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Preface
This proceedings is an embodiment of scientific lectures and papers
gathered during the 2008 Asian Wetland Convention and Workshop as an
important consequence of the energetic paths that the Society of Wetland
Scientists (SWS) Asia Chapter has taken after the society was established and
approved on June of 2005. The relevant past and blessings of today provide the
backbone for what the SWS Asia Chapter is as of now and this proceedings is the
highlight of her documentation. The enthusiasm of Asian wetland scientists has
given life to the society. We never run out of interest in membership to the SWS
Asia Chapter and the accomplishments that I received annually from members
were products of dedication and hardwork. Asia has all the magnificent wetlands
that one can globally boast about. From the inter-countries flow of the strong
Mekong River to the extensive flood plains of Bangladesh during rainy season,
one cannot just imagine the so many wetlands of various kinds that any Asian
country possesses. Some have witnessed historical turnovers like the antique
reservoirs or tanks. Numbers of Asian Wetlands have problems and are sources
of discovery. Our Asian wetland scientists are purposely hooked to do scientific
researches in order to add new knowledge to the pool of academic resources.
Some wetland problems need assistance. The SWS Asia Chapter is beginning to
recognize that and is now becoming involved in facilitating support whether it
may be a collaborative or consultative necessity through her Inter / Intra –
Organizational Collaborative and Consultative Program. This proceedings will
serve as a valuable reference for those who seek appropriate personnel for their
proposed project, use the data herein as reference in making proposals as well
as utilize the new information in classroom lectures or make use of the findings
as a stepping stone to further generate additional proposals and subsequently
gain advanced knowledge in that field of research. SWS Asia Chapter
encourages all its members to produce scientific papers annually especially from
our third world country members and to participate actively in NGO and
governmental programs in wetlands so as to enrich the proceedings of SWS Asia
Chapter’s conventions and workshops.
The year 2008 has been proclaimed as the Year of the Wetlands in Taiwan.
The 2008 Asian Wetland Convention and Workshop symbolize the culminating
activity of this celebration. What has transpired during the convention and
workshop are recorded in this proceedings dubbed as an academic catchment.
Scientific research studies from foreign presenters and local participants
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whether delivered orally or as posters are the major constituents of this
important reference. Greetings, Introductions, Keynote speeches, Abstracts, Full
Papers and Lectures delivered during the Opening Ceremony, Sessions and
Workshops by various outstanding Wetland Professionals are compiled and
neatly organized for wetland scientists and enthusiasts to read and
commemorate. Since this is a collaborative work between the Construction
and Planning Agency (CPA), Ministry of the Interior, ROC and the Society of
Wetland Scientists, Inc., I thank the SWS scientists from all over Asia for sharing
their researches especially to our Taiwanese audiences and likewise, I thank CPA
for its reciprocity of kindly providing us a pleasant venue and resources to
undertake the program successfully. The full papers that were submitted may
have the chance of being published in the SWS Wetlands Journal Asian Edition.
Taiwan has more or less 75 recorded exquisite wetlands. Your data that are
included in this proceedings may provide important facts for future researches
that our Taiwanese colleagues will carry out. By examining these wonderful
wetlands of Taiwan, our foreign wetland researchers will find immense
inspiration in strengthening their university related researches and conservation
programs in their home countries or in their project sites abroad and in working
earnestly as collaborators or consultants when the need arises especially with
our third world colleagues. These eventually will turn out more publications in
Asian Wetlands for our future proceedings and add more prestige to the Society
of Wetland Scientists Asia Chapter.
By Prof. Isidro T. Savillo
Regional President, SWS Asia Chapter
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Theme 1: Ecological, Economic and Cultural Significance of Asian
Wetlands
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A POTENTIAL RAMSAR RESERVE WITH COMMUNITY-BASED
ECOTOURISM AROUND SIHCAO AREA IN TAINAN, TAIWAN
Henry C. L. Chen
Department of Lleisure Management
Leader University
188, Section 5, An jhong Road,Tainan,Taiwan 709
E-mail: henry@mail.leader.edu.tw

Abstract: Ecotourism has been pointed out as one of the great additional development
options for potential communities to improve both their material and spiritual livelihood in
numerous studies. Nevertheless, some cases have shown that the key to process a
successful ecotourism is a cautiously set plan before implementing. Therefore, this research
aims to study a unique site where contains some prospective elements for developing
ecotourism, locate at Sihcao area in Tainan, Taiwan. This site obtains both rich ecological
and cultural environment for visitors to explore; i.e. mangrove ecosystem and aquaculture,
wetland biodiversity and salt-making heritage etc. At present, numbers of tourists visit this
area for bird watching, outