 30 19
Social Integration 33 56
Consumption 13 0

In Ciamis, in terms of social integration function, raising chicken is considered as an
effort to change condition from poor to a better condition (successful people) as a result the
community will pay more respect to the farmers. The similarity in the two locations is that
the activity of keeping Pelung in Cianjur or Sentul in Ciamis is regarded as a means of
networking. By rearing these chickens, the farmers are able to connect people and or
organization outside their community.

The number of farmers who regard chickens as income function is quiet similar in
both locations; Cianjur (24%) and Ciamis (25%). This function is derived from sales of

chicken products including meat, egg and live chickens. By keeping chickens, the farmers
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are able to support daily need such as buying rice and cooking oil and also to cover daily
cost mostly for children needs. Another function of chickens is saving including another form
of saving such as insurance. This function is lower in Cianjur (19%) than that of Ciamis
(33%). By raising chickens, the farmers store of assets which instead of being used
immediately are set aside for use in the future. The money from selling of chickens is able to
provide some expenditure such as school fee, renovating house and or purchasing
resources such as land for crop activity. The money from the chikens is also able to be
saved for the life in the future (elderly period).

The least function of chickens is as consumption in which only Sentul contributes
such function to the farmers in Ciamis (13%). The farmers can eat meat and eggs from
Sentul for their families’ protein need. This is contrary with Cianjur, in which the farmers are

not use to eat Pelung and its products.

Discussion

A conservation design, mainly in situ conservation, should take into consideration the
functions of the chickens to farmers’ livelihoods. This is to ensure the sustainability of the
programme by maintaining the chickens as a household asset for the farmers. Therefore,
livelihood improvement could be the objective of conservation of AnGR (Anderson 2003).

Once breeds are put in an in situ conservation programme, it is necessary to manage
them in particular breeding programmes. The first step in planning any breeding system is
to define what the breeding objectives are. The result indicated that the breeding objectives
for these two chickens may be different. Chicken breeding programmes traditionally focus
on the genetic improvement of production and reproduction traits that have a clear economic
value. This may be addressed for developing breeding objectives of Sentul chickens since
these chickens are reared for meat production. The production traits which may be used as
breeding objectives are growth rate, meat percent and feed efficiency.

On the other hand, Pelung chickens are kept for their sound; consequently, the
breeding objective should be more focus on non production traits. However, the non-
production important traits may have an economic and a noneconomic value. Even though
Pelung are reared for their beautiful sound and the farmers kept these chickens as an
obligation to maintain local heritage, the chickens which win contests have high prices that
can give significant economic value to the farmers. Further study should be exploring

genetic traits which are important for fulfiiment these functions.
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ABSTRACT

Homo sapiens have historically coexisted with long-tailed macaques (Macaca fascicularis)
throughout South and Southeast Asia.this species is the most wide distributed among primates
because of its capabilities to adapt in a wide variety of habitats both in and outside its natural
range, including secondary and disturbed forest. In their outside natural habitat they have close
association with human. This close association has developed into a complex relationship where
both species positively and negatively impact each other. For example, human and long-tailed
macaque conflict had been reported from Indonesia, Malaysia,Singapore, Thailand and India.

Public opinion plays important role in the planning and management of wildlife. This survey
using semi-structured interview taken from 17 participant from 4 villages. These 4 areas was
reported crop raiding by long-tailed macaques. This survey conducted on the intensity of man-
monkey conflict, as proposed by Chauhan and Pirta (2010), and pest behaviour of long-tailed
macaques.

It aims to measure the intensity of man-monkey conflict dan seeking possibilities to solve the
problems from public opinion.

In Kkarst habitat of Gunungkidul, long-tailed macaques activites damaged to crops. Long-tailed
macaques alsa attack livelihood and taken chicken egg at Duwet Village. At Gesing and Sundak
Village there is report about monkey pest behaviour. Public opinion tend to be negative because
lost of potential harvested crop. This attack always occurs every dry season in different
intensities. Public opinion tend to negative to long-tailed macaques and clasified into pest
animal.

Keywords: long-tailed macaques, conflict

INTRODUCTION jumlah mencapai 40.000

buah. Karena

Kabupaten  Gunungkidul sebagian
besar wilayahnya terdiri dari kawasan karst
yaitu sekitar 13.000km®.  Kawasan Karst
terbentuk dari pelarutan batuan kapur memiki
bentang alam kompleks dengan
keanekaregaman habitat yang unik (Infield,
2004 dalam Ismanto et al, 2008). Fenomena
permukaan (eksokarst) meliputi bentukan
bukit-bukit kecil berbentuk kerucut dengan

adanya bentukan-bentukan bukit kecil ini
maka kawasan karst Gunungkidul dikenal
sebagai kawasan Gunungsewu. Bentang alam
karst ~ Gunungsewu  sendiri meliputi
Kabupaten Gunungkidul, Wonogiri dan
pacitan.

Dari sudut pandang ekologi kawasan
karst juga menyimpan banyak fenomena
menarik. Sifat batuan kapur yang tidak
mengikat  air  mengakibatkan  kondiri
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kekeringan di daerah Kkarst. Zona selatan
Kabupaten Gunungkidul yang meliputi
Kecamatan Tepus, Rongkop, Girisubo,
Saptosari,Paliyan dan Panggang mengalami
kekeringan pada musim kemarau.

Kondisi kekeringan menekan
keberadaan biota termasuk vegetasi dan
hewan-hewan vertebrata dalam

kehidupannya. Seperti disebutkan oleh Krebs
(2009) bahwa masalah dasar dalam ekologi
adalah menentukan distribusi dan
kemelimpahan  suatu organisme. Kondisi
kawasan karst yang terbatas sumber daya
airnya menekan organisme yang hidup di
dalamnya. Di daerah Gunungkidul bagian
selatan tanaman keras yang mendominasi
adalah jati dan akasia. Pohon jati memiliki
fenomena ekologis yaitu mengugurkan daun
selama musim kemarau (Hasanbasri et al.,
1996). jenis-jenis ketela,jagung,dan kacang.

Satwa liar seperti monyet ekor
panjang (Macaca fascicularis [Rafles,1821])
banyak ditemui di zona selatan karst
Gunungkidul. Monyet  ekor  panjang
merupakan salah satu jenis primata yang
mampu hidup pada berbagi jenis habitat
(Hasanbahri et al, 1996) dan memiliki
sebaran paling luas diantara primata lainya di
Asia (Gumert,2008). Secara alami keberadaan
monyet tidak meresahkan masyarakat apabila
mereka hidup pada habitat alaminya dan
relatif tidak berdampingan dengan manusia
(Djuwantoko et al., 2008).

Sebaran populasi monyet di Indonesia
cukup luas, dari kawasan barat sampai Nusa
Tenggara Timur (Djuwantoko et al., 2008)

termasuk di kawasan karst Gunungkidul.
Konflik monyet dengan masyarakat lokal
banyak dilaporkan oleh media massa
(http://nationalgeographic.co.id, 13/7/11). Di
daerah karst Gunungkidul konflik ini
disebabkan karena kerusakan habitat monyet
(Setiawan et al., 2008) dan perluasan lahan
pertanian (Marchall dan Hill, 2009) sehingga
monyet dianggap sebagai hama karena
sifatnya yang invasif, kemampuan adaptasi
yang tinggi pada berbagai habitat yang telah
terganggu (Iskandar et al., 2008).

Di Indonesia, monyet ini telah banyak
dilaporkan memiliki perilaku sebagai hama
diantaranya terjadi di lahan pertanian di Jawa,
Sumatera dan Kalimantan. Berdasarkan
observasi satwa ini menyukai hutan sekunder
yang berbatasan dengan lahan pertanian,
bahkan seringkali mencari makan di lahan
tersebut. Hal ini tentu tidak diharapkan karena
mengakibatkan kerugian yang signifikan bagi
petani. Serangan dari monyet pernah
dilaporkan dari taman rekreasi Cisarua dan
Cagar Alam Gunung Slimpang di Jawa Barat,
Desa Nyemani, Jogjakarta, dan Situbondo
Jawa Timur. Monyet ini tidak hanya
memakan dan merusak tanaman pangan
seperti padi, pisang, jagung tetapi juga
dilaporkan  mengambil telur ayam di
Situbondo. Dari permasalahan tersebut
nampak ada kebutuhan Kkritis mengenai
pengaturan populasi monyet untuk
memastikan konservasi populasi alaminya
dan meminimalkan dampak negatif terhadap
lingkungan dan ekonomi (Iskandar et al,
2008).
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Gambar 1. Lokasi Penelitian

dilakukan
wawancara semi terstruktur terhadap petani di
Kecamatan Tepus Gunungkidul yang meliputi
6 Dusun. Hasil penelitian diharapkan bisa

Dalam  penelitian  ini

memberikan gambaran awal mengenai
tingkat dan pola serangan monyet dalam
kaitanya  dengan  aktivitas  pertanian
masyarakat.

BAHAN DAN METODE

Lokasi penelitian adalah Kecamatan Tepus
Kabupaten Gunungkidul yang meliputi 6
Dusun dengan luasan kira-kira 5 km?. Secara
administratif dusun-dusun tersebut masuk
dalam Desa Tepus dan Purwodadi. Dusun-
dusun tersebut terletak di sepanjang Pantai
Selatan Gunungkidul yang merupakan
habitat monyet.

Tabel 1. Nama-nama Dusun yang disurvei

No | Nama dusun Desa

1. | Pule gundes Tepus

2. | Sundak Tepus

3. | Trosari Tepus

4. | Gesing, Tepus

5. Ngandong Purwodadi
6. Duwet Purwodadi
184
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Koleksi data

Koleksi data dilakukan dengan wawancara
semi terstruktur yang dilakukan terhadap para
petani yang sedang beraktivitas di lahan
pertanian. Wawancara dilakukan pada
minggu terakhir bulan Agustus 2011
menggunakan bahasa Jawa dilakukan pada
jam-jam istirahat saat aktivitas berladang
(09.00-12.00).Penggunaan bahasa Jawa ini
karena dinilai lebih komunikatif. Responden
yang diwawancarai adalah petani dijumpai
pada waktu pengambilan data. Waktu yang
diperlukan untuk tiap-tiap wawancara kurang
lebih 20-30 menit difokuskan untuk menggali
informasi mengenai tingkat serangan monyet
terhadap tanaman pertanian dan usaha yang
telah dilakukan. Pewawancara membuat
catatan yang diperlukan terhadap informasi
yang diberikan oleh responden.

Pada panduan wawancara perilaku
monyet dikategorikan ke dalam 3 kelompok
(Djuwantoko,2008) vyaitu perilaku dengan
ancaman ringan, mendekati tapi tanpa kontak
fisik, dan dengan kontak fisik. Jawaban
masing-masing pertanyaan tersebut berkisar
dari sangat sering, sering jarang dan tidak
pernah.
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Tabel 2. Panduan Wawancara

No | Pertanyaan

1. Berapakah umur Anda?

Berapa lama Anda tinggal di desa ini ?

Apakah pekerjaan Anda?

Tanaman apa saja yang ditanam di ladang?

g Wi

Seberapa sering anda menjumpai monyet di
ladang atau rumah?

Semua responden telah menempati desanya
selama lebih dari 10 tahun.

Lebih dari separuh responden (77%)
sering bertemu monyet di ladang dan ketika
bertemu monyet menunjukkan perilaku
mengancam seperti menyeringai (70.5%).

Tabel 4. Frekuensi Bertemu Monyet di ladang

6. Seberapa sering monyet tampak mengancam %
Anda? Sangat sering 8 | 47.06

7. | Apakah Anda pernah digigit atau dicakar Sering 512941
monyet? Jarang 412353

8. Pernahkah  monyet mengganggu atau Tidak pernah 0 0
menyerang hewan ternak? N 17

Hewan ternak apa saja yang diserang

9. | Apakah Anda pernah melihat/mendengar
monyet menyerang dan merusak tanaman di
ladang?

Tabel 5. Perilaku Monyet mengancam ringan
(menyeringai ) ketika bertemu orang

10. | Apakah Anda pernah melihat/mendengar : %
monyet masuk ke rumah warga? Sangat sering 3|17.65
11. | Apakah Anda pernah melihat/mendengar Sering 9 |52.94
monyet merusak bahan makanan di rumah Jarang 52941
warga? Tidak pernah 0 0
12. | Pernahkah Anda melihat/mendengar warga N 17

menembak/menjebak monyet?

Diadaptasi dari Marchal dan Hill,C. (2009)
HASIL DAN PEMBAHASAN

Jumlah responden yang berhasi ditemui di
ladang selama 2 hari survey adalah 17 orang
yang terdiri dari 9 orang pria dewasa (53%)
dan 8 wanita dewasa (47%) dengan Kisaran
umur 17.7% dibawah 30 tahun, 47.1%
berumur antara 30 — 50 selebihnya 35.3%
berumur lebih dari 50 tahun. Hampir semua
responden mata pencaharianya petani (15
orang; 88.2% ) hanya 2 orang (11.7%)
bekerja sebagai pegawai tetapi melakukan
aktivitas bertani.

Tabel 3. Kisaran umur responden

Umur %

- 30 tahun 3 17.7
30-50 8 47.1
50 - 6 35.3
N 17 100

Walaupun demikian tidak ditemui laporan
adanya kontak fisik seperti kejadian dicakar
atau digigit oleh monyet.

Tabel 6. Pernah melihat kejadian kontak fisik
(digigit atau dicakar) moyet

%
Sangat sering 0 0
Sering 0 0
Jarang 0 0
Tidak pernah 17 | 100
N 17

Sementara itu kejadian serangan terhadap
tanaman di ladang frekuensinya hampir sama
di tiap dusun vyaitu 29.41%. terdapat dua
dusun yang tidak ada laporan mengenai
serangan monyet ini.
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Tabel 7. Pernah melihat monyet yang
merusak tanaman di ladang

%
Sangat sering 5129.41
Sering 5129.41
Jarang 512941
Tidak pernah 2|11.76
N 17

Kejadian monyet yang menyerang hewan
ternak adalah 11.76% dan 35.29% sementara
yang menyatakan jarang dan tidak pernah ada
29.41% dan 23.53%.

Tabel 8. Pernah melihat monyet yang
menyerang hewan ternak

%
Sangat sering 21176
Sering 6 | 35.29
Jarang 512941
Tidak pernah 4| 2353
N 17

Separuh lebih responden menyatakan pernah
melihat monyet masuk rumah warga (53%)
sementara 47% yang lain menyatakan jarang
atau tidak pernah.

Tabel 9. Pernah melihat monyet masuk ke
rumah warga

%
Sangat sering 2| 11.76
Sering 7|41.18
Jarang 3|17.65
Tidak pernah 5129.41
N 17

Sebanyak 47% dan 23.53% responden
menyatakan tidak pernah dan jarang melihat
monyet yang mengambil bahan makanan di
rumah warga. Sementara itu sebanyak
23.53% dan 5.89% menyatakan pernah
melihat monyet mengambil makananan di
rumah warga.

Tabel 10. Pernah melihat monyet mengambil
bahan makanan di rumah warga

%
Sangat sering 4| 2353
Sering 1] 5.882
Jarang 4| 23.53
Tidak pernah 8 | 47.06
N 17

Laporan kejadian mengenai monyet
yang masuk ke rumah warga hanya terjadi di
Dusun Duwet walaupun kejadian tersebut jika
dibandingkan dengan keseluruhan masih
berimbang (tabel 9). Pola gangguan monyet
di Dusun Duwet ini cukup menarik. Monyet
di Dusun Duwet tidak merusak tanaman di
ladang tapi menyerang hewan ternak di rumah
dan mengambil bahan makanan berupa telur
ayam. Monyet yang masuk rumah warga ini
berjumlah 2-5 ekor. Kejadian serupa di Jawa
Timur dilaporkan ole Iskandar et al. . (2008).

Hewan yang diserang monyet di
Dusun Duwet adalah kambing jantan maupun
betina. Menurut informasi warga pola
serangan berkisar dari gigitan pada daun
telinga, ekor sampai dengan perilaku kawin
terhadap kambing jantan. Sementara menurut
Setiawan (2002) monyet betina yang sedang
birahi menjadi lebih aktif dengan menyerang
betina lainya. Adanya perilaku monyet jantan
yang mengawini kambing perlu diamati lebih
jauh untuk membuktikan informasi dari
responden. Walaupun Dusun Duwet dan
Ngandong terletak bersebelahan, kejadian
monyet masuk rumah dan serangan terhadap
ternak tidak terjadi di Dusun Ngandong.

Serangan monyet ke rumah-rumah
warga di Dusun Duwet ini menunjukkan ada
perubahan perilaku. Perubahan perilaku bisa
diakibatkan oleh tekanan dari struktur
populasi yang tidak seimbang antara jantan
dan betina.Responden juga menginformasikan
bahwa monyet tidak takut dengan wanita. Di
ladang monyet hanya mau pergi bila diusir
oleh pria.
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Monyet yang merusak tanaman (crop
raiding) di ladang adalah kawanan di Dusun
Pule Gundes dan Trosari yang memiliki
batasan langsung dengan pantai. Tanaman
yang diserang pada akhir musim penghujan
adalah kacang tanah, sedangkan pada musim
kemarau monyet menyerang ubi jalar. Hal ini
merupakan indikasi berkurangnya pakan
alami monyet saat memasuki musim kemarau.
Monyet menyerang secara berkelompok besar
(puluhan) sehingga bisa menghabiskan
seluruh panenan di ladang. Sementara di
Dusun Sundak yang memiliki kawasan pantai
justru tidak didapat informasi  mengenai
monyet yang menyerang tanaman di ladang
ataupun masuk ke rumah warga. Dusun
Gesing yang tidak berbatasan secara langsung
dengan pantai juga tidak didapat informasi
kejadian monyet yang menyerang tanaman di
ladang.

Usaha yang dilakukan warga untuk
mengatasi  serangan ini dilakukan secara
sporadis saja yaitu saat kawanan moyet
ditemui di ladang atau dirumah. Cara yang
dilakukan baru antara lain dengan melempar
batu atau menggunakan anjing. Tapi
penggunaan anjing ini juga kurang efektif
karena monyet-monyet dewasa cukup kuat
untuk menyerang anjing. Untuk untuk
menangkap dengan senjata belum dilakukan
karena keterbatasan peralatan. Sementara itu
usaha dengan dengan meracuni monyet
pernah dilakukan tapi dihentikan karena
berkaitan dengan mitos. Secara umum warga
bersikap pasrah dengan kejadian serangan ini.

KESIMPULAN DAN SARAN

Dari hasil penelitian dapat disimpulkan

bahwa :

1. Kejadian monyet yang masuk rumah
warga hanya di Dusun Duwet dimana
monyet menyerang kambing dan
mengambil telur.

2. Di Dusun Duwet tidak didapat informasi
mengenai serangan monyet di ladang
warga.

3. Di Dusun Pule Gundes dan  Trosari
monyet hanya menyerang tanaman di
ladang tanpa ada kejadian masuk rumah
warga.

4. Belum ada usaha optimal dari warga
untuk meminimalkan serangan monyet
ke ladang warga.
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ABSTRACT

This paper describes a collaborative model for international education in natural
resources management and rural development. International education can take the form of
materials from a “developed” to a “developing” context, in order to address a perceived
“deficit”. This paper outlines an alternative model built upon respectful partnership and
mutual capacity building for long-term teaching and learning collaboration. UNDANA, UKSW
and CDUhave collaboratively developed curriculum for a field intensive in eastern Indonesia,
and now with UGM, attended by staff and students from each institution.

Students and staff visit the village of Linamnutu, TTS, West Timor during a 2 week
field intensive, to investigate issues associated with water and food resources, relevant to
village concerns. The teaching and learning is cross-cultural and cross-institutional. Students
take the role of research associates on a research project which is lead by academic and
research staff from the partner institutions. Thus the learning is situated, work-integrated and
positioned at the research-teaching nexus.

The purpose of the field intensive is to prepare senior undergraduate students,
master students and junior staff with skills and understandings required to face regionally
relevant problems. The field intensive provides opportunities for the development of
technical skills, research skills, collaboration skills, cross-cultural confidence, language skills
and firm, long-term relationships among staff, students and village participants.

The success of the field intensive has underpinned the importance of long-term,
trusting relationships among the participating university staff, residents of Desa Linamnutu
and District Government.
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ABSTRACT

This paper describes the ecology, management and potential use of native Australian
rices Oryza meridionalis and O. rufipogon of northern Australia. These native grasses are
widespread and abundant, are of significant conservation value and underpin the vertebrate
food-chain on the tropical monsoonal floodplains. Significantly there is no domestic rice
cultivation in northern Australia, apart from short-lived trials in the 1970s. Consequently,
these populations have not suffered the genetic erosion of populations elsewhere in SE Asia
where cultivated rice is grown.

Further, rural Indigenous communities in northern Australia are focussing on the
development of small enterprises based on wild harvest of native foods for sale as “bush
tucker” products in the local tourism and restaurant industries. Wild rice may be a suitable
plant for inclusion in such an enterprise.

However, native rice populations are under threat from weeds, including in the World
Heritage listed Kakadu National Park. In some areas they have suffered complete
displacement by exotic perennial pasture grasses introduced from central America to
support cattle grazing for export to Indonesia, the Philippines and elsewhere.

This paper describes phenology, seed biology and selected nutritional properties of
native Australian rices, and their potential as a “bush tucker” product, as well as issues for
floodplain management associated with the invasion of floodplains by introduced grasses
and their displacement of native rices.
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Abstract. The Balinese believed that on the big tree in sacred places occupied by big tree
occupied by the supra-power. One of it is called banaspati, and every body afraid to disturb the
trees. The trees preserved through black—white clothe that become sacred. The objective of
study to determine the species tree was preserved and it distribution at the main temples.
Data was obtained by observation, especially in the temple, which placed near the main road
at four regencies.

There are six species of trees were preserved. These trees included; kepuh (Bombax
ceiba L),kepah (Sterculea foetida),beringin (Ficus benjamina), pole (Alyxia reinwardtii),
ancak (Ficus religiosa), and aa (Ficus sp).These plants were found at the three main
temples in each village. The majority big trees were found at funeral areas, because this
area most widest and it located at outside of villages. Plant conservation provides insight into
the relationship between using black-white clothe and plants preservation. The plants were
distributed not only in the village but also at central of city. More than 67 trunks of tree were
closed by black-white fabric and the age of plants are varied from 50 years until 200 years.
There were two main factors underlying the existence of plants distribution. First, more
people closed big tree groups when they growths on the sacred area. The second, people
build small temple when they found big tree in sacred area.

Keywords: Tree Preservation, Sacred black-white clothe, Local initiative

INTRODUCTION
Human beliefs about the nature of ecology are the distinctive contribution of our

species to the ecology itself. Religious beliefs, especially those concerning the nature of
powers that create and animate, become an effective part of ecological systems (Grim,
2001,p: x). Religious worldviews are unique because they draw the world of nature into
wholly other kind of universe. Religion distinguishes the human species from all others, just
as human presence on earth distinguishes the ecology of our planet from other places in the
known universe. Religious life and the earth’s ecology are inextricably linked, organically
related.between human belief and practice mark the earth

The Balinese believed that on the big tree occupied by the supra-power. One of it is
called banaspati, and it caused every body afraid disturb the trees without certain ceremony.
According to Balinese Hinduism black is symbolize the power of Visnu, the preserve (sihiti).
White symbolize of Siva, the power of recycled (pralina). Black and white-color mean
preserve or recycled that the trees become sacred. The Balinese very conscious that their
life and death depending on the tree. No tree no live, this is meaning of black-white color.

They people build shrine or palinggih under some of big tree (Nala, 2009, p: 12).
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Using black-white clothe the Balinese try to protected this tree and they prayer at
bellow of sacred big tree. They pray to the God to thank that He created trees, and asked
Him in order to protect the people in different way. Lord Himself is vanaspati, the Master of
Forests, which sustain our life (Rgveda. Samhita.V.1.p: 32).

Bali is small island is undergoing rapid change and there many land was transformed
to build many building. Globalization and rapidly development of tourism, has been changed
the traditional Balinese orientation into treating land only has functional and materialistically
valuable. The conversion of agricultural land to development rose drastically in Badung
regency and in Denpasar regency. The temple landscape is only one as reserved land who
people afraid to sell and these areal for plant conservation.

The objective of study is to determine the kind of tree was preservation and its

distribution and it knowledge’s of Balinese peoples.

MATERIALS AND METHODS

The study area are located at the four regencies (kabupaten); that regency are
Tabanan, Badung,Gianyar, and Denpasar. These regencies were selected by purposive
sampling. The number tree species were marked by Black-White Clothe and it distribution
was obtained by observation, especially plants in landscape main temple where was placed
at the main road. A pura (temple) is the Balinese Hindu sacred place to worship God with all
of His manifestations Balinese village at least stands three type of temple. First Pura Puseh-
the temple of Creation, second; Pura Desa which is community temples. The third is the
Pura Dalem, the temples of Death, and it temple mostly widest landscape area.

The information Balinese knowledge’s was obtained by unstructured interviewing
from the key persons. The key persons both two groups of pendeta (monk), and experts
Balinese Language, at Udayana University. The study was carried out during three time
periods: January 2010, June 2010 and October 2010. Based on the information and data
obtained the vernacular of plants were noted. Extensive surveys were therefore carried out
in it four Regencies. A series informal interviews which to determine to determine the

knowledge Balinese peoples.

RESULTH AND DISCUSSIONS

1. Protected Tree with Black-White Clothe
There are six species of trees were preserved in all location. These trees are;; kepuh
(Bombax ceiba L), kepah (Sterculea foetida), beringin (Ficus benjamina), pole (Alyxia
reinwardtii), ancak (Ficus religiosa), and aa (Ficus sp ). More than 120 trunks of tree were

closed by black-white clothe and the plants age are varied from 50 until 200 years (Figure 1)
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Figure 1. The Plants Preserve with Black-White Clothe in Temple Areas
From top left fo right: Ancak, Aa, Pole,Kepuh, Kepah, Bingin

The plant exists almost in groups, although some of it grows solitary. The largest
groups were found in cemetery area, where the landscape area are widest. The village
temples consist of three temples (Pitana, 2001, p: 119). Balinese village at least stands three
type of temple. First Pura Puseh the temple of Creation, second; Pura Desa which is
community temples. The third is the Pura Dalem, the temples of Death, which is used for
cemetery and cremation ceremonies. The combinations of plants groups consist of two
trunks until five trunks. Especially in pura Dalem Abian Semal village that were found five
species of tree and it were clothed by black —white clothes. These plants are Kepuh,
beringin, pole, kepah, which amount 25 trees were located in half hectare. The existence of
these plants in each temple area were supported by applied Tri Hita Karana principles,
Eismen,1990,p: 190, Nala, 2010, p:5). There were two main factors underlying the existence
of plants at the sacred areas. First, using ancient doctrine they prohibit cutting big tree,
especially the sacred tree on the temple, except for specific purposed

The second, people whose will build small temple when they found big tree and it
become sacred area. Traditionally, the Balinese establish a temple in every village. Balinese
cosmology seeks to design their villages, that is in physical, environmental, and

organizational harmony with the human being. Man is considered in Hindu thought to be a
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microcosm of the universe at large, which has tree parts (Eisemen, 1990, p: 190, Somvir,
1995). What makes the Hindus special is that they honor the whole of Creation, see the
presence of God in everything. Vanaspati — the master of forest and Kalpha talaveta — the
tree of live (Kalphataru)

. The cemetery areas dedicated to Siva the recycler of life. Human beliefs about the
nature of ecology are the distinctive contribution of our species to the ecology itself.
Religious beliefs, especially those concerning the nature of powers that create and animate,
become an effective part of ecological systems (Grim, 2001: p: 9 ). The holy place and all big
tree in the temple area is very important to conserve it plant. According the holy place,
Watson declare (1991, p: 95); all have become holy place- recognized by shaman and
wizards; visited by bards and witches; settled by hermits and meditating mystics. Their
chains of influence remain intact, their messages transmitted through time in some basic

biological way that makes them perceptible and valuable of all kinds in all ages.

2. Plant Distribution
There big tree that closed by white-black cloth were found at the three main temples
in each village. The majority big trees were found at funeral areas or cemetery where the
pura dalem is located. Pura Dalem dedicated to Dewi Durga — the dissolver and recycler of
life. Plant conservation provides insight into the relationship between using black-white
clothe and plants preservation (Table 1).
Table 1. Plant Distribution that Preserved with Black-White Clothe

No Name of Number of Number of Plant Preserved Average of Tall and Average

Regency Temple with Black-White Clothe tree Diameter Canopy
18.4 meters

1 Gianyar 33 41 1,1 meter 18,3 m2
20,3 meter

2 Tabanan 38 48 1,3 meter 20,2 m2
19,2 meter

3 Badung 28 19 1,1 meter 20,1 m2
17.3 meter

4 Denpasar 14 12 0,9 meter 18 m2
Total 113 120 18,1 meter

Average 1.1 meter 19,2 m2

The tree groups were found in all regency and it was disperse in every village. Total
of temple where its plant disperse 113, the number of plant were preserved with Black-White
Clothe 120 trunks, tall average 18,1 meter, diameter 1,1 meter and canopy average 19,2
m2. It plants disperse in temple where it average 125 meter square.

The groups these trees doesn’t disturbed by human activities and it mostly life like in natural

ecosystem. These plants were spread more than five hundreds of temples where each
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village has at least three temples. Those plants were conserved is spread at all island, that

disperse like mosaic principles (Figure 2) ( Suryadarma 2005, p:45).

et

Figure 2. The Mosaic Principles Plants Distribution Based on Existence of Temple

Their cultural activities are important to play a key role in the use of natural resources
and conservation biological diversity. Over the last few decades, there has been a growing
recognition regarding the role and responsibilities of indigenous and tribal peoples in
managing and conserving the often complex ecosystem inhabitant. According to WWF,
1996, indigenous and tribal peoples inhabit mainly in areas where they have lived for
thousand years, making them therefore the earth’s most important stewards of natural
resources (UNESCO, 2009, p: xix). Balinese is unique to a culture or society whose people
looking everything is connected. It is like hologram or whole record because every part
contains the whole (Watson, 1991). The existence a group of big tree where it spread in
each the temple is a symbol of vanaspati, that power of God at the plants. The people will
get vanaspati power in their cultural landscape it like mosaic principles, These activities is
linkage between cultural activities and biological diversity. It is the most relevant with sacred
site and conservation. To pay attention of cultural landscape and sacred site is a part of
strategies biodiversity conservation.

Regency Denpasar where the capital of Balinese Province at least were found
fourteen temples and twelve trees. These tree are kepuh (Bombax ceiba L),beringin (Ficus
benjamina), pole (Alyxia reinwardtii), ancak (Ficus religiosa). The kepuh tree is located near
the central of office Province Bali and big banyan tree near the office of Denpasar
Regency. The tall of tree 18 meter, diameter 1.7 meter and it canopy 225 m2 square. The
four banyan trees were found in the around the office of Gianyar regency, where the age of
tree more than one hundred years. The banyan tree as the symbol of Kalpha talaveta or
Asvattah --- the indestructible Pipal Tree (Ficus religiosa). It form is not perceived here as
such neither its end, nor its foundation. This tree having its roots above and branches
bellow, whose leaves are the Vedas (Bhagavad Gita, XV). Below and above are spread its

branches, nourished by the Guna; senses-objects are its buds; and below in the world of
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men, stretch forth the roots, originating action. The root at below direction as a symbol of
basic need and the up direction is a symbol of spirit of life. The preserved of tree with Black-
White Clothe which based on their belief that are equal with the principles of biodiversity
conservation. Conservation based on cultural activities and it initiative by local peoples
Biodiversity conservation has gained prominent place on international agendas, and as a
result, protected area have been set aside to conserve the world biological richness. Many
attempts have been made to involve local people in management on those areas and the
involvement of farmers in conservation activities is remaining crucial. This is due in part to
complex relationships which exist between farmers and their environment relationship which
are often not sufficiently understood by conservationist (Toledo, 1990).

For the Balinese there is no dividing line between himself and the God. He, who sees
Me everywhere, and sees everything in Me, he never gets separated from Me nor do | get
separated from him (Bhagavad Gita, VI). The concept of harmony is vital. Those who live in
close touch with their surroundings do not seek to control the environment They emphasis is

always placed on effort to connect between man and nature (Watson, 1991, p: 95).

4. The People Knowledge
The Balinese people whose did not know the meaning of why it plant preserved with
Black-White Clothe. They do what must they done, it does not asked why. They are very
practical in their religious activities that based on karma law - the law of return. Whatever we
take, we must return, or natured demands a return for every gift received. Every object must
responsibly for its replacement. Nature has extreme penalties for those who break such law,
and for descendant and neighbors. If we want pleasure in live, than we should preserve the
life around us (Mollison,1986, p :10). Even in the inanimate world we are dealing with a life
force, and our act are of great effect, like thermodynamic law, that is concern with “closed
system”. The reaction of the earth is to restore equilibrium and balance. If we overload,
deform, deflect natural system and process, then we will get a reactions, and this reaction
may have a long-term consequences
The study cultural landscape, sacred site has become highly relevant and increasingly
necessary search for biodiversity conservation. Balinese appreciate nature very much, even
to the extent that cutting a tree down is considered a crime (Swellengrebl in Budihardjo,
1986,p 43, Suryadarma, 2008, p: 12). Balinese, too hold a certain view about reality of the
world and even beyond, i. e. the interconnection between the reality of the world and
metaphysical world. The connection between human and a tree, especially a tree in sacred
areas is our believed. Bali although small island is filled with sacred landscape areas and

wisdoms of conservation. According to key person information; people is just follows the
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Balinese calendar. It calendar declared a set aside days and ceremonies to honor plants,
animals, and even inanimate objects to have of sacredness. Some other objects place and
objects like forests, rivers, big tree and unusual landmarks we consider to be guarded by
grotesque and fearsome spirits, thus we treat them with caution as not to offend the spirits.
Consequently, trees and animals living in those areas are protected (Paniji, 2001, p: 23).
Overall, most Balinese still hold a strong sense of the sacred, and sense of the place, i.e. an
affinity toward homes, family, community and land, which in principals can serve as a
foundation for a more holistic approach of living, both for present and the future generation

There are many different ways looking of environment and the interrelationship
between humans and their social and biophysical surroundings (Toledo, 1992, p: 6).

The exploration how nature is seen by hunans groups through a screen of beliefes,
knowledge and purposes, and how in term of their images humans use, manage and
appropriate natural resources, has been a central task of most ecologically oriented research
conducted by anthrophologists, agronomists, human ecologists

The relationship between Balinese cultures and their natural environment is highly
elaborated. It involves a complex series of adaptation over time both religion/culture and
nature. The plant preservation with Black-White Clothe is the result of a series of conscious
and unconscious human intervention over time. That is a symbol and our identity. It was
universally agreed that “every community needs a symbols of its existence” (Walker, 1961 in
Budihardjo, 1986, p: 7). These activities can be regarded as the result of active management
of the natural environment defined by the historical setting, need, and lifestyle of their
peoples. The key person agreed that using white-Black Cloth as a sacrifice is fundamental to
establish it plant with symbolic system. The peoples learn more from belief rather than
science and how to literate it into science?

There are two ideal models knowledge of conservation, that based on science and
wisdom or wisdom and science. Preserved tree is a mixed objectives knowledge and

subjected of beliefs’ that are useful for an appropriate plant conservation.
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ABSTRACT

As one of the countries with megabiodiversity, Indonesia has a wide variety of species which
have yet been investigated, including land planarians. These animals live in a cool and moist
area with low intensity of light. In the ecosystem these animals play an important role in
controlling the population of earthworms. This paper reports the observation of prey-finding
and feeding behavior of land planarians. These observations were made directly on their
natural habitat in Tidar Villa Estate area, Malang, Indonesia and Biology Laboratory of State
University of Malang. Land planarians rely on chemoreceptor in their head to find their prey.
Once it is catch preys are immobilized by concentrated liquid secreted by this planarian.
After the prey is paralyzed, land planarian covers it with their body and secretes a proteolytic
enzyme to soften the body of their prey. The softened prey body then being ingested by the
esophagus protruded from their ventral body.

Keywords: land planarian, preying behavior.

INTRODUCTION

Indonesia is known as a country with megabiodiversity (. This high diversity of
almost all kingdoms is supported by the tropical climate and adequate moisture of its nature.
However, many species have yet been investigated, one of which is land planarian .

Land planarians are member of flat-worm (Platyhelminthes). Their habitat are areas
which have sufficient moisture, darkness, cold, and wet under the rocks, wood, debris or
wreckage, under shrubs, and on the ground with sufficient rainfall. Land planarians is
photonegative, their activities, including eating, mostly are nocturnal or in early morning
under the shade. Land planarians can survive in drought only when loss of water in his body
does not exceed 45 percent of their body weight. Land planarians are able to utilize their
body tissues, such as reproductive tissue and which being digest by them selves when they
run out of food reserves®.

Land planarian prey on small invertebrates include earthworm, insect larvae, insects,
snails, slugs, and prey on one another (cannibalistic). Earthworm is the main prey of land
planarians. Due to their preying habit land planarians has become a threat to farmers. The
decline in earthworm populations due to land planarians assault causing reducing levels of
soil fertility .

To detect their prey land planarians depend on the chemoreceptor located in a single

ciliated pit under the head or in a ciliated ventral groove. Their dependence on the
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chemoreceptor is caused by their lack of eyes. Because of that reason, land planarian
always located on the wet soil. Land planarian is secreting mucus to help the movement of
their body. They attack the prey using unknown toxin which paralyzes them. After the prey
immobilized, the next process will begin .

The group to which planarians belong is distinguished by a digestive cavity that has
three main branches ©). They have a pharynx which functions as an digestive organ. It varies
in structure from a simple, ciliated tube to a complex organ developed from the folding of
muscle layers. In the latter, the free end of the tube lies in a pharyngeal sheath and can be

projected out of the mouth during the feeding ©.

MATERIAL AND METHODS
Animal

Land planarians found in Tidar Villa Estate Malang area.

Observation

In-situ observation had been done in Tidar Villa Estate where the animals were
found. Ex-situ observation had been done in Biology Laboratory of Biology Department,
State University of Malang. For ex-situ observation animals were carried out from its natural
habitat and maintain in a terrarium. Similar type of soil was provided for them, and the
humidity had been maintained by adding a certain amount of tap water. They are feed once
a week with fresh earthworm at any size.

The observation was focused only on their preying behavior including: the way they
search and detect, catch, and digest the pray. Pocket digital camera was used to record still
photos and videos. A raw video was edited using Movie Maker software in order to compile
every step of preying processes. Both photos and videos are kept as its origin; no editing in
color, lighting, size, or background, have been done.

Data was analyzed carefully through recorded photos and videos.

RESULT

In this study we found a fan-shape head land planarian. Concerning the limited time
available, we omit the detail identification of land planarians we found, except the size which
is ranging from 1 cm up to over 20 cm in length. We suggest the short one is juveniles while
the longer one is adults. These animals display two distinct black lines on dorsal side along
their body separated by a wider creamy line in the middle. The head is flexible flat, more fan-
shape, instead of arrow-shape (Fig. 1). In this paper, we do not attempt to present the

taxonomic identification, since the data has not yet complete.
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Fig. 1: Land Planaria found in Tidar Villa Estate area. Red arrow: fan-shaped head; Yellow
arrow: creamy middle line; White arrow: black line.

From our preliminary observation we found that land planarian eats once a week, so
we feed them with newly caught earthworm once a week. There are three steps of their
preying behavior, started with detecting the prey, capturing the prey, and the last is digesting

the prey, respectively.

Detecting the prey

In this step, land planarians use their head. Their flat fan-shaped head move on the
dump soil elaborately in all directions until they detect the trace of earthworm. Once they find
the trace they will follow it and eventually enter into the worm hole. Normally, we found that
worm run out from the other end of the hole in a hurry soon after the planarian enters it. In
this case, land planarian will run after that prey until they catch it. We suggest that land
planarians posses a highly sensitive receptor in their head, since they show their ability to
detect the worm trace even it has been far, around 3-4 meters, away compared to their body

length (Fig. 2; Movie 1, separately supplemented).

Fig. 2. A land planarian is hunting its prey. This picture shows a bigger (longer/older)
planarian pursuing a target earthworm. Yellow arrow: fan-shaped head; green arrow: tail tip.
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Normally, it is not easy for planarian to catch the earthworm, this prey will fight back
and move away first it is caught. We also observed that the part worm body which was
touched by the planarian becomes rigid and does not move anymore. A study reported that

planarian secrets a sort of toxin to paralyze the prey .

Capturing the prey

Planarian keeps pursuing the earthworm until it is captured. Soon after being
captured the worm will show a weaken movement until it is completely paralyzed. Planarian
then flattened their body to cover whole body of the victim (Fig. 3). This stage occurs up to
several minutes. In this stage we found white sticky mucus secreted by ventral part of
planarian body. This mucus spread over the body of earthworm (Movie 2, separately

supplemented).

Fig. 3: Capturing the prey. Pink arrow: flattened planarian body; yellow arrow: captured
earthworm; blue arrow: secreted mucus.

Digesting the prey

At the time of grasping its prey, we suggest that proteolytic enzyme, might contained
in the mucus; chemically crush the body of earthworms. It can be seen by the texture of the
remnant (Fig. 4A). We also found that a victim might be shared among several planarians.
In our observation we found four young planarians sharing a breakfast (Fig. 4B). The
softened body of the prey is absorbed by oesophagus protruded from the hole in the mid-
ventral region of planarian body. We can examine that the food is accumulated inside, in the

middle (antero-posterior) part of the planarian body (Fig. 4C).
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Fig. 4: Digesting the prey. A. After the party. Red arrows: remnants of the prey body. B. Four
planarians sharing the food. C. Accumulation of food in the planarian body. Pink arrows: 4
eating planarians; yellow bracket: the area of food accumulation; yellow arrow: the food
inside planarian body.

Summary
From this study we could summarize the preying behavior of land planarian living in

Tidar Villa Estate Malang area as follow: first, land planarian searching the prey by detecting
the trace left behind and follow it, once they found the trace of pray they will pursue until they
catch it, they paralyze the captured prey, then cover the prey’ with its own flattened body and
externally digest with certain proteolytic enzyme, finally the softened body of the prey is
absorbed using its oesophagus protruded from the ventral side of their body. Food is

accumulated in their digestive tract.
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Abstract. Bama beach is located in the eastern part of Baluran National Park which has
complex terrestrial and water ecosystems. It has three different beach muddy zones in the
south, sea grass zone in the middle, and rocky zone in the north. There are many kinds of
invertebrate like echinoderms and gastropods. Gastropods are a group of organisms that
have the highest diversity among Molluscs, it has been estimated that there are 1500
species in Indonesia. This research aims to determinate the level of diversity of gastropods
especially Opisthobranchia in Bama Beach. Data obtained in June 2011 in the seagrass and
rocky zone used sampling method. The data was analyzed using Shannon-Weaner diversity
level index. It is found 5 species of Opisthobranchia. The result of data analysis shows that
in the rocky and the sea grass zone have a little different diversity level of Opisthobranchia.

Keywords: Diversity, Opisthobranchia, Bama Beach, Baluran National Park, Shannon-
Weaner diversity level index

INTRODUCTION

Indonesia has a very diverse marine living resources, one of them is marine
invertebrates. Marine invertebrates are the dominant herbivore predators and determinant
organism of the food pyramid system (Murniasih, 2005). There, one of them which has an
important role is Opisthobranchia. It is one of mollusks which include in gastropod class. Its
existence as one of the Indonesia’s biological wealth and its role in the food chain, has put it
as a species that should be preserved. One effort that can be done is creating a biodiversity
database. Currently in Indonesia, there is no exact data about Opisthobranchia diversity and
no research have done a lot. Therefore, research on Opisthobranchia is needed to make a
better knowledge about these marine invertebrates.

Diversity is a combination of species richness and species evenness (Dharmawan,
2005), so diversity is a concept that describes the state of an ecosystem based on species
found in a habitat with its distribution. Diversity is widely used to indicate the environmental
conditions of an ecosystem. Odum (1993) stated that diversity is identical to the stability of
an ecosystem, ecosystem diversity is relatively high if the ecosystem condition is stable.

Bell and Galzin (1984) mention in his research that there is a direct relationship

between live coral cover and species diversity of benthic organisms. Alleged that the place
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where the coral cover well, then the greater the number the better the Opisthobranchia and
species diversity. Bama beach is a beach that has beautiful coral reefs, making it possible to
obtain high diversity Opisthobranchia. Bama beach tourism is one of the objects located
within the National Park area Baluran. Baluran National Parks Conservation of Natural
Resources is an area which has an area of 25,000 ha with a land area of 23,937 ha and

water area of 1063 ha.

MATERIALS AND METHODS

The experiment was conducted on 17-18 June 2011 in Bama beach, Baluran
National Park, when the maximum low tide in the sea grass and and rocky zones. The
observation method used in this study is the squares method using 1m? quadrant size with
50 random plots each. The samples were taken its photograph within the plots as material
identification. The identification is carried out using the morphological identification of some
of the literature, including The Systematic and Phyllogeny of Phyllidiid Nudibranchs, Sea
Slugs of the Red Sea, Sea Slug Forum Australian Museum, Sydney and from Nudi Pixel.

Opisthobranchia diversity is calculated using the Shannon-Weaner species diversity
level index formula (Ludwig and Reynolds, 1998). Density was counted according to Krebs
(1978).

RESULTS AND DISCUSSION

Opisthobranchia which is found on the Bama beach is Family Aplysiidae 1 species (3
individuals), Family Phyllidiidae 3 species (5 individuals), and Family Discodorididae 1
species (1 individual) (Yonow, 2008). The Opisthobranchias found in the sea grass and
rocky zone is shown in Table 1. Family Phyllididae can be found in every stations
approximately 4 species. Family Phyllidiidae is one of the Opisthobranchia species which
are common in the tropics and in the Indo-Pacific region with abundant quantity during the
day (Brunckhorst, 1993), the same as this research. Species found at each observation
station (sea grass and rocky zones) is Phyllidiella nigra. It suggests that P. nigra suits with

the Bama beach’s waters conditions.

Table 1. Opisthobranchias found in sea grass and rocky zone

Zona > individual > sp > sp (Family)
Aplysiidae Phyllidida Discodorididae
Sea grass 6 3 3 2 1
Rocky 3 3 0 3 0
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Fig. 1: Opisthobranchia found in Bama Beach. A. Phyllidia varicosa; B. P. multifaria; C. P. coelestis;
D. Dolabella auricularia; E. Phyllidiella nigra; F. Discodoris boholiensis

Brower (1998) mention that species diversity is a measure of community stability (the
ability of community structures to be unaffected by the disruption of its components). The
stability of a community associated with the number and level of complexity of pathways of
energy and nutrients (food web). The better level of complexity of food webs, the more
stable communities and higher diversity it has. Thus, the H’ value differences is affected by
its substrate because the more variable the substrate, the greater the species diversity within
it. This pattern was offered as one of the reasons why there are more species in a bigger
area (more area covers a greater variety of habitat). The diversity value in sea grass and

rocky zone is shown in Table 2.

Table 2. Shannon-Weaner diversity level index value

Zone H’ E R
Sea grass 1,097302228 0,998807531 0,548442467
Rocky 1,098436885 0,99984034 0,556276893

Margalef in Odum (1968) says that diversity is a parameter that can be used as clues
to determine the trophic level of an ecosystem. Higher diversity means that the food chain
will be longer and more interactions can be occurred in the ecosystem likes symbiotic
relationship, such as mutualism, parasitism, and commensalism. Odum (1993) stated that
diversity is identical to the stability of an ecosystem, which means if the ecosystem diversity
is relatively high then the ecosystem condition is stable. Overall, the index of
Opisthobranchia diversity (H') on both zone is ranged from 1.097302228 to 1.098436885.
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Evenness index values indicate the extent of the dominant species (the activity) that
can interfere with the existence of other types (Merman, 2004). The smaller of E value, the
smaller its population uniformity, on the other hand, the greater the E value, then the
population will show uniformity, which means that in the community may not be a dominant
group of species. The E value in the sea grass zone is 0.998807531 and in the rocky zone is
0.99984034 which means that on both zone there is no a species dominance.

It was used to view the evenness of the distribution of individuals among species
(Odum, 1993). Evenness index that ranges from 0.920619836 to 1 indicates that the habitat
conditions at all study sites are heterogeneous, which means that the condition of biotic and
abiotic factors and more varied. Evenness index values on both substrates indicates that
Opisthobranchia at that location have nearly the same abiotic conditions tolerance limits and
the availability of existing resources. It is the same Ahlfinger et al. (2008) that the existence
of individuals of each species at a location fairly balanced if the evenness index (E) relatively
close to 1.

Richness index in the rocky zone is 0.556276893 and in the sea grass zone is
0.548442467. 1t is known that richness index in the rocky is higher than in the sea grass,
which means the Opisthobranchia which lives in the rocky substrate is more diverse, so it
has an optimum environment condition. It is shown that there can be a longer food chain
and a greater opportunities for interactions among its constituent species, so the
environmental condition is steady.

Opisthobranchia density is the number of Nudibranchia individuals per unit area. It
will give an overview on the condition of the population (Campbell, 2004). The substrate
condition is one factor that affect the density. The highest density is Dolabella auricularia
(0.239629) due to its nocturnal nature and the time sampling was at night. The

Opisthobranchia diversity is shown in Table 3.

Table 3. Opisthobranchia’s density

Zone Taxa D (ind/m2) Di (%)

Phyllidiella nigra 0,25565 33,33333
Sea grass Phyllidia multifaria 0,239629 31,24431
Phyllidia varicosa 0,271672 35,42235

5> 0,766951 |GG
Phyllidiella nigra 0,239629 33,33333
Rocky Discodoris boholiensis 0,239629 33,33333
Dolabella auricularia 0,239629 33,33333

5 0718886 [N
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ABSTRACT

The aim from this research is to find out impact of the 6 years after logging to the
various kinds of orchids at Malinau Research Forest (MRF-CIFOR) the village of Seturan —
district of Long Loreh, the regency of Malinau.

Input data species of orchids using census method in the climax forest to the
broadness of 6 hectares and the log over area to the broadness of 12 hectares. In the
primary forest it could be found Orchids is consist 3324 individu from 43 species. In log over
area being found 1649 individual from 38 species. Thus 6 years after logging bring about of
degradation sum of individual 71.1% and species 18.1%.

The host tree in the climax forest to the amount of 696 trees are consisting of 179
species in 85 genera of 39 families, with 417 trees (59,9%) each of them has a diameter
runs 36-67 cm, whereas in the log over area being found 610 trees consisting of 162 species
in 101 genera of 42 families with 484 trees (79,9%) each of them has got a diameter runs
from 20-51 cm.

Keywords: climax forest, log over area, microclimate, diversity

INTRODUCTION

Orchidaceae only a small group of plants, but it is a significant part of all plant
species are found in tropical forests. Because it has a very importance role in characterizing
the types of tropical forest, including nutrient recycling systems in various types of
forest ecosystems (Mitchell, 1989).

The results Gandawidjaja (1997) showed in kalimantan known as Orchids land has
recorded 2500-3000 orchid species (75% orchid Indonesia-Malaysia or or Malesia),
orabout 10% of allspecies of orchidsin the world. The diversity of
orchids in various types of trees, growth rates, and parts of trees that became the host for its
dependence on microclimatic conditions of forest stands. That led to the existence of a
number of colonies of orchidscan only be found in certain tree species or in certain parts of
the tree, otherwise other colonies can be found in each type of tree and on every part of the
tree. For that conducted the study with the objective to identify orchids and its host tree, in
climax forest and in logged forest that is harvested with a conventional system (TPTI).
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MATERIALS AND METHODS

A. Overview: Research Areas (Machfudh and Kartawinata. 2001)
1. Location

The experiment was conducted at the climax forest and logged-over forest at the
Forest Research Station Malinau Research Forest (MRF) - Center for International Forestry
Research (CIFOR), Seturan village-subdistrict Long Loreh in Malinau (180 km from the town
of Malinau). Size total acreage of Forest Research Malinau (BRF-CIFOR) is approximately
321 000 hectares. The observation in 1997 to use the Landsat TM-5 showed a wet tropical
forest in the area of Research Station Forest-CIFOR BRF Seturan consists of climax forest
(97.84%), secondary forest (2.12%) and the open land (0.04%).
2. Topography

Topographic conditions of the area of Forest Research Station BRF - CIFOR Malinau
Seturan-hilly, located at an altitude between 100-300 m above sea level, with slopes varying
between 10% - 70%. While 40% of the total BRF area has slopes between 25-40%
(including in Seturan), while areas with greater slope (steep to very steep) lots located on the
west and southwest. Based on data obtained by using the Digital Elevation Model (DEM)
from satellite Radarsat can be obtained information that the 84.24% area of BRF is hilly area
with altitude of more than 300 m above sea level., 11.43% is an area with undulating
topography, with little there is a flat area.

3. Climate

Climate data have been obtained from PT Inhutani Il Unit Malinau show that the forest
areas managed by the BRF-CIFOR and its surroundings are included in the precipitation
type A on the basis of Schmidt and Fergusson (1951), with dry periods of less than 2 (two)
months and wet months over 9 (nine) months, the average rainfall was recorded around
3790 annual mmyear™.

4. Hydrology

Topographic conditions are largely a local cause BRF-CIFOR area is passed by 3
(three) major rivers namely the Malinau River, which flows from east to west and then turned
north; Tubu river, which crossed the mid-BRF area and flows northward and then then
turned east to join the river Mentarang Mentarang river will join the Malinau River in the
village of Cow lIsland and is the limit of BRF in the north, two rivers, will join with the river
Sesayap. Also along the western boundary BRF Bahau river also flows from north to south
direction, which would then meet with greater Kayan river. Based on the existence of these
large rivers and the water flow pattern, the BRF area can be grouped into 3 (three) main
water catchment area or water basin (DAS), the Malinau watershed (44.09%), DAS Tubu /
Mentarang (36.04 %), and DAS Bahau (19.86%).

B. Permanent sample plots at the Forest Research Area BRF Seturan CIFOR Malinau
(Machfudh, et al. 2001)

Dipterocarpaceae forest Lowland is a major extensive forest type contained in the
BRF, very rich with trees that have a 35-40 m tall, dominated by trees with > 10 cm a
diameter tribes, particularly Meranti ( Shorea sp.), Keruing (Dipterocarpus sp.) and Merawan
(Hopea sp.). Agathis borneensis, are commonly found growing in forests with sandy soils in
the BRF area, apart from that are commonly found in species of Fabaceae, especially
Koompassia excelsa, or called "Bengeris" or “honey tree” by local residents.

Number of permanent sample plots in the plot (PSP) in the BRF-CIFOR totaling 24
plots, each measuring 100m x 100m (1 hectare), the whole is a mixed forest
Dipterocarpeceae. PSP location is located approximately 30 km east of Forest Research
station BRF-CIFOR.
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The data have been obtained from 24 PSP, each with size 1 (one) hectare, prior to
logging shows that the tree diameter (dbh) had an > 20 cm average basal area 4.30 m%ha
and density of 253 trees / ha. The trees from the Dipterocarpaceae family dominated the
entire plot of the study, reaching 27% of tree density and 40% basal area, as well as the
main component of the forest canopy. Other types that have a high density and basal area is
Shorea elliptica S. maxwelliana and S. parvifolia, while Shorea is the largest tree with a
diameter 199.6 cm

C. Diversity of orchids

Most orchids are epiphytes living at the canopy grows in colonies with Licopodium
Selliguea sp. of the genera of ferns which are found-shaped pile substrate (moss).
Overall the number of orchids are found in logged over area (LOA) of 12 hectares as 1492
individuals or as much as 124.3 individuals per hectare, which is included in 37 species from
18 genera.

Orchids which live singly orin the form of colonies generally found to grow and
thrive in the tree canopy (97.6%) mainly on the branches that are large. Some other
small (only three types, or 2.4%) were found living on the trunk free from branches and none
of the orchid species are found living on the bole of the tree (ground level).

Table 1. 10 (ten) Orchids often found in the Canopy In Climax Forest (CF) and Log Over

Area (LOA)
Species Genera Sum Of individu
CF LOA
Bulbophyllum binnendijkii J.J.S. Bulbophyllum 197 -
Bulbophyllum beccariu Rchb.f. Bulbophyllum 165 102
Bulbophyllum gracillum Rolfe. Bulbophyllum 143 -
Bulbophyllum lepidum (BI.) J.J.S. Bulbophyllum 132 -
Bromheadia finlaysiniana (Lindl.) Miq.  Bromheadia 117 -
Bulbophyllum vaginatum (Lindl.) Rchb. Bulbophyllum 144 -
Cimbidium finlaysonium LindI. Cymbidium 110 -
Acriopsis javanica Reinw. Acriopsis 108 102
Sarcanthus subulatus Rchb.f. Sarcanthus 107 -
Bulbophyllum macranthum Lindl. Bulbophyllum - 98
Bulbophyllum purpurescens Ted. & B.  Bulbophyllum - 89

These conditions correspond to the results of research from Partomihardja (1991) on
the plotarea of6 hainsecondary forest Wanariset Sambodja-Kutai Kartanegara
indicating that Orchidaceae is the typeeasy to find,rich in species, spread, and
the most abundant. Something similar is also conveyed by Walter (1971), OOsting and
Migenis (1993)that the presence and distribution of orchid generally abundant
in the canopy, especially those that grow relatively flat at various canopy heights. In Table
1 are given 10 species of orchids orchids are often foundin the canopy of trees and
only three species that grow on the trunk free from branches.

In CF and LOA orchids found mostly in the form of colonies on the former branch or
limb fractures were deep enough or the sidelines of the branches are large and filled with
litter or organic ingredients as well mildew cracks in tree trunks. Dominant orchids found
alive on a tree trunk with a large diameter and are not found living in other parts of the tree,
because it did not like the shade in all parts of his life. Though often found to accumulate on
one side of the rod opposite the sun. Where the stick on cracks or fissures are narrow tree
trunks perakaraan system is much longer and extends over parts of the body, whereas if his
life in the cracks or holes large enough fault branch and the (full litter) then the roots is
almost invisible. It shows orchids although tolerant of direct sunlight but not resistant to
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drought. The existence of orchid can be used as an indicator that shows the area is very
humid environmental conditions and often foggy.

Table 2. The most Orchidaceae being found at the bark tress in the Climax Forest (CF) and
Log Over Area (LOA)

Sum Of individu

Species Genera CE LOA
Agrostophyllum BI. Agrostophyllum 67 -
Bulbophyllum gracillum Rolfe Bulbophyllum 57 14
Bulbophyllum lepidum (BIl.) J.J.S. Bulbophyllum 57 -
Bulbophyllum beccariu Rchb.f. Bulbophyllum 33 -
Bulbophyllum vaginatum (Lindl.) Rchb. Bulbophyllum 32 -
Bulbophyllum macranthum Lindl. Bulbophyllum 23 -
Bulbophyllum purpurescens Ted.&B. Bulbophyllum 17 -
Sarchantus subulatus Rchb.f. Sarcanthus - 14
Pholidota imbricata (Rchb.f.) Lindl. Phollidota - 9

Orchid on the bole of tree, in addition to type Eria Javanica (BIl.) Lindl. which is the tribe
of Orchidaceae in the primary forest. This situation suggests that different types of orchids
tolerant of sunlight, the humidity is not too high, this condition is ideally located on the
canopy (Wolf, 1994).

Felling trees and looming large in diameter (emergent trees), which is often the host
tree are many kinds of orchids, are potentially reduce the availability of local seeds and
endemic orchids, including reduced vegetation growth and spread of orchids species,
thereby reducing the presence and abundance or even extinct. The condition is caused by
environmental conditions around the host tree supporting orchids growth has started to not
fit as a result of a sudden and sharp changes and will take place in the long run. Since the
penetration of sunlight on the forest floor logged greater than in primary forest floor, causing
the tree dries faster (Sutton, 1983; Mitchell, 1989).

3. Tree diameter distributions Host On Primary and Forest Used Forest Felling

Stem diameter which generally indicates the age, seems closely related to the number
of epiphytes especially orchids that attach to a host tree species. Regardless of species,
genera and families, host trees with relatively large diameters tend to be more attached
orchids, both in number of species and number of individuals. With large diameter trees over
most of the bark has a condition favorable for the growth of orchids, because his skin is
generally rough, cracks and a lot of indentations, holes and broken branches or scars rotting
(Mitchell. 1989).

However, it does not mean that every large diameter trees that although of the same
type will always be more attached orchids, not even found at all (walter, 1993) for example
on the type Koompassia excelsa and Agathis borneensis (or in kind by the host tree but
canopy is damaged, molt and nearly bald or already bald).

Observations on Table 3, show that in primary forest around 59.9% of the host tree has
a trunk diameter of 36-67 cm, and 5.4% of all host trees or 38 host tree has a diameter of
more than 84 cm, while 175 trees host or 25.1% of the host tree has a diameter between 20-
35 cm. In logged over area shows the host tree or about 49.3% of all host trees have a
diameter between 20-35 cm, 186 host tree or approximately 30.0% of the host tree has a
diameter between 36-51 cm, 89 host trees or around 21.1% of all host tree has a diameter
between 52-67 cm, 19 host tree or approximately 15.3% of the host tree has a diameter
between 68-83 cm, while 18 host tree, or about 3.3% of the host tree has a diameter of
between 84 -131 cm. And when comparing the host tree diameter distribution between
primary forests to forests logged, then the average diameter of the host tree in the primary
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forest is greater than the average diameter of host trees in logged-over forests. At logged-
over area are most at between 20-51 cm diameter class and have not found the host tree
with a diameter of 132 cm, because the tree trees with diameters over 100 cm was cut out
and left more because of poor quality trees (“growing”, disability, branch of branch-free trunk
is too short, or curved) or trees of the species harvested are prohibited.

Table 3. Tree Diameter Distribution of Host Tree on Climax Forest (CF) and Log
Over Area (LOA)

No Class of Diameter CF LOA

' (cm) Sum % Sum %
1. 20-35 175 25.1 301 493
2. 36 — 51 234 33.6 183 30.0
3. 52 - 67 183 26.3 89 21.1
4. 68 — 83 66 9.5 19 15.3
5. 84 - 99 21 3.0 12 2.3
6. 100 - 115 9 1.4 4 0.7
7. 116 — 131 3 0.4 2 0.3
8. 132 — 147 3 0.4 - -
9. 148 — 163 1 0.1 - -
10. 164 — 179 1 0.1 - -

Total 696 100.0 610 100.0

Tree of life orchids (host) often have special physical appearance. Most of the host
plants have branches, branches or twigs that growth is relatively flat or sloping habitats
encountered groups of orchids. Surface of the skin on the slippery wood trees and hard, for
example Legerstroemia lanceolata, L. duperreans, Kompassia exelsa and others, rare live
orchids that grow well, so that orchids often found in trees that have a rough skin, cracked
and grooved so easy to save water, for example Ehritia acuminata, Sonneratia caseolaris,
Pithecellobium scalare, Calophyllum inophyllum and others (Claudio, R. 1999;
Partomihardja, 1984). Conversely though environmental conditions, especially climatic
elements strongly support the presence of orchids was never found in plants pioneer (Essen,
1996).

CONCLUSION

The results of this study, several conclusions can be drawn as logging activities have
caused degradation number of individuals and number of orchids species.
Although logging activities have been implemented 6 years,felling trees and looming large in
diameter (emergent trees), which is often the host tree are many kinds of orchids, are
potentially reduce the availability of local seeds and endemic orchids, including reduced
vegetation growth and spread of orchids species, thereby reducing the presence and
abundance or even extinct.
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Abstract. Lichen is an outstanding successful group of symbiotic organisms, which
comprise the strand of algae partner (photobiont) and fungal partner (mycobiont). According
to the morphological forms, there are seven growth-forms of lichen, however, there are five
common growth-forms, i.e.: foliose, fruticose, crustose, squamulose, and leprose. A
taxonomic study of the crustose lichens in the forest of TAHURA R. Soeryo had been
conducted based on morphological, anatomical, and chemical characters. In this research
involved a method of descriptive explorative and the aim of this research is to study the
diversity of crustose lichens in the forest of TAHURA R. Soeryo. TAHURA R. Soeryo is a
conservation forest located in Tulungrejo, Batu City, East Java. Its altitude is 1000-3000 m,
the rainfall is about 2500-4500 mm per year, and the temperature is about 5°C-18°C. This
research was conducted from September 2010 — Januari 2011. Twenty species of crustose
lichen with one species unidentified and one specimen identified to the group of family are
reported from the forest of TAHURA R. Soeryo. They are Graphina anguina, Graphina
columbina, Graphina ruiziana, Graphis galucescens, Graphis elegans, Graphis scripta,
Phaeographis lyelli, Megalospora campylospora, M. cf sulphurata, Pertusaria amara,
Pertusaria sp., P. corallina, Pachyphiale carneola, Pachyphiale sp., Phlyctis agelaea,
Lepraria sp., Lecanora carpinea, Lecania cyrtella, Cyphellium inquinans and one new record
from Java, M. kalbii. The taxonomic, the current delimitation and description, altitudinal
range, humidity, light intensity, temperature of the each species; and the identification key to
its species of the TAHURA R. Soeryo's crustose lichen are presented in the article.

Keywords: diversity, crustose lichen, Forest of TAHURA R. Soeryo

INTRODUCTION

Lichens are also a plant, but a very special kind, for when we dissect and examine it
under a microscope, we find that it is composed of two completely different organisms,
microscopic green or blue-green algae and colorless fungal threads called hype. These two
components grow together in a harmonious association referred to as symbiosis, or more
simply a “living- together”. Lichen symbiosis, however, differs basically from all other kinds in
that a new plant body, the thallus, is formed and this talus has no resemblance at all to either
a fungus or alga growing alone (Hale, 1969). Lichens can be found from extreme low tide
level on the sea-shore to the tops of high mountains, and from arctic to tropical regions
(Dobson, 1992).
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Growth form means the overall shape and configuration of the lichen talus. There are
three major types: foliose, fruticose, and crustoce (Hale, 1974; Rout et.al., 2010). A fourth
type, the squamulose lichens, may also be recognized. The whole association grows at a
rate ranging from one millimetre or less per year for crust (crustose) lichens up to a few
centimetres a year for the most rapidly growing leafy (foliose) or shrubby (fruticose) lichens
(Richardson, 1992). The distribution of lichens is governed by many interacting factor i.e.
topography, substrate, light intensity, moisture, humidity (Termina et.al., 2009; Ramakantha
et.al., 2003; Hayward et.al., 1975; Kenkel et.al., 1986 ) and altitude (Hayward et.al., 1975).

Tropical forest has a complex component either flora or fauna. One of the tropical
forests in Indonesia is an Arjuno Lalijiwo forest which is more famous with Taman Hutan
Raya R.Soeryo (TAHURA). Geographically, Tahura is located in Tulungrejo village, Bumiaji
District, East Java. Topography in general has various configurations among superficial,
hilly, mountain with 1000-3000 m high from the upper surface of sea shore. Its altitude is
1000-3000 m, the rainfall is about 2500-4500 mm per year, and the temperature is about
5°C - 10°C. Biotic potential of that area is flora condition dominated various kinds of plant.
(Departemen Kehutanan, 2008). Deforestation is a major enviromental issue which may
cause disappearance of many lichen species without being studied. Fifteen species of
foliose lichen (Jannah et.al., 2009) and eleven species of fruticose lichen (Jannah et.al.,
2010) is reported in this forest.

Lichens has a big diversity in this world, however, people pay very small attention
in this subject. Lichens play a very important role in the ecosystem, as oxygen supplier,
bioindicator of air pollution and air quality biomonitoring (Richardson, 1992; Negi, 2003; Rout
et.al., 2010). This rich diversity indicates good forest health. Lichens can also be very
usefull,as medicine, antibiotic, antimutagenic, cosmetic (Nash, 1996; Negi, 2003) and
pesticide (Dayan et.al.,2001).

Therefore, we had conducted a lichen taxonomical research in purpose to study the
diversity of crustose lichens in TAHURA R. Soeryo, to identify the species of lichen in the
TAHURA R. Soeryo, and to provide the identification key of its species, in which the study

would support the conservation of lichen in situ in the ecosystem.

MATERIALS AND METHODS

This research is descriptive explorative which has purpose to study the diversity of
crustose lichens in TAHURA R. Soeryo. This researches was conducted from September -
January 2011, in which involved a method of descriptive explorative technique. The
identification involved the method of determining the shape and colour of the thallus, the

presence or absence of soredia, soralia, and isidia and the size and septation of the spores
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within the fruit bodies and chemical tested. The chemical substances used are P
(Phenylenediamin), K (Potassium hydroxide), and C (Calcium hypoclorite). The substances
of thallus lichen are identified by their characteristic microcrystal formation in various
reagents i.e. GAW (H,O : glycerol: ethanol = 1:1:1), GE (acetic acid : glycerol = 1:3), An

(aniline : glycerol : ethanol = 1:2:2), dan oT ( o-toluidine : glycerol : ethanol = 1:2:2).

RESULTS AND DISCUSSION

The diversity of crustose lichen in the forest of TAHURA R. Soeryo, Batu, East Java consist
of 9 families and 20 species of crustose lichen with one species unidentified and one
specimen identified to the group of family. In this research the family Graphidaceae is the

most common with 8 species being identified.

Identification Key

1. @ WIHhOUL SOralia. ... e 6
b. With White Soralia ...........oooiiiiiiiiii 2
2. a. Soredia White (P+red, K-). ..o Pertusaria amara
b. Soredia @abSEeNt........coeiiiiiiee e 3
3. a. Without isidia (K+yellow, P+red, CH+Yellow)..........ccccocvuiiniiiieiiciiceecceeeanns Unidentified
D. With White iSIdia.....cei e e e e e e e e eeeeas 4
4. a. Soredia absent (K-, P-. C-)..uuviiiiiiiiiii e Pertusaria corallina
D. SOredia Gre€N COIOUT.......ocii it e e 5
5. a. It has reddish yellow isidia (K+red, P+red, C+yellow).............ccceeeveeeennnnnee. Lepraria sp.
b. It has green isidia (K+red, P+red, C-).......c.cccoooii . Pertusaria sp.
6. a. Apothecia with lirellate Shape...........ooeiiiiiiii 7
b. Apothecia with diSC Shape............uuuimiiiiiii e 15
7. a. Margin and disc of apothecia cant be differentiated............................. Lecania cyrtella
b. Margin and disc of apothecia can be differentiated.............ccccuvviiiiiiiiiiiiiiiiiieees 8
8. a. Spore one septate with epispore warted (K+yellow)....... Megalospora campylospora
b. Spore one septate with epispore smooth..............ccoooiiiiiiiiiiiiii 9
9. a. Apothecia margin greyish white (K+ yellow,P+red) .................... Cyphellium inquinans
b. Apothecia margin reddish Orange............c..ueuiiiiii i 10
10.a. Spore muriform, = 2 in each ascus (K+red, C+yellow).............cccuvvnnee Phlyctis agelaea
b. Spore muriform, one in €ach @sCUS.............ccooiiiiiiiii 11
11.a. Apothecia green pruinose (P +reddish yellow)............ccccceeeeiinnnnis Megalospora kalbii
b. ApOthecia ePruiNOSE........cooiiiiiiee e 12
12.a. Spora multiseptate, 2-40 in each ascus (K+yellow)................... Pachyphiale carneola
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b. Spora multiseptate, one in €ach asCuSs...........cccoociiiiiiiiccc s 13
13.a. Apothecia with reddish brown disc (K-, C-, P-).....ccccoiiiiiiiiiis Pachyphiale sp.
b. Apothecia with dark brown diSC .............eviuiiiiiiiiiiii e 14
14.a. Apothecia lecideine (K+yellow, C-,P+red)...........ccceeeee... Megalospora cf. sulphurata
b. Apothecia lecanorine (K+yellow, P+ red, C+yellow) .................... Lecanora carpinea

15.a. Margin and centre of lirellae apothecia cant be differentiated

(K+ Kuning, CHKUNING)  .eeveeieiiieieiiiiee et Graphidaceae
b. Margin and centre of lirellae apothecia can be differentiated................cccccconnnnnnns 16
16.a. Lirellae innate (P+red, CHyellow)........ccccoeiiininiiiii i, Graphina anguina
b. Lirellae elevated ... 17
17.a. Apothecia with rarely branched (K+yellow) ...........ccccviiieiieeeinnnes Graphina ruiziana
b. Apothechia with much branched...........cccccooiiii 18
18.a. Apothecia white pruinose (K+yellow)............coovvveveviiiiiiiiniennen.. Graphina columbina
b. Apothecia brown PruiNOSE........oiv i i e 19
19.a. Spore multiseptate with thick-walled (K+yellow)....................... Phaeographis lyelli
b. Spore multiseptate with thin-walled.............c..coooeiiiiiiiiii 20
20.a. Margins of lirellae with several furrows, often (K+red).................... Graphis elegans
b. Margins of lirellae unfurrowed ..............oeeiiiiiiii e 21
21.a.Centre of lirellae with dull black (P+red, C+yellow) ......................... Graphis scripta
b. Centre of lirellae with pale brown (K+red,C+yellow) ............... Graphis glaucescens

Taxonomic Descriptions

1. Graphina anguina (Mont.) Mull. Arg.

This lichen belongs to Graphidaceae family. Thallus grey, irregularly shaped, usually
wrinkled and cracked; chemistry: 4-0-methylphysodic acid, roccellaric acid, and
acetylportentol; apothecia lecideine, immersed, lirellate, innate, margins with gray, centre
with black, much branched and serpentine; spores 2-8 in each ascus, colourless, muriform,
1,5-2 x 1-2 ym; Chemical test in medulla are C+yellow, K-, P+red. Habitat and ecology: In
forest, this species was found on old and cracked bark, at altitudes ranging from 1640-1730
dpl, temperature is about 16°-19°C, humidity is about 83-98%, and light intensity is about
475-1700 lux.

2. Graphina columbina (Tuck.) Wirth et. Hale. Jr.

This lichen belongs to Graphidaceae family. Thallus greenish to brownish, irregularly
shaped; chemistry: dissectic acid with atranorin, fumarprotocetraric acid, acetylportentol,
barbatic acid, and retigeric acid; apothecia lecideine, lirellate, margins with pale green,

centre with white and widely, white pruinose, much branched; spores 2-8 in each ascus,
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colourless, muriform, 6-15 x 1-3 ym; Chemical test in medulla are C-, K+yellow, P-. Habitat
and ecology: In forest, this species was found on old and cracked bark, at altitudes ranging
from 1640-1780 dpl, temperature is about 17,5-19°C, humidity is about 85-98%, and light
intensity is about 600-1150 lux.

3. Graphinaruiziana (Fée) Mull. Arg.

This lichen belongs to Graphidaceae family. Thallus greenish grey or whitish, irregularly
shaped, sometimes scarcely developed, it has orange soredia; chemistry: dissectic acid
with atranorin, 4-0-methylphysodic acid, acetylportentol, and retigeric acid; apothecia
lecideine, lirellate, margins with whitish grey, centre with black, elevated, and rarely
branched (unbranched); spores >1 in each ascus, colourless, muriform, 6-12 x 1-2 um;
Chemical test in medulla are C-, K+yellow, P-. Habitat and ecology: In forest, this species
was found on old and cracked bark, at altitudes ranging from 1780 dpl, temperature is about
17,5°C, humidity is about 98%, and light intensity is about 600 lux.

4. Graphis galucescens Wirth et. Hale. Jr.

This lichen belongs to Graphidaceae family. Thallus white to greenish grey, irregularly
shaped; chemistry: fumarprotocetraric acid, bellidiflorin, nephroarctin, dan pseudo-
norrangiformic acid; apothecia lecideine, lirellate, margins with greenish grey, centre with
pale brown, spiral and much branched; spores 4-) 6 (8- in each ascus, colourless,
multiseptate, 4-6 x 1 um; Chemical test in medulla are C+yellow, K+red, P+red. Habitat
and ecology: In forest, this species was found on old and cracked bark, at altitudes ranging
from 1780 dpl, temperature is about 17,5°C, humidity is about 98%, and light intensity is
about 600 lux.

5. Graphis elegans (Sm.) Ach.

This lichen belongs to Graphidaceae family. Thallus greenish grey, irregularly shaped,
smooth, rather thin, slightly, and wrinkled; chemistry: barbatic acid and acetylportentol;
apothecia lecideine, lirellate, margins with black and several furrows, centre with black,
spiral and carbonaceous; spores 6-13 in each ascus, colourless, multiseptate, 5 x 0,5-1 ym;
Chemical test in medulla are C+yellow, K+red, P+red.

Habitat and ecology: In forest, this species was found on old and cracked bark, at altitudes
ranging from 1640-1800 dpl, temperature is about 17,5°-19°C, humidity is about 85-98%,
and light intensity is about 600-1700 lux.

6. Graphis scripta (L.) Ach.

This lichen belongs to Graphidaceae family. Thallus grey, smooth or wrinkled, irregularly
shaped; chemistry: 4-0-methylphysodic acid and acetylportentol; apothecia lecideine,
lirellate, margins with gray and unfurrowed, centre with pale black, sometimes pruinose and

carbonaceous; spores 11-15 in each ascus, colourless, multiseptate, 4-5 x 0,5-1 um;
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Chemical test in medulla are C+yellow, K-, P+red. Habitat and ecology: In forest, this
species was found on old and cracked bark, at altitudes ranging from 1640-1730 dpl,
temperature is about 16°-19°C, humidity is about 85-98%, and light intensity is about 475-
1150 lux.

7. Phaeographis lyelli (Sm. ) Zahlbr.

This lichen belongs to Graphidaceae family. Thallus green, smooth, glossy, irregularly
shaped; chemistry: thamnolic acid with decarboxythamnolic acid, acetylportentol,
nephroarctin, and a-acetylsalazinic acid; apothecia lecanorine, lirellate, margins with green,
centre with brown; spores > 3 in each ascus, colourless, multiseptate, 3-4 x 1 um;
Chemical test in medulla are C-, K+yellow, P+red. Habitat and ecology: In forest, this
species was found on old and cracked bark, at altitudes ranging from 1640 dpl, temperature
is about 18,5°-19°C, humidity is about 83-85%, and light intensity is about 1050-1150 lux.

8. Unidentified Graphidaceae

This lichen belongs to Graphidaceae family. Thallus brwonish gray, smooth, irregularly
shaped, it has yellowish white soredia; chemistry: 4-0-methylphysodic acid, acetylportentol,
and pseudo-norrangiformic acid; apothecia lirellate, elevated, unbranched; Chemical test in
medulla are C+yellow, K+yellow, P-. Habitat and ecology: In forest, this species was found
on old and cracked bark, at altitudes ranging from 1640 dpl, temperature is about 18°-19°C,
humidity is about 75-85%, and light intensity is about 1050-1700 lux.

Notes: This specimen identified to the group of family because spores in the apothecia was
not found.

9. Megalospora campylospora (Stirt.) Sipman

This lichen belongs to Megalosporaceae family. Thallus greenish gray, irregularly shaped,
rather thick, very rugulose with little cracks; chemistry: diffractaic acid and acetylportentol.;
apothecia lecidine, scattered, sessile, orbicular or oblong and the large ones becoming
lobed to reniform to irregularly shaped, margins with black, disc with black, up to 3 mm diam;
spores 4-6 in each ascus, colourless, one septate with epispore warted, 10-25 x 20-28 um;
Chemical test in medulla are C+yellow, K+yellow, P+red. Habitat and ecology: In forest,
this species was found on old and cracked bark, at altitudes ranging from 1640-1800 dpl,
temperature is about 16°-18,5°C, humidity is about 75-98%, and light intensity is about 45-
1700 lux.

10. Megalospora cf. sulphurata Meyen

This lichen belongs to Megalosporaceae family. Thallus greenish gray, irregularly shaped,
rather thin to rather thick, smooth to very rugulose, small cracks or with longitudinal,
epruinose; chemistry: diffractaic acid, haemathamnolic acid, barbatic acid dan

acetylportentol; apothecia lecidine, scattered, sessile, orbicular to oblong and the large ones
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becoming lobed or irregularly shaped, margins with black, disc with brown to black, up to 3
mm diam; Chemical test in medulla are C-, K+yellow, P+red. Habitat and ecology: In
forest, this species was found on old and cracked bark, at altitudes ranging from 1640 dpl,
temperature is about 18,5°-19°C, humidity is about 83-85%, and light intensity is about 1050-
1150 lux.

Notes: This specimen identified to the group of Megalospora genus. This genus is
characterized by olidroplet in the hymenium (Sipman, 1983). This specimen was not found
spores, it may prove worthy of further identification. Spora type is an important aspect for
identification, because it can be used as special characteristic of species and family.

11. Megalospora kalbii Sipman

This lichen belongs to Megalosporaceae family. Thallus grayish white, irregularly shaped,
rather thin to rather thick, smooth to very rugulose, epruinose; chemistry: 4-0-
methylphysodic acid and acetylportentol; apothecia lecidine, scattered, adnate, orbicular to
oblong and the large ones becoming lobed or irregularly shaped, margins with black, disc
with brown to black, dull green pruinose, up to 1 mm diam; spores one in each ascus,
colourless, muriform, 10-15 x 20-50 uym; Chemical test in medulla are C-, K-, P+red.
Habitat and ecology: In forest, this species was found on old and cracked bark, at altitudes
ranging from 1640 dpl, temperature is about 18°-18,5°C, humidity is about 75-83%, and light
intensity is about 1050-1700 lux.

Notes: The avalaible specimen deviates from Sipman’s description (1983) by epruinose
apothecia disc and brown to dark apothecia, but from Sipman’s description (1999) by white
pruinose apothecia disc and pale brown to dull brown apothecia disc. As more collections
become avalaible, it may prove worthy of further study and of a separate taxonomic status.
12. Pertusaria amara (Ach.) Nyl.

This lichen belongs to Pertusariaceae family. Thallus grayish white, irregularly shaped, thick
and delimited, it has white soredia and soralia, very bitter taste of the soralia; chemistry:
baeomycesic acid, 4-0-methylphysodic acid and acetylportentol; Chemical test in medulla
are C-, K-, P+red. Habitat and ecology: In forest, this species was found on old and
cracked bark, at altitudes ranging from 1640 dpl, temperature is about 18°-18,5°C, humidity
is about 83%, and light intensity is about 1050-11650 lux.

13. Pertusaria corallina (L.) Arn.

This lichen belongs to Pertusariaceae family. Thallus white to pale gray, irregularly shaped,
thick, warted, it has white isidia; chemistry: fumarprotocetraric acid, pseudo-norrangiformic
acid, hiascic acid, and acetylportentol; Chemical test in medulla are C-, K-, P-. Habitat and

ecology: In forest, this species was found on old and cracked bark, at altitudes ranging from
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1640 dpl, temperature is about 18,5°-19°C, humidity is about 83-85%, and light intensity is
about 1050-1150 lux.

Notes: The avalaible specimen deviates from Dobson’s (1992) by this specimen was found
on rock.

14. Pertusaria sp.

This lichen belongs to Pertusariaceae family. Thallus gray, irregularly shaped, thick, warted,
it has green soredia and isidia; chemistry: dissectic acid with atranorin, thamnolic acid with
decarboxythamnolic acid, atranorin, barbatic acid, and acetylportentol; Chemical test in
medulla are C-, K+red, P+red. Habitat and ecology: In forest, this species was found on old
and cracked bark, at altitudes ranging from 1640-1780 dpl, temperature is about 17,5°-19°C,
humidity is about 85-98%, and light intensity is about 600-1150 lux.

15. Pachyphiale carneola (Ach.) Arnold

This lichen belongs to Gyalectaceae family. Thallus dull green, thin, irregularly shaped,
smooth, epruinose; chemistry: 4-0-methylphysodic acid, baeomycesic acid, lichesterinic
acid, retigeric acid, and acetylportentol; apothecia lecidine, scattered, sessile, orbicular to
oblong and irregularly shaped, margins with reddish brown, disc with reddish brown, up to 2
mm diam; spores 2-40 in each ascus, multiseptate, fusiform shaped, colourless, 6-8 x 0,5
Mm; Chemical test in medulla are C+yellow, K+yellow, P+red. Habitat and ecology: In
forest, this species was found on old and cracked bark, at altitudes ranging from 1640 dpl,
temperature is about 18°C, humidity is about 75-83%, and light intensity is about 1650-1700
lux.

16. Pachyphiale sp.

This lichen belongs to Gyalectaceae family. Thallus dull green, thin, irregularly shaped,
smooth, it has reddish yellow soredia; chemistry: 4-0-methylphysodic acid, acetylportentol,
lichesterinic acid, baeomycesic acid, and retigeric acid; apothecia lecidine, scattered,
sessile, orbicular to oblong and irregularly shaped, margins with brownish black, disc with
brown, up to 1,2 mm diam; spores one in each ascus, multiseptate, fusiform shaped,
colourless, 5-6 x 0,5 ym; Chemical test in medulla are C-, K-, P-. Habitat and ecology: In
forest, this species was found on old and cracked bark, at altitudes ranging from 1640-1780
dpl, temperature is about 17,5°-18,5°C, humidity is about 75-98%, and light intensity is about
600-1700 lux.

17. Lepraria sp.

This lichen belongs to Stereocaulaceae family. Thallus grayish white, irregularly shaped,
thin, pruinose, it has white soredia and reddish yellow isidia; chemistry: 4-0-methylphysodic
acid, obtusatic acid, diffractaic acid, and acetylportentol; Chemical test in medulla are

C+yellow, K+red, P+red. Habitat and ecology: In forest, this species was found on old and
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cracked bark, at altitudes ranging from 1640-1730 dpl, temperature is about 16°-19°C,
humidity is about 85-98%, and light intensity is about 475-1150 lux.

18. Phlyctis agelaea (Ach.) Fw.

This lichen belongs to Phlyctidaceae family. Thallus gray, thin, cracked or warted, irregularly
shaped; chemistry: fumarprotocetraric acid, obtusatic acid, acetylportentol, and bellidiflorin;
apothecia lecanorine, scattered, sessile, orbicular to oblong and irregularly shaped, margins
with reddish orange, disc with green, green pruinose, up to 1,5 mm diam; spores >2 in
each ascus, muriform, colourless, 4-7x 1-2 ym; Chemical test in medulla are C+yellow,
K+reddish yellow, P+red. Habitat and ecology: In forest, this species was found on old and
cracked bark, at altitudes ranging from 1640 dpl, temperature is about 18,5°-19°C, humidity
is about 83-85%, and light intensity is about 1050-1150 lux.

19. Lecanora carpinea (L.) Vain.

This lichen belongs to Lecanoraceae family. Thallus grayish green, thin, smooth or warted,
irregularly shaped; chemistry: 4-0-methylphysodic acid, baeomycesic acid and
acetylportentol; apothecia lecanorine, scattered, sessile or adnate, roundish to irregularly
shaped, margins with brownish gray, disc with pale black, reddish green pruinose, up to 2
mm diam; spores 4-9 in each ascus, simple, colourless, 1x1 ym; Chemical test in medulla
are C+yellow, K+yellow, P+red. Habitat and ecology: In forest, this species was found on
old and cracked bark, at altitudes ranging from 1640 dpl, temperature is about 18°C,
humidity is about 75%, and light intensity is about 1700 lux.

20. Lecania cyrtella (Ach.) Th. Fr.

This lichen belongs to Ramalinaceae family. Thallus grayish green, thin, smooth, not
strongly attached on subsrate, pruinose, irregularly shaped; chemistry: baeomycesic acid,
roccellaric acid, pseudo-norrangiformic acid and acetylportentol; apothecia lecanorine,
scattered, sessile, roundish to irregularly shaped, margins and disc with brown, thalline
margin which usually becomes excluded as the apothecia mature and become convex, up to
2 mm diam; Chemical test in medulla are C-, K-, P-. Habitat and ecology: In forest, this
species was found on old and cracked bark, at altitudes ranging from 1640 dpl, temperature
is about 18°C, humidity is about 75%, and light intensity is about 1700 lux.

21. Cyphellium inquinans (Sm.) Trev.

This lichen belongs to Caliceaceae family. Thallus gray to reddish yellow, thin, warted,
irregularly shaped, it has white and orange soredia; chemistry: norstictic acid, alectorialic
acid and pseudo-norrangiformic acid; apothecia lecanorine, scattered, innate or sessile,
roundish to irregularly shaped, margins with grayish white, disc with black, black pruinose,
up to 1 mm diam; spores one septate, septate with black, brown, 1-3x 1 um; Chemical test

in medulla are C+yellow, K+yellow, P+red. Habitat and ecology: In forest, this species was
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found on old and cracked bark, at altitudes ranging from 1640-1800 dpl, temperature is
about 16°-19°C, humidity is about 75-98%, and light intensity is about 450-1650 lux.

22. Unidentified

Thallus grayish white, thin, warted, irregularly shaped; chemistry: fumarprotocetraric acid,
dissectic acid with atranorin, roccellaric acid, pseudo-norrangiformic acid, and
acetylportentol; Chemical test in medulla are C+yellow, K+yellow, P+red. Habitat and
ecology: In forest, this species was found on old and cracked bark, at altitudes ranging from
1640 dpl, temperature is about 19°C, humidity is about 85%, and light intensity is about 1150
lux.

Notes: This specimen unidentified because not found reproductive organs in the thallus.
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ABSTRACT

Siung beach has a unique structure. This caused organism that lived on this beach
has distinctive character. On the Siung beach was found several types of amphibious fishes.
These fishes were belong to Family Gobiidae. These amphibious fishes has a similar
morphological traits but has different integument paterns. Nowdays, the Morphological traits
were less perceived as classification base for amphibious fishes, therefore genetics datas
were needed for suporting the classification. In this study, the specimens were captured in
Siung Beach, Wonosari, Gunung Kidul. Sample of fishes were identified, fifty one
morphological characters were observed and measured. For acquiring data of the genetics
polymorphisms, the sample of these fishes populations were observed by RAPD method.
The morphological datas, macrograph photos of the specimens and RAPD profiles were
analyzed descriptively and quantitatively by using algoritm software NTSys-pc (Numerical
Taxonomy and Multivariate Analysis System for Personal Computer). The results revealed
there were five species of common amphibious fishes found in Siung beach, they were:
Palutrus sp., Gobius paganellus, Acentrogobius sp., Istigobius sp, and lIstigobius ornatus.
Quantitatively, Palutrus sp., G. paganellus, and Acentrogobius sp. were remain in same
species because these three species shared morphological traits more than 85% similarity
index, while Istigobius sp., |. ornatus were proven as close relative each other with
coeficience similarity 74%. In other hand,these five species were genetically proven as
different species. Their genetic has similarity index less than 70%.

Keywords: Gelodok, Gobiidae, morphology, RAPD

Introduction

Siung beach, Gunung Kidul regency, Yogyakarta (8°10'55"S 110°40’58”E) has a
unique structure. There is two diferrent structure in this beach. Coral zone in the west area
and volcan rock in the east area. This caused organism that lived on this beach has
distinctive character. On the Siung beach was found several types of amphibious fishes.
These fishes were belong to Family Gobiidae. The gobioid fishes (Teleostei: Gobiidae)
comprise the most speciose of all the teleost suborders, with over 2500 nominal species

arranged in at least 300 genera (Birdsong et al., 1988; Miller, 1993).
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The Gobiidae is the largest family of marine fish in the world (Larson dan Murdy,
2001). Gobioid which live in intertidal zone in Siung beach have high variety of spesies
Because of their small size and cryptic behavior, few Gobioid species have been reported or
recorded based on their morphological traits. Nowdays, the Morphological traits were less
perceived as classification base for amphibious fishes, therefore genetics datas were
needed for suporting the classification. The objective of study diversity of gobioid in Siung

beach is to improve the data base of the diversity of Indonesian gobioid fish.

Material and Methods

In this study, the specimens were captured in Siung Beach, Wonosari, Gunung Kidul
(8°10’55”S 110°40°'58”E) by purposive sampling method (Patton, 1990). Sample of fishes
were identified (Larson dan Murdy, 2001). Fifty one morphological characters were observed
and measured as the morphological datas. For acquiring data of the genetics
polymorphisms, the sample of these fishes populations were observed by RAPD method. A
random primers OPA-01, OPA-02, OPA-06, OPA-08, OPA-09, OPA-11, OPA-12, OPA-15,
OPA-16, dan OPA-20 was used to determine genetic differences among the fishes.

Tabel 1. Komposisi Reaksi PCR

Composition PCR Konsentration | Volume used
Go Taqg Green Master Mix 2 X | 1x 12,5 ul
Primer RAPD y10 M 0,6 mM 1,5 pl

DNA template 10 pg -1 ug 1 ul

dH20 - 10 pl
Volume total 25 pl

The amplification was done in a Touchdown Thermal Cycler (Hybaid, England). PCR
cycling procedures were as follows; 45 cycles of 94°C for 0,5 min, 55°C for 1 min and 72°C
for 1,5 min. A final step of extension was applied at 72°C for 5 min (Ambak et al., 2006). The
amplicon of RAPD profils was the quantitatif data of genetic characterisation.

The morphological datas, macrograph photos of the specimens and RAPD profiles
were analyzed descriptively and quantitatively by using algoritm software NTSys-pc

(Numerical Taxonomy and Multivariate Analysis System for Personal Computer).

Result and Discussion

An example of the electrophoretic profiles generated by RAPD analysis using OPA-
01, OPA-02, OPA-06 primer of (I1) Istigobius ornatus, (A) Acentrogobius sp., (B) Gobius
paganellus.,(P) Palutrus sp., (12) Istigobius sp.
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Figure 1. RAPD analysis of (I1) Istigobius ornatus, (A) Acentrogobius sp., (B) Gobius paganellus., (P) Palutrus
sp., (12) Istigobius sp. by primer OPA-01, OPA-02, OPA-06.

Istigobius ornatus

Istigobius sp.

Gobius paganellus

| Acentrogobius sp.

0.64 0.68 0.72 0.75 0.79

Palutrus sp.

Figure 2. Fenogram Analysis similarity by Jaccard (J) Coefisien dan clustering UPGMA of the Fishes

| istigobius ornatus

Istigobius sp

Palutrus sp.

Acentrogobius sp.

Gobius paganellus
0.59

0.50 0.52 0.54 ~.0.56
Coefficient of similarity

Figure 3. Dendogram Analysis similarity by Simple Matching (SM) Coefisien and clustering UPGMA of genetic
karacter

The results revealed of the study, there were five species of common amphibious
fishes found in Siung beach, they were: Istigobius sp.(Whitley, 1932), Istigobius ornatus
(Ruppell, 1830), Acentrogobius caninus (Valenciennes, 1837), Gobius paganellus

Indonesian name is Bathygobius padangensis (Bleeker, 1878), dan Palutrus sp. (Smith,
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1959). Genus Istigobius have the same key to genera: 1b-1b-8b-11b-16b-21b-22b-23b-24b-
25b-30a-31b-32a (Istigobius) (Larson dan Murdy, 2001). Istigobius sp. have characteristics
D, VI; Dy I, 10; A 1,8; C 20; P 18, while Istigobius ornatus are D; VI; D, I, 10; A 1,9; C 18; P
20. Istigobius ornatus D, VI; D, I, 10; A 1,9; C 18; P 20.

Genus Acentrogobius key to genera : 1b-2b-8b-11b-16b-21b-22b-23b-24b-25b-30b-
34b-35b-39b-43b-44b-48b-49a-55a-56b(Acentrogobius). The formula of fin are D, VI; D2 1,7,
A 1,8; C 14; P 20. Gobius Paganellus in Indonesia well known as Bathygobius padangensis
(Bleeker, 1878). This Genus have key to genera is 1b-1b-8b-11b-16b-21b-22b-23b-24b-25b-
30a-31a (Bathygobius) and have the fins formula D; VI; D, I, 9; A 1,8; C 24; P 20. (Larson
dan Murdy, 2001). And The last Genus that Identified is Palutrus sp.. Palutrus sp. formula
fins are D1 VI; D2 1, 10; A 1,8; C 16; P 20. Key to genera 1b-1b-8b-11b-16b-21b-22b-23b-
24b-25b-30a-31b-32b-33b (Palutrus).

Based on Jaccard and Simple Macthing Coefisien, Quantitatively, Palutrus sp., G.
paganellus, and Acentrogobius sp. were remain in same species because these three
species shared morphological traits more than 85% similarity index according FAO key of
Identification (Larson dan Murdy, 2001). Istigobius sp., |. ornatus were proven as close
relative each other with coeficience similarity 74%. In other hand,these five species were

genetically proven as different species. Their genetic has similarity index less than 70%.
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ABSTRACT

Poeciliidae family consists of small live-bearer fishes with sexual dimorphic. This
fishes are widely distributed across Indonesian archipelago, but biological studies on this fish
are very limited. This research is aimed to identify the species of Peciliidae fishes which lives
in Sari Lake Pasuruan based on morphological characteristics and DNA Barcoding.
Morphological parameters including morphometric, meristric, anatomic, pigmentation
characteristics and gonopodium structure as well, while DNA barcode using cytochrome-c
oxidase | (COIl) gene. Based on morphological characteristics, we find three species i.e:
Xiphophorus hellerii, Poecilia mexicana, and Poecilia reticulata. Neighbor joining, minimum
evolution, maximum parsimony, and maximum likelihood analysis with bootstraps 1000
result shows that four samples are closely related to genus Poecilia of Poecilidae family.
Genetic distance and sequence divergence analysis was calculated using Kimura-2
parameter distance model. It shows that monophyly and intraspesific variation are ranged
0.55 % between sample 3 and Poecilia mexicana MX573, so we were able to identify the
third sample as Poecilia mexicana. Other three samples are members of genus Poecilia, yet,
we are unable to identify up to the species level. Further research is needed to determine
their exact taxonomic position.

Keywords: identification, Poecilidae family, morphological characteristics, DNA Barcode,
Cytochrome-c Oxidase Sub Unit | (COI)

INTRODUCTION

Fresh water fishes includes the order of Cyprinodontiformes, among them is
Poeciliidae family. The Poecilidae family consists of fishes which are widely distributed
throughout the world. The fertilization of this family is internal. Transfer of sperm into female
reproduction tract is accomplished by a gonopodium, a generally highly modified anal fin.
Members of this family can be used as an object or a model for biological studies, such as
ecology, embryology, morphology, physiology, and behavioral study ". Some members of
the Poeciliidae family have the advantage of being able to control the spread of malaria by

eliminating population of Anopheles larvae 2

However, the systematic, diversity, and
phylogenetic relationship between genus is still lacking of study "

In our previous study, Poecilidae family which lives in Sari Lake, locally named as
Gatul fish, morphologically belongs to genus Xiphophorus. Furthermore, based on 16S

mitochondrial ribosomal RNA gene sequence, they are closely related to Xiphophorus
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hellerii (XHU80047) . This result still leaves a room for questions concerning the
taxonomical position of this fish. Currently, DNA Barcoding gives an alternative to better
identifications of unknown species in animal * > ©

DNA Barcoding is a sequence of a short standardized region of DNA > ®. Barcoding
markers which are commonly used are cytochrome-c oxidase | (COI). As a barcoding
marker, COl is a relatively conserved gene within fishes, and most of the above species low
levels of intraspecies variation. COIl have two important advantages, i.e.: (1) the universal
primers for this gene are very robust, enabling recovery of its 5’ end from representatives of
most, if not all, animal phyla, (2) COIl appears to possess a greater range of phylogenetic
signal than any mitochondrial genes™?. It has 648 bp in length .

In this paper, we report our latest work. We identify Poeciliidae fishes living in Sari
Lake Purwodadi based on morphological characteristics and DNA Barcode using COI gene.
The morphological characters including morphometric, meristric, anatomic, pigmentation,

and gonopodium structure had been analyzed.

MATERIAL AND METHODS
Observation of Morphological Characteristics

Morphological observations were done on 50 samples male and female from each
type we found. Morphological characteristics observed were morphometric, meristric,
anatomic, pigmentation, and gonopodium structure as well. We did very careful observation

on this structure is one of important key to identify in this genus and species level.

DNA Barcoding analysis
DNA Isolation

Total cellular DNA was extracted from the pectoral fin of each sample using DNA
Isolation Kit ((NucleoSpin® Tissue, Macherey-Nagel, Germany) with several modification.
The DNA concentration and purity were assessed by spectrophotometry using Nanodrop
2000.

Amplification of COI gene region

The amplification of the COI gene region from mitochondrial genome was performed
using universal primers > COI Barcoding Forward 5-GGTCAACAAATCATAAAGATATTG-
3’ and COI Barcoding Reverse 5-TAAACTTCAGGGTGACCAAAAAATCA-3'. The amplified
DNA was check in 1 % agarose gel electrophoresis. PCR products were then sequenced

using the Big Dye Terminator ABI 3130 XL in Eijkman Gene Institution, Jakarta.
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Data Analysis

Barcode COI sequence analysis was done using a number of software which is: DNA
Baser to form consensus sequence; BLAST to determine the conformity of target gene with
the Query; and Clustal-X to form multiple alignments. Aligned sequences were analyzed by
the maximum parsimony (MP; Close Neighbor Interchange on random tree with use
Random addition sequence added 10 repetition), maximum likelihood (ML; setting the
Hasegawa Kishino Yano model with a gamma distribution of substitution rate among
different nucleotide sites), neighbor joining (NJ) dan minimum evolution (ME) using the
Kimura 2 parameter. MP, ML, NJ, and ME analyses were performed using MEGA5. Genetic
distance and sequence divergence analysis was calculated using Kimura-2 parameter
distance model. The internal stability of the inferred methods was measured by bootstrap

using 1000 replications.

RESULTS AND DISCUSSION
Morphological Characterisics

Fig.1. Morphological characteristics. A) male, B) female, C) abdomen scale, D) head scale, E) dorsal fin,
F) ventral fin, G) pigmentation of abdomen, H) pigmentation of fin, I) anal fin (female), J) pectoral fin, K)
type of mouth, L) complete gonopodium (male), M) structure of gonopodium, N) male caudal fin, O) smear
of head, P) female caudal fin
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A specific characteristic of the Poeciliidae family is its gonopodium structure which is
a modification of 3, 4", and 5™ rays of the male’s anal fin. Sample 1 and 2 (Fig 2.A & B),
possess large claw on the terminus of ray 5 (orange arrow), hook is small crescent-moon
shaped on 3™ ray (green arrow), and lacking of gonopodium palp (blue arrow). A compared
sample 1 and 2, samples 3 and 4 possesses a gonopodium palp (blue arrow). Sample 3 (Fig
2.C) possesses distal platform with 11 retrosse serrae (purple arrow), membranous hook
(red arrow), and membranous tissue on the 3™ ray around distal tip is well developed (light
green arrow), whilst sample 4 (Fig 2.D) has a long-pointed comb-like spines on ray 3 ™ (white

arrow), and has a small hook on the tip of 5p ray (pink arrow).

it Sl AT .
- 5

Fig 2. Gonopodium structure and Sketch. A) Sample 1, B)Sample 2, C) Sample 3, dan D) Sample 4.
Description: 1: distal serrae, 2: claw, 3: hook, 4: comb, 5: membranous tissue, 6: blade, 7: retrose
serrae, 8: membranous hook, 9: gonopodium palp, 10: cephalic ramus, 11: distal platform

Identification Key
1. a. Membranous hook and membranous tissue onthe 3™................. Poecilia mexicana
b. Do not have membranous hook and membranous tissue on the 3 ray................. 2
2. a. Possess large claw on the terminus of ray 5", hook is small crescent-moon shaped on
3" ray, and lacking of gonopodium palp............cccc.ccoeeeiiiiiii. Xiphophorus hellerii
b. Do not have claw on the tip of the 5a ray segment, have a small hook on the tip of

the 5p ray and has gonopodium palp......ccccccevvieeiiiiiiiiiiiciieiiieeceeee, Poecilia reticulata

Based on those morphological characters, we propose to classify these samples in
the hierarcy as follow: Kingdom Animalia, Phylum Chordata, Class Actinopterygii, Ordo

Cyprinodontiformes, Family Poecilidae, sub family Poecilinae "'

. Sample 1 belongs to
genus Xiphophorus, species Xiphophorus hellerii Heckel; sample 2 belongs to genus
Xiphophorus, species Xiphophorus hellerii Heckel;, sample 3 belongs to genus Poecilia,
species Poecilia mexicana Steindachner; and sample 4 belongs to genus Poecilia, species

Poecilia reticulata Peter.
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Genetic Analysis Using DNA Barcoding

We successfully amplified 605 bp COI fragments from all samples. Gene sequence
from each sample shows a high conformity (87-99%) with COIl gene of Poecilia mexicana
MX573 (EU751930.1). It can be concluded that the fragments we amplified belongs to COI
gene. The sequences were then aligned using CLUSTAL-X program. There are transition
and transversion in some bases. The alignments used to construct phylogenetic trees.

Pair wise sequence divergence sample 1 and Poecilia mexicana MX 573 has 16.13
%, sample 1 and Xiphophorus group has 23.57 %, sample 1 and Poecilia reticulata group
has 5.51 % (black arrow); sample 2 and Poecilia mexicana MX 573 has 16.54 %, sample 2
and Xiphophorus group has 24.52 %, sample 1 and Poecilia reticulata group has 5.51 %;
sample 3 and Poecilia mexicana MX 573 has 0.55 %, sample 3 and Xiphophorus group has
between 19.74 % to 22.76 % (SD=1.51%), sample 3 and Poecilia reticulata group has 16.99
%; and sample 4 and Poecilia mexicana MX 573 has 16.13 %, sample 4 and Xiphophorus
group has 23.57 %, sample 4 and Poecilia reticulata group has 5.51 % divergence

sequence.

Table 1. Levels of nucleotide divergence within and between four samples with data base. The estimates
were based on Kimura-2 Parameters

2]

1 | 2 | 3 | 4 | s [ & [ 7 [ 8 [ 9 | w]| o | 12 3] ] 15[ w7 ] 1w 9] 20]2]=x]

1. . i ackats ECO-CH-PO4TD

Gyucatana ECOCHPSAT4S | 01310
3 Prstculats LEP- 29425 Q2287 2404
4 P reticulsts LEP:23431 02287 02404 QDD
5. Frstculats LEF-234290 02287 02404 00000 0.0000
E. P reticulsts LEP- 23430 02287 02404 000D QUDDDD  0.00DD
7 Jonis 1 0224 0238 00551 00551 00551 0.0551
B Jenis 4 02224 0238 0055 00551 00551 00551 00000
B Joris 2 02304 02446 00855 00655 00655 00655 0010 00110
10, P.mesicana M<011 02087 0223 07658 016EE 016EE DIEEE 0QI5E3 01583 QIEXS
1. P meoseana MOA01S 0287 02% 01658 01668 01668 O16EE 0053 01883 QOGS Q00
12 Presicana ECOCHFSATSA| 02087 02230 01658 076EE 01EEE DIEEE QUSEE 01583 DIES 00000 Q.00M
13 Pmesicana M3 0287 022% 01668 01668 01668 01668 053 01563 OGS 00000 0.0000  0.0000
14 Poeicons ECOCHFSATSR] 02113 02264 01699 01699 01639 016%8 DIEIE 01613 0I6S4 00055 00055 00055 Q0055
15 Pnesicana ECOCHPSATEC) 02113 02264 01693 01639 0163 01639 01613 01613 00654 0005 Q0065 QOS5 QNS5 Q0000 l

02113 022%4 0165 0165 01659 01639 OIE13 01613 DIES4 OS5 0OSS 00055 00055 00000 00000
02067 02230 01693 0163 0163 Q6% MIEIE DIE13 06 Q008 O0ME Q008 00ng Q0036 000 Q0036

02023 02162 0165 0165 01659 01639 OIE1Z 01613 ODIES4 00073 00073 00073 ooor3 ooose ooose  ooosefEEE

02133 02979 02068 02068 02068 02068 083 0183 MI9Y DI7E 0TS 0735 0175 Q0797 Q787 09787 04756 017

02167 0243 02103 0003 0203 02103 0150 01530 0% 017 007 017% Q17% Q@8 @E 01818 01787 01756 0.0ME

023\ 0N72 07 0HN7 02T 02T 02T 027 QMR 0213 0N 0NN 0NH 02000 0200 02200 02165 0200 017 047E3

023 02172 07 07 02T 0ANT 0267 027 052 023 02X 0NN 0NN 0200 0200 02200 02065 02200 017H 01763 00000

023 0172 07 0217 02N 02T 02357 0237 02452 021W 02F 020 0% 0200 0200 0200 02065 0200 O17H 076X 00000 D000
02263 02068 02250 02250 0250 0250 0255 0255 026M 02X 028 028 02X 028 (2% 028 009 0228 01%5 0% 0005 008
9 02265 0127 02072 02072 0272 02072 02285 025 02%5 01658 006 01839 01899 01898 01838 07838 01855 01838 01668 0IEW 00683 D0ESI
022% 02094 02038 02038 02038 0203 02260 025 02309 0165 0185 01855 01856 00856 01866 07856 00834 01855 01637 00GES O0GED  006ED
A0 02554 0285 0435 02805 05 0% 0¥E 07 00 0% 0XD 0X0 (%72 0%72 0572 058 055 023 0250 OME 0M®
02610 02654 02866 02866 02866 O28EE OMTE 02776 0239 0T 0T QXN 0XT2 QAN 02N 02N 0%T 023 0N 02EE ONTS 0TS

Calculation of genetic distance and sequence divergence using Kimura-2 parameter
distance model showed that sample 3 is intraspecies (sequence divergence < 3 %) in
Poecilia mexicana. Sample 1, 2, and 4 have sequence divergence greater than 3 % . It

means that those samples in different species from gene reference (intraspecies) *.
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Fig. 3. Phylogenetic trees built with the Neighbor Joining (A) and Minimum Evolution (B) methods based
on sequenced COI gene, Consistency index (Cl) = 0,589977, Retention Index (RI) = 0,842244. Numbers at
nodes represent percentage recovery in bootstrap analysis (1000 replicates)
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Fig 4. Phylogenetic trees built with the Maximum Parsimony (C) and Maximum Likelihood (D)
method based on COI gene fragments. The ML analysis using HKY model. The estimated
parameters for likelihood analysis: -Ln L =-2514,29.

Topology tree of these samples were constructed using Maximum Parsimony,
Maximum Likelihood, Neighbor Joining and Minimum Evolution (Fig. 3 & Fig.4) gave the
same results, yet different only in bootstraps support value. Sample 3 is closely related with
Poecilia mexicana group, and stand in different group with Xiphophorus, Heterandria,
Gambusia, and Poeciliopsis genus; whilst the construction using Maximum Likelihood

showed that sample 3 is in one clade (monofiletic) with Poecilia mexicana MX573 followed
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by bootstraps value 48. The taxonomic position of sample 1, 2, and 4 showed the same
topology tree based on those four methods. Three samples (sample 1, 2, and 4) are closely
related to Poecilia and stand in different group with Xiphophorus. It showed that the four
samples are closely related to genus Poecilia.

Based on morphology and DNA barcode, sample 3 and 4 could be classified into
genus Poecilia. There is a controversial result in this study. Taxonomic position of sample 1
and 2 is closely related to Poecilia based on DNA barcode instead of Xiphophorus, whilst
morphological characteristics showed the resemblance to Xiphophorus hellerii. This
difference may be caused by incompleteness of the COIl barcode sequence obtained,
especially for 5’ end. Members of Poeciliidae family originally endemic in Central & South
America™ ? which were introduced to Indonesian archipelago a long time ago. Adaptation
towards the Indonesian water environment might have caused a different phenotypic
expression on certain gene. Further research is needed to determine their exact taxonomic

position for these samples.

CONCLUSSION

Based on morphological characteristics, we found three species; those are
Xiphophorus hellerii Heckel; Poecilia mexicana Steindachner, and Poecilia reticulata Peter.
DNA barcode using COI gene showed sample 3 is Poecilia mexicana, while sample 1, 2,
and 4 belongs to genus Poecilia. Construction of phylogenetic trees based on barcode COI
gene with Neighbor Joining, Minimum Evolution, Maximum Parsimony and Maximum
Likelihood showed that the four samples were closely related to genus Poecilia rather that

other genus from Poeciliidae family.

REFERENCES

1) Lucinda, P. H. F. 2003. Family Poecilidae, Check List of the Freshwater Fishes of South
and Central America. Edipucrs, Porto Alegre, Brazil, pp: 555-581.

2) Ghedotii, M. J. 2005. Family Poeciliidae (Livebearers).

3) Rahayu, D. A., Jannah, M., Winaris, N. & Listyorini, D. 2010. The Phylogenetic of Gatul
Fish (Xiphoporus sp.) in Sari Lake Pasuruan Regency. Proceedings of the Association for
Tropical Biology & Conservation 2010 Meeting, Bali. Indonesia.

4) Hebert, P. D. N, Cywinska, A., Ball, S. L. & deWaard, J. R. 2003. Biological Identifications
though DNA Barcodes. The Royal Society, 270: 313-321

5) Hubert, N., Hanner, R., Holm, E. M., Nicholas.E. 2008. Identifying Canadian Freshwater
Fishes though DNA Barcodes. PLos One, 3(6):e2490.

238 Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

6) Kress, W. J. 2010. Plant DNA Barcodes, Ecological Forensics,and Community
phylogenies. Proceedings of the Association for Tropical Biology & Conservation 2010
Meeting, Bali. Indonesia.

7) Folmer, O., Hoeh, B. W., Lutz, R. & Vrijenhoeicatk, R. 1994. DNA Primers For
Amplification of Mitochondrial Cytochrome-c Oxidase Subunit | From Diverse Metazoan
Invertebrates. Molecular Marine Biology And Biotechnology, 3(5): 294-299.

8) Ribak, M. P. 2010. Assessing The Phylogenetic Utility of DNA Barcoding Using The New
Zealand Cicada Genus Kikihia. Thesis: The University of Connecticut.

9) Zhang, D. X. & Hewitt, G. M. 1997. Assessment of the Universality and Utility of a set of
Conserved Mitochondrial Primers in Insect. Insect Molecular Biology, 6: 143-150.

10) Hrbek, T., Seckinger, J. & Meyer, A. 2006. A Phylogenetic and Biogeographic
Perspective on the Evolution of Poeciliid Fishes. Molecular Phylogenetics And Evolution,
43:986-998.

Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011 239



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

O-SEO6

Molecular evolution and taxonomy of the Northern Australian and New Guinean
Species of Freshwater Crayfish of the Genus Cherax Erichson (Decapoda:
Parastacidae)

Rury Eprilurahman'?, Chris Austin', Vivian Wei', Sarah Smith', Mark Schultz'

'School of Environmental and Life Science, Charles Darwin University
Ellengowan Drive, Casuarina, Darwin, Northern Territory 0810 — Australia
2Animal Taxonomy Laboratory, Faculty of Biology, Universitas Gadjah Mada
JI. Teknika Selatan, Sekip Utara, Yogyakarta 55281 - Indonesia

Correspondence author: chris.austin@cdu.edu.au

Abstract

Systematic information on freshwater crayfish of the Genus Cherax from northern
group (Papua-Indonesia, northern Australia and Papua New Guinea) is still limited. This
genus represent the only group of crayfish in the region. The principal aim of this project is to
place these poorly known species of the Genus Cherax into a taxonomic and evolutionary
framework using molecular genetic data. This will not only greatly extend out understanding
of the biodiversity of this group but also provide a basis for comparison with the better
studied species of southern and eastern Australia the biogeography of the region. We use
DNA nucleotide data from mitochondrial genes (16S, 12S and COIl) and nuclear gene
(GAPDH) to study the taxonomy and evolution of northern Australian and southern New
Guinean species of Cherax. We also investigated the relationship of these species to Cherax
species from eastern and southern Australia using GenBank and unpublished sequences.
Preliminary results from 16S rDNA sequence data set show that all northern Australian and
New Guinean crayfish form a monophyletic group with the exception of C. wasselli from
North Queensland. Freshwater crayfish species from the Wissel Lakes, a biodiversity
“hotspot” for Cherax, formed a monophyletic group supporting a single evolutionary origin for
this morphologically diverse assemblage. The phylogenetic analysis supports the presence
of cryptic species in other parts of Papua and that New Guinean and Northern Australian
species are interrelated consistent with the geological history of the region.

Keywords: Cherax, systematic, DNA, Northern Australia, Papua — Indonesia
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Abstract: Selorejo Dam is a kind of freshwater dam located in Kabupaten Malang. Its water
has verdure color that indicates the existence of microalgae. Microalgae has many
advantages in food, industry or medicinal, such as Chlorella as a single cell (PST). The
utilization of microalgae can be done through some stages, first identification and isolation of
microalgae. This study aims for knowing microalgae species that are successfully identified
and isolated. It is expected can give information to the society concerning microalgae
potential and microalgae species that are successfully identified and isolated from Selorejo
Dam. Microalgae that is utilized in this study is planktonic microalgae that is taken from
plankton net of 200 mesh in Selorejo Dam, Kabupaten Malang. The media used to isolate is
Walne. The method used to isolate microalgae is scratch isolation. This study is descriptive
explorative study. The data concerning microalgae that are found and isolated are analyzed
descriptively and are made as identification key. Planktonic microalgae that are successfully
identified consist of 3 divisions (Chlorophyta, Chrysophyta dan Cyanophyta), 15 families, 23
genera and 24 species that are different. Planktonic microalgae that are successfully
isolated consist of 3 divisions, 8 families, 9 genera and 10 species that are different.

Keywords: Identification, Isolation, Microalgae Planktonic, Selorejo Dam

INTRODUCTION

Dam is an example of artificial freshwater made its way to stem a particular river
(Apridayanti, 2008). Dam waters have natural resources that are very high of microalgae.
Selorejo dam in Kabupaten Malang, has an area of approximately 640 hectares. River water
is dammed at the dam containing organic and inorganic materials that can fertilize the
waters of the dam (Apridayanti, 2008). In the waters there are bodies of living organisms,
one of them is the microalgae, kind of micro-organisms that float in water. Water in Selorejo
dam have a greenish tint which indicates microalgae. Microalgae in the dam has a role as a
natural food of fish that live in it.

According Freaky (2010) there are so many advantages of microalgae, good
advantages to other organisms, ecosystems, and humans. It contain many nutrients that a
lot of microalgae are used as food supplements and medicines. One of the microalgae that
has many advantages is Chlorella as a source of highly nutritious food supplements or used
for PST (single cell protein).

Utilization of microalgae requires several stages. The first steps are the identification

and isolation of microalgae, and then as the second step do the breeding (cultivation) for 7-
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10 days and after that can be done the harvesting (Freaky, 2010). Microalgae from dam
waters identified in advance to determine the species that have the potential to be exploited.
This research of identification and isolation of microalgae is an early stage prior to the
utilization of microalgae in the Selorejo dam. The purpose of this research is to determine
which species of planktonic microalgae that has been identified and isolated from Selorejo

dam Kabupaten Malang that can be utilize.

MATERIALS AND METHODS

Tools used in this study were; petri dish, autoclave, stoves, scales, light microscope,
micrometer, pipette, test tubes, cotton, paper, aluminum foil, glass beaker, bucket, net
plankton, bunsen, micropipette, flakon, sprayer, needle inoculation , glass objects, glass lid
and erlenmeyer flask. Materials used in this study were water samples taken in the Selorejo
dam and formalin (5%) as a preservative of samples to be identified. Medium for culturing
microalgae is Walne medium. The materials to make the media are NaNO3, H3BO3,
Na2EDTA, NaH2P04.6H20, FeCI3.6H20, MnCI2.4H20, ZnCL2, CoCI2.6H20, (NH4)
6M07024.4H20, CuS04.5H20, vitamins B1 and B12, and aquades ( Isnansetyo &
Kurniastuty, 1995:107-108).

The study began with the sampling done using plankton nets. Sampling was carried
out 2 times for identification and for isolation. Sampling for identification is done by using
plankton net that has been sprayed by sprayer and added 3 drops of formalin (5%), while
samples for isolation without the addition of formalin.

Samples were taken from the dam and then observed by light microscopy and the
record of the characteristics of microalgae are obtained. Identify the characteristics of
microalgae obtained clarified by using the book The Freshwater Algae of the United States
written by Gilbert M. Smith (1950), the book How To Know The Freshwater Algae essay GW
Prescott (1978) and the book Freshwater Algae Identification and Use as Bioindicators
written by Edward G. Bellinger & David C. Sigee (year 2010).

Isolation phase begins with the manufacture of medium walne and inoculation microalgae by
the following ways: 1) drop 1 ml of sample water on the medium plate and flattening it 2)
observe the grown microalgae in the petri dish, 3) culturing microalgae that observed at
medium oblique to purposes of pure cultures by scraping microalgae using aseptic

inoculation needle, 4) perform subcultures formed repeatedly until pure isolated.
RESULTS AND DISCUSSION

Based on the research has been conducted, the obtained microalgae have a variety

of colors, shapes and sizes. Identification of the type based on some of the major characters
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in microalgae. Planktonic microalgae found in Selorejo dam and identified as many as 24

species.

Table 1. Species and Characteristics of Planktonic Microalgae Identified in Selorejo dam

Kabupaten Malang

No Nama spesies

Characteristic

1 Botrydiopsis
arhiza

a solitary cell, golden brown color, round
shape, covered with gelatin, do not have a
flagellum, have many nuclei (multinucleate),
has 2 chromatophore, the cell size of 51 ym

2 Navicula sp.

Solitary cells, brown, fusiform shape,
symmetrical, not flagell, has 2
chromatophore, cell size 22 x 5 ym

3 Scenedesmus
bijuga

colony cells senobium, consisting of four
cells composed of linear and not curved,
green color, oval shape, covered with gelatin,
do not have a spine, have chloroplasts with a
pirenoid, uninukleat, cell size 20 x 10 pm.

4 Palmella miniata

Colony cells, consisting of two cells, green
color, oval shape, covered with gelatin,
colony aggregate palmeloid, chloroplast
shape bowl with 1 pirenoid, cell size of 8 x5
pm.

5 Scenedesmus
guadricauda

Colony senobium cells, consisting of 4 cells
are composed of linear, green color, oval
shape, covered with gelatin, has 4 spines in
each end, has a chloroplast with a pirenoid,
uninukleat, cell size 21 x 12 ym.
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6 Chlorococcum Solitary cells, green, round shape, not flagel,
sp. has a chloroplast with a cell edge pirenoid,
chloroplasts bowl shape, cell size 50-10 ym

7 Selenastrum Colony cells, green, crescent cell shape with

gracile pointed tip, not covered with gelatin,
chloroplasts with a pirenoid cell, the cell size
of 12 x 2 ym.

8 Dacthylothece Colony, dark green, oval shape, not flagel,

confluens clothed gelatin, chloroplasts 1 in the parietal,
cell size 7 x 3 pm.

9 Spirogyra sp. Colony cells, filament shape, color green,
spiral chloroplasts, there are several
pirenoid, cell size 15 pm

10  Gyrosigma sp. Solitary cells, brownish, fusiform shape
asymmetric, a two chromatophore with some
pirenoid, cell size 37 x 5 pm

11 Pluto caldarius solitary cell, the color blue, round cell, not
covered with gelatin, do not have a flagellum,
the cell size of 8-12 um
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12 Kirchneriella Colony cells, green, curved in a crescent
obese shape and blunt tip, covered with gelatin, has
a chloroplast with a pirenoid, cell size 10 x 2
pm.

13  Closterium sp. Solitary cells, green, elongated cell shape
with an enlarged middle section, not covered
with gelatin, has two chloroplasts, cell size
15x 3 um

14  Gleocapsa Colony aggregate cells, round cell shape,

magma bluish green color, not flagel, clothed gelatin,
cell size 11 x4 pm

15  Pseudotetraspor Colony cells, round shape, green color, not

a gainii berflagel, not covered with gelatin, has a
chloroplast with a pirenoid, cell size 12 ym

16  Netrium digitus Solitary cell, fusiform shape, color green,
covered with gelatin, chloroplasts have 4,
each cell has a pirenoid, cell size 20 x 7 ym

17  Ourococcus Solitary cell, green, fusiform shape, not

bicaudatus flagell, has a chloroplast with a pirenoid, cell

size 15 x5 uym
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18 Westella Colony, round cell shape, the color is green,
botryoides not flagell, clothed gelatin, does not have
pirenoid, chloroplasts in the form of bowls or
fulfill the parietal cells, cell size 11 ym

19  Chroococcus sp.  Colony cell, bluish green color, not berflagel,
clothed gelatin, oval shape cells, each colony
consists of two cells, cell size 10 ym

20  Chlorella sp. Solitary cells, green color, round shape,
chloroplast bowl shape, has no pirenoid, cell
size 10 ym

21 Terpsinoe Colony cells, brownish color, with a

Americana quadrangular form septa, not berflagel, cell

size 16 X 7 uym

22 Borzia Colony cells, bluish color, oval shape, not
trilocularis berflagel, colonies consisting of 3 cells, cell
size 18 x 8 uym.

23 Cymbella cistula fusiform cells form asymmetric, brownish,
solitary cells, no berflagel, has a
chromatophore, clothed gelatin, cell size 43 x
15 pm
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24

Nannochloris solitary cell, an oval, green, not covered with
bacillaris gelatin, chloroplasts near the poles, does not
have pirenoid, cell size of 8 x 2.5 ym

Identification key to 24 species

1.8, CeIL EUKANYOIC. ... e 2
b. Cell ProkaryotiC........coviiii 21
2= TR o | (= Y=Y o 3
D. golden DrowWn ... .. 17
3.@.800tary Cell ... 4
D. COIONY CeIl .. 9
4. a. non-fusiform shaped Cells. .......... .o 5
b. fusiform shaped Cells ... 7
5. 8. TOUNA CeIIS ... 6
b. cylindrical cells ... ... Nannochloris bacillaris
6.a.has pirenoid ..........coooiiiii i Chlorococcum sp.
b. without PIrenoid ...........cooviiiiiiii Chlorella sp.
7. a.chloroplasts only 1 .. ... Ourococcus bicaudatus
b. chloroplasts more than 1 ... 8
8. a. has two chloroplasts atcell ......... ... cccoccees ceviiiiiiiiieen......Closterium sp.
b. has 4 on his cell chloroplasts ..............coooiiii Netrium digitus
9.a.colonyfilaments ... Spirogyra sp.
b. colony non-filament...... ... 10
10. @. COIONY SENODIUM L...u e 11
b. COlONYy @gQregate ... ... 12
11.a.thereare 4 spina ....... ..ot Scenedesmus
guadricauda
b.thereare N0 SPINa .........ooiviiiiii Scenedesmus bijuga
12.a.forms of sickle Cell ....... .o 13
b. spherical cell Shape ........c.oiiii 14
13. a. hasagelatinous sheath ........cccccc Kirchneriella obesa
b. has not gelatin sheaths ... Selenastrum gracile
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14. a. chloroplast form of bOwI ... ..o 15
b. chloroplasts do not form of bowl ... 16
15. a. boundaries of individual cells clearly ............................. Westella botryoides
b. Individual cell boundaries are not clearly .........ccccceeeveeeeeeee. Palmella miniata
16. a. colony consists of 4 cells ... .. ...coiiiiiiiiiii, Pseudotetraspora gainii
b. colony consists of 2 cells ... Dacthylothece confluens
17. a. globose-shaped cells ... ..., Botrydiopsis arhiza
b. non globose-shaped Cells ......... ... 18
18. a. cell shape quadrangular ............cccoiviiiiiiiiiiii e, Terpsinoe americana
b. spindle Cell Shape ..o 19
19. a. are symmetrical .........cccccce coiiiiiiii e NaVICULRL S,
D. @asymmetriCal ... 20
20. a. have a chromatophore ...........ccoooiii i Cymbella cistula
b. has 2 chromatophore ..........cccoooe i, Gyrosigma sp.
21 a. muUlticellUlar. .. ... 22
D. UNICEIUIAN ..o Pluto caldarius
22..0rregular SNAPE ... Gleocapsa magma
b. subglobose to elliptical shape ............cooiiiiiiii 23
23. a. each colony consists of two cells ... ........uvviiieeiiiiiiiiiiiieeiiiee e e Chroococcus sp.
b. each colony consisting of 3-8 cells ..., Borzia trilocularis

The second stage after the identification of microalgae is isolation. Isolation is an
activity to obtain isolated microalgae. Isolation of microalgae done using medium plate and
medium tilt. There are 10 species that can grow on medium plate Walne is Pluto caldarius,
Chlorococcum sp., Chlorella sp., Nannochloris bacillaris, Navicula sp., Scenedesmus
guadricauda, Scenedesmus bijuga, Westella botryoides, Dacthylothece confluens and
Chroococcus sp. Not all species of microalgae that are identified can be isolated. This is
because tolerance and nutritional needs and environmental conditions needed microalgae
different between species microalgae.

Andersen (2005:84) explains that diatoms require silica, euglenoid requires ammonia
and some genera of microalgae requires selenium. The second stage in the isolation of
microalgae is to remove contaminants. The last stage is necessary to subculture sustainable
growth of microalgae. It is also necessary to prevent the death of species that are isolated if

the culture medium to lose some elements or organic components.
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ABSTRACT

Sempu Island is a natural reservation area located southward of Java Island which
has a complex terrestrial and aquatic ecosystem. Some aquatic areas on Sempu Island
directly face to high wave Indian Ocean. It makes that areas develop a specific ecosystem
which is adapted to that extreme condition. Gastropod is a group of Mollusca with highest
diversity which has adapted to that condition. Each species of Gastropods in each habitat
is known to be distributed according to the resource patterns in the environment,
including the existence of macroalgae. In the type of aquatic area some macroalgae appear
periodically. This condition builds a dynamic ecosystem. Our research aims to determine the
diversity ofliving gastropods in Pasir Panjang coast Sempu Island and its asssociation with
macroalgae. Data was obtained from six different habitats along Pasir Panjang coast,
include: rocky plates with algae, rocky plates (without algae), rocks, cliffs, dead reefs, and
corals. The diversity index of gastropod was analyzed by using ANOVA continued with LSD.
To find out the association between macroalgae and gastropod, coefficient of association
was calculated qualitatively. Totally 26 species of gastropods were found in these 6 areas.
Rock plates with algae habitat has highest diversity of Gastropod, and highest coverage of
macroalgae. On the other hand, CIliff area has the lowest diversity of gastropods and this
area was not covered by macroalgae. There are 8 positive associations, 37 negative
association, and 15 no association between gastropods and macroalgae in rock plates with
algae area.

Keywords: diversity of gastropod, association, macroalgae

INTRODUCTION

Sempu Island is a natural reservation area located southward of Java Island. The
area of Sempu Island is 877 hectares (1), but it has a complex terrestrial and aquatic
ecosystem. Some aquatic areas on Sempu Island directly face to high wave Indian Ocean. It
makes that areas develop a specific ecosystem which is adapted to this extreme condition.
Several groups of animals have been adapted to this condition, such as echinoderms and
gastropods.

Gastropod is a group of Mollusca with highest diversity. It has been estimated around
1500 species in Indonesian Archipelago. Gastropods have been well adapted in to this
extreme condition, especially high waves with its ability to attach to rocks or other substrates

which protect them from high wave and against predator (2). They exhibit a wide range of
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shell shape, many of which are adjusted to provide some defense from high waves and
against predator. Gastropods play important roles in recycling materials from in particular
ecosystem. Quantitative studies have shown that some activities of the gastropod are
imperative to smoothen the ecosystem dynamics(3).

Qualitative composition and availability of provided food and the nutritional needs of
the gastropod affectits food selection (4). Each species of gastropods in each habitat is
known to be distributed according to the biological, physical, and chemical factors,
including the appearance of macroalgae. Some macroalgae appear periodically depend on
the season in aquatic area build a dynamic ecosystem (5). Macroalgae have important roles
either directly or indirectly to the life of some marine animal, including gastropods, such as
for nursery, food and as spawning ground (6). As primary producers in aquatic ecosystems,
it plays important rolesin matter cycle and energy flow. It also plays important roles in
growth, reproductive capacities, and character of the population of aquatic organism (7).
Based on those characteristics of gastropod, our research aims to determine the diversity of
Gastropod in Pasir Panjang coast, Sempu Island and its association with macroalgae in the

area with highest diversity.

MATERIALS AND METHODS
Collection and Identification of gastropod and macroalgae

This research had been done in Pasir Panjang Coast, Sempu Island, covering
around 410 meters along the coast during the lowest tide on May 26" 2011. Samples were
takenfrom six different habitats those are: rock plates with algae, rock plates without algae,
rocky zones, cliffs, dead reefs, and corals (Fig. 1). Sampling was done using 1x1m? quadrat

with four replications for each area.

20, R

cation. Black line depicts the target

Py

Fia. 1: Research Lo

Identification of gastropodswas done based on morphological characteristics

according to Oliver (8), Powel (9), www.gastropods.com, and nudipixel.com for Sacoglosa.
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Macroalgae samples were taken from each type of habitat and then dried for further

identification based on morphological characteristic (www.iptek.net.id).

Data analysis

The data was analyzed using H Shannon-Wienner to get the diversity of
gastropod.Then it was analyzed by using ANOVA continued with LSD to compare the
diversity index of gastropod from each habitat. To find out the association between
macroalgae and gastropod, coefficient of association (Vi) was calculated qualitatively
according to Michael (10). The number of presence of species insert in the association table

(Table 1) then continue to calculate the coefficient of association formula (Vap)

Table 1 Association Table

Gastropod species
Macroalgae species Present Absent
Present a b
Absent C b
ad — bc
Vab =

R

Jia+bdla+c)lc+d)b+d)

RESULTS AND DISCUSSION

From six different habitats, we found 26 species of gastropods (Fig.2) with 19
species belong to subclass Prosobranchia, whereas 7 others belong to Opistobranchia.
Among them Conus striatus, Conus ebaus, Morula spp1.,Conus carnifonicus, Pirenidae,
Conus spp1., Conus spp2., Conus lividus., Strigaltella litterata, Strigatella paupercula,
Strigatella spp. belong to order Neogastropoda; Cyprea moneta, Cyprea caputserpentis,
Littorina spp, Litorinidae 1, Littorinidae 2, Littorinidae 3 belong to order Neotaeniglossa;
Pattela sp., Patella longicosta, Patella caerecula, Acmaea sp belong to order
Pattelogastropoda; Turbo sp. belongs to order Archaeogastropoda; Nerita lineata belong to
order Neritopsina; and Plakobranchus ocelatus belongs to Sacoglosa.

Eight different species of macroalgae was found (Fig. 3). Most of them belong to
Chlorophyta division, they are Valonia sp., Halimeda sp.,Chaetomorpha sp., Cladopohora
sp. There also found Amphiroa sp., Halimenia sp, and Galaxaura sp which belong to
Rodhopyta division, and Dictyota sp. which is belong to Phaeophyta division.

The diversity index of gastropod from six different habitats is significantly different; in
more detail Rock plate with algae is different for other 5 habitats (table 1). Our data shows
that rock plate with algae has the highest diversity level compared to others. Its diversity

index categorizedas medium level diversity (1<H’<3).The development and growth of
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gastropods are influenced by the environment where they live. Thus, our result show that

Rock Plate with algae has the highest carrying capacity compared to those other five (11)

Table 1 Result of LSD

Habitat Score Notation
Rock plate with algae 1,383 a

Rock plate 0,75575 b
Rocky 0,7065 b

Coral 0,67825 b

Dead Reef 0,5095 b

Cliff 0,41725 b

Conus striatus Conus ebaus Morula spp1

K |

Littorina sp.

Pirenidae Conus camifgpicus Conus spp1 Conus spp2

} W

Nerita lineata

unmﬂw

Cabestana sp Patella ergcqla Patella longicosta

Y 1
5
b

Littorina sp.

_—

Littorina sp. 05tmm

Cyprea caputserpentis Cyprea moneta Trochus intextus

Strigatella paupercula Strigatella spp

1T 1

Plakobrancus ocellatus

Marginella gabrielle

o

Fig. 2 Gastropod in six variation of habitat
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Dictyota sp.

Fig. 3 Macroalgae in six variation of habitat

Rock plates with algae have the largest coverage of macroalgae compared to other
habitats. In contrast with rock plates with algae, Cliff area which was not found macroalgae
has the lowest diversity (Fig. 3). This condition supports the assumption that the life of
gastropod affected by the availability of Plant (11). Quantitative study showed that

macroalgae gave a great contribution for gastropod biomass than other food resources (5)

90
80
70
60
M cliffs
50
40 H dead coral
30 il coral
20 M rock plates
10 .
Lirock plates with algae
0 T = T T T T 1
Hrock
cliffs dead coral rock rock rock
coral plates plates
with
algae

Fig. 3 Coverage of Macroalgae

In this paper we focus our analysis on the association between gastropod and
macroalgae found in rock plate with algae area, since this area shows the highest diversity.
From the association coefficient between Gastropod and Macroalgae in rock plate with algae
(Table 3), we found three kinds of association, those are: negative, positive and no
association. Some gastropods which have positive association with one or more
macroalgae, they are, Tronchus intextus, Conus striatus, Conus ebaus, Cabestana sp, and
Strigatella sp. The others gastropods which have negative association with all kind

macroalgae in that area are Littorina sp, Plakobranchus ocellatus, Conus californicus,
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Pirenidae, Mitra spp, Haminoea sp, and Marginella gabrielle. While Cyprea moneta and
Morula sp. have both negative and no association with macroalgae in that area.

Positive association between gastropod and macroalgae might occur because some
macroalgae have to induce settlement and metamorphosis of invertebrate’s marine larvae
(12). On the other hand, some carnivore gastropods such as Strigatella and Conus eat the
others small mollusc including herbivore gastropods (13, 14). Negative association between
some gastropods for example Littorina sp., Cyprea, and Haminoea sp. and macroalgae
might occur because macroalgae have been the main source of food for them (15,16,17). It
means that gastropod only take advantage from the macroalgae but not the vice versa.
Morulla sp., Cabestana sp.,and Conus striatus are carnivore gastropods, but they are not
have association with macroalgae in rock plates with algae area. That might occur because
both of them are predator for another kind of animals which are not directly having

association with macroalgae (14, 17, 18).

Table 3 Coefficient of Association between Gastropod and Macroalgae

Gatropod Species Coefficient of Association between Gastropod and Macroalgae
Amphiroa sp | Halimenia sp. | Cladophora sp. Dictyota sp.

1 | Trochus intextus 0.57 + -0.577 | - 0.578 + 0.578 +
2 | Conus striatus -0.41 | - 0|0 0] o 1 +
3 | Conus ebaus 0| 0 -0.577 | - 0578 | + 1 +
4 | Morula sp 041 | - -0.316 | - 0| © 0 0
5 | Cabestana sp. 05| + -0.577 | - 0| o 0 0
6 | strigatella sppl 05| + 0333 | - 0| o 0 0
7 | Cyprea moneta 0| 0 -0.577 | - 0.167 | 0 -0.333 -
8 | Littorina sp. -1 - -0.577 | - -0.578 - -0.577 -
10 | plakobrancus ocellatus A - -0.577 | - 0578 | - -0.333 -
11 | conus carnifonicus -1 - -0.577 | - 0.578 - -0.333 -
12 | pirenidae 1| - -0.577 | - 0.578 | - -0.333 -
13 | Mitra (Strigatella) spp. A - -0.577 | - A - -0.333 -
14 | Haminoea sp 057 | - -0.577 | - 1] - -0.333 -
15 | Marginella gabrielle 057 | - -0.577 | - 1] - -0.333 -

From this study, we conclude that the diversity of gastropod varies depend on the
presence of macroalgae, the highest diversity is found in rock plates with algae area. Three
kindsof associations between gastropod and macroalgae were found there. The variation of
these associations might occur because there are both herbivore and carnivore gastropods
found. We leave the association between gastropods and macroalgae in other areas for

further study.
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ABSTRACT

Borneo is the third Indonesian peat possession island. Peat potential for absorber and
carbon storage. When environmental condition is disturbed, carbon deposits in the form of
CO; and CH, are release from the peat. Methane is an important global warming gas. It is
25-26 times more reactive than carbon dioxide. That gas decreased by methanotroph
activity. Methanotrophs oxidize methane to formaldehyde use methanol by using unique
monooxygenase include methane monooxigenase (sMOO and pMMO), and methanol
dehydrogenase. The aims of this study were to obtained methanotrophic bacteria on
decreasing methane emission and to identify their metabolic by gene cluster. The research
was carried out, including isolation and selection; measuring methane emission, and
identification methanotroph from peat based on molecular methods. The results showed that
the peat consisted of 12 isolate methanotroph. Those bacteria consumed methane up to
80% within 6h. Not all selected isolates were partially identified. Methanotrophic bacteria
belong to type | (M-1), Il (M-2 and M-3), and X (M-4). Methanol dehydrogenase were found
in three strain of methanotrof used moxF gene that proved to be gram-negative methylotroph
specific MDH.

Keywords: methane, peat, Borneo, methanotroph, type X, methylotroph

Introduction

Borneo is the third Indonesian peat possession island that have wide peat region
approximately 5.7 million hectare (1). The peat was made from residual accumulation of
tropical vegetation. It is a unique ecosystem where have carbon management directly or
indirectly affect environmental balances. The biggest carbon is deposit under surface soil and
accumulated for million years. Wide of peatland in the world just 3 %, but have 550 gT deposit
of carbon (17). When environment condition is disturbed, carbon deposits in the form of
carbon dioxide (CO,) and methane gas (CH,) release from the peat. The atmospheric
concentration of methane increasing for many decades (11). Methane emission from wetland
and peatland ecosystem in the world is 100-231 gT year” (16), whereas Kalimantan Tengah,
Borneo-Indonesia is 0.014 Ton hectare™ year” (15). Methane is potential gas to contribute
long-term global warming in the world. It is 25-26 times more reactive than carbon dioxide (3,
16) and very dangerous for global climate change.

Methane emission from peat is effect of methanogens that production of methane. In the
ecosystem, methane emission will naturally reduce by methanotroph. The oxidation of
methane in the soil provide major sink for greenhouse gas in atmosphere (11). Methanotroph

is an important group of methane oxidizing microorganism that use methane as sole sources
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of carbon and energy (8, 10, 14). These bacteria are widespread in nature (19) such as
wetlands, fresh and marine waters, lakes, sediments (28), and acidic peatland (6). It can thrive
as free-living bacteria or symbioses with mosses. Methanotrophs are classified into 2 major
group include methanotrophic bacteria and anaerobic archaea (14). Arcoding to previous
studies about methane emission reduction, there are three group of methanotrophic bacteria
involved (27), that is methanotroph type I, Il, and X base on multiple criteria (11, 23). Type |
mostly belonged to gammaproteobacteria are indicated by particulate methane mono
oxygenase enzyme (pMMO) in their cell wall and use RuMP pathway for formaldehyde
assimilation; type Il having soluble methane monooxygenase (sSMMO) in their cytoplasma and
use serin pathway for formaldehyde assimilation; and type X which has both sMMO and
pMMO (22). Methane monooxygenase enzyme is important for catalyze methane oxidation to
methanol (13, 23). Type | nclude Methylomicrobium, Methylobacter, and Methylomonas (5,
18), Methylocaldium, Methylothermus (4), Methilospaera (5); type |l include Methylocystis and
Methylosinus; type X include Methylococcus capsulatus. The sMMO consist of protein A, B,
and C. Protein A is made up of two copies each of subunit a, 3, y which are docded for mmoX,
mmoY, and mmoZ genes. The pMMO consist of subunit 47, 27, and 25 kDa (25).
Understanding of microbial ecology in peatland soil is very limited. Introduction of
molecular technique enable to explain microbial processed in the peat. It is very important
because it has shown us that methane oxidation is biological process for reducing methane
emission in environment. Convert methane to methanol by methane monooxygenase and
transform methanol to formaldehyde encoded by methanol dehidrogenase enzyme is so
amazing. The aims of the study to obtained determine methanotophic bacteria on decreasing
methane in peatland soil and to identify their metabolic by gene cluster. The research carried
out, including isolation charcterization; measuring methane emission, and identification
methanotroph from peat based on molecular method by using real-time PCR to study the

abundance of methanotrophs in Borneo-Peatland soils.

Materials and Methods
Soil sampling

The sampling site is located at tropical rainforest of Kalampangan, Kalimantan Tengah,
Indonesia, several years after fire. Peats were collected from water flooded area and surface
soil in the depth less than 1 m at the end of January 2010 from twenty different random
location within peatland soils. The peat samples were put into one sterile serum bottles
capped with butyl rubber stopper. It can represent Kalampangan for general condition and

increasing probability to get microbial diversity and microbial superior. Then samples were
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kept cool in ice box during transport to the microbial ecology laboratory. Peat samples were

stored at -20°C until use.

Extraction of total DNA

Extraction of DNA from 0.5 g peat was performed using Ultra Clean ™ Soil DNA Extraction
Kit (Mo Bio Laboratories, Carlshad, CA, USA) according to manufacturer’s instruction. The
DNA yield was approximately 20 pl for final volume and stored at -20°C. The DNAs were
diluted by 10-fold to inhibit effect of humic substance via PCR method. Then use for template.
Methanotrophic bacteria in the peats was analyzed based on the pmoA, mmoB, and moxF
gene copy numbers using real-time PCR (Takara thermal cycler, Shiga). Specific primer pairs
from Table 1 were used to amplify the metanotrophic pmoA, mmoB, and moxF gene
fragments. Amplification was performed by using Takara thermal cycler in 0.2 ml PCR tube.
Real-time PCR assay was performed with protocol of Otsuka et a.l (26). The 25 pl reaction
mixture consisted of 5.5 pl nuclease free water (ddH,0O), 1 ul template (peat's DNA), 3 pl
forward primer, 3 pl reserve primer, and 12.5 pyl Go Taq® Green Master 2X. The PCR
programs were as follow: an initial denaturation for 5 min at 94°C follow by 30 cycles (94°C for
30 s, annealing for 30 s at 55°C, and ending with extention step at 72°C for 1 min). Then,
additional 1 cycle (72°C for 7 min, colling down for 5 min at 4°C, and incubation at 16°C).
Then, PCR tube take from PCR thermal cycler. The PCR products were cofirmed by Agarose
gel 1% (1 gr agarose in 100 ml TAE Buffer 1 X) with electrophoresis machine (Mupid-EXU
Sub Marine Electrophoresis System, Seraing) and were stained by ethidium bromide. Finaly,

the band was performed by UV Transiluminator and was printed by Printgraph.

Table 1. Primer for detection of functional of methanotroph.

Gene  |Primer Design Sequens (5’-3’) Reference

pmoA f A189b GGNGACTGGGACTTCTGG Otsuka et al., 2008
r A682 GAASGCNGAGAAGAASGC

pmoB f77 AGTTCTTCGCCGAGGAGAACCA McDonal et al., 1994
r 369 TGCCCAGGGTGTAGGCGCGGCCGA

moxF f1003 GCGGCACCAACTGGGGCTGGT McDonal et al., 1994
r 1561 GGGCAGCATGAAGGGCTCCC

Isolation of methanotrophic bacteria

The peats were diluted on 102 until10®. The enrichment of 2 ml serial dilution was
performed in double side arms tube and 30 ml modification nitrate mineral salt (NMS) liquid
medium by Higgins et al. () at a starting pH of 7.2. The medium includes 1.0 g/l NaNOg; 0.25
g/l NH4CI; 0.26 g/l KH,POy; 0.74 g/l K;HPO4-3H0; 1.0 g/l MgS0O,4.7H,0, 0.2 g/l CaCl,; 0.004
g/l FeS S04-7H,0; 0.01 g EDTA; 10 ml/l trace element; and 100 ml/ sterile soil extract. The
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headspace of double side arm tube injected an methane-air mixture at 6:4 ratio for twice per
day until 1 month. Enrichment cultures were incubated at room temperate with shaking (180
rpm) for 1 month. The mix culture from the last positive dilution was used for isolation of a pure
culture from the single colonies that appeared on NMS solid medium at pH 7.2 during
prolonged incubation of the plates under an methane-air atmosphere. Single colonies were
transferred into a NMS liquid medium and the methanotroph candidate cultures showing
growth with methane were selected. The purity of the selected clones was checked by repeate
passage onto a ANMS agar medium and by absence of growth on rich organic media. The

candidate methanotrophs were characterized.

Methane consumption assay in batch culture

Batch culture was performed at pH 7.2 using NMS liquid medium as indicated above. Four
methanotroph candidates were transferred into double side arm with suspension density of
bacterial cells are 1.6-1.8 optical units at 600 nm in 9 ml NMS liquid medium. The headspace
of double side arm tube injected an methane-air mixture at 6 ml : 6 ml used by syringe.
Cultures were incubated at room temperate with shaking (180 rpm) every 2 hour. Methane
consumption culture was detected by Gas Chromatography (SHIMADZU PORAPAK Q GC 14
B, Kyoto) with Frame lon Detector (FID) at 140°C, column at 70°C, and injector at 100°C for 2,
4, 6 hour. The data was analyzed by Microsoft Excel (11, 13).

Methanotroph gene analysis
Total DNA extraction, purification, and gen analysis based on the pmoA, mmoB, and moxF
gene copy numbers using real-time PCR (Takara thermal cycler, Shiga) as indicated above

(26). The DNA band was performed by UV Transiluminator after run by electrophoresis.

Functional gene analysis
Functional gene analysis was needed for detection other potential abilities from
methanotroph in soil. The potential gene includes denitrification (nirK1F-nirK3R), nitrification

(NitA-NitB), nitrogen fixation (nifHf-nifHr), and phosphate solubilizing ability (Fow-Row)-
Result and Discussion

Detection of functional gene responsible for methane biotransformation in peats

Detection pmoA, pmoB, and moxF gene in the peat use for predicate methanotroph before
direct isolation. From figure 1, all three group gene responsible for methane transformation
were observed in peat indicating that peat are important source of gene responsible for
oxidation of methane into methanol which could be done by type | methanotrohp belonged to

gammaproteobacteria and use pMMO for transform methane to methanol coded by pmoA,
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type Il belonged the alphaproteobacteria and use sMMO and code by pmoB, and type X which
has both pMMO and sMMO genes. The moxF gene which play role for synthesis of methanol
dehydrogenase (MDH) that transform methanol to formaldehyde was commonly observed in
peat (figure 1). Soluble methane monooxygenase coded by pmoB show many band caused by
annealing at 55°C is not optimum. Yuwono (2006) reported that temperature optimum for
annealing mmoB gene is 59°C. PCR product for mmoB gene is 290 bp (23).

M 1 1 M 2 2 3 3

1000 bp

500 bp

Fig 1. Polymerase chain reaction amplification product of
pmoA (1), mmoB (2), dan moxF gene (3) in peats.

Morphology

Three isolates were a non-motile, Gram-negative, opaque, round colonies that formed pink
pigmented when grown on NMS agar or liquid medium. They were similar to pink pigmented
facultative methylotophic (PPFM) bacteria that can use all variety carbon compound (7, 20,
21) such as C, like methanol and methylamine (20) and other C like sugarcane (22). Pink
pigmented also formed in nutrient agar, but not strength like in NMS medium because color
pigment depend on environmental nutrient. Lo and Lee (21) reported that different intensity of
chromogene or color expression of facultative methanotrphic in AMS and NA caused by
nutrient and carbon compound. Pink color indicate carotene pigment for protect from sunlight,
ion, UV radiation, and use for extreme adaptation (21, 29). In phosphate medium, all isolate
were grown and performed of transparent zone. They have wide spectrum for dissolve of
phosphate.

The isolates were spread growth in liquid medium. It show that methanotrop bacteria is
facultative aerobic. Methane oxidation use oxygen for terminal acceptor electron.
Methanotroph combine oxygen and methane to form methanol and formaldehyde (11). Base
on table 1, all isolates from peat were showed Gram-negative because it role important for

methane binding. Never found that methanotroph bacteria is Positive-gram (18, 30).

Table 2. Morphological of the strain methanotroph
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Characteristics Strain M-1 Strain M-2 Strain M-3 Strain M-4
Morphology Cell coccus coccus rod coccus
Morphology Colony circular circular circular circular
Elevation flat flat flat flat
Surface layer rough rough rough smooth
Inner Structure opaque opaque opaque translucent
Edge lobate entire entire entire
Extracellular pigment absent absent absent absent
Gram reaction negative negative negative negative
Size cell 1-2 ym 0.3-1 um 1.5-3 uym 0.2-0.9 ym
Colony color (NMS) pink red red white-pink
Motility negative negative negative negative
Exospore absent absent absent absent
pH 5-8 5-8 5-8 5-8
Temperature
Growth range 25-35 25-35 25-35 25-35
Optimal 30 30 30 30
Growth in
Liquid medium Spread Spread Spread Spread
Nutrient agar +, pink +, pink +, pink +, white
Phosphate agar +, zone +, zone +, zone +, zone
Poly-B—hydroxybutirat absent present absent absent

Fig 2b. Strain methanotroph in (a) modification nitrat mineral salt agar (NMS), all strain were showed
pink-pigmented; (b) phosphate medium agar (PSB), all strains were showed transparant zone
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Fig 3. Polymerase chain reaction amplification product of pmoA, mmoB, and
moxF gene in pure culture (4 strain from left are pmoA, mmoB, and moxF)

Methanotrophic bacteria with functional gene diversity that responsible for methane
biotransformation are illustrated in Figure 2. Particulate methane monooxygenase (pmoA
gene) were founded in strain M-1 and M-4. Particulate gene in M-2 strain was showed in 900
bp, it mean pmoA primer is not specific binding. PCR product for pmoA gene approximately
500 bp. Methanol dehydrogenase (moxF gene) were found in strain M-2, M-3, and M-4 (Figure
2) with PCR product is 550 bp (23). All three strain can transform methanol to formaldehyde.
MDH was commonly observed in large quantities than pmoA and pmoB. Its support of
Henckel et al. (13). The primers for moxF gene was design and proved to be gram-negative
methylotroph specific MDH (23). Soluble methane monooxygenase (pmoB gene) were
founded in M-2 and M-4 with PCR product approximately 290 bp. Product PCR was performed
with multiple band maybe caused by annealing temperature or primer is nonspecific binding,
so gene sequence that same amplificated by PCR. Yuwono (2006) reported that PCR product
of mmoB gene optimal at 59°C and was formed single band. We were founded methanotroph

type X from strain M-4 which have particulate and soluble form (22, 23, 24).

Methane consumption assay in batch culture

Methane emission was much lower in ANMS medium (M-1, M-3, M-4, and M-5). All strain
were absorbtion +/- 80% for 6 h. Methanotroph use methane monooxygenase to convert
methane to methanol and will convert again by metahe dehydeogenase (MDH) to form

formaldehyde.
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100 Fig 4. Methane absorbtion
from strain methanotrop

after 2 h, 4h, and, 6 h.
50 From left to right is M-1,
M-2, M-3, M-4. Methane
0 I I consumption for 6 h by all

strain are +/- 80%.

Methane
absorbtion (%)
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Detection of functional pure culture
123456 78M910111213141516

1. PCR product of nirK gene M-1 9. PCR product of ow gene M-1
2. PCR product of nirk gene M-2 ~ 10. PCR product of ow gene M-2
3. PCR product of nirk gene M-3  11. PCR product of ow gene M-3
4. PCR product of nirk gene M-4  12. PCR product of ow gene M-4
5. PCR product of Nit gene M-1 13. PCR product of nifH gene M-1
6. PCR product of Nit gene M-2 14. PCR product of nifH gene M-2
7. PCR product of Nit gene M-3 15. PCR product of nifH gene M-3
8. PCR product of Nit gene M-4 16. PCR product of nifH gene M-4

Fig 5. Polymerase chain reaction amplification
product of nirK, Nit, ow, and nifH gene in pure
culture.

Strain M-1 and M-2 presented nirK, ow, and nifH genes. They have ability to expression
denitrification process, dissolve of phosphate, and nitrogen fixation in soil. Those bacteria is
potential for bioremediation agent. Strain M-3 and M-4 just can solve phosphate. Nitrogen
fixation ability just found in methanotroph type 2 and 1 from genera Methylococcus (2). Dissolve
phosphate from all strain were showed in phosphate medium with wide transparent zone (fig.
2b).

Conclusion

In this study, we presented first data on molecular diversity and morphology characteristic of
methanotrophic bacteria in Kalampangan, Borneo peatland soil, Indonesia. All three group
gene responsible for methane transformation were observed in peat indicating that peat are
important source of gene responsible for oxidation of methane. MDH also were found in three
strain methanotrof used moxF gene that proved to be gram-negative methylotroph specific. All
the strain present pink-pigmented in NMS medium, it show that they have ability to use all
carbon compound like PPFM. The data show those bacteria consumed methane up to 80%
within 6h. This indicates a high level adaptation to high methane present of methanotroph
communities in Borneo peatland soil. All the result reported in this study are an initial
investigation biological and physical mechanism of methanotrophic bacteria that contributes to

further understanding of methane emissiin in Borneo peatland soil.
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ABSTRACT

Fruit fly, Bactrocera carambolae is a pest on chili fruit. The fruits is very importance
commodity in this country. Psyttalia makii Sonan is a soliter opiinae parasitoid that attack egg
and 1st instar larvae of tephritid fruit fly The objectives of this research was to study
parasitization of Psyttalia makii to the fruit fly, B. carambolae at Chili (Capsicum annuum L)
farm in Sleman and Bantul. The research was conducted from May to September 2005. Fruit
samples were bought to the Entomology Laboratory of Biology Faculty Gadjah Mada
University. Adult fruit flies and parasitoids emerged from pupae were held for seven days for
the identification. Parasitism intensity were calculated as the total number of enclosed
parasitoids by the total number of fruit flies pupae. The average parasitization intensity of P.
makii to immature stage of B. carambolae was 25,4% in Bantul and 33,23% in Sleman. It
indicated that fruit and host (fruit fly) abundance may have influenced parasitoids abundance
and its parasitization intensity.

Keywords: parasitization, Psyttalia makii, Bactrocera carambolae, red chili

Introduction

Carambolae fruit fly, Bactrocera carambolae Drew and Handcock are major pest on chili fruit (Capsicum
annuum L.) in Indonesia. Early attempts to control of these pest resulted in using insecticide and male attractant,
methyl eugenol?.

Soesilohadi et al. (2005) reported that Biosteres vandenboschi Fullaway, Psyttalia makii Sonan attack
immature stage of B. carambolae, a chili fruit fly in wide area of chili farm in Sleman and Bantul 2

Psyttalia makii Sonan is a soliter opiinae parasitoid that attack egg and 1st instar of tephritid fruit fly34). It is
an endoparasitoid that oviposits primary in the fruit fly larvae and completes a holometabolous type of
metamorphosis inside the host. According to Vargas et al. (1993), adult parasitoid emerge from the host
puparium 18-20 day after oviposition, usually 2 days longer than eclosion of adult flies?. Its ability to parasitize
the early stage of the host and outcompete the immatures of other fruit fly parasitoids when multiparasitism
occurs 6.

This study was conducted to determine Quantitative effect on the relative abundance of Psyttalid fruit fly

parasitoids based on chili fruit collected from chili farm in Sleman and Bantul.
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Materials and Methods

Chili Fruit fly survey. Chili fruit were collected from host plant at the chili farm in Sleman and Bantul,
Yogyakarta Special Province during May to September 2005. Just tree fruits were included in collection. Chili
fruits were collected to obtain chili fruit fly infestation and associated parasitoid data. Variety of the Chili that

planted in Sleman was cipanas. Chili fruits were panted In Bantul have more bigger than those in Sleman.

Fruit processing. Fruit were placed on cylindrical fiberglass containers (dia 20 cm and h 30 c¢m)
containing 1,5 cm sand and held for 2 to 4 weeks (depending on rate of fruit decomposition). Sand from each
the container was sifted weekly and larvae and pupae were placed in small containers. Fruit were held in
containers in room maintained at 25 £ 2 °C and 60 + 10 RH. Number of pupa and chili fruit fly adults and
Psyttalid parasitoids that emerged were recorded. Percentage parasitism was calculated on basis of live

parasitoids recovered from total pupae. Fruit fly and Parasitoid were identified to species with the taxonomic key

347),

Data Analysis. Degree of association between chili fruit fly, B. carambolae and parasitoid (P. makii)

abundance was based on formula :

> adults parasitoid
% parasitization = x 100 %
> total fruit fly puparium

Result and Discussion

The average intensity of P makii parasitizing immature stage of fruit fly in Bantul and Sleman were 25,24 -
33,23% (Table 1) In Sleman, the chili host plant were planted in the farm by mulsa plastic to covering the
ground. In Bantul the chili were planted in farm without mulsa plastic. The mulsa protecting the plant from
diseases transmission, pest development, included fruit fly and minimize weed growth?). In Sleman, mulsa
plastic did not influence parasitization intensity of P. makii. That was indicated by the parasitization level of P.
makii in Sleman was higher than those in Bantul (Table 1). In Bantul, there were poly culture system in chili farm

but in Sleman, chili were planted as mono culture.

Table 1. Total puparium, adult fruit fly (B. carambolae) emerged and patrasitization of P.
makii parasitoid that sampled from chili farm in Sleman and Bantul

% emerged adult of

Sampling

Location Total pupae ff Pm 4+ Pm
Sleman 3221 49,22 33,23 82,45
Bantul 2557 50,88 25,24 76,12

ff: fruit fly; P.m: Pyittalia makii

Parasitization P.makii to immature stage of B. carambolae in Sleman was more higher than those in Bantul.
Fruit fly has around 40 species host plant 8%). Soesilohadi (1995) reported that parasitization level of Opius sp.

on chili fruit fly was 50% in Sleman 19. In the poly culture farm, there were more than one species fruit host that
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were attacked by fruit fly. Therefore the fruit fly population dynamic in a host plant was influenced by planting
pattern. On the Figure 1 and 2 indicated that the abundance of adult parasitoid was influenced by chili fruits. That
is why parasitization levels of P. makii to immature stage of B. carambolae in Sleman was higher than those in
Bantul. Fruit type affected parasitization rates by B. arisanus but the reason why are not fully understood ).
According to Vargas et al. (1993), field parasitization rates of fruit vary with fruit varieties 9.

There were positive correlation between number of adult parasitoid and chili fruit number both in Sleman
and in Bantul chili farm (Figure 1 and 2), indicated that parasitoid abundance influenced by availability of host

fruit.

140 -
120 - .

100 A

Adult parasitoid

B &8 8 8

0 —t o oo *

0 500 1000 1500 2000 2500 3000
Chili fruitnumber

Figure 1. Regression between adult parasitoid and chili fruit number at Chili farm, Sleman
Y=0,02x + 7,99, R?=0,1700

Psytalid parasitoid, the most abundant and widely distributed psytalid parasitoid in Sleman (500 m asl) and
Bantul (50 m asl), but the parasitization P makii to chili fruit fly in Sleman was higher than those in Bantul. For
example, number of oriental fruit fly infesting fruit were 10-fold higher at 550 m that at 1,100 m 5. What did it
indicate that in Sleman with 500 m abs elevation as the optimum elevation for parasitoid, P. makii to parasitizing
immature stage of fruit fly ? To answered the question there are still need supporting data.

Positive correlation between number of puparium and adult parasitoids emerged (P. makii) in Sleman and
Bantul indicated that increased adult parasitoids emerged was influenced by increased number of puparium

(Figure 3 and 4).

270 Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011



International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

160 4

120 A

80 .

Adult parasitoid
*

40

0 500 1000 1500 2000 2500 3000 3500

Chili fruit number

Figure 2. Regression between adult parasitoid and chili fruit number at Chili farm, Bantul
Y=0,02x + 16,46; R2 = 0,1225
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Figure 3. Regression between Adult parasitoid emerged and Puparium number at Chili farm in
Sleman, Y =-0,89 + 0,34X, R?=0,8301
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Figure 4. Regression beetween Adult parasitoid emerged and Puparium number at Chili farm, Bantul,
Y=0,2382 x + 3,5323, R?=0,8090

Conclusion

1. P. makii reduced between 25,25 (in Bantul) — 33,23% (in Sleman) of chili fruit fly population.
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2. Pattern of planting in chili farm did not influence parasitism degree
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ABSTRACT

Caudal fin skeleton modification is common in the Teleostei. Structural and functional
adaptations cause changes in external morphology and provide an important consequence
for the movement of fish. Andamia reyi is a fish that spends most of his life in the terrestrial.
Behavior Andamia reyi require caudal fin structure capable of supporting the movement on
land. In addition, research on the structure of the caudal fin skeleton in Andamia reyi not
been done. This study aims to determine the structure of the caudal fin skeleton Andamia
reyi as the adaptation of terrestrial life. Staining results of Alcian blue-Alizarin red's show that
Andamia reyi has 12 principal rays and 6 procurrent rays. Caudal fin is divided into 6
segmented rays in each lobe and 6 unsegmented rays, 3 on the upper lobe and 3 on the
lower lobe. Three procurrent rays in the upper lobe contained on uroneural while the third
part of the lower lobe contained on hypural. Principle contained in hypural rays. Hypural
clearly separated into two parts, the superior and inferior. The formula of caudal fin rays is
3+6+0+0+6+3 =18.

Keywords : caudal fin skeleton, Andamia reyi

Introduction

Caudal fin evolution has become a textbook case of structural and functional
modification in vertebrate, and is used to illustrate how changes in external morphology have
occurred and had important functional consequences. Within the Teleostei, modifications of
the caudal skeleton are common and include fusion of the hypural bones and reduction and
fusion of epurals and uroneurals. In most teleost fishes the hypurals have expanded and are
oriented posteriorly, supporting fin rays both above and below the precaudal vertebral axis.
In modern teleosts, reduction and fusion of many skeletal elements of the caudal fin can be
observed (Lauder, 1989; Gosline, 1961).

Andamia reyi, rockskiper, active movements such as skipping, skimming the
surface of water, or swimming when disturbed by waves, by the rise of the tide, or by human
beings have been referred to above. In this movement the whole of the tail takes part, and
enables the fish to move either from side to side or forward. Forward progression may be

effected by the flexure of the tail either on one side only, or on both the side alternately, but
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this flexure does not involve any zig-zag movement on the part of the fish. The new positions
reached in this kind of progression are nearly always in a straight line in front of them (Rao
and Hora, 1938).

Behavior Andamia reyi require caudal fin structure capable of supporting the
movement on land. In addition, research on the structure of the caudal fin skeleton in
Andamia reyi not been done. This study aims to determine the structure of the caudal fin

skeleton Andamia reyi as the adaptation of terrestrial life.
Material and method

Alizarin and alcian blue staining is very useful method for staining of skeletal and
cartilageous tissues. Female Andamia reyi fixed in alcohol 96%. Skin, eyes, thoracic and
abdominal viscera removed from sample. The sample fixed in aseton for three days. Stain
minimum of 24 hour in the following solution at 37° C : 1 volume 0,3 % filtered alcian blue in
70 % alcohol, 1 volume 0,1 % filtered alizarin red in 95 % alcohol, 1 volume glacial acetic
acid, 17 volume 70 % alcohol. After stain, wash in 3 changed of destilled water. Place in 1 %
KOH for 24-72 hour until the skeleton is visible through the soft tissues. Transfered to equal
parts of pure glycerol and 1 % KOH (1:4, 1:1, 4:1) until clear. Sample stored in pure glycerol.

Anatomical terminology used according to Lauder (1989) and Gosline (1997).
Result and discussion

Staining results of Alcian blue-Alizarin red's show that Andamia reyi has 12 principal
rays and 6 procurrent rays. Caudal fin is divided into 6 segmented rays in each lobe and 6
unsegmented rays, 3 on the upper lobe and 3 on the lower lobe. Three procurrent rays in the
upper lobe contained on uroneural while the third part of the lower lobe contained on
hypural. Principle contained in hypural rays. The formula of caudal fin rays is 3+6+0+0+6+3
=18 (Fig. 1).
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Fig 1. Caudal skeleton of female Andamia reyi. hy-hypural; ph-paryhypural; pu-preural
centrum; u-ural; un-uroneural;

Hypural clearly separated into two parts, the superior and inferior. Tail can be moved
freely toward the superior and inferior. Hypural have a system "lock and keys" (Fig. 2). This
system causes the bone does not slip when the tail is used as a pedestal for the jump. In
addition, this system reinforces the interradialis causing caudal rays can be widened so that
the caudal rays can be used as a footstool. This system led to Andamia reyi able to jump to

the left or right side. System "lock and key" allows Andamia reyi to determine the direction
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and strength of the leap. The inferior caudal rays can be bent so as to facilitate the
determination of the direction of the leap. In addition, the system supports the ability
Andamia reyi to attach to rocks.

hypural
superior

keys system

hypural
inferior

Fig. 2. “Lock and keys system in hypural’s Andamia reyi.

In many teleosts caudal rays are attached also to paryhypural and to the hemal spine
of the preural 2 (Bartolino, 2005). But, in Andamia reyi paryhypural only supports procurrent
rays rays while the principle is supported by hypurals. This is probably due to caudal on
Andamia reyi used as a means of locomotion on land that requires a strong supporter of

principle rays. Paryhypural size smaller than hypurals.

On the axis there are only pairs of caudal fin preural (PU 1 and PU 2) and the urals in
the posterior directly associated with hypural. In addition, there is one uroneural that
supports procurrent rays. In many lower teleosts there is only one to three uroneural located
above the caudal axis (Gosline, 1997). This shows that Andamia reyi possibility is lower
teleosts.
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Abstract

Intertidal zone is an area which is transition between sea and land. High tide and low
tide happen periodically twice in intertidal zone of Drini, this make Intertidal zone has unique
characteristics making it attractive to study. Meiofauna in this area is also unique,
especially the types of fish. This research aims to determine the diversity of fish species in
the intertidal zone of Drini Beach. The research was conducted in March 2011. The method
used is free sampling at the afternoon and evening when the tide is low. The results show
that there are 11 familiesand 12 species offish. The families are Ephipipidae,
Chaetodontidae, Siganidae, Atherinidae, Mugilidae, Terapontidae, Apogonidae, Gobiidae,
Scorpaenidae, Tetraodontidae,and Muraenidae. The species are Platax orbicularis,
Chaetodon auriga, Siganus canaliculatus, Atherinomorus sp., Valamugil engeli, Terapon sp.,
Apogon angustatus, Istigobius ornatus, Scorpaenopsis sp., Arothron spp., and Echidna sp.
Most of them are reef fish, this is indicate that the coral reef ecosystem condition in Drini is
still in good condition. The big wave in Drini may take them into the intertidal zone. There is
typical fish in intertidal zone, Gobiidae. This family usually live in the intertidal zone and
known as rock skipper. This result shows that the intertidal zone of Drini has high diversity of
fish and still possible there are many kinds of fish in the intertidal zone Drini. Periodically
research need to be done for better data.

Keywords: Intertidal Fish, Intertidal Zone of Drini Beach

INTRODUCTION

Indonesia located in the tropical zone and consist of more than 1000 islands.
Indonesia also has the longest beach line in the world. This is make Indonesia has very high
biodiversity. Intertidal zone is an area which is transition between sea and land. This area
high tide and low tide happen periodically. This situation makes Intertidal zone has very

unique meiofauna, different from sea, freshwater and terrestrial creatures.

Drini located in Gunung Kidul, Yogyakarta, Indonesia. Drini has very unique
characteristics. High tide and low tide happen periodically twice in intertidal zone of Drini.
There is ariver estuary in Drini. Drini also has seagrass bed bed (Thalasia hemprichii)
beside seaweed bed. Seagrass systems are important habitat for early life stages of many

commercially important species that seek protection from predators [1]. This seagrass can
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promote sediment deposition and also avoid resuspension of sediments and suspended

particulate matter, which in have highly contribute to stabilize the coast [2].

Meiofauna play important role in Intertidal zone. Contributes in food chain and
ecological trophic meiofaunaa has unique characteristics. It has to adapt the extreme
condition in intertidal zone when the low tide is come, the temperature increase rapidly.
Absent of water also happen periodically. Meiofauna has special ability to adapt with this
condition. one of the meiofauna is fish. Fish in this area still need water, but it can live with
only small water. Special physical character in Intertidal zone of Drini makes this area
interesting to know. And there are no data base about intertidal fish in Intertidal zone of Drini.
This research aims to determine the diversity of fish species in the intertidal zone of

Drini Beach.

MATERIAL AND METHOD

The research was conducted on March 2011 in the Intertidal zone of Drini, Gunung
Kidul, Yogyakarta, Indonesia. Sample taken 4 times in a month during Materials and tools
used in this research are camera, millimeter block paper, alcohol 70%, net, identification
book “FAO fisheries” and “Reef Fish Identification: Tropical Pacific Fishes” and plastic box.
Method use in this research is free sampling at the afternoon and evening when the tide is

low along intertidal zone of Drini.

Figure. 1. Location of the study site at coastal areas of Drini, Yogyakarta, Indonesia

RESULT AND DISCUSSION

The results show that there are 11 families and 12 species of fish. The families are

Ephipipidae, Chaetodontidae, Siganidae, Atherinidae, Mugilidae, Terapontidae, Apogonidae,
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Gobiidae, Scorpaenidae, Tetraodontidae,and Muraenidae. The species are Platax
orbicularis, Chaetodon auriga, Siganus canaliculatus, Atherinomorus sp., Valamugil engeli,
Terapon sp., Apogon angustatus, Istigobius ornatus, Scorpaenopsis sp., Arothron spp., and

Echidna sp.

The first reef fish in this area is Platax orbicularis. This fish is belong to family
Ephipipidae. P. orbicularis usually live in shallow protected coastal waters to deep,
somewhat silty habitats, often with deep shipwrecks. Juveniles usually live inner sheltered
lagoons while adults move out to open waters over sandy areas of deep lagoons [3]. In
Intertidal zone of Drini, we found the juvenile of P. orbicularis. The juvenile has unique
characteristics, has dark brown line in through eye. They occasionally mimicking like dead
leaves. The Intertidal zone of Drini’'s condition has large seagrass bed, large algae bed with

rocky substrate is ideal for juvenile fish to schooling.

The next reef fish is Chaetodon auriga. This fish is belong to family Chaetodontidae,
the keystone species of coral reef ecosystem. C. auriga has very unique character, it has
black spot in the yellow dorsal fin and has black line trough eye vertically. This fish live in
coral, seagrass bed and seaweed bed. C. auriga found gathering in juvenile phase in
Intertidal zone of Drini. the seagrass and seaweed bed in Drini make this area ideal for
searching food. The present of this fish can indicate that coral reef ecosystem in Drini area is

still in good condition.

Siganidae usually live in coral reef ecosystem the depth is 1-30 m and
oceanodromous. This family especially Siganus canaliculatus can also live in the Inhabits
inshore, algae reefs, estuaries and in large lagoons with Algae-rubble habitats, mainly
common on rocky substrates. This species seems to tolerate more turbid waters, occurring
within the vicinity of river mouths especially around seagrass beds just like Intertidal zone of
Drini beach condition. Juveniles form very large schools in shallow bays and coral reef flats;
school size reduces with size, with adults occurring in groups of 20 individuals or so [3]. S.
canaliculatus are herbivorous, feeds on benthic algae and to some extent on seagrass. S.
canaliculatus can consumed as food but have to be careful because have poisonous dorsal

spines.

Atherinomorus sp. found form schools in large count. This fish is belong to family
Atherinidae. This small fish has silver color, silvery midlateral band and Fins mostly uniform
yellowish, pectorals with dusky patch at the base. This fish are pelagic neritic non migratory

and found always swim around in Intertidal zone of Drini. This fish feeds on a variety of
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planktonic crustaceans, seaweed and seagrass [4]. Local fisherman usually use this fish as
bait fish.

Valamugil engeli found form schools in large count. This fish is belong to family
Mugilidae. This fish inhabit coastal waters but enters estuaries and rivers where they feed on
microalgae, filamentous algae, forams, diatoms, and detritus associated with sand and mud
[5]. V. engeli has Dorsal and upper lobe of caudal fin with dark-blue tip. Anal, pelvic, and
pectoral fins yellow. Pectorals also with dark blue spot dorsally at origin. Local fisherman

usually use this fish as commercial fish.

Terapontidae form school in small count. This family are typically catadromous fish.
Juveniles commonly found in sandy intertidal areas, often in tidal pools. Spawn in the sea and
juveniles migrate into fresh water, eggs are guarded and fanned by the male parent. Drini has
small estuaries so that this fish can be found easily. Beside, Drini also has seagrass and

seaweed bed that can provide food [6].

Apogon angustatus is typically reef fish. This fish is belong to family Apogonidae. A.
angustatus found in juvenile phase. This fish has specific characteristic, it has 5 horizontal
stripes (brassy to dark brown in color), dark spot at base of middle caudal fin rays, fin rays
light red. This fish is omnivore, it eat seaweed, benthic inverts and small crustacean.
Intertidal zone of Drini with seagrass and seaweed bed provide much food for A. angustatus

so it easily found in this area.

Istigobius ornatus is amphibious fish that usually live in intertidal zone. This fish is
belong to family Gobiidae. This fish has specific characteristic, it has fluorescent scales in
the both side of the body. I. ornatus is carnivore that eat eel, small crustacean, and small
fish. This fish has special ability to go out of the water. Rocky substrate in Intertidal zone of
Drini became ideal habitat to search food or to hide from the predators, so I. ornatus became

easy to found almost in all Intertidal area.

Scorpaenopsis sp. is very poisonous benthic fish. This fish is belong to family
Scorpaenidae. It has poisonous dorsal and pectoral fins. Scorpaenopsis sp. usually live in
coral reef area, and intertidal zone with rocky or sandy substrate. It can camouflage well, so
we have to be careful if swimming or walking in Intertidal zone of Drini. Scorpaenopsis sp. is
a carnivore. It eat small fish and small crustacean. The characteristic of Drini became ideal

for this fish. The fish usually found in seagrass bed and well camouflage.
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Arothron spp. or puffer fish are belong to family Tetraodontidae. This family has
unique characteristics; body covered with prickles and can double its size when feel
threatened. Arothron spp. live in the lagoon, coral reef, seagrass and seaweed bed. The
juvenile usually live in estuaries, and coastal bays. In the sampling location only the juvenile

phase found. We can found easily in the sampling location, especially at night [7].

Last species found in Drini is Echidna sp.. This fish belong to famliy Muraenidae.
Echidna sp. found between rocks and corals of intertidal reef flats. It's always hideaway in
the rock and very difficult to catch. Echidna sp. has special characteristic, it has black and
white pattern in alongside the body. Echidna sp. is nocturnal fish and also carnivore. Feed
mainly on crustaceans [8]. In the Intertidal zone of Drini this fish is very easy to found, the

abundance is high.

The condition of Intertidal zone of Drini with the seagrass and seaweed bed are still
in good condition. Drini still became place for juvenile fish to grow. Most of the fish are reef
fish, this is indicate that the coral reef ecosystem condition in Drini is still in good condition.
This result shows that the intertidal zone of Drini has high diversity of fish and
still possible there are many kinds of fish in the intertidal zone Drini. Periodically research

need to be done for better data.
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ABSTRACT

In 2010 Mount Merapi had erupted with pyroclastic flows heading towards southern
area. This eruption caused a huge damage to Merapi’s ecosystem, included the forest and
water bodies. Anuran is one order of Amphibian which depends on water for complete of
their life cycle, most tadpoles are usually aquatic. Study of Anuran and its tadpoles are
urgently required since they are also used as bio-indicator. Tadpoles might used to
recognize the species because it was easier to find in their habitats than the adult. This
research was carried out from May-July 2011 in Plawangan and Turgo Hills which located in
southern slopes of Mount Merapi. Tadpoles were taken from water bodies captured by fish-
net, preserved in ethanol 96% and identified in Laboratory of Animal Taxonomy Faculty of
Biology Universitas Gadjah Mada using Iskandar (1998), Manthey and Grossmann (1997).
Based on this research five species of Anuran tadpoles from four different families were
recorded. The highest frequency appeared is Limnonectes kuhlii and the lowest frequency is
Megophrys montana. Tadpoles of endemic species in Java (Limnonectes kuhlii, Megophrys
montana and Rhacophorus margaritifer) has been found. It indicated that they may survive
after eruption. Potential threats to tadpoles are drought of waterfalls and stream, human
waste products also construction of water reservoir which may disrupt breeding sites and the
life cycle of amphibians. Water management and ecology-based water education are
needed to local communities to conserve amphibians in Mount Merapi area.

Keywords: tadpoles, Mount Merapi, eruption 2010

INTRODUCTION

The southern slopes of Mount Merapi are a part of Mount Merapi National Park. This
region become water reservoir area, buffer system of life also springs to life in the
surrounding communities and ecosystems in Sleman, Boyolali, Klaten and Magelang
Regency. Plawangan-Turgo Nature Reserves including to the southern slopes of Mount
Merapi. Plawangan Hill and Turgo Hill has a hilly topography with an altitude 900 - 1700
meters above sea level and has a submontane forest type (Binarwan, 2008).

Anuran is one order of Amphibian which depends on water for complete their life
cycle, since the tadpoles usually aquatic. Anuran plays an important role in an ecosystem

food chain, either as prey or predators, and used as bio-indicators. Tadpoles play a key role
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in determining the abundance of algae in a pond or water bodies, and mediates the flow of
nutrients from aquatic habitats to terrestrial habitats. Anuran becomes a major food source
for several species of birds, mammals, and other large predators (Pierce, 1985).

According to Gregoire (2005), Anuran larvae might used to recognize the species
because it easier to find in their habitats than adult. Research on early life stages of Anuran
in Indonesia is still very little known, especially in Java (Inger cit. Iskandar, 1998). In 2006,
Eprilurahman have studied the morphological characters and habitats of the southern slopes
of Mount Merapi tadpoles. However, monitoring the types of Anuran tadpoles in southern
slopes of Mount Merapi needs to be done continuously, especially after the eruption in 2010.

This research was aimed to determine the type of Anuran tadpoles in the southern
slopes of Mount Merapi after the eruption in 2010. The results are the Order Anuran
tadpoles descriptions based on morphological characters and habitat. The research is
expected to be used as a guide and information about the diversity of Order Anuran
members in the southern slopes of Mount Merapi after the eruption. This also can be used

as a conservation effort, either Anuran tadpoles or adults, and their natural habitats.

MATERIALS AND METHODS

Inventory of Anuran tadpoles were carried out during the months of May to July 2011.
Sampling was conducted at Plawangan Hill which includes Telaga Putri, Telaga Muncar and
Petak Pitu, Turgo Hill which includes Siraman Lanang, Siraman Wedhok and Siraman
Candi, and Kali Kuning. Quantitative samplings of Amphibian larvae method were used to
get the data of Anuran tadpoles (Heyer et al., 1994). Tadpoles were caught using fishing net,
then photographed their distinguishing characteristics following their natural habitats.
Tadpoles were preserved using ethanol 96% and then identified with D.T. Iskandar (1998)
also Manthey and Grossman (1997). Nomenclature in this research follows Iskandar (2006).
Environmental parameters are taken include water temperature, air temperature, and pH of
the water. The results of tadpoles types based on morphological characters and habitat were

analysed descriptively.

RESULT AND DISCUSSION
Based on this research, five species of Anuran tadpoles from four different families
were recorded. Three of them are endemic to Java. The type and location of encounter

Anuran tadpoles are presented in Table 1.
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Table 1. Diversity Anuran tadpoles southern slopes of Mount Merapi

No. Family Species TP | TM | PP | SL | SW | SC | KK
1. | Dicroglossidae | Limnonectes kuhlii* - - - NN A
Limnonectes microdiscus | - | - | - [ V| ¥ [ - | -
2. | Megophryidae | Megophrys montana* - NN - -] -
3. | Ranidae Hydrophylax chalconotus | v | - | ~ | - | - | - | «
4. | Rhacophoridae | Rhacophorus margaritifer* | - | ~ | - | - | ¥ | - | -

Description: TP = Telaga Putri, TM = Telaga Muncar, PP = Petak Pitu, SL = Siraman Lanang, SW = Siraman Wedhok, SC =

Siraman Candi, KK = Kali Kuning, v = common, - = not found, * = endemic to Java

On the Plawangan Hill found three types of tadpoles, i.e Megophrys montana and
Rhacophorus margaritifer in Telaga Muncar and Hydrophylax chalconotus in Telaga Putri
and Petak Pitu. M. montana found in streamy calm water bodies that flows from Telaga
Muncar. Around Telaga Muncar contained logs and fallen trees. R. margaritifer was found in
Telaga Muncar which currently forms a small pool of water. Landslides and fallen trees
caused by tectonic and thermal cloud were situated surrounding Telaga Muncar area. While
H. chalconotus found in a small river that flows in Petak Pitu and Telaga Putri. Water bodies
in Petak Pitu were filled with sand and stone, from small to medium sized stones. Riparian
vegetation were seen in the area and dominated by bamboo plants and grass. Telaga Putri
area were still covered with grass, shrubs and herbaceous plants, while Telaga Putri filled
with sand material.

On the Turgo Hill found four types of tadpoles, i.e M. montana in Siraman Lanang,
L. kuhlii in Siraman Lanang, Siraman Wedhok, and Siraman Candi, L. microdiscus in
Siraman Lanang and Siraman Wedhok, R. margaritifer in Siraman Wedhok. Siraman Lanang
flanked by cliffs. M. montana, L. kuhlii and L. microdiscus were found in small stream which
flowing calm and on the flow of water dammed by the Turgo citizens. L. kuhlii and L.
microdiscus were found in small streams, while R. margaritifer found in pools formed by
water flow of Siraman Wedhok. Vegetation in Siraman Lanang and Siraman Wedhok which
are often found is Caliandra sp., ferns, epiphytes, grasses and herbaceous plants. Water
sources and water bodies on Turgo Hill are still in good condition after the eruption of Mount
Merapi, so Anuran can survive and proliferate at this location.

On the Kali Kuning we only found H. chalconotus tadpoles which found in temporary
pools and ponds formed by the flow of small rivers. Most of the Kali Kuning region was
damaged affected by hot clouds of volcanic ash and rivers filled with volcanic material,

ranging from sand to large stones.
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Tadpoles which are most common to be found, namely L. kuhlii encountered at three
research sites in Turgo Hill and H. chalconotus encountered on the Plawangan Hill, the
Turgo Hill and Kali Kuning. While the tadpoles are rarely found is M. montana, which is only
found in Telaga Muncar and Siraman Lanang. R. margaritifer only found in two locations,
namely Telaga Muncar and Siraman Wedhok, but the number of individuals encounter
higher than M. montana.

Based on research conducted Eprilurahman (2006), there are eight types of tadpoles
on the southern slopes of Mount Merapi, which is M. montana, Leptobrachium haseltii, Rana
hosii (Odorrana hosii), R. chalconota (H. chalconotus), L. microdiscus, L. kuhlii, R.
reinwardtii and R. javanus (R.margaritifer). Three species which are not found in the
research in 2011 was L. haseltii, R. hosii and R. reinwardtii. On the research carried out by
Eprilurahman (2006), L. haseltii can be found on water bodies in Petak Pitu, R. hosii can be
found on water bodies in Petak Pitu and Telaga Muncar, while R. reinwardtii can be found in
the pool on the top of Plawangan Hill. Research in 2011 did not cover all types of tadpoles
because there are still many unknown breeding sites.

Anuran tadpoles descriptions encountered in three study sites on the southern slope
of Mount Merapi are as follows:

1. Limnonectes kuhlii Tschudi, 1838
Tadpoles are benthic, found in the river that flowing quietly. Characteristic of tadpoles is
rhomboid-shaped body, body and tail muscles are light brown colour, tail muscles with
dark brown horizontal bands, there are a pair of white nodule in the ventral part of the
body, tail fin has a low arch with a tapered tip. Oral apparatus located at anteroventral,
nares near the snout, vent tube in dexter, eyes position on the dorsal, spiracles sinister.
Labial tooth row formula: [+5-5/1-1+ll.

2. Limnonectes microdiscus Bottger, 1892
Tadpoles are benthic, found in the river that flowing quietly. Characteristic of tadpoles is
oval and flattened body, body and tail muscles are light brown colour, tail muscles and
fins with black patch, tail fin has a low arch with a tapered tip. Oral apparatus located at
anteroventral, nares near the snout, vent tube in dexter, eyes position on the dorsal,
spiracles sinister. Labial tooth row formula: 1+1-1/1-1+Il.

3. Megophrys montana Kuhl & Van Hasselt, 1822
Tadpoles are neustonic, found in the river that flowing quietly. Characteristic of tadpoles
is longitudinally and flattened body shape, body and tail muscles are black, tail fin has a
low arch with a tapered tip. Oral apparatus widened into lateral with bi-triangular shapes,
nares near the snout. Vent tube in medial, eye position on the lateral, spiracles sinistral.

4. Hydrophylax chalconotus Schlegel, 1837
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Tadpoles are benthic, found in temporary pools and ponds formed by the flow of small
rivers. Characteristic of tadpoles is oval and flattened body, body and tail muscles are
dark brown, there is a pair of white nodule in the ventral part of the body, tail fin has a
low arch with a tapered tip, oral apparatus located at anteroventral, nares near the eye.
Vent tube in dexter, eyes position on the dorsal, spiracles sinistral. Labial tooth row
formula: | +3-3/1-1+ 111
5. Rhacophorus margaritifer Schlegel, 1837

Tadpoles are benthic, found in pools formed by water flow. Characteristics of tadpoles
are oval and flattened body shape, body and tail muscles are light brown, %3 tail muscle
and the posterior part of caudal fin with dark spots, tail fin has a low arch with a tapered
tip. Oral apparatus located at anteroventral, nares near the snout. Vent tube in dexter,

eyes position on the dorsal, spiracles sinistral. Labial tooth row formula: | +5-5/IIl.

Measurement of environmental parameters included water temperature, air

temperature and pH of water conducted during the study are presented in Table 2.

Table 2. Environmental parameters on the southern slopes of Mount Merapi

No. Location Water temperature (°C) | Air temperature (°C) | pH of water
1. | Telaga Putri 21 19-24 8.3

2. | Telaga Muncar 19-20 19.5-20 8.6-9.2
3. | Petak Pitu 21 20.5-22 7.9-8.1

4. | Siraman Lanang 20.5 20 8.1-9

5. | Siraman Wedhok 19 21 8.1-8.4
6. | Siraman Candi 21 20.5 8

7. | Kali Kuning 22 20.5 7.8-8.3

Tadpoles inhabit aquatic habitats that extremely varied both the temperature and pH
of water. Temperature plays an important role in the physiology, ecology and behavior of
tadpoles, such as the level of development and body size at metamorphosis (McDiarmid and
Altig, 1999). According to Goin et al. (1978), temperature tolerance for amphibians is in the
range 3.0 to 41.0 °C. Low pH can inhibit the growth of larvae and metamorphosis. Based on
research conducted by Pierce (1985) on Amphibian tolerance to acidity habitat, most
species die at pH value close to 4. Measurements of water temperature at the time of
sampling ranged from 19 to 22 °C, while the air temperature ranged from 20.5 to 21 °C.
Measurement of water pH at the research site ranged from 7.8 to 9. Based on

measurements of water temperature, air temperature and pH of water at the research site,
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can be seen that the area of southern slopes of Mount Merapi still have habitat or breeding
sites that suitable for Anuran tadpoles development after an eruption in 2010.

Eruption that occurred in 2010 caused significant damage to the ecosystems in the
southern slopes of Mount Merapi. The damage caused a threat to the Amphibian, among
others, dry springs, ponds and rivers. Dryness of water source is a real threat for Anuran,
because they need water to complete their life cycle. Remaining water sources can trigger
the gathering of Order Anuran members to breed in that area. This will increase the risk of
predators and tadpoles competition to get the nutrients. Volcanic material that accumulates
in water bodies also tends to increase the acidity of water, so the tadpoles cannot develop
properly. Loss or damaged tress caused the microclimate on the southern slopes of Mount
Merapi increased and caused the loss of shelter for adult Anuran.

The next threat comes from human activity. Local citizens tend to build water
installation in the spring to meet the daily water needs. Construction of this water installation
generally use plastic gutter systems and enclosed container, thus minimize the opportunity
for Anuran to breed in water bodies. In addition, plastic gutter systems does not allow for
recycling nutrients from the environment that required for tadpoles growth. Water installation
with plastic gutter systems and enclosed container can be found in Siraman Lanang, Telaga
Muncar and Kali Kuning.

Based on this research, it is necessary management needs to support life cycle of
Order Anuran members in the southern slopes of Mount Merapi. Activities that can be done
include maintaining the cleanliness of the nature reserve and natural park from inorganic
waste, keeping the water flow and water installation on the springs periodically and apply
ecology-based water education to maintain the continuity and sustainability of the Order

Anuran in the southern slopes of Mount Merapi.
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ABSTRACT

The skin of the snakes has many important functions including in its locomotion.
During snake’s locomotion, the skin produces friction along its body against the substrate so
the snake’s body can move forward. For this purpose, shake’s skin have to be strong but
pliable. The aims of this research are to study the structure of snake’s skin which lives in
two different habitat (terran and arboreal) and also to determine the importance of these
structure during their locomotion in each habitat.

Two species of snakes were obtained from snakes’ seller in Imogiri. Snake skin were
observed macroanatomically (scale shape and scale attachments) and microanatomically
(tissue composition particularly in dermal layer). The result showed that terran snakes have
thicker skin than the arboreal snake particularly in its dermal layer. The differences also can
be found in the composition of the dermal layer and the arrangement of collagen fibers in
each species. Terran snakes have more collagen fibers than arboreal snakes hence the
thicker skin in terran snakes. Collagen fibers in terran snakes were arranged into three
different layers which are, longitudinal, transversal and diagonal while in arboreal snakes the
collagen fibers only can be found in transversal form. This structure allows arboreal snake to
have more maneuverability so arboreal snakes can move freely in its environment. In
terranian habitat, velocity is more important than maneuverability hence the thicker, stronger
and less pliable skin is advantageous for terran snakes.

Keywords : Snake’s skin, Terran, Arboreal, Collagen Fibers, Locomotion
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ABSTRACT

Skipper is one group of fish in the intertidal zone who spent most of their life on the
terrestrial. Skipper is divided into two groups, rockskipper and mudskipper. Rockskipper use
the crevices of coral as habitat while mudskipper using mud as a habitat. Differences
between skipper habitat of these two groups caused a structural and functional adaptation in
the skeleton structure of the caudal fin. Caudal fin is one organ that is used by most of the
fish to help the movement. This research aims to determine differences in the structure of
the caudal fin skeleton mudskipper and rockskipper as an adaptation to terrestrial.
Rockskipper species used are Andamia reyi while mudskipper was Periophthalmus gracillis.
Staining results of Alcian blue-Alizarin red's showed that Periophthalmus gracillis caudal fin
has 14 branched rays (7 upper lobe, 7 lower lobe), 6 (upper lobe) and 6 (lower lobe)
segmented rays, and 5 (upper lobe) and 10 (lower lobe) unsegmented rays. Six rays on the
lower lobe have a branch more than six rays in the upper lobe. In Andamia reyi caudal fin
have 6 segmented rays in each lobe and 6 unsegmented rays, 3 on the upper lobe and 3 on
the lower lobe. In rockskipper rays do not have a branch at the tip. In both skipper, hypural
divided into two parts, the superior and inferior.

Keywords : skipper, skeleton of caudal fin, Periophthalmus gracillis, Andamia reyi
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ABSTRACT

Rice is a crop that can grow in flooded conditions. Water management and nutrients
enrichment are important factors on increasing rice production. Submergence of plants for
varying duration and depth that occurs at different growth stages resulting in unpredictable
yield losses. Nitrogen is an essential nutrient to increase plant growth and productivity. An
adequate supply of nitrogen to the plants during their early growth period is very important
for the initiation of leaves and tillers. We examined the effect of plant submergence at
different growth stages for various durations and level of nitrogen fertilizer application on
growth and grain yield of rice (Oryza sativa L.cv. Sintanur). The experiment was arranged in
complete randomized design with five replicates for each treatment. The plants were grown
in pots and were subjected to nitrogen fertilizer at concentration 0, 0.5, 1 and 1.5 g/pot
applied before submergence. Submergence treatment was conducted at different growth
stages i.e. without submergence (control); 10 days submergence at the vegetative phase; 10
days submergence at the reproductive phase; 10 days submergence at the vegetative and
reproductive phase. The submergence was 4-cm in depth from the surface. The observed
parameters were plant height, number of tillers, flowering age, number of filled and unfilled-
grains per panicle, precentage of filled-grain, 1000-grain weight, plant biomass, root shoot
ratio, pH, and the nitrogen contents in the soil. The result showed that nitrogen fertilizer
treatment had significant effect on the plant growth. The number of filled-grains increased
with increasing the level of nitrogen fertilizer application. Submergence treatment on the
vegetative and reproductive phase with 0.5 g/pot nitrogen dosage increased the growth and
productivity of rice (Oryza sativa L.cv.Sintanur) include number of tillers, precentage of filled-
grain, dry weight of root, dry weight of shoot, and shortened of flowering time.
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INTRODUCTION

Plant growth in agricultural soils is influenced by many abiotic and biotic factors. There
is a thin layer of soil surrounding plant roots that is an extremely important and active area
for root activity and metabolism. Plant roots are crucial for the absorption and translocation
of water and nutrients. An adequate supply of nitrogen to the plants during their early growth
period is very important for the initiation of leaves and florets primordia (Tisdale and Nelson,
1984). Nitrogen encourages vegetative growth and improve yield and grain quality by
increasing the number of tillers, leaf area development, the formation of grain, grain filling

and protein synthesis (Below, 2002; Barker & Pilbeam, 2007). Earlier studies reveal that
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proper use of nitrogen fertilizer can markedly increase the yield and improve the quality of
rice (Weeraratna,1981).

Among agricultural crops, rice has the ability to germinate and grow under extremely
low oxygen conditions. Submergence of crops for varying duration and depth occurs at
different growth stages resulting in unpredictable yield losses. Use of nitrogen fertilizer has
led to significant improvement in crop yield (Chaturvedi, 2005). Submergence-induced
internode elongation and the maximum length that adult plants can reach varies amongst the
different rice cultivars (Keith et al., 1986; Das et al., 2006). Nitrogen and phosphorus
availability and assimilation can influence submergence responses and have implicated in
differences in tolerance between cultivars (Jackson & Ram, 2003).

During submergence, plant survival is greatly affected by depth of water and by its
physico-chemical characteristics (oxygen and carbondioxide concentration, pH, degree of
turbidity, temperature, etc (Sarkar et al.,, 2006). Submergence effect is very complex
phenomenon that varies with genotype and pretreatment, carbohydrate status before and
after the submergence, development stage of the plant when submergence occurs, the level
and duration of submergence and degree of water turbidity. Morphologically and
physiologically, the submergence effect can be characterized by leaf chlorosis, stunted
growth, and the death of the whole plant tissue (Jackson and Ram, 2003; Das et al., 2005).

Rice grow well in flooded soils due to the ventilation efficiency that is acquired by
formation of air spaces within the tissue to improve the exchange of gases between the
submerged plant part and the atmosphere. Moreover, submergence induces the formation of
adventitious root mediated by ethylene that also appeared to facilitate aerenchyme formation
(Justin and Armstrong, 1991). In this study, we examined the effect of plant submergence at
different growth stages for various durations and level of nitrogen fertilizer application on

growth and grain yield of rice (Oryza sativa L. cv.Sintanur).

MATERIALS AND METHODS

The experiment was conducted in the greenhouse of Faculty of Biology UGM,
Yogyakarta on April 2010 to August 2010. The rice seed (Oryza sativa L. cv. Sintanur) was
obtained from Assessment Institute for Agricultural Technology, Daerah Istimewa
Yogyakarta (AIAT DIY), Indonesia. Urea was used as a source of nitrogen fertilizer. Physico-
chemical properties of the soil were measured by the standard methods of soil chemical
analysis. The experiment was arranged in a complete randomized design with five
replications for each treatment.

Rice seeds were sown in tray containing a mixture of soil and farmyard manure in a

3:1 ratio. Fourteen day-old seedlings were transplanted (two seedlings per pot) in circular
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plastic pots (30 cm height and 24 cm diameter) contaning 5 kg of soils. Ten days after
transplanting, plants were thinned to 1 seedlings per pot. The urea as nitrogen source at
different doses : (1) 0 g/pot, (2) 0.5 g/pot, (3) 1.0 g/pot and (4) 1.5 g/pot was applied before
transplanting. Plants were then completely submerged and the water depth was maintained
at 4 cm from the soil surface. The submergence treatment were (A) control, in which the
soil relative water content was maintained at 70-80% of pot holding capacity / not
submerged; (B) 10 days submergence at the vegetative phase; (C) 10 days submergence
at the reproductive phase; and (D) 10 days submergence at the vegetative and reproductive
phase. After submergence treatment, the availability of water during the growth of rice
maintained at field capacity conditions.

The observed parameters were plant height, number of tillers, flowering time, number
of filled and unfilled-grains per panicle, precentage of filled-grain, 1000-grain weight, plant
biomass, root shoot ratio, pH, and the nitrogen contents in the soil. Plant height and number
of tillers were observed every week. Number of filled and unfilled-grains per panicle,
precentage of filled-grain, 1000-grain weight, plant biomass and root shoot ratio were
determined after harvest. While the nitrogen contents in the soil were determined before and
after submergence treatment.

Data was statistically analyzed according to Gomez & Gomez (1984) and means were

compared between treatments by Duncan Multiple Range Test (DMRT) at p< 0.05.

RESULTS AND DISCUSSION

Result of the experiment conducted to study the effect of plant submergence at
different growth stages for various durations and level of nitrogen fertilizer application on the
growth and vyield of rice (Oryza sativa L. cv.Sintanur) are reported. The submergence and
nitrogen fertilizer treatment had significant effect on the plant growth at different growth
stages.

The plants subjected to submergence showed higher plant height as compared to
those grown in which the soil relative water content was maintained at 70-80% of pot
holding capacity and increased with increase in duration of submergence (Table 1). Plant
height reveals the overall vegetative growth of the crop in response to various management
practices. Submergence enhanced the elongation of the shoots through the increase in
shoot length. The increase in plant height in response to application of nitrogen fertilizer is

probably due to enhanced availability of nitrogen which enhanced shoot elongation.
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Table 1. Plant height of rice (Oryza sativa L. cv. Sintanur) at 12 weeks after submergence at
different growth stages and level of nitrogen fertilizer
Submergence Dose of Nitrogen

treatment 0 g/pot 0.5 g/pot 1.0 g/pot 1,5 g/pot Average
A 98.17 + 2.21%° 109.50 + 9.08°° | 109.68 + 8.17°° 104.60 + 9.22°° 105.49 + 541"
B 104.62 + 2.78"° 113.62 + 8.69° | 107.92 + 1.61™° 106.62 +13.59°° | 103.20+10.89"
C 101.38 + 3.09°° | 107.38 +5.04™ | 107.12 +5.36" | 101.38 +14.77°° | 104.32 + 3.39"
D 107.50 + 4.65°° | 107.45+10.73° | 99.38 + 7.11™° | 103.50 +13.43°° | 104.46 + 3.87"

Average 102.92+ 4.03" 109.49 + 2.93° | 101.03 + 9.77" 104.03 + 2.19" 104.37

Values are means of five replicates + standard errors. Means within the column and row followed by
different letters differ significantly at the 5% probability level DMRT.

From the results obtained can be seen that doses of nitrogen fertilizers are most

responsible for driving the growth of plant height in rice varieties Sintanur is the treatment of

1 g/pot in all treatment of submergence (Figure 1). Whereas high level of nitrogen tend to

decrease plant height. Our result clearly suggest that high N uptake by plants was

partitioned more assimilates to leaves and thus resulting number of tillers (Table 2).
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Plant height of rice (Oryza sativa L. cv.Sintanur) in submergence treatment. (A). control, (B)

10 days submergence at the vegetative phase; (C) 10 days submergence at the
reproductive phase;

phase.

and (D) 10 days submergence at the vegetative and reproductive

Plant height was positively correlated with plant biomass in the submergence and

nitrogen fertilizer treatments as shown in Figure 2. This suggests that the yields of

photosynthesis are used for increasing plant height. An increase in plant height is a result of
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stem elongation as a response to the submergence tolerance of plants (Jackson and Ram
2003; Kawano et al, 2002).
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Figure 2. The correlation between plant height and plant biomass of Oryza sativa L.
cv. Sintanur after submergence treatment at different growth stages and
level of nitrogen fertilizer

Nitrogen fertilizer application significantly increased number of tillers (Table 2).
Number of tillers per unit area is the most important component of yield. More the number of
tillers, especially fertile tillers will increase the yield. Increasing the number of tillers might be
due to the increased availability of nitrogen plays an important role in cell division. Nitrogen
is a major component in the synthesis of proteins, therefore nitrogen needed in the
vegetative phase of plants, especially in the process of cell division. An adequate nitrogen
during the vegetative phase of growth encouraged tillering which had a bearing on the
number of panicles per plant.

Submergence at the vegetative phase would increase the number of tillers in rice.
Water requirements for rice in early vegetative phase is critical because the vegetative
phase is the active phase of seedling establishment and maximum tillering (Vergara, 1976).
In addition to submergence, the dose of nitrogen fertilizer also affects the number of tillers
formed. From the results of this study the maximum tillers formed is on the submergence
treatment vegetative and reproductive phases with a dose of nitrogen fertilizer 0.5 g/pot. This
suggests that the dose of 0.5 g/pot was the optimum dose in increasing the number of tillers
produced in rice (Oryza sativa L. cv. Sintanur). Also, it can note that the submergence at the

vegetative phase was also influential in increasing the number of tillers.
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Table 2. The number of tillers of rice (Oryza sativa L. cv. Sintanur) after submergence at different
growth stages and dose of nitrogen fertilizer

Submergence Dose of Nitrogen
treatment 0 g/pot 0.5 g/pot 1.0 g/pot 1.5 g/pot Average
A 2.00 + 0% 2.00 + 0™ 2.25 + 0.5° 4.00 + 2.16% 2.56+0.97"
B 2.50 + 0.58%° | 2.50 + 0.58™° 4.00 +1.15% 3.75 + 0.96° 3.19+0.807
C 1.50 + 0.58° 2.50 + 0.587° 3.75 + 0.96°° 3.25 + 1.5 2.75+0.987
D 2.25 + 0.5% 4.75 + 0.50° 3.75 + 0.5°° 3.25 + 0.5 3.50+1.04
Average 2.06+0.43" 2.94+1.237 3.44+0.807 3.56+0.38" 3.00

Means within the column and row followed by different letters differ significantly at the 5% probability level
DMRT.

The submergence and nitrogen fertilizer gave significant effect on flowering time of rice
(Oryza sativa L. cv. Sintanur). In the treatment without submergence and submergence on
the vegetative phase, the flowering time become longer by increasing the doses of nitrogen
fertilizer (Table 3). In the treatment of submergence on the reproductive phase there was no
significant differences in flowering time. While the submergence treatment on vegetative and
reproductive phases, the application of nitrogen fertilizer 0.5 g/pot had a significant effect in
shortening the time of flowering. From the results obtained showed that the treatment of
submergence for 10 days at vegetative and generative phases significantly shortened of
flowering time. This suggests that rice plant get adequate water supply for flowering. Water
needs for rice crop is very important during the formation of tillers and panicle initiation to

grain filling (Vergara, 1976).

Table 3. Flowering time of rice (Oryza sativa L. cv. Sintanur) with different submergence at different
growth stages and dose of nitrogen fertilizer

Submergence Dose of Nitrogen Fertilizer
treatment 0 g/pot 0.5 g/pot 1.0 g/pot 1,5 g/pot Average
A 64.00 + 1.41™° | 64.25 + 0.50°° 64.50 + 1.73°° | 68.25 + 3.86° 65.25+2.01"
B 64.75 + 0.50°° | 64.50 + 0.58"° 68.25 + 3.50° | 65.75 + 2.22% 65.81+1.71
C 65.00 + 0.82°° | 63.50 + 0.58™° | 65.50 + 3.11°° | 66.25 + 2.63% 65.06+1.16"
D 62.00 + 1.63® | 61.00 + 1.41° 63.75 + 0.5™° | 62.25 + 2.22° 62.25+1.14"
Average 63.94 + 1.367 | 63.31 + 1.607 65.50 + 1.97" | 65.63 + 2.50" 64.59

Means within the column and row followed by different letters differ significantly at the 5% probability level
DMRT.

Percentage of filled-grain is an important parameter to determine the yield of rice.
The number of filled-grains increased with increasing level of nitrogen fertilizer application.
However, excess nitrogen / high level of nitrogen will produced panicles with unfilled-grain
therefore the number of filled-grain has decreased. The number of unfilled-grain will also
increase with increasing doses of nitrogen fertilizer (Table 4). Shallow submergence (4 cm)
will give higher yields than the intermediates (8 cm), or deep submergence (18 cm) (Teare
and Peet, 1983). Therefore, the maximum rice production will be achieved by shallow

submergence of 4 cm.
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Table 4. Number of filled and unfilled-grains per panicle, precentage of filled-grain, 1000-grain
weight of rice (Oryza sativa L. cv. Sintanur) with submergence at different growth stages
and dose of nitrogen fertilizer

Treatment Number of Number of Precentage of 1000-grain

filled-grain unfilled- grain filled-grain (%) weight (9)
A1 178.75 + 55.02° 4275 + 5.06™° 7950 + 5.01° 23.3
A2 236.50 + 62.79™° 7275 + 52.12%°%° 77.00 + 11.96° 20.3
A3 256.25 + 27.117°%° 68.00 + 21.32%°%° 7875 + 5.58°° 20.0
Ad 237.75 + 113.04°° 109.00 + 20.96°° 7175 + 10.55% 18.7
B1 220.75 + 58.69% 39.50 + 13.40%° 84.00 + 3.75% 20.6
B2 322.00 + 28.42° 98.35 + 40.60°° 77.00 + 8.32° 20.5
B3 22950 + 108.33%° 3475 + 22107 86.75 + 5.47° 21.0
B4 379.00 + 44.08° 130.50 + 21.33% 7400 + 2.57°° 20.7
C1 174.25 + 38.35° 26.00 + 13.74° 86.75 + 4.31° 20.1
C2 280.00 + 59.58°° 70.00 + 40.16™°° | 80.00 + 10.98° 20.8
C3 358.25 + 70.49™ 64.50 + 14.82%% 84.25 + 0.68” 20.6
C4 29175 + 156.68™ 7825 + 79.08°° | 8325 + 10.45°° 21.9
D1 267.75 + 31.46™C 57.75 + 21.09%° 82.00 + 5.84° 21.7
D2 351.75 + 30.58" 53.00 + 20.31*° 86.75 + 3.43° 20.5
D3 24425 + 51.217° 5250 + 34.41%° 83.25 + 6.74° 21.8
D4 249.00 + 125.46°° 13350 + 41.84° 63.25 + 7.19° 20.5

Means within the same column followed by different letters differ significantly at the 5% probability level DMRT.

Nitrogen fertilizer and submergence treatment influenced the dry weight of root and
shoot, but had no effect on root-shoot ratio (Table 5). In this study a high level nitrogen
treatment causes the roots have a greater dry weight of grain than the other treatments. In
addition to nitrogen, submergence can also affect the formation of roots. According to
Shimamura et al., (2007), morphological adaptations of plants in flooded conditions is by

forming adventitious roots.

Table 5. Plant biomass and root shoot ratio of rice (Oryza sativa L. cv. Sintanur) after
submergence at different growth stages and dose of nitrogen fertilizer

Plant Biomass .
Treatment Root (g) Shoot (g) Root Shoot Ratio
A1 0975 + 0.46® 6.675 + 1.13° 0.1425 + 0.06°
A2 1175 + 051 7550 + 0.51% 0.1580 + 0.07°
A3 0.950 + 0.44® 6.950 + 1.31% 0.1346 + 0.04°
A4 1.850 + 1.24° 8200 + 4.19® 0.2034 + 0.13°
B1 1.075 + 0.26® 7525 + 1.73® 0.1438 + 0.03°
B2 1.075 + 0.49%® 8850 + 1.10%® 0.1187 + 0.05°
B3 1175 + 0.41%° 6.975 + 252% 0.1718 + 0.04°
B4 1100 + 0.26® 9520 + 3.23% 0.1223 + 0.04°
C1 0775 + 0.27° 6.275 + 2.13° 0.1257 + 0.03°
C2 1350 + 0.51® 9125 + 1.45% 0.1392 + 0.04°
C3 1825 + 0.72%° 10.200 + 0.50° 0.1756 + 0.07°
C4 1550 + 1.21%® 8200 + 2.87% 0,1708 + 0,09°
D1 0950 + 0.47%® 7475 + 1.62% 0,1256 + 0,05°
D2 1.900 + 0.78° 10.275 + 2.04° 0,1733 + 0,05°
D3 0950 + 0.26® 7400 + 1.78% 0,1297 + 0,03°
D4 0.900 + 0.52® 6.325 + 2.01° 0,1353 + 0,05°
Means within the same column followed by different letters differ significantly at the 5% probability
level DMRT.
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In all treatments showed soil pH tends to be stable (range 6-7) during submergence
treatment. This is due to submergence treatment in a short time that is 10 days, so that the
pH change is not significant. Based on analysis of nitrogen content on soil, NO3;~ content
tends to decrease after the application of fertilizer. This indicates that the content of NOj3
available in the soil have been absorbed by the plants during the acclimatization process.
After fertilization, the transformation of NH,* to NO5; was slow, so that the content of NO3
are measured is still low. After submergence treatment on the vegetative phase can be seen
that the content of NO3 in submergence treatment will be lower than in treatments without
submergence. This is due to the waterlogged soil, the soil becomes anaerobic.

Summarizing the results obtained we could conclude that submergence treatments
increase the growth and yield of rice (O. sativa L. cv. Sintanur). The best growth of rice (O.
sativa L. cv. Sintanur) obtained in submergence treatment for 10 days at vegetative and
reproductive phases with fertilizer dose of 0.5 g/pot which includes number of tillers,
precentage of filled-grain, dry weight of root, dry weight of shoot, and shortened of flowering

time.
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ABSTRACT

Chemical fertilizers are widely used by farmers since the early 1980s, known to
cause problems in the soil, plants, and the environment in general, although the yields
obtained an improvement. The aims of the study were to obtain the right of bio organic
fertilizer dose to increase the productivity of rice plants and improve soil quality in rain fed
wetland Beji Village, Ngawen, Gunung Kidul. Increased productivity of rice crop is expected
to increase farmers’ income, improve the quality of life and maintain sustainable
development by improving the quality of paddy soil Bejii Village.The research conducted in
the wetland rainfed using three commonly planted by farmers of this village (IR-64, Ciherang
and Slegreng). Each of these rice cultivars will be planted on rainfed rice fields, each field
and rice cultivar given variation fertilization (organic bio fertilizers). The doses were a dose of
15 liters / ha, 10 liters / ha, 5 liters / ha and 0 liters / ha. Each dose was given in the form of
basal fertilizer dose of NPK % (75 kg / ha). Bio organic fertilizer and NPK fertilizer were given
in 3 stages (ages 7, 21 and 35 days after planting) and the manure was given prior to
planting. The study design used was Completely Randomized Design in factorial with two
factors, there are variation of bio organic fertilizer dose (15 liters / ha, 10 liters / ha, 5 liters /
ha, O liters / ha) and crop varieties of rice (IR-64, Ciherang and Slegreng). Parameters
measured were the growth parameters, environmental parameters, levels Prolin, Levels of
Chlorophyll and productivity parameters. Results Data were analyzed with ANAVA followed
by DMRT test. The results showed Ciherang varieties with bioorganic fertilizer dose of liquid
of 10 liters / ha has the highest productivity in land Tegalrejo. IR 64 rice varieties with a dose
of liquid fertilizer bioorganic 15 liters/ha has the highest productivity in land Daguran. IR 64
rice varieties with a dose of liquid fertilizer bioorganic 10 liters/ha has the highest productivity
in land bejono.

Keywords: productivity, rice, organic bio fertilizers, Beji Village.
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ABSTRACT

Melon (Cucumis melo L.) is one of cultivated fruits that can be grown hydroponically. The
fruit growth and its nutritional value normally can be improved by hormones and stress treatment
respectively. The purpose of this research was to evaluate the effect of salt stress and cytokinin on
growth and productivity of Cucumis melo L. cv Gama Melon Basket grown hydroponically.

The research was conducted by using factorial design (2 x 4). The first factor was salt stress
at of two levels, (EC = 25 mS / cm and EC = 5 mS/ cm). The second factor was cytokinin
concentration at four levels (control. 0.5 ppm. 1 ppm and 2 ppm). Parameters observed included
vegetative and generative growth, total chlorophyll content, sucrose levels, reducing sugar, total
carotenoids, vitanim c content and water content of the fruits. Data were analyzed using Anova and
Duncan’s Multiple Range Test at significancy level of 5%.

The results showed that cytokinin application can maintain the chlorophyll content. In
addition, combination of salt stress (EC= 5mS / cm) and cytokinin of 1 ppm increased the fresh
weight, sugar reduction, and sucrose content of the fruits, whereas total carotenoids, vitamine C and
water content of the fuits were not affected.
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ABSTRACT

This study was aimed to identify the effect of borax on the fetal Mus musculus strain
Balb/C development during organogenesis period. A number of 25 pregnant mice which 2.5
months age was administered with borax by gavage 4 times during 6™ to 15" day of
pregnancy. There are five treatment dose groups consist of: 0; 140; 280; 420; and 560
mg/kg body weight/day. Observations by fetal surgery were done on the 18" day of
pregnancy. The observation of this research are: 1) fetal viability, 2) fetal morphology and
fetal hemorrhage, 3) skeletal ossification, 4) head development, 5) kidney histology. The
result of this research is borax interfere the development of mice fetuses on organogenesis
period (p<0,05) significantly. To begin at 140 mg/kg of body weight/day dose, borax took
effect on fetal developmental disorders such as death and resorption of fetuses,
morphological abnormalities such as: oval head, eye do not uppermost, developmental
defect on fetal length and weight. At this dose, borax can also cause development defect on
eyeballs, hydrocephalus, development defect on skeleton ossification and structural
abnormalities of kidney histology such as: enlargement of glomerulus, Bowman's capsule,
proximal convoluted tubules and distal convoluted tubules diameter. Whereas 280 mg/kg of
body weight/day dose, borax cause bleeding under the skin.

Keywords: borax, development, fetus, organogenesis, mice
INTRODUCTION

Borax (Diantrium tetraborate decahydrate) or Na,B,010H,0 used in glasses

industry such as fiberglass, borosilicate glass, enamel, and glaze. Borax also is used in soap
industry and detergent, nuclear installation, low antiseptic, cosmetic, pH buffer, pesticide,
and fertilizer'". But now, borax is added in food as food addictive because it can repair the
texture of food better®. Approximately 80%, borax in non production code food”.

Borax have teratogenic potency with the many character such as: water solution at
100°C or biological liquid with pH 6-11 counted 65,64%, the molecular weight is 61,83 dalton
(<600 dalton), LDs, equal to 4500-5000 mg/kg of body weight in rat*, easy accumulate in
tissue of body like heart and ren®.

Borax can cause riboflavin deficiency?. Riboflavin have important function as
coenzyme in respiration enzyme system, development and fetal growth, looking after the

epithelial mucosa and tissue of the eyes®. Borax is fastening ribitil side of riboflavin to form
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the complex which water dilution and as an active metabolic. This matter can cause
riboflavin deficiency, so that the energy to cell growth was decreasing, because riboflavin is
required to produce energy®. Borax can also cause death of cell so that is formed necrosis
zone. Necrosis zone can disturb organogenesis and cause fetal anatomy retardation®.

The central nervous system is the first system which develop and differentiation but
last in finish. Brain of mouse began to develop at the 7" day of pregnancy. At the 18" day of
pregnancy, brain is completely in the form of telencephalon which apart become 2 cerebral
lobes, or hemisphere, olfactory lobes, and cerebellum began to form fold character’.
Vertebrae of mouse is began to develop since 10" day of pregnancy'. The origin of
vertebrae is schlerotome which consist of an anterior zone and cranial with the low density,
and a posterior zone and caudal with high density. The centre of chondrification is looked the
first time at early 11™ day of pregnancy. The correlation or interrelation is the integral of
nervous development network. Chondrification were done actively and some centre
ossification appear at 14.5" day of pregnancy. Ossification expand at 16" day of
pregnancy’.

The kidney of mouse development is began at 8" day of pregnancy, with appearance
of nephrogenic string. At the 10™ day of pregnancy, pronephric tubule and collecting
pronephric duct is covered up with coelom. At the 14" day of pregnancy, metanephric
consist of collecting tubule, glomerulus and Bowman’s capsule. In early of mice
development, the kidney is differentiation actively. Kidney is mostly composed of
mesenchyme and adkidney glands. The kidney differentiate fully during organogenesis

and has functioned, but for a while, the excretion of fetus through the placenta’.

MATERIAL AND METHODS

Preparation

Both of the 2.5-month-old male and female parents of mice were mated. The average weight
of female mice was 20 + 2 g. The female parents who were mated were in estrus period. To
determine the estrus period of the female mice was performed by using lavage method by
observing their vaginal cells. A total of 25 pregnant female mice were ready for treatment,
divided into five treatment dose groups and for each were 5 repetitions. Borax solution was
made by dissolving borax powder into distilled water. Borax solution was given to the mice

taken from the stock solution.
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Treatment

The treatment was done by giving borax solution to the 25 pregnant mice using gavage
syringe with a volume of 0.5 ml/20 g body weight, with the dose of: 1) 0, 2) 140, 3) 280, 4)
420 and 5) 560 mg/kg body weight/ day. The treatment dose was determined from the
conversion of human daily consumption, conversion of the previous studies and LDsy. Borax
solution was given during the organogenesis period of the mice (the 6™ to 15" day of

pregnancy) with 4 times gavage that was: the 6", 9", 12" and 15" day of pregnancy.

Observation

The mice who have reached the 18th day of pregnancy were dissected by surgery. The
observations made include: 1) viability of the fetus, 2) fetus morphology and bleeding under
the skin, 4) development of the fetus skeleton ossification, 5) development of the fetus head,
and 6) histology structure of kidney fetuses. The data obtained then been analyzed with a
statistical analysis of anova (analysis of variance) with significance level of 5%. If the result

of the anova showed a significant effect, then was followed by LSD test.

Viability of fetus

The observation of fetal viability was the count of live fetus, dead fetus, and fetus resorption

Morphology and Haemorrhage of Fetus

The observations of morphology included: 1) the length and weight of the fetus, 2) the
organs on the head part, 3) the organs on the body and limbs part, and 4) other
morphologies. Haemorrhage or bleeding is a discharge of blood from the blood vessels and
was accompanied by the accumulation in the body space or in the body tissue. Observation
of the bleeding of the lower skin could be observed with the presence of blood accumulation

on the lower skin and there would be the frozen red color.

Development of Fetus Skeleton Chondrofication

Observations on the development of the skeleton ossification was done with the skeleton
coloring technique using Alizarin red s. Skeleton coloring technique consists of: 1)
Evisceration of fetus at 0.9% of NaCl, 2) Fixation of fetus in 96% alcohol for a week, 3)
Immersing the fetus in 1% KOH until transparent for 24 hours, 4) Coloring by using alizarin
red s 0.01% in 1% KOH for 24 hours, 5) Leaching in KOH 1%, 6) Purification consists of 3
stages, they were: a) KOH + 1% glycerol (3:1) during 24 hours, b) KOH + 1% glycerol (1:1) a
24 hours, and c) KOH + 1% glycerol (1: 3) during 24 hours. Next is storing in the pure

glycerol. Bones of vertebrae and members that have undergone ossification (formation of
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hard bone) were indicated by red in color. Parameters observed include the development of
ossification on the vertebrae, metatarsus and metacarpus, and also the presence of other

ossification developmental abnormalities.

Development of Fetus Head

Observation of the development of the head was done by using the razor blade sectioning
technique that was immersing the fetuses in the Bouin solution for 1 week. After 1 week of
immersion, then there would be series slices on the fetal head by using a razor knife and
dividing it into 4 slices. The first slice was the slice that passes through the eyeball; the
second through the palate, the third through the cerebrum, and the fourth through the

hindbrain. Observations were made by using a stereo microscope.

Histology Structure of Kidney’s Mice Fetuses
The observation of histology was by observing histology structure of kidney slides which was

made using the paraffin technique and coloring with haematoxylin eosin.

RESULTS AND DISCUSSION

Base on Anova test is known that borax can cause some abnormal development
significantly (p<0,05). LSD test was used to determine the first dose that giving effect to
abnormal development, and is shown on table 1 until 5.

Table 1 Percentage of total life, death and resorption fetuses from parent who has given

borax
Dose > Fetus Y%Fetus Body Weigh
(mg/ kg of long rate rate of
body weight/ Parent | Implantation life death resorption life death resorption of fetus | fetus (g)
day) (mm)

0 5 45 45 0 0 100° 0° 0° 19,62° 0,76°

140 5 38 20 6 12 52,63° 15,79° 31,57° 14,05° 0,53°
280 5 35 15 6 14 42,86 | 17,14° 40™ 12,23° 0,46™
420 5 31 9 7 15 29,03° 19,35° 48,38° 11,08° 0,38°
560 5 28 4 6 18 14,28° | 21,42° | 64,28° 8,37° 0,30°

*) Anova with significance level 5%, is continued with LSD test. The difference notation in same column show that
differences significantly.

Table 2 Percentage of total oval head, not uppermost eye, and haemorrhage fetuses from
parent who has given borax

Dose > Fetus Y%Fetus
(mg/ kg Not Not
body Parent | Implantation gt?j?clzt r%vaadl uppermost | Haemorrhage r?e\;adl uppermost | Haemorhrage
weight/ day) eye eye
0 5 45 45 0 0 0 0° 0° 0°
140 5 38 26 4 5 1 15,83° 19,23° 3,85%
280 5 35 21 7 7 1 33,33 33,33° 4,76"
420 5 31 16 9 7 3 56,25° 43,75° 18,75
560 5 28 10 10 8 5 100° 80° 50°

*) Anova with significance level 5%, is continued with LSD test. The difference notation in same column show that
differences significantly.
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Table 3 The Average of ossificated thoracic, lumbar, costae, metacarpus and metatarsus
and percentage of costae bridge.

Y Average of ossificated skeleton
Dose Object | % Costae
(mg/ kg of fetus bridge
body weight/ Parent | Implantation Thoracic | Lumbar Ribs Metacarpus Metatarsus
day)
0 5 45 45 0° 13° 6° 13° 4° 4°

140 5 38 26 1,47° 11,29° 3.35° 11,34° 2,78° 2,46°
280 5 35 21 2,186° 10,98° 2.84° 10,8° 1,82° 2,14°¢
420 5 31 16 - 0° 0° 0° 0° 0°

560 5 28 10 - 0° 0° 0° 0° 0°

*) Anova with significance level 5%, is continued with LSD test. The difference notation in same column show that
differences significantly.

Table 4 The Average of fetus eyeball and percentage of fetal hydrocephalus.

Dose > object fetus Average of
(mg/ kg of body Parent | Implantation eyeball > Hydrocephalus % Hydrocephalus
weight/ day)
0 5 45 45 2° 0 0°

140 5 38 26 1,66° 16 61,53

280 5 35 21 0,95° 15 71,42°

420 5 31 16 0° 13 81,25°

560 5 28 10 0° 10 100°

*) Anova with significance level 5%, is continued with LSD test. The difference notation in same column show that
differences significantly.

Table5 The Average of glomerulus, Bowman’s capsule, proximal and distal convoluted
tubule Diameter.

Dose > Average of diameter (um)
(mg/ kg of > > Object ; - -
body weight/ | Parent | Implantation fetus Glomerulus Bowman’s | Proximal convoluted | Distal convoluted
day) capsule tubule tubule
0 5 45 45 12.23° 16,71° 4.02° 12,81°
140 5 38 26 16,12° 20,86 ° 431° 16.09°
280 5 35 21 20,03 © 24,35 ° 4,89 ° 19,21°
420 5 31 16 24,09 ° 32,45 ° 5,61° 25,60°
560 5 28 10 28,14° 36,08 ° 5,82 ° 28,82°

*) Anova with significance level 5%, is continued with LSD test. The difference notation in same column show that
differences significantly.

Base on LSD test is known that dose 140 mg/kg of body weight/day is began to effect on
some abnormalities on mice fetuses, such as:1) low viability, 2) low body weight and body
lenght, 3) abnormal morphology: oval head and not uppermost eye, 4) retardation of
ossification, 5) eye do not be formed and hydrocephalus, 6) enlargement of glomerulus,
Bowman’s capsule, proximal and distal convoluted tubule. Whereas on the dose 280 mg/bg

of body weight/day, borax is began to effect on haemorrhage on mice fetuses.
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The picture 1 show that abnormalities on mice reproduction appearance and morphological

development.

Picture 1 Abnormalities forms on mice reproduction appearance and : Al Life fetus, A2.death and resorbtion fetus, B. Body
long fetus, C1. Oval head fetal and non uppermost eye, C2. Normal head and eye, D1. Non Haemorrhage, D2.
Haemorrhage fetus: blue arrow show that normal form, yellow arrow that abnormal form.

The picture 2 show that abnormalities on vertebrae development.

Picture 2 Forms of the mice reproduction appearance abnormalities: A. Thoracic, lumbar and costae vertebrae, 1: normal
(13 internode of thoracic and ribs, 6 internode of lumbar vertebrae, 26 vertebrae body), 2,3 & 4: abnormal, B.
Metacarpus, 1: normal (there are 4 internode in each digity), 2: abnormal (non internode in digity, C. Metatasus,
1: normal (there are 4 intenode in each digity), 2: abnormal (non internode in digity), D.Costae bridge (blue
arrow: normal vertebrae, yellow arrow: costae bridge)

The picture 3 show that abnormalities on eye anh hydrocephalus.
A Bl BZe/3 B3 —

Picture 3 Forms of abnormalities on eyeball and hydrocephalus: A. Eyeball, B. Hydrocephalus (B1: normal, B2: internal
hydrocephalus, B3: external hydrocephalus): blue arrow show the normal form, yellow arrow show the abnormal
form)
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The picture 4 show that expand diametry of glomerulus, Bowman’s capsule, proximal and

distal convoluted tubule.

Picture 4: A. Dose 0 mg/kg of body weight/day, B. Dose 140 mg/kg of body weight/day, C. Dose 280 mg/kg of body
weight/day, D. Dose 420 mg/kg of body weight/day, E. 560 mg/kg of body weight/day (blue arrow: glomerulus,
yellow arrow: Bowman'’s capsule, black arrow: proximal convoluted tubule, red arrow:distal convoluted tubule)

Based on the result of observation known that to begin at dose 140 mg/kg body
weight/day, borax took to effect on development retardation of mice fetuses and cause
intrauterine death such as fetus resorption and postnatal death. This fact presumed that
borax can passed through the placental barrier and then affect to mice fetus developmental.
Generally the development anomaly caused by borax are the retardation of organ’s growth
and development, the defect of tissues, and anomaly of organs structurally. The anomaly in
growth retardation showed from the weight and long of fetuses under normally, oval shape of
head, and retardation of vertebrae, ribs, metacarpus and metatarsus ossification. The defect
of tissues were showed as the enlargement of kidney cavities, not forming of eye balls,
haemorrhage or the bleeding under the skin, and hydrocephalus phenomena. Whereas the
defect of organ shape showed as the formed of costae bridge.

At the dose of 140 mg/kg body weight/day borax has potency to accumulate in the
tissue. It was proved that borax interfere as embryotoxic potent. Borax was proved to
retardate the growth and development of fetuses. It was presumed that at the dose of 140
mg/kg body weight/day borax has caused the riboflavin deficiency so that interfere the
growth and development. In other sides, riboflavin deficiencies caused the damage of the
cells composing eye ball so that to result in eye ball defect. The accumulated borax can
interfere physiological processes in fetus so that cause the damage of certain tissues and
organs. Borax presumably cause the damage of cellular function by riboflavin deficiency so
that interfere dividing and growing of the cells, and defeat cell to synthesize the enzymes for
growing and developing because of its receptor function disturbance by decreasing of cell
integrity. This cell function disturbance then can retarded the growth of fetus length and
weight and osteogenesis of skeletal cells. The disturbed cells in their function and integrity
by a toxic agent will become necrosis. It presumably to increasing diameter of glomerulus
and the happened of cell’s necrosis.

To begin at 140 mg/kg of body weight/day dose, borax presumed to accumulate in

placenta and amnion fluid, so that interfere transfer of nutrition in fetus. Maybe the borax can
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accumulate too in blood vessels so that increase it's osmotic pressure and cause
vasoconstriction which make the bleeding finally. The accumulated borax in the brain
presumed to stop the cerebrospinal fluid circulation in several place like aquaduct silvii. This
phenomenon cause the imbalance of producing cerebrospinal fluid and the circulated one. It
cause internal hydrocephalus, that is the incident of accumulating fluid in lateral ventricle and
the third ventricle of the brain. Beside that, borax presumable to accumulate in another
places at the brain like in the small vessels in piamater, ventricular wall and arachnoid villy
so that cause the interfere of cerebrospinal fluid absorption by the veins. It was resulted in
external hydrocephalus, that is cerebrospinal fluid accumulation in the cavity between the

brain an duramater.

CONCLUSION

To begin at the dose 140 mg/kg body weight/day, borax took effect on some
abnormalities on mice fetuses, such as: 1) low viability, 2) low body weight and body length
3) abnormal morphology: oval head and not uppermost eye, 4) retardation of ossification 5)
eye do not be formed and hydrocephalus, 6) enlargement of glomerulus, Bowman’s capsule,
proximal and distal convoluted tubule diameters. Whereas to begin at the dose 280 mg/

body weight/day, borax cause haemorrhage on mice fetuses.
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Abstract

The aim of the study was to elucidate the effect of taurine amino acid dietary on cobia
growth rate and reproductive status. The growth was determined by their body weight and
morphological changes included the length and the width of their body. The reproductive
status was determined by measuring estradiol concentration of the blood samples by using
enzyme immune assay (ELIZA) and fish gonadosomatic indexes (Gl). Four experimental
groups were chosen, two groups with commercial fish food and two groups with natural fish
food. Taurine given within the groups consisted of 0 and 0.5% (0.06 gram/fish/day).
Complete randomized design with factorial 2 x 2 was applied to this study and 40 premature
cobia (@ approximately weight was 2.5 kg) were used for the experimental units. Analysis
variance and SNK at 5% were used to determine the differences among experimental
groups. The study was conducted in 4 months. The results indicated that groups with taurine
in their diets increased their body weight for 25 — 50% compared to the control (0 % of
taurine in their diet) as well as their body length and width (p< 0.05). When the premature
cobia of the taurine groups reaching 4000 — 6000 grams in their body weight they were able
to spawn and this also indicated by estradiol concentration ranging from 108 — 393 pg/ml. At
that time the GSI of female cobia ranged from 2.34 — 7.91 and male were 0.40.

Keywords: Taurine, cobia, gonadosomatic index, estradiol

Introduction

The growth of cobia (Rachycentron canadum), as well as others marine fishes in
general, depend on the ability of the fry dealt with the common stresses occurred in the
seawater during their development reaching up to juvenile. One of the common stresses is
the osmotic pressure of surrounding water. The ability of the cobia larvae to coup with this
stress could be improved by giving supplement such as mannan oligosaccharide (MOS)
(Salze, et al., 2008). On the other hand, if the cobia fry was maintained in the fully circulated
tank their ability to survive was low (Webb, Jr., Hitzfelder, Faulk, and Holt, 2007). It was
assumed that the MOS affected on the development of the intestinal villi of cobia,
consequently, this well development increase the food absorption which necessary for the
fry development.

Meanwhile, the study had been done on juvenile red sea bream (Pagrus major) also
indicated some increase in development and efficiency on food and consumption rate
(Matsunari, et al, 2008).
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On the other hand, some study conducted on the grouper fry (Epinephelus
fuscoguttatus) indicated that the experimental group giving either taurine or/and inositol
increased their survival rate compared to the control group Widiastuti, et al, 2005). This
assumed that the accumulation of taurine and/or inositol might decrease the osmotic stress
of the fry. From this study also was expected that the accumulation of these organic
compound could take place by using ion calcium for the mechanical transport into the body.
Taurine is amino acid derivative and in form of very simple compound, so that it is assumed
it can be transported easily. If the taurine as organic compound known for osmolite organic
could increase the survival rate of grouper or sea bream juvenile, then it was expected that
this compound might also affect on cobia juvenile as well. This study then attempted to
elucidate the effect of taurine on juvenile cobia, particularly on their growth and reproductive

status.

Materials and Methods

Forty juveniles cobia collected from hatchery/supplier in southern part of Lampung
Province were used for experimental units. They were in almost 8 months old and the body
weight average was 2.5 kg. They were acclimated in the ocean using floating net. They
were grouped into four different groups and were tagged individually. Each of groups
received different treatments of food and taurine, such as one group was fed with fish and
squib (2% of their body weight) with/without taurine added (0.06 gram/ind/day), other group
was fed with commercial fish (2% of their body weight) with/without taurine added (0.06
gram/ind/day). Taurine used was commercial dietary taurine.

The body weight, length as well as the width (which was measured surrounding their
stomach area) was determined. FSH and estradiol concentration of the blood samples were
also determined by using enzyme immune assay (ELIZA) in Reproductive Rehabilitation Unit
of Bogor Agriculture Institute (IPB).

Complete randomized design with factorial 2 x 2 was applied to this study. Analysis
variance and Student-Newman Klaus at 5% were used to determine the differences among

experimental groups. The study was conducted in 4 months.

Blood collection
Blood samples were collected from the gill arches intravenously with the syringe filled
with as EDTA 0.1 mg. After centrifugation with 10.000 rpm blood plasma was collected and

put under 10° C for further determining of FSH, testosterone and estradiol levels.
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Morphological samples

Before the body weight, length and width were determined, animal samples were
anesthetized individually by using 25 ml clove oil diluted in 50 L of seawater with
temperature of water 24 - 26° C. The animals were weighted to the nearest 0.1 g, and were

measured in the length and width to the nearest 1 mm.

Gonadosomatic Index

Gonadosomatic indexes (GSI) of the animal samples were calculated by using formula of:
GSI=[GW/(TW-GW )X100] (Brown-Peterson, et al, 2001)
GW : gonad weight, TW : total body weight

Results and Discussion

Both taurine treatment groups (0.06 g/ind/day) either in natural or commercial fish
food showed significantly increase in body weight compared to the control groups (0.00
g/ind/day) for about 33% - 58% (Table 1) (p < 0.05). Beside the body weight, the length and
the width of the fish body were also determined and the length of the body showed
significantly increase for about 20 — 51%, while the width was significantly for about 40 —
56%. This indicated that taurine given in the diet could affect the cobia growth.

Taurine was known to have high effect on mammalian metabolism, either in the
skeletal muscle or in the cardiac muscle (Bakker and Berg, 2002; Goodman, et al 2009).
Taurine also had an effect on the kidney (Mozaffari and Schaffer, 2001), eyes (Militante and
Lombardini, 2002; EI-Sherbeny, et al, 2004), as well as the brain (Gelder, 2005; Schurr, et al
1987) and white blood (leukocyte) function (Wang, et al, 2009). Therefore, we assumed that
the taurine also had an effect on the premature cobia, especially for their muscle growth.
Taurine was expected also had an insulin-like action, or it could modulate the insulin work
(Baianchi, et al, 2006). If this true, then it was expected that the insulin-like modulation
might affect on converting nutrient into developing new tissues or depositing nutrient in
tissues just like those of adipose tissues formation. Yet, this statement should be elucidated

more.

Faculty of Biology UGM - Yogyakarta, Indonesia, September 23rd-24th 2011 317


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Militante%20JD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lombardini%20JB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

International Conference on Biological Science Faculty of Biology Universitas Gadjah Mada 2011 (ICBS BIO-UGM 2011)

Tabel 1. The difference of body weight, length, and width each treatment on juvenile cobia

Treatment group Weight Length width?
(n) X + SEM (g) X + SEM (cm) X + SEM (cm)
A1 (10) 1972.7 + 170.6° 19.80 + 1.53° 8.00 + 1.07°
A2 (10) 2633.3 + 352.8° 29.92 + 4.01° 11.17 + 1.08°
B1 (10) 960.0 + 180.6° 11.82 + 1.78° 5.20 + 0.73°
B2 (10) 1520.0 + 174.4° 14.54 + 1.52° 8.10 + 1.08°

A1: Fish+squib diet
A2: Fish+squib diet + taurine
B1: Comercial fish diet
B2: Comercial fish diet + taurine
! the difference of each individual was taken at the last month of observation
were also expected that taurine may affect the growth and development of many different
tissues supporting animal maturation, especially for gonad maturation. In order to determine
the level of gonad maturation, we determined the FSH, testosterone and estradiol level of
the premature cobia and the result was shown in Table 2.

Attempted to measured the level of FSH and testosterone was unsuccessful;
however, the level of estradiol seemed to increase for those groups given taurine on their
diets. The estradiol level almost double for those of taurine groups (0,06 g/ind/day)

compared to the control groups (0.00 g/ind/day).

Table 2. The body weight and estradiol concentration after 4 months of treatments*

Treatment group Body Weight Estradiol
(n) X + SEM (kg) X + SEM (pg/ml)*
A1 (7) 5.30 +0.32 4543 + 1717
A2 (5) 5.54 + 0,25 108.68 + 31.76
B1 (5) 3.78 +0.19 54.96 + 27.42
B2 (7) 449 +0.20 117.43 + 55.11

* We attempt to determine the FSH level, however, it was unable to be detected at this time.

Few days after the blood samples were collected, the groups of taurine added on diet
were spawning, however; we were unable to indicate which individual fish was able to spawn
since they were kept together in a group. But, if we looked at Table 2, it indicated that the
level of estradiol few days before spawning was 100 to 390 pg/ml, and the range of body

weight was 4.40 to 5.70 kg, with the age of animals less than 12 months. Unlike the sea-
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culture cobia in Taiwan, the fish reached their gonad maturation when they reached 2 years
old (Gothreaux, 2007). It was claimed that the cobia was able to spawn throughout the
years as long as the temperature of water was maintained on 23 — 27°C. The eggs would
hatch at 21 — 37 hours after released and the larvae stayed 3 days or until the yolk was
disappear and started to feed on microcrustasea, like capepoda or artemia.

Gonadosomatic index of the premature/mature cobia can be seen in Table 3 below.
We only could indicate that there was some increase in the GSI number, however, this data
should be elucidated more with more number of samples either for males and/or females.

From the previous information which we stated that the taurine groups showed
spawning activity at the end of observation made, we could see that the GSI number for
female might be in the range of 2.34 — 7.91, and the GSI for male was 0.40. Once again, it
was stated that that the male cobia could reach its gonad maturity when it was reaching 1 —
2 years old, while the female could reach its gonad maturity when it reached 2 — 3 t years old

and could reach weight of 60 kg (FAO-Fishery and Agriculture Department).

Tabel 3. Gonadosomatic Index (GSI) of the premature cobia

No Sexes Age (months) Body weight Gonad weight GSl
(gram) (gram)

1 Male 8 3000 2.15 0.07
2 Female 8 2400 121.84 4.38
3 Male 8 2700 52.91 2.00
4 Female 9 3800 210.54 5.87
5 Male 9 3500 8.45 0.24
6 Male 9 3200 10.88 0.34
7 Male 9 3300 5.72 0.17
8 Male 10 7500 369.64 5.18
9 Male 10 4400 37.62 0.86
10 Male 10 3800 20.93 0.55
11 Male 10 4900 36.88 0.76
12 Male 11 5000 19.51 0.39
13 Female 11 4900 35.23 7.91
14 Female 11 5400 123.62 2.34
15 Female 11 6500 415.36 6.83
16 Male 11 4100 16.36 0.40

Conclusion

We can conclude that taurine on fish diets has an effect on cobia growth for about 25
—50% and its gonad maturation. Based on their age, the cobia either female or male in age
of less than 1 year was able to spawn. The spawning female was indicated by estradiol
concentration ranging from 108 — 393 pg/ml and body weight ranging of 4.0 — 6.0 kg. The

GSI of spawning female was assumed ranging from 2.34 — 7.91 and male was 0.40.
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ABSTRACT

This research will develop analytical techniques of hormones derived from the
wildlife, Java deer (Cervus russa timorensis Mul. & Schl 1844). In general, ferocity of wildlife
is a problem of handling them because of its wild and frightened if approached by humans.
Usually, hormone analysis conducted using blood samples. Development of this technique
using a faeces sample, so there is no direct contact with wildlife, but we can obtain data or
learn the physiology status of wildlife such via hormones concentration.

Data of reproductive hormones is importance in wildlife or endangered species
conservation through reproductive technology; release of the hormone testosterone in male
animals show that testicular function is an essential thing to be studied for successful
breeding. Methods of hormone analysis with non-invasive method, which uses faeces
sample was developed for wild animals. Although this method is rather complicated and only
inactive metabolites are measurable but the method analysis will be very useful in knowing
the reproductive status of breeding animals for the purpose.

Two adult male deers were isolation into a separate cage. Samples of feces were
collected in the morning and evening for 30 days. Sample is processed through the stages of
lyophilization, pulverisasi, solvent extraction with methanol and centrifuged to obtain
supernatant which will then be used in ELISA. ELISA test results showed that hormone
content of both testosterone and cortisol, although levels are still low. This shows that there
in-active metabolites in the faces. With this method the results of hormonal measurements
through (in) fases (non-invasive) i is possible to be developed for observation and research
on the reproductive status of the Deer.

KEYWORDS: Deer; steroid hormones; testosterone; cortisol; noninvasive monitoring;
feces/faeces.
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ABSTRACT

This study was aimed to investigate profile of plasma magnesium (Mg) consentration
during suckling period in goats. A total of 79 Ettawa crossbred goats were selected to
represent a combination of sex and age status. The animals were at the age of 3, 15, 30,
and 60 days. They were kept together with their doe fed rhougage and concentrate. Blood
was collected by jugular veni-puncture into heparinized vacutainers for Mg analyses. Plasma
Mg concentration was determinated spectrophotometrically. Changes in Mg plasma
concentrations underlying different age and sex states were monitored. Data analyses
showed that the plasma Mg concentrations were not significantly influenced by sex and age
difference (P>0.05). The average plasma Mg concentration range 0.60-2.00 mg/dL.

Keywords: Age, Ettawa crossbred goats; Magnesium; Sex

INTRODUCTION

Magnesium is required for many metabolic enzyme systems (Haenlein, 1987) and for
normal skeletal development and one of the catalyst in over 300 enzyme systems (McDowell
et al.,, 1993). Previous study has indicated that plasma Mg level shows an age related
changing in goat. Breibart et al. (1960) and Ahmed et al. (2000) reported that plasma Mg
concentration in young suckling goat is lower than that in adult one. It is known that
gastrointestinal tract and kidney play an important role in Mg homeostasis. Walser and
Bostedt (1990) reported that the gastrointestinal tract develop rapidly during the suckling
period and young goat kid or lamb will start to get roughage and show ruminating activity at
the second month of its postnatal life. Widiyono (2003) has found that renal function
(glomerular filtration rate) of young suckling goat kid increased rapidly during the first month
of its postnatal life and reached its adult level at the age of 1 month. Study in mouse
indicated that Mg content of some organs (tibia and muscle) increased significantly during
growth and development in suckling neonate (Reis et al., 1991). Morever, Sowande et al.

(2008) found that there was a sex related difference in plasma Mg concentration in
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ruminating sheep but not in goat. The present study was thus initiated with the objective to
investigate the profile of plasma Mg concentration in male and female goat kid during the

first 2 months of its postnatal life.

MATERIALS AND METHODS

. A total of 79 Ettawa crosbred goats were selected to represent a combination of sex
and age status. There were young goats at 3, 15, 30, and 60 days after kidding.The animals
were kept naturally together with their doe fed rhougage and concentrate. Blood was
collected by jugular veni-puncture into heparinized vacutainers. Plasma was separated and
stored at -20°C pending the analysis of Mg. Plasma Mg concentration was determinated
spectrophotometrically (Kraft and Duerr, 1999). ANOVA were used to analyze the influence

of age and sex on the plasma Mg concentration.

RESULTS AND DISCUSSION

The mean and standard deviation of plasma Mg levels of both sex at different age (3,15,
30 and 60 days) are shown in Table 1. The mean levels of Mg at the age of 3 days was 1.20
1 0.30 mg/dL in males and 1.30 + 0.40 mg/dL in female goats. At the age of 15 days, the Mg
concentration decreased slightly to the level of 1.10 £ 0.50 mg/dL (male) and to the level of
1.10 £ 0.20 mg/dL (female). The plasma Mg concentrations did not change significantly until
the age of 60 days (1.10 £ 0.30 mg/dL in male goats and 1.10 £ 0.30 mg/dL) (P>0.05). The
average plasma Mg concentration range 0.60-2.00 mg/dL. These levels were lower than that
found in 4-6 months old (2.40+0.50 mg/dL) or in 10-12 months old Nubian goat (2.80+0.40
mg/dL) reported by Ahmed et al. (2000). It may therefore strengthen the former findings in
ruminating goats which underline an age related increase of plasma Mg concentration (the
lower Mg concentration in young animals compared to that in the older ones). Breibart et al.
(1960) stated that the low plasma Mg level in young animals was due to the fact that uptake
of Mg by young animals was more rapid than in adult ones. Furthermore, it has been found
that the exchange of Mg was five to ten times greater in young than in old animals. Study in
mouse also indicated that Mg content of some organs (tibia and muscle) increased
significantly during growth and development in suckling neonate (Reis et al., 1991). Another
possible reason for this lower plasma Mg concentration in younger animals is that young
animals have more water content than older ones so that more water ions are adsorbed on

the surface of bone crystal resulting in low Mg ions in the blood (Fontenot et al., 1989).
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Table1. Mean and standard deviation of plasma Mg levels (mg/dL) during the suckling period
in male and female Ettawa crossbreed goats

Sex Age (days) Statistical analysis
3 15 30 60

Male 1.2040.30 1.1040.50 1.2040.30 1.1040.30
(0.80-1.70) (0.70-2.00) (0.80-1.90) (0.80-1.30)

P>0.05
Female 1.30+0.40 1.10+0.20 1.10+0.20 1.10+0.30
(0.60-2.00) (0.80-1.30) (0.90-1.50) (0.80-1.00)

Statistical analyses indicated that the plasma Mg concentration of both male and
female groups did not differ significantly at any time during the suckling period (P>0.05). No
significant sex differences of the plasma Mg concentration were also observed in West
African Dwarf goats in either wet or dry seasons (Sowande et al., 2008). In contrast to these
findings, sheep showed a sex related difference of plasma Mg concentration, in which the
female animals have a higher plasma Mg concentration than the male ones (Sowande et al.,
2008). The same case was found in Xenopus and the domestic fowl, in which female

animals have a significantly higher plasma Mg level than male ones (Charles, 1930).

CONCLUSION
There is no significant sex and age related changing of plasma Mg concentration in

young suckling Ettawa crossbred goat kid.
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ABSTRACT

The survival rates (SR) of golden trevally (G. speciosus) larvae in hatcheries mostly
depend on living organisms such as phytoplankton (Nannochloropsis sp.), rotifer (B.
plicatilis), artemia nauplii (Artemia sp.) and mantis shrimp (Mysid sp.) as the main food. The
feeding regime should suit to their ages because at the early stages, the organs are still
primitive in which they should undergone several changes towards the ages. Few days after
exogenous feeding, the internal organs undergo morphological, histological and
histochemical changes gradually. A histological observation on the golden trevally or kue fish
(G. speciosus) digestive tract was conducted to find out the development of the tracts. The
observation began from Day 1 (D1) which was counted from the initial stocking date and was
concluded at D3 by preserving the samples with formalin 5 %, adopting CSIRO (1996). At
the final stage, a digital camera (Nicon) that linked to ACT-1 software was used to visualise
the sections. The results showed that in general, the digestive tracts of larval (D;-D3o) golden
trevally are still primitive. Several important organs such as stomach (S), middle intestine
(MI), back intestine (BI) and intestine (I) start to develop at D4 and it is continued until D3.

Keywords: histology, digestive tracts, larval of golden trevally (G. speciosus)

INTRODUCTION

The research on mass production and the technology of golden trevally
(Gnathanodon speciosus) has been conducted at the Research Institute for Mariculture
(RIM) since 2006. The survival rate of the produced juveniles varied due to the critical
periods during larval stages that caused high mortality rates ", Therefore, several studies
have been conducted and published, including several important biological aspects. For
instance, the newly hatched golden trevally (G. speciosus) larvae was claimed to utilise yolk
and oil globule with the volume of 2.27 x 10" mm®+ 0.06 and 5.57 x 10 mm?, respectively
as their main energy sources. The yolk sac (YS) and oil globule (OG) were totally absorbed
in between 35.5-47.5 hrs and 70.5 hrs after hatching. The average absorption rates were
4.64 x 10° mm?hr for YS and 1.727 x 10 mm®nhr for OG . Subsequently, the growth of the
backbone is detected to be positive to the increase in the total length of the larvae. The
changing of cartilage started to from D3y and there was no deformity on the backbones until

this rearing day ..
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Broodstocks of golden trevally (G speciosus) spawn in the evening time every dark moon 2.
The eggs experienced several developmental stages after fertilization (AF). The subsequent
stages which are morula, blastula and gastrula occur 2 hr 24 sec AF, 5hr 16sec AF dan 6hr
12sec (the completed figures are available in ). Larval stage occur 10 hrs AF after the
hatching time . The small sized larvae carry yolk sac (YS) that rich with protein and fat, and
oil globule (OG) . The embryonic and larval periods involve extensive maturational
changes in the internal organs, especially the digestive tract. The tracts soon will undergo
morphological, histological and histo-chemical development after the endogenous feeding
phase concluded. The feeding habits of fish larvae have been correlated with digestive
structure P The first few weeks of development become a critical period for fish larvae,
particularly when the yolk-sac (YS) is reabsorbed and exogenous feeding starts.
Morphological and physiological changes, including the complete development and
functioning of the digestive tract are some of the features to be carefully studied, since an
adequate feeding program should be planned based on the knowledge of such changes.
The data of the development of digestive tract in kuwe fish (G. speciosus) larvae using a
simple histological study is hoped it will be useful for the design of the optimal rearing
technique to support the culture. This present histological study on the digestive tracts was

conducted to fill the gap.

MATERIAL AND METHODS

Larval rearing

Fertilised eggs of golden trevally (G. speciosus) with the size of 600-750 um were
collected from the broodstock tanks at Research Institute for Mariculture (RIM) were
distributed at 100,000 eggs/tanks into three yellow 6m>concrete tanks. Feeding regime for
the larvae during the culture was set (Table 1.) after hatching. Twelve air-stones were placed
in each tank and used to maintain dissolved oxygen at saturation, and to promote a

homogeneous distribution of foods.

Sample collection and observation

Specimens of the larvae were randomly taken from the tanks at 5-10 larvae daily.
They were fixed by immersion in 5% formalin. After dewaxing and dehydration, serial
transfers and sagittal 5um sections were stained with haematoxylin-eosin (H&E), according
to CSIRO method with a few modifications . Histological observation was conducted to the

tissue samples of D until D3y larvae using a light microscope that linked to a digital camera
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ACT-1 to visualise the tissues and enumerate the total length (TL) of the larvae. The results

then were presented descriptively.

Table 1. Feeding regime of golden trevally (G. speciosus) larval rearing

Day after hatched (Dx) Food

0 3 10 15 20 25 30

Nannochloropsis sp.

Brachionus sp.

Artemia sp. nauplii
Mysid sp.

Artificial diets

RESULTS AND DISCUSSION
The average total length of the larvae varied toward the ages (Table 2.). While the

visualisation showed several changes in internal organs of the larvae (Fig.1.).

Table 2. Total length (TL) of kue fish (G. speciosus) samples

Day after Average of total length (TL)
hatched(D) (mm)
5 251+0.25
10 5.34 £0.29
15 5.43 +0.53
20 8.03 +1.27
25 10.12 +1.03
30 14.85 +5.62
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Fig.1. Sections of the developing digestive tracts in larval golden trevally (Gnathanodon
speciosus). Remarks: Y: yolk; OG: oil globule; R: rectum; L: liver; SB: swim bladder;

Ph: pharynx; G: gut; P: pancreas; MI: middle intestine; Bl: back intestine; Py: pylorus:

Vi: villous; I: intestine (H&E staining).

Developmental phase of fish larvae consists of two divisions, namely pro-larva and
post-larva. Pro larva with the transparent body has oval, rounded or cylindrical yolk sac. Like
other carangid larvae, newly hatched golden trevally (G. speciosus) have the average total
length (TL) between 2 and 4.3 mm and big yolk sac (YS). It is posterior to the oil globule
(OG) (Fig.1. D4-D3). At hatching, the digestive tract was a straight tube which extended
posterior to the yolk sac. At this stage, lipids are the most important energy sources for the
rapidly developing eggs. Wax esters and triglycerides provide the major consumed energy,
whereas glycogen is less than 2% of the energy. Protein consumption increases during the
development ! At the end of D, yolk remains small, shrinking to 2.10% mm?®. Whereas OG
remains 3.05.10° mm? in volume @ even zero (Fig.1.D,-Ds). The incipient intestine appeared

as a straight translucent tubular segment laying dorsally to the yolk sac.

Yolk sac (YS) is totally absorbed at D, where the opening process of eye, mouth and
rectum taken place. The early extraneous feeding occurs at the time of no OG inside the
larvae or 80.5 hrs after hatching to begin post larva phase. At this stage, the larvae that
received insufficient nutrition because the outer food is limited will not survive due to their
primitive organs . The mouth and anus or rectum (R) open soon after yolk sac is absorbed.

Therefore, life food should continually be added during this period.
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Following the feeding, the digestive tract became wider. Concordantly, swim bladder
(SB) and liver start to develop at D4 (Fig.1.D4) until D3. The swim bladder (SB) lay at the
dorsal part of the developed body. It is an organ that filled with air to control the lateral
balance of the body that keep them buoyant through the arrangement of air pressure without
wasting energy during swimming. It also enables accesses for the larvae during exogenous
feeding. Liver with lobes lay on anterior of the larvae that distribute the nutrition inside blood
and produce spleen. The digested foods then are used in morphogenesis, organogenesis
and metamorphosis.

Even though the larvae undergo exogenous feeding, the digestive tracts are still
primitive. Newly developed larvae are equipped with primitive intestine as a straight tiny tube
in which the structure of the tract is still ambiguous with unconscious stomach and smooth
intestine. The histological tissues (Fig.1) demonstrated that at the earlier larval stages (Ds-
D2,) the layer of the digestive villous cells in the form is still incomplete. The enzymes
activities at this stage are suggested to be low. The structure of digestive tracts in the larvae
develops towards the age. Intestines start to develop at Ds. Gut (G) is a place where the
food is stored and mixed with the gastric glands in the larvae start to differentiate with
intestines at D6. The outer layer of the tracts perform villous that increase in number towards
the age. The villous widen the surface of intestine canals that transfer food into the tract.
Therefore the food became easier to be ingested.

Pancreas that is a vital organ underneath gut that ends up at duodenum star to
develop at D4;. It produces two glands, endocrine and exocrine glands. Exocrine contains
digestive enzyme whereas endocrine produced insulin and glycogen, controlling the
metabolism of glucose inside the body. At the same time, pharynx as a junction for
oesophagus and oral cavity also develop (Fig1.D13).

The digestive tract of an adult fish consists of mouth, throat, oesophagus, gut,
intestine and rectum "%, At larval stages, the digestive organs are still primitive and the
mouth is not open perfectly. Therefore, several points need to be considered during the
rearing. Firstly, the development of mouth opening should be observed in order to find out
the precise time, size and type of given food. Fish larvae consume food with the size
between 30 and 50% of their mouth opening size. Phytoplankton (Nannochloropsis sp.),
rotifers (Brachionus sp.), Artemia sp. and mantis shrimp (Mysid sp.) with the size of 9-10 ym,
150-360 pm, 500 pym, and 0.5-1 cm, respectively are used as the main food during the larval
stages of kue fish (G. speciosus). Secondly, the development of digestive enzyme inside the
larvae depends on the formation of gut. Therefore, before gut is visible, life food should be

continually given as the main food for the larvae. The next point is that, the development of
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larval eyes to detect the food inside the tanks. Adequate size of tanks and high density of
food inside the tanks should be on top priority.

The length of the digestive tracts development period of each species is different. For
example, Gouramy (Osphronemus sp.) requires 35 days to complete the tract whereas
catfish (Mystus sp.) requires shorter time (22 days). Fish with large diameter of eggs have
their completed digestive tract soon after the yolk sac totally been absorbed. Fish larvae that
already have completed the development of digestive organ that properly work in the
digestive process, similarly with those of adult fish start to enter juvenile stages ['". This
present study showed that Golden trevally (G. speciosus) with the average oocyte diameter
of 150-250 um tend to entry the juvenile stages after 30 days from hatching, where the

organs has been completely formed and worked similarly with that of the adults.
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ABSTRACT

Research on male reproductive system cannot be separated from spermatogenesis.
Staging of seminiferous tubules are one of the important variables to evaluate
spermatogenesis. Rats are frequently used as a model in reproductive research, have XIV
stages in their seminiferous tubules. However, proportion of each stage in a single age and
comparison among ages has not yet reported. The goal of this research was to study staging
of seminiferous tubules in 3-12-week-old Wistar rats. Qualitative data consist of staging
appearence and development on each age. Semi-quantitative data including comparison of
staging composition within age and among ages. Serum testosterone level was also
measured to support the finding. Each age group has five replication as sample, which
chosen randomly from local animal breeding house. Right testes from each sample were
processed for histological preparation using routine paraffin method and stained with
Hematoxylin&Eosin. As much as 150 seminiferous tubules from each replication were
captured using optiLab® and then observed based on standard spermatogenesis staging
map. Results indicated that age is important factor to influence appearance and
development of seminiferous tubules in Wistar rats. This is supported by testosterone
concentration, which the value is raising along with ages. In 3-5-weeks-old rats (young rats),
spermatogenic cells have not fully developed as in 6-12-week-old rats (mature rats). Thus,
stages in young rats cannot be well determined. In mature rats, all XIV stages are clearly
shown. Shifting in staging appearence were detected, which stage V, VII, and VIII are the
most dominant, while stage I-IV are in the lowest proportion. Percentage of each stage
among ages was fluctuated and has a specific range.

Keywords: stage, seminiferous tubule, Rattus norvegicus L, testosterone.
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ABSTRACT

The accumulation of the capsaicin is still debated, whether the capsaicin is
accumulated in pericarpium, septum or seed. Moreover, the capsaicin optimum content in
the fruit is also still debated. The research aims were to analyse the tissues where capsaicin
is accumulated, the optimum content of capsaicin in the fruit, and fruit anatomy of Capsicum
annuum L. var. abreviata Eingerhuth, Capsicum annuum L. var. longum Sendt, and
Capsicum frutescens L. during fruit development.

Twenty one old seedling of three chilli papers varieties were grown in the polybag.
The samples of chilli papers fruits were collected in the ages of 14, 21, 28 and 35 days after
anthesis. The samples were divided in two groups. Ones were used for phytochemical
analyses and the second were used for anatomical analyses. The capsaicin contents were
analysed using gas chromatography and the anatomical data were prepared using parafin
method.

The results showed that septum of Capsicum annuum L. var. abreviata Eingerhuth
and Capsicum annuum L. var. longum Sendt were the tissue where capsaicin are
accumulated. The optimum content of capsaicin in the fruit of Capsicum annuum L. var.
abreviata Eingerhuth and Capsicum annuum L. var. longum Sendt were 35 days after
anthesis. Moreover, the optimum content of capsaicin in the fruit of Capsicum frutescens L
were 28 days after anthesis. The increase of capsaicin content were not concomitan with the
increase of pericarpium and cuticula tickness, and the size and number of giant cells but its
related with the increase of septum tickness in the fruit of Capsicum annum L. var. abreviata
Eingerhuth and Capsicum annuum L. var. longum. Meanwhile, the increase of capsaicin
content in the fruit of Capsicum frutescens L concomitan with fruit development.

Keywords. Capsicum annuum L. var. abreviata Eingerhuth, Capsicum annuum L. var.
longum Sendt, Capsicum frutescens L, capsaicin, fruit anatomy.

INTRODUCTION

One of the characters in the chili is spicy taste which caused by the presence
of capsaicinoid in the fruit. Location of capsaicin in the fruitof chili is still debated.
Lewis (1984) said that capcaisin is accumulated in pericarp and little on the seed, in
the septum (Claus, 1956), or scattered unevenly on pericarp but higher concentration in
the placenta (Morrow, 1999). According to the opinion of the people capsaicin accumulated
in the seeds. Anatomically Capsicum fruit are composed of several tissues such as pericarp,
seed, and the placenta. The deepest part of the mesocarp consists of cells that are
very large, so-called giant cell (Youngken, 1950).

Research of capsaicin content in chilies have been carried out. Megawati (2009)
analyzed the content of capsaicin in small green chili. Planting medium treated with
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cow urine (0, 7.5 mM/L, 15mM/L and 22.5 mM/L). The result showed at the highest
capsaicin at 35 DAA (Days After Antesis) treated with 22.5 mM /L cow’s urine. Aisyah
(2009) examined the content of capsaicin in big red chiliand curly red chili. Planting
medium were treated with organic fertilizer (concentration of cow's urine: 5ml, 10 ml, 15
ml, 20 ml and without fertilization). The content of capsaicin and the anatomy of the fruit was
observed when fruit was 40 DAA. The content of capsaicin in curly red chili is higher than a
big red chili. No anatomical differences both of chili fruit.

In this study the fruit of small green and small white chili, as well asa bigred
pepper and curly red pepper were used. Each fruit was analyzed their capsaicin content
and fruit anatomy in developmental phases. The development stage of fruit were : 14 DAA,
21 DAA, 28 DAA, and 35 DAA. This study aims were to analyse the tissues where capsaicin
is accumulated, the optimum content of capsaicin in the fruit, and fruit anatomy of Capsicum
annuum L. var. abreviata Eingerhuth, Capsicum annuum L. var. longum Sendt, and
Capsicum frutescens L. during fruit development.

MATERIALS AND METHOD
A. Material

In this research fruit of small chili, bigred chili, and curly red chili, growing
medium (soil), compost for seeding, and NPK fertilizer were used. Some chemical for
anatomical preparations were : ethanol, distilled water, razor blades, objects glass and cover
glasses; for analysis of capsaicin were methanol, chloroform, HCI, NaOH and distilled water.
Tools : a) for making anatomical preparations were rotary microtome, microscope,
glassware, light microscope, microphotograph, an object micrometer, ocular micrometer, and
digital cameras; b) for detection of capsaicin content : oven, centrifuge, vortex, sonicator,
and a set of Gas Chromatography (GC) apparatus.

B. Method
a) Planting and maintained of chili plants

Chili seeds were grown in the field (soil mixed with compost). After 20-30 days,
seedlings were transferred into polybags (26 cm in diameter). Plants treatment were
watering and fertilizing routinely by NPK fertilizer a dose of 15 ml/L (Nugroho et al., 2006).

b) Sampling, anatomical preparations and capcaisin analysis

Sampling was done when the age of fruit was 14, 21, 28 and 35 DAA. Samples
prepared with 5 replications. At each stage of harvesting samples were divided into two
groups. The first group for the observation of anatomy and the second group for the
detection of capsaicin content. Sample of chili was separated into 4 groups, namely pericarp,
septum, seeds and placenta. Each group was detected the capcaisin content to determine
which tissues that contains the highest capsaicin. To analyzed the content of capsaicin in the
tissue of small chili fruit were not broken down like red chili because the size of fruit very
small. For anatomical observation, paraffin method was used (Ruzin, 1999). Before the
content of capsaicin was analyzed by GC, the first step is capsaicin extraction using
alkaloids extraction method (Nugroho et al., 2002). The extract dissolved in 0.5 ml of
methanol and then analyzed by GC (Harborne, 1996).

C. Data Analysis

The data of anatomy were analyzed descriptively. The number, length, and width of
the giant cell, pericarp thickness, placenta thickness, and seed coat thickness of red chili
and small chili for each stage of fruit development, analyzed statistically. Quantitative data
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about the content of capsaicin was statistically analyzed using CRD ANOVA and then DMRT
test to detect a real difference at every stage of development.

RESULTS AND DISCUSSION
Fruit anatomy

Fruit anatomy were observed of four chili varieties were pericarp, giant
cell, septum,and seed. Pericarp of chili composed by epicarp / exocarp as outermost part,
mesocarp as middle part, and endocarp as the inner layer of pericarp. Epicarp consists
ofone layer of cells; mesocarp consists of parenchyma cells and giant cells.
Endocarp composed of parenchyma cells and sclerenchyma cells (Esau, 1978). Pericarp
in small chiliis thinnerthan red chili. Pericarp thickness were increase during fruit
development in four varieties of chili. The pericarp thickness of four chili varieties presented
in Table 3.

Table 1. Pericarp Thickness (um) of four chili varieties during fruit development.

. . Age of fruit (DAA/days after anthesis)
Kind of chili 14 51 58 35
Big red chili (BR) 652,8° 1156,8° 1460° 1856°
Curly red chili (CR) 717,6° 804,8° 1089,6° 1112,4°
Small white chili (SW)  541,20° 692,40° 777,60° 810,00’
Small green chili (SG) 618° 8184 ' 862,87  1040,40"
* Note: Figures followed by the same letter indicate no significance difference based on analysis
of DMRT at 5% significance level.

From Table 1. can be seen that pericarp thickness of red chili and small chili fruit at
each developmental stage was significantly different. According to Sumardi (1990) that
increasing fruit size caused by two processes, namely cell division and cell enlargement.
The most thickness of pericarp was owned by big red chili (1856) and then successively
followed by a curly red chili (1112.4), small green chili (1040.4) and small white chili
(810.0) at 35 DAA. Increasing of pericarp thickness possibly related to it’s function as
protected tissues especially for the seeds. After 14 DAA, pericarp thickness of four varieties
showed quite different. According to Salisbury and Ross (1992), the genetic and
environmental factors such as macro and micro nutrients can influence the pericarp
thickness.

The number and size of Giant Cell

Giant cell is a cell which located in the deepest part of mesocarp, very large cell and
different with the cells around it. These cells are characteristic features of Capsicum genus
(Wallis, 1946). According to Rygol and Luttge (1983), generally giant cell is succulent, and
the central vacuole is very large. The presence of these cells is strongly associated with
environmental conditions, and allegedly is a form of adaptation to drought condition. The
statistical analysis of giant cell presented in Table 2.
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Table 2. The number and size of giant cell (um) of four chili varieties during fruit development.

Parameter Kinq _of Age of fruit (DAA/ days after anthesis)

chili 14 21 28 35
Number of giant BR 44° 49° 62' 58°
cell CR 30 31° 30° 29°
Length of giant BR 184,13° 403,73% 445 2° 394"
cell (um) CR 126,42 307,27 256°° 218,8%®
Width of giant BR 118,42 382,4° 369,6° 366,4°
cell (um) CR 212%® 374,4° 285,2" 220,8%
Number of giant SW 31,20° 32, 60° 34,60° 38,00°
cell SG 23,20° 30,00' 29, 20" 27,40°
Length of giant SwW 254,80° 381,60° 441,40° 443,6°
cell (um) SG 254,807 381,607 441 ,40° 443 6°
Width of giant SW 156,40° 229,207 264,67% 299,60%°
cell (um) SG 303,2% 354,4° 366,40° 400,00°

* Note: Figures followed by the same letter indicate no significance difference based on analysis of
DMRT at 5% significance level

Table 2. showed that the number and size of the giant cell in the four chili varieties
increased significantly during fruit development until 28 DAA, after that time declined, except
for the small chili ones. An increasing number of giant cell, caused by the cell division, while
increasing the length and width of the giant cell due to cell enlargement. The lowest amount
found in small green chili (27.4), followed by curly red chili (29), and highest in big red chili
(58) respectively. According to Rygol and Luttge (1983), giant cell has a greater vacuole
ratio and is thought available to accommodate many metabolism, but the action of the
enzyme which affect cell division process will decreased. This enzyme knew as sucrose
synthase.

Septum Thickness

Septum on chili generally serves as a place for seed attachment. According to Diaz
et al.(2004), septum is the site of capsaicin accumulation. Septum epidermis is the primary
part of the biosynthesis of capsaicin during fruit development. Septal thickness of four chili
varieties increases during the fruit development. This is due to cell division and cell
enlargement. According Hartanti (2004) in line with the maturity of the fruit, the parenchyma
of septum growing larger in size than the parenchyma in mesocarp. At 14 DAA epidermal
cells of septum is still compact and homogeneous. At 21 DAA, the size of parenchyma cells
of septum is increasing. Septum epidermal increasingly stretched at 28 DAA and 35 DAA.
The statistical analysis of septum thickness in the four varieties of chilies presented in Table
3.

Table 3. Septum thickness (um) of four chili varieties during fruit development phase.

Age of fruit (DAA/ days after anthesis)

Kind of chili

14 21 28 35
BR 584,4° 954° 1192,8" 1386°
CR 5522 650,4° 724.,8° 786°
SW 628,80° 726,40° 768,00° 741,60°
SG 459,60° 674,40° 764,40° 789,60

* Note: Figures followed by the same letter indicate no significance difference based on analysis of
DMRT at 5% significance level.
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Table 3. showed that the septum in the four varieties of chili significantly increased
during fruit development up to 35 DAA, except for white chili. The thickest septum is owned
by big red chili (1386), followed by small green chili (789,6), curly red chili (786), and the
thinnest is the small white chili (741.6). As mentioned earlier, increasing septal thickness at
the four varieties of chili related with their functions as a place of seed attachment. During
the development of fruit, the seed will grow bigger, increasing their size, followed by
increasing the septum thickness.

The difference of septal thickness between the two types of chili should be influenced
by the internal factors (genes and hormones) and the environment. According to Ayesha
(2009), the availability of nutrients in the soil also affects the thickness of the septum,
because nutrients in the soil available absorbed by the plants to support the process of cell
division and cell enlargement in the septum. Salisbury and Ross (1992) states that
cytokinins estimated enhance the cell division and cell enlargement, particularly improving
the transition of G2 phase to mitosis phase.

Thickness of Seeds coat

Generally mature seed composed of seed coat, endosperm/ food storage, and
embryo (Fahn, 1991). Seed coatis the outermost part of the seed. The seed coat of chili
consist of radially elongated cells that resemble the palisade, and called macrosclereid,
because the shape andthe thickening walls of these cell. According to Fahn (1991)
cell wall thickness due to uneven overall. The thickening occurs on the long side of seed and
consist of cellulose or lignin substances. Seed coat thickness ofthe four varieties
of chilli significantly increased with the age of fruit (Table 4.)

Table 4. Seed coat thickness (um) of four varieties of chili during fruit development.

Age of fruit (DAA/ days after anthesis)

Kind of chili 14 21 58 35
BR 31,2° 38,4 90°¢ 120°
CR 44 4° 82,8° 108° 129,6'
SW 92,40° 181,20 190,80° 224,40
SG 147,60° 163,20° 174,00° 189,60°

* Note: Figures followed by the same letter indicate no significance difference based on analysis
of DMRT at 5% significance level.

Seed coat thickness of four varieties of chilihas increased significantly during fruit
development (Table 4.). The thickest seed coat found in small white chili (224.4), followed
by the small green chili (189.6). Curly red chili seeds have thicker coat (129.6) compared
with big red chili (120.0).

Capsaicin content

The highest levels of capsaicin (100%) obtained in the septum of curly red chilies at
35 DAA. The lowest content of capsaicin (0.31%) obtained in the pericarp of big red chilies
at of 21 DAA.
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Table 5. Capsaicin contain (%) at the pericarp, septum and seed of big and curly red chili during fruit
development phase.

Age of fruit (DAA/  Capsaicin content (%) of big Capsaicin content (%) of
days after red chili curly red chili
anthesis) Pericarp Septum Seed Pericarp Septum  Seed

14 0 0 0 0 0 0

21 0.31 0 0 0 45.24 0.97
28 0.37 0.86 1.86 1.96 58.57 16.76
35 1.99 6.98 0.99 1.16 100 8.88

Based on the Table 5. can be seen that the highest content of capsaicin obtained in
septum at 35 DAA, while in pericarp and seed coat is very low. This result accordance with
the opinion expressed by Claus (1956), that the capsaicin found in septum. In addition,
based on observations of histology and histochemistry, Otha (1962) concluded that the
tissues which secreted capcaicinoid is dissepiments of septum.lwai et al. (1979) also
reported that capcaisin accumulated in septum, specially in cells of epidermal septum.
whatever plant chili pepper were grown in the same environmental conditions, but the
content of capsaicin produced were different. Differences of capsaicin content of two
varieties of chillies (big red and curly red) is caused should be by genetic and physiology
factors.

At 14 DAA, no detected of capcaicin content in all varieties. Stewart et al. (2005),
reported that the synthesis of capsaicin is estimated began in 20 DAA.
After 14 DAA septum and seed of curly red chili showed early accumulation of capsaicin in
pericarp and seed. Wuryaningsih (1998) suggested that the capsaicin synthesis increases in
line with fruit maturity, while at 35 DAA the capsaicin content decrease.
According to Padilla et al. (1998), capsaicin synthesis is controlled by peroxidase
activity. Increased levels of capsaicin is always followed by the reduce of peroxidase activity.
Peroxidase is the most influential in epidermis cells of septum. Therefore, capsaicin content
is highest in the septum than the other tissues. Capcaisin was increased in big red and curly
red chili at 21 DAA to 28 DAA, then decrease at 35 DAA. This result suggests that capsaicin
were transfered from seed to other parts such as the septum and pericarp.

Table 6. Capsaicin content (%) of small white (SW) and small green (SG) chili during fruit
development.

Age of fruit (DAA)

Kind od chili 14 51 8 35
SW 1,37 37,16 65,88 39,35
SG - 13,83 17,14 37,72

At 14 DAA capsaicin were synthesed in small white and green chilies (1.37%),
increased at 21 DAA (37.16%) and 28 DAA (65.88%), then decreased at 35 DAA (39.35 %).
The decrease of capsacin at 35 DAA estimated that capcaisin has been oxidized. As well as
red chili, capsaicin content in small chili increased during fruit development. The content of
capsaicin in small chili is higher than red chili.
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Conclusion

The results of this research summarized : that capcaisin in four varieties of chili were
accumulated in septum. The highest content of capsaicin in big red chili, curly red chili, and
small green chili founded at 35 DAA, while the small white chili at 28 DAA. The increased of
capsaicin levels was not followed by increasing of pericarp thickness, seed coat
thickness, the number and size of the giant cell, but followed by increasing of the
septum thickness during fruit development.
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Abstract

The development of cocoa pods was controlled by hormones, namely gibberelin,
auxin, cytokinin and abscisic acid. This experiment was aimed to determine gibberellin,
auxin, cytokinin and abscisic acid content in the developing cocoa pods. Two cocoa clones
namely KW 163 which represent self compatible clone and KW 165 which represent self
incompatible clone were used. Several plants for each clone were selected and hand
pollination was conducted before anthesis. Samples of healthy pods were taken at 1, 2, 3, 4,
5,6, 7, 8, 9 and 10 week old following hand pollination. Gibberellin, auxin, cytokinin, and
abscisic acid content were determined by HPLC (High Performance Liquid
Chromatography).

The results showed that there was a certain composition in the content of gibberellin,
auxin, cytokinin and abscisic acid at each stage of the development of cocoa pods. The
composition regulated the metabolism in pods, determined the process of embryogenesis.
The results revealed the role of hormones in determining the progress of cocoa pod
development.

Keywords: Theobroma cacao L., gibberellin, auxin, cytokinin, abscisic acid.

Introduction
Many flowers are produced on cocoa plants, but only 1-5% of those flowers can

develope into pods!"?.

Cocoa pods grow slowly for 40 days due to the first division of the
zygote that occurred about 40 days after pollination. The embryos grow very slowly
compared to the growth of pericarp and other tissues until the age of 70 — 75 days!"®. The
development of pods is regulated by hormones, such as gibberellin, auxin, cytokinin and
abscisic acid!™. There is an interaction amongst hormones which determine the
development of the pod™®. The content of hormones in the pod play a role in determining
sink strength and thus affect the ability of the pod in the photosynthate competition between
pods.

Auxin and cytokinin have synergic function on the development of embryonic root

meristem on Arabidopsis fruit. Auxin stimulates meristem cell elongation while cytokinin
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stimulates cell division®®. Abscisic acid has antagonic effect with auxin. Abscisic acid
regulates fruit aborsion process!”. The aimed of this study was to know the content of

gibberellin, auxim, cytokinin and abscisic acid in the developing young cocoa pods
Methods

Hand pollination was used to produce pods from KW 163 and KW 165 cocoa clones.
The research was conducted at the Indonesia Coffee and Cocoa Research Institute in
Jember Indonesia. Laboratory research was carried out in Chemistry and Biochemistry
Laboratory, Center for Food and Nutrition Studies, Gadjah Mada University. Hormone
analysis was carried on healthy young cocoa pods aged 1 to 10 weeks. Gibberellin, auxin,
cytokinin and abscisic acid content were determined by HPLC of Beckman (USA) 515 type.
26% acetonitril was used as mobile phase with the addition of 30 mM phosphoric acid, with

pH 4. Column ODS / C (18), wavelength 254 nm, flow rate 0.9 mL / min®l.
Result and discussion

Gibberellin, auxin, cytokinin and abscisic acid contents can be seen in Figure 1, 2, 3 and 4.
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Figure 1. Gibberellin content in a various physiological age of cocoa young pods
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Figure 2. Auxin content in a various physiological age of cocoa young pods
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Figure 3. Cytokinin content in a various physiological age of cocoa young pods
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Figure 4. Abscisic acid content in a variious physiological age of cocoa young pods
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The content of gibberellin in the pod of KW 163 and KW 165 cocoa clones was high
at the aged 1-2 weeks, but then decreased to age 10 weeks. Gibberellin are synthesized
when the zygote is formed, besides gibberellin has a role in regulating embryonic and pod
development!® 10 1112131

The content of auxin on young pod tends to increase with age of pod, but the content
of auxin is lower than the gibberellin. Gibberellin and auxin have a role in pod development.
Auxin stimulates cell elongation by increases the osmotic pressure, beside stimulates the
biosynthesis of gibberellins (14).

The content of cytokinin in the pod tends to constant at variety of age and the content
of cytokinin was lower than gibberellin and auxin. On the pod of KW 163 cocoa clone,
abscisic acid was not detected at the age of a week and detected only at the age of 2-10
weeks. In pod of KW 165 cocoa clone, abscisic acid was not detected at the age of 1 to 3
week and was detected at the age of 4-10 weeks.

The content of gibberellin, auxin, cytokinin and abscisic acid at different ages showed
that there was a certain composition of hormones according to the metabolism of stage of
developing young cocoa pod. This suggests that hormones play a role in the growth and
development by their interaction. Auxin and gibberellin have a positive interaction in organ
development. Auxin affects the synthesis of gibberellin in the seed!'” ™. There is an
interaction between gibberellin and auxin in various stage of pod development. Auxin
induces the expression GA20o0x and GA3ox. Auxin plays a role in the process of
morphogenesis!™®. Cytokinin has a role of plant growth and development. Cytokinin affects
the differentiation of meristem cells. Auxin and cytokininin play a role in regulating the cell
cycle in plants!"®. In cocoa young pod of various ages, the content of gibberellin is very high
compared to the abscisic acid. There is an antagonistic relationship between gibberellin and
abscisic acid in regulating the growth and development of cocoa pod. These results illustrate
that there is a certain composition between the content of gibberellin, auxin, cytokinin and
abscisic acid at each stage of the development of cocoa pods. This hormones composition

regulates the metabolism in the pod and determine the process of embryogenesis.

Conclusion

The conclusion that can be drawn from the results and discussion in this study was:
the content of hormones play a role in determining the survival of cocoa pod development.
There was a certain composition in the content of gibberellin, auxin, cytokinin and abscisic
acid at each stage of the development of cocoa pods. The hormones composition regulated

the metabolism in pods and determined the process of embryogenesis and viability of pod
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development. This revealed the role of hormones in determining the progress of pod

development.
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Abstract

The growth rate of two marine microalgae (Dunnaliella tertiolecta and
Nannochloropsis sp) and one freshwater microalgae (Scenecesmus sp) cultured at two
different temperatures condition, were studied. Microalgae were grown in laboratory using
batch culture in phK and MLA medium for marine and freshwater microalgae, respectively at
18°C and 25°C (photon flux density 150 — 170 pmol photon m?s™; 24 hours in light
condition). Cell density was measured daily to determine growth rate and cell division rate.

The optimum temperature for growth was 18°C for Dunnaliella tertiolecta and
Nannochloropsis sp (specific growth rate, y = 0.47/day and 0.52/day for Dunnaliella
tertiolecta and Nannochloropsis sp, respectively) and 25°C for Scenedesmus sp (specific
growth rate, u=0.47/day). Every microalgae cultured had different time of cell density peak.
Dunnaliella tertiolecta shown an early peak of cell density which was occured at Day 4 of
cultured, while Nannochloropsis sp and Scenedesmus sp shown a peak of cell density at
Day 9 and Day 6 of cultured, respectively. Interestingly, Nannochloropsis sp and
Scenedesmus sp had a highest cell division rate at Day 2 of culture, while Dunnaliella
tertiolecta showed a decreasing dramatically of cell division rate since Day 1 of cultured at
their optimum temperature for growth.

The results indicated that three selected microalgae which were cultured at two different
temperature condition responded differently on cell density, growth rate and cell division
rate. Those results indicated that three selected microalgae was spesies specific responded
on temperature cultured condition.

Keywords : Growth Rate, Dunnaliella tertiolecta, Nannochloropsis sp and Scenedesmus sp,

1. Introduction

Temperature is one of the major environmental factors and plays a critical role in
growth, reproduction, migration, succession pattern and metabolism of organisms and
communities [1]. In general, elevated water temperature causes changes in species
composition, species dominance, standing crop and productivity of biota including

phytoplankton communities in any aquatic ecosystem [2].

Every organism has a range of temperature that it can tolerate, which is known as
tolerance levels. As temperatures get too far above or below this preferred range, the

number of individuals of the species decreases until finally there are few, or none. The range
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of temperature tolerated by the life form is completely wide but each species shows

characteristic-limited temperature preference and tolerance [3-4].

The effect of temperature on algal growth rate indicated that, as temperature
increased, the algal group with the highest growth rate changed from diatom to green algae
to blue green algae (cyanobacteria) [5]. Temperature alone is a major factor in determining
the occurrence of a particular algal species [6]. Growth rates of marine phytoplankton fall in
the same range of values as those for freshwater algae, and there are no obvious
distinctions between marine and freshwater unicellular algae with respect to the variation of

specific grwoth rate (u) with temperature [7].

Many laboratory studies have been conducted to determine the effect of temperature
on the rate of phytoplankton growth and photosynthesis [8-9] and has been implicated to
explain patterns of chlorophyll a — specific photosynthetic rate in the ocean [7].
Phytoplankton culture fully adapted to lower temperature exhibit decrease in the chl a-
specific photosynthetic reate at light saturation, whereas little variability is observed in the
light-limited rate [10-13].

The focus of this study was to investigate the impact of temperature on cell density,
specific growth rate and cell division of three selected microalgae (Dunnaliella tertiolecta,
Nannochloropsis sp and Scenedesmus sp) which were culture using batch culture method

under laboratory condition.
2. Material and method

2.1. Microalgae and culture medium

Three microalgal species were used in this study, specifically Dunaliella tertiolecta,
Scenedesmus sp and Nannochloropsis sp (all species from culture collection of Algae, Algal
Physiology Laboratory, Biological Science, Monash University). All microalgae are
eukaryotic photosynthesic microorganisms that grow rapidly as a consequence of their
simple structure (Li et al, 2008). Dunaliella tertiolecta and Nannochloropsis sp are marine
microalgal were cultured in PhK medium, consisting of 2L of pasteurized artificial seawater
which has the following composition (per liter): 22 g NaCl, 5.0 g MgS0,.7H,0, 0.6 g KCI, 0.5
g NaNO;, 0.25 g CaCl,.2H,0, 0.2 g tris-base, 0.165 g NaHCO3, 1.0 mL of 3% solution
KH,PO,4 and 6.0 mL of trace elemental solution. The trace elemental solution (per liter)
includes 0.02 g CuS0,.5H,0, 0.0125 g NaMOQO,.2H,0, 9.0 g Fe citrate, 9.0 g Citric acid,
0.046 g ZnS0O,.7H,0, 0.289 g MnCl,.4H,0, 0.0081 g CoCl,.6H,0, 0.1001 g FeSO,.7H,0,
2.0027 g EDTA, 2.2877 g H3;BO3, 0.010 g vitamin B12, 0.005 g Biotin and 0.02 g Thiamine
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HCI. Scenedesmus sp is freshwater microalgal was cultured in MLA medium, consisting of 2
L pasteurized distillated water which has the following composition (per liter) : 49.4 g
MgS0O,.7H,0, 85 g NaNOj, 6.96 g K,HPO,, 2.47 g H;BO; 0.00129 g H,SeO; 16.9 g
NaHCO;, 29.4 g CaCl,.2H,0, 10 mL micronutrients. The micronutrient solutions (per liter)
includes 4.36 g Na,EDTA, 1.58 g FeCl;.6H,0, 0.6 g NaHCO3, 0.36 g MnCl,.4H,0, 1.0 g
CuS0,.5H,0, 2.2 g ZnS0,.7H,0, 1.0 g CoCl,.6H,0, 0.6 g Na;M00,.2H,0, 0.010 g Biotin,
0.010 vitamin B12 and 0.010 g Thiamine HCI.

2.2. Culture system

Growth experiments were done at different temperatures conditions in 500 mL-
Erlenmeyer flasks. The medium and flasks were sterilized in an autoclave for 20 mins at

121°C in order to prevent any contamination during the early stages of growth.

The cell cultured was kept at incubator room at 18°C and 25°C equipped with artificial
lightining. Each autotrophic batch cultivation was carried out in triplicate for 9 and 10 days at
a continous photon flux density of 180 pmol m? s, which was measured by a light intensity
meter (LICOR Model LI-1400 data logger) for 24 hours.

Temperature in the medium was selected as a treatments (independent variables). Two
different temperatures condition were selected, such as 18°C and 25°C.
2.3. Microalgal cell counting and growth rate

A direct microscopic cell count was performed daily with Brightline Hemocytometer
(Neubauer, Weber England) and a Olympus CHS model microscope (Olymphus Optical Co.
Ltd, Japan).

Specific growth rate (u d™') was calculated as follows :

M =(In N2 —In Nq)/(t2 — t1)

where N, and N, are the average values of cell numbers at times t; and t, [14]. (Ono and
Cuello, 2007).

2.4. Statistical analysis

All the experiments were run in triplicate and teh results were presented as means

and. In all cases, comparisons that showed a p value <0.05 were considered significant.
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3. Results and discussion

3.1. The effect of temperature on growth rate and specific growth rate

The growth behavior of Dunaliella tertiolecta, Scenedesmus sp and Nannochloropsis
sp under different temperature conditions showed a varied trend (Fig. 1). Cell growth in
terms of cell density was higher at normal temperature than temperature stress. The peak of
cell density all microalgals cultured were occurred at day 6 or day 7. The effect of
temperature on cell density of microalgae varied within species. Cell density was higher at
ambient temperature for marine (Dunaliella tertiolecta and Nannochloropsis sp) and
freshwater species (Scenedesmus sp), such as 18°C and 25°C, respectively. Dunaliella
tertiolecta showed a higher cell density at 18°C than 25°C account for 1.48 x 10° cell/ml (Fig.
1a). Eighteen degree of temperature for Dunaliella tertiolecta showed an optimum
temperture for cell growth. Dunaliella tertiolecta has a lower temperature for optimum
growth than others species (Dunaliella salina and D. viridis), such as 22°C and 26°C,
respectively [15]. Like others species of Dunaliella, D. tertiolecta showed a positive
response on cell growth in terms of cell density to increase of temperature. Figure 1(a)
showed that there was a significant decrease in cell density of D. tertiolecta to increase
temperature. This result was supported by Garcia et al [15] who found that growth of D.

salina and D. viridis decreased significantly with incresing temperature.
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Figure 1. Growth rate 6f three selected microalgae in terms of cell density over period of
culture. a) Dunaliella tertiolecta, b) Nannochloropsis sp and c¢) Scenedesmus sp
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Nannochloropsis sp growth appeared to be affected at temperatures above 18°C (Fig. 1b).
The highest cell density was occurred at Day 9 on the temperature of 18°C account for
5.17x10° cell/ml. At 25°C, this microalgae exhibited a very low and almost no grow in terms
of cell density, this temperature led to an abrupt interruption of microalgal growth and later
the cell dead on further period of cultivation. Previous studies by Sayegh and Montagnes
[16]; James et al [17] and Brown and Jeffrey [18] found that Nannochloropsis sp grown

optimally at temperature around 20°C.

The growth curves of Scenedesmus sp. in the growth medium for different cultivation
temperature was shown in Fig. 1(c). After 6 days of cultivation Scenedesmus sp. grew into
the decreasing phase and reached a maximum cell density account for 8.4x10° cell/ml at
day 6 of cultivation for all temperature treatments. The study found that the optimal
temperature for Scenedesmus sp growth was 25°C with the highest number of cell was
8.4x10° cell/ml. Through Paired-samples t-test, microalgal densities in the cultivation
process at the temperature of 25°C was significantly higher than at 18°C (p < 0.001). At 18°C
Scenedesmus sp. grew very slowly at the beginning till the end of cultivation. The peak of
cell density at low temperature was one day later than higher temperature. The result was
supported by previous study by Wagner et al. [19] who found that at 25°C Scenedesmus sp.
LX1 got the maximum specific growth rate and at 30°C it had the maximum carrying capacity

K and population growth rate Rmax.

Figure 2 illustrated the effect of temperature on specific growth rate of three selected
microalgae. Specific growth rate based on number of cell was calculated for all temperature
level for each microalgal tested. Maximum specific growth rate (umax) were 1.734, 0.981,
and 2.180 for Dunaliella tertiolecta, Nannochloropsis sp and Scenedesmus sp, respectively.
For Dunaliella tertiolecta and Nannochloropsis sp, Umax Was occurred at temperature of 18°C
at Day 1 and Day 2 of cultured, respectively (Fig 2 a and b). While Scenedesmus Sp Mmax
was achieved at Day 2 for the temperature of 25°C (Fig. 2c). Interestingly, Scenedesmus sp
had a fluctuative value of specific growth rate over period of cultured. This species had a
higher umax than two others tested species (Dunaliella tertiolecta and Nannochloropsis sp).
The value of pmay in this study was higher than previous study which was found by Zargar et
al [2]. The higher value of pnax in this study compare to previous study was probably due to
different of species was used. Temperature above 25°C for Dunaliella tertiolecta and
Nannochloropsis sp and below 25°C for Scenedesmus sp appeared to be unfavourable for
proper growth of the alga. Temperature up to 18°C and below 25°C may considered as the
limit of safe exposure for thermal stress of Dunaliella tertiolecta,Nannochloropsis sp and

Scenedesmus sp, respectively. This finding was supported by previous study of Zargar et al
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[2] who found that the growth rate of Scenedesmus quandricuada was inhibited at
temperature up to 36°C. This level of temperature may considered as the limit of safe

exposure for thermal stress of this species.
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Figure 2. The specific growth rate of three selected microalgae (Dunaliella tertiolecta,
Nannochloropsis sp and Scenedesmus sp) at two different temperature culture condition. a)
Dunaliella tertiolecta, b) Nannochloropsis sp and c) Scenedesmus sp.

3.2. The effect of temperature on cell division

Temperature showed a direct influence to cell division rate of phytoplankton. Figure
3 illustrated the effect of temperature on cell division three selected microalgae. The pattern
of cell division rate was varied within species. Dunaliella tertiolecta had higher cell division
rate at the begining of cultured period and decreased dramatically at Day 2 of cultured
period and remain steady till Day 5 of cultured period for both temperature treatments (Fig.
3a). The highest of cell division was accounted for 5.7 and 3.8 at 18°C and 25°C,

respectively.

Cell division rate of Nannochloropsis sp increased sharply at Day 2 and achieved the
highest division rate at Day 2 at 25°C account for 2.7 (Fig. 3b). Cell division rate then
decreased significantly at Day 3 of cultured period. Interestingly, at 25°C Nannochloropsis

sp showed other peak of cell division rate, which was at Day 5 of cultured period account for
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2.3. On the other hand, at 18°C, Nannochloropsis sp only have one peak of cell division
rate, which was at the beginning of culture account for 2.4 and cell division rate tended to

decrease over period of cultured.
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Figure 3. Cell division rate of three selected microalgae (Dunaliella tertiolecta,
Nannochloropsis sp and Scenedesmus sp) at two different temperature culture condition. a)
Dunaliella tertiolecta, b) Nannochloropsis sp and ¢) Scenedesmus sp.

Scenedesmus sp showed a peak of cell division rate at Day 2 of cultured period account for
8.9 for the temperature of 25°C (Fig. 3c). The cell division rate decreased sharply in the
following day and got the lowest cell division rate at Day 3 of cultured period, with the value
of cell division was 0.86. At 18°C, cell division rate increased gradually and achieved the
maximum value at Day 5 with the value of cell division rate 3.8. Cell division rate was higher
at 25°C than at 18°C. This result was supported by previous study of Jogersen [20] who
found that in S, costatum lowered temperature led to lowered division rates but higher rates

of carbon and nitrogen assimilation.
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Abstract

Citrus peel essential oils have been known as having anticancer properties indicated
by their capacity in inhibiting the growth of various cancer cell lines. In this study, the growth
inhibition activity of Citrus maxima essential oil on HelLa cell line was examined to determine
its potential as anticancer compound. Essential oils from fruit peel of three C.maxima
cultivars, i.e. Nambangan, Sri Nyonya, and Gulung, were extracted using destilator. GC-MS
analysis showed that these essential oils were consisted of monoterpenes, sesquiterpenes,
and diterpenes. The growth inhibition activity was tested using MTT assay using six
concentrations of peel essential oils: 100, 200, 400, 600, 800, and 1,000 pg/mL,
respectively. Results showed that the growth inhibition activity of peel essential oils from
Nambangan dan Gulung cultivars increased with oil concentrations, while the essential oil
from Sri Nyonya cultivar had no clear pattern in which all concentrations resulted in < 55%
inhibition. The ICs, of peel essential oils from Nambangan and Gulung cultivars were 77,845
pg/mL and 158 pg/mL, respectively. It could be concluded, therefore, that peel essential oil
of Nambangan cultivar had a potential as natural anticancer compound.

Keywords: essential oil, Citrus maxima, anticancer, HelLa cells

Introduction

Cancer is one of the most cause’s deaths in Indonesia. Continuous efforts have been
done in order to find the more effective and cheaper drug for cancer treatment. Herbal plants
are one of the natural resources contain a lot of bioactive compounds which are potential as
anticancer. Some research showed that Citrus is one of plants which having potency as
anticancer.

Maslorava & Henonen (2001)" reported that Citrus extract have antioxidant
properties. It is potential to inhibit growth of cancer. Besides, some epidemiological research
showed that Citrus consumption has protective effect against cancer. Those effect might be
caused by bioactive compounds of Citrus such as vitamin C, folat, carotenoids, and
flavonoids®. Juice of Pamelo, Lemon, and the others economical Citrus were known having
cytotoxic effect against Caco-2 cells monolayers®. Citrus essential oils were known as
compounds that can inhibit proliferation of human colon cancer cells®, human mouth

epidermal carcinoma cells line, and murine leukemia cells line®.
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Citrus maxima peels contain essential oils and have not used optimalically yet. This
research was studied the potency of essential oils of Citrus maxima peel to inhibit cervical

cancer cells growth.

Materials and Methods
a. Materials

Three cultivars of Citrus maxima (pamelo): Nambangan, Sri Nyonya, and Gulung.
Chemical for essential oils extraction, analysis, and compounds identification was diethyl
ether. Chemicals for cancer inhibition growth assay were Hela cells obtained from LPPT,
Universitas Gadjah Mada, RPMI 1640 media, FBS, Penstrep, fungizon, MTT, trypsin 0,25 %,
SDS 10% in 0,01 N HCI, PBS, DMSO.

Apparatus for Citrus collection were plant scissors, collection bottle, and GPS. Apparatus
for essential oils extraction were mortar, petri dish, and reaction tube. Apparatur for inhibition
growth assay were inverted microscope, laminar air flow hood, waterbath, beker glass, flask

culture, 96 wells microplate, micropipet, CO, incubator, pipet, and ELISA reader.

b. Methods

1. Sample collection of Citrus maxima was done in Citrus production center, Magetan
(Dukuh and Duwet villages, Kecamatan Bendo). This research used mature fruits (ready
to harvest).

2. Essential oils extraction and analysis of Citrus maxima peel followed the method of Merle
et al. (2004)°.

a. Essential oils extraction

Twenty grams of Citrus maxima peels at base point for each cultivar were pressed
manual until excretes oils. The oils were collected on petri dish. Those oils were
removed in the reaction tube and then centrifuge 15.000 rpm for 10 minutes to
seperate the oils and water phase. Oil phase (supernatan) was removed in another
reaction tube and added diethyl ether (1:99) for gas chromatography analysis.

b. Essential oils analysis

Sample of essential oils were analyzed by gas chromatography using capillary column
with length 25 m and diameter 0,25 mm, film thickness 0,25 ym. Gas chromatography
program used column temperature 60°C for 6 minutes and the temperature increased
5°C every minute until reach 180°C. Helium was used as carrier gas with a flow rate set

at 2 mL/minutes. The injector and detector temperature were held at 225 and 250°C.
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c. Compounds identification

Every peak was identified using gas chromatography-mass spectrophotometry. The

results of chromatogram were compared with the data in GC-MS library.

3. Growth inhibition assay
HelLa cells were cultured in 96 wells microplate (2x10* cells/100 pL/well). Each treatment
was done 5 times. The groups of this research were:
a. Media control group (HelLa cells suspension incubated in RPMI 1640 + FBS 10%).

b. Treatment groups, HelLa cells suspension were given test compounds at the
concentration of 100, 200, 400, 600, 800, and 1000 ug/mL respectively. Test

compounds were added 100 uL/well. Media were used to dilute the test compound.

Test compounds were essential oils from three cultivar of Citrus maxima (Gulung,

Nambangan, and Sri Nyonya) peels.
Hela cells were incubated at 37°C, CO, 5% for 24 hours. Test compound were given in
each well as have been set in the treatment group and were incubated again at 37°C, CO,
5% for 24 hours. Inhibition growth assay was done using MTT assay method as follow: in
the end of incubation period, each of well was added by MTT (5 mg/mL) 10 pL. Cells
suspension were incubated at 37°C, CO, 5% for 4 hours. The reaction was stopped using
SDS 10% in 0,01 N HCI. Optical Density (OD) was read using ELISA reader at a
wavelenght 550 nm**7#9'° Growth inhibition percentage was calculated using formula:

(OD media control — OD treatment)
% Growth Inhibition = x 100 %
OD media control

Notes:
OD media control = OD media control — OD negative control of media.
OD treatment = OD treatment — OD negative control of each treatment.
4. Data analysis
Growth inhibition assay was analyzed using one way ANOVA followed by Tuckey’s HSD

test. ICsq of test compounds were analyzed using probit analysis.

Results and Discussion

Results

a. Sample collection of Citrus maxima
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Sample collection was done in May, 14-16, 2009, in Dukuh and Duwet village,
Kecamatan Bendo, Kabupaten Magetan. There were three cultivars which have been
collected: Nambangan, Sri Nyonya, and Gulung. Sampling collection was in close area, with
range 30-200 m for one Citrus plant to the others. The mature fruits were collected. The

fruits were kept in refrigerator until essential oils analysis would be done.

b. Essential oils extraction and analysis

Based on the chromatogram from GC was known that essential oils of Citrus maxima
peels from three cultivars contain the same compounds. There were 32 compounds.
Quantitatively the essential oils of Nambangan Citrus peels have the highest concentration,
followed by Gulung and Sri Nyonya. Each peak from GS-MS was compared by the library
from MS for identification. Based on this research there were some compounds that could be
identified. Those compounds could be categorized in monoterpenes (limonene; citronella;
trans-1,2-diisopropenyl-cyclobutane; cyclobutane; naphthalene (CAS) white tar;
cyclohexene; 1-methyl-4-(1-methylethenyl)-(CAS)1-p-mentha-1,8-Diene; 2-pentanone-4-
hydroxy-4-methyl-(CAS)  diacetone  alcohol;  octane,2-bromo-(CAS)2-bromooctane);
butane,2,2-dimethyl-(CAS) 2,2-dimethylbutane), sesquiterpenes (hexadecanoic acid (CAS)
palmitic acid; tetradecanoic acid (CAS) myristic acid), and diterpenes (10-octadecenoic acid,
methyl ester (CAS) methyl octadec-10-enoate; 10-octadecenoic acid, methyl ester (E)-(CAS)
methyl elaidate; 11-octadecenoic acid, methyl ester (Z)-(CAS) methyl cis octadec-11-enoate;
methyl 9,9 dideutero-octadecanoate; 12-octadecenoic acid, methyl ester (CAS) methyl

octadec-12-enoate).

c. Growth inhibition assay

The results showed that essential oils of Citrus maxima peel from three cultivars
have different potency to inhibit the growth of HeLa cells. For Nambangan cultivar, growth
inhibition percentage on HelLa cells increased as the increasing of concentration. However,
growth inhibition percentage at the concentration of 200 pg/mL and 400 pg/mL did not show
any significant differences as well as the concentration of 800 pg/mL did not show any
significant differences with the concentration of 1000 pg/mL (Table. 1).

For Gulung cultivar, growth inhibition percentage on Hela cells increased as the
increasing of concentration. However, growth inhibition percentage at the concentration of
400 pg/mL, 600 pg/mL, and 1000 did not show any significant differences. Growth inhibition
percentage at the concentration of 800 pug/mL did not show any significant differences with

the concentration of 1000 pg/mL (Table. 1).
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Sri Nyonya cultivar did not show the clear pattern on growth inhibition of HeLa cells.
In this cultivar the growth inhibition tend having the same value in any given concentration

(from 100-1000 pg/mL) (Table. 1).

Table 1. Average of growth inhibition percentage of essential oils of Citrus maxima (Burm.)
Merr. peel on Hela cells.

Cultivar Essential oils concentration (pg/mL) Growth Inhibition (%)
100 53,211 +2,9122
200 72,945 + 3,346°
400 77,005 + 4,018°
Nambangan 600 86,189 £ 6,144°
800 100¢
1000 100¢
100 34,239 + 22182
200 62,193 + 5,019°
400 71,947 + 1,25°
Gulung 600 75,057 + 5,235°
800 86,448 + 6,296°
1000 80,491 + 5,986
100 52,438 + 2,899°
200 46,832 + 7,104
Sri Nyonya 400 40,796 + 3,791
600 33,234 + 5,3592
800 42 345 + 4,196°
1000 39,270 + 1,856®

Note: the number which was followed by different letter in the same column have significant differences
(p<0,05)
Based on probit analysis, ICs, value of essential oils of Nambangan cultivar was
77,845 pg/mL and IC5 value of essential oils of Gulung cultivar on HelLa cells was 158,439
pg/mL. Whereas ICsy value of essential oils of Sri Nyonya cultivar could not calculated

because the result did not show linier pattern.

Discussion

This research studied the growth inhibition of essential oils of three cultivars (Citrus
maxima (Burm.) Merr.) peel on HelLa cells. The results showed that along with increasing of
the essential oils concentration of Nambangan and Gulung cultivar the effect of growth
inhibition on HelLa cells were higher. At the concentration of 800 and 1000 pg/mL growth
inhibition percentage of Nambangan essential oils on HelLa cells was 100% whereas growth
inhibition percentage of Gulung essential oils on HelLa cells was > 80%. ICsy value of
Nambangan essential oil was 77,845 pg/mL and ICsy value of Gulung essential oils was

158,439 pg/mL. These ICs, value depend on the cultivar of Citrus maxima. Manosroi et al.
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(2006)° classify essential oils sample with ICs, < 0,125 mg/mL have a high potency to
develop as anticancer agent. So essential oils of Nambangan cultivar have a high potency
as anticancer agent. Whereas |1C5, value among 0,125-5 mg/mL have a moderate potency to
develop as anticancer agent. So essential oils of Gulung were in this category. The results of
compounds analysis and identification using GC-MS showed that qualitatively and
quantitatively essential oils composition from the highest to the least were essential oils of
Nambangan, Gulung, and Sri Nyonya peel. Major compounds of those essential oils were
limonene and citronella. Nambangan have the highest growth inhibition percentage followed
by Gulung and Sri Nyonya. This potency was relevant with the highest composition and
concentration of essential oil of Nambangan peel compared with Gulung and Sri Nyonya
peel. This is not in agreement with Lim et al. (2009)® who stated that there was no corelation
between ICs5, value with major flavonoid and limonoid from four fractions organic solvent. Lim
et al. (2009)° showed that the analysis results of major flavonoid and limonoid from hexane
fraction significantly lower that the other 3 organic fractions. However, hexana fraction was
the most potent as anticancer agent compare with the other three fractions especially to
induce apoptosis of histiocytic lymphoma cells (U937). Those anticancer activity might be
influenced by the minor componen from hexane fraction. Bakkali et al. (2008)"" stated that a
lot of componens of essential oils play role as antioxidant. Those cytotoxic effect depend on
the kind and concentration of the compounds. However essential oils did not show
genotoxic effect.

Based on the identification results, the compounds of essential oils of Citrus maxima
peels were included in category monoterpenes, sesquiterpenes, and diterpenes. Minor
componens which was played role in growth inhibition of HeLa cells could be monoterpenes
or sesquiterpenes. Patil et al. (2009)* studied that growth inhibition on colon cancer was
caused by monoterpene compounds of lime essential oils. Sylvestre et al. (2006)'? said that
volatile extract which have cytotoxic effect majority are sesquiterpenes and a little of
monoterpenes. In this research for knowing definitely the kind of compounds in the essential
oils which is play role in growth inhibition have to be done using fractination and structure
elucidation to the componens of essential oils of Citrus maxima peel of three cultivars.

In this research the growth inhibition mechanism on HelLa cells of Citrus maxima
peels essential oil could not known yet. However, from some research were known that
antiproliverative effect on human leukemia cells (U937) caused by apoptosis induction and
involved signaling pathway which was mediated by mitochondria®. Patil et al. (2009)*
indicated essential oils could cause the lost of membrane integrity on human colon cancer
cells. This lost of membrane integrity may be caused by the high lipophylicity of its

compounds. It indicated that essential oils could induce cytotoxicity through membrane
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disintegration. Essential oils of Citrus maxima peels from three cultivars might be given

effect through the same mechanism.

Conclusion
It could be concluded that essential oils of Citrus maxima (Burm.) Merr. peel of
Nambangan and Gulung cultivar have potency to develop as therapeutic agent for cancer

treatment especially for cervical cancer.
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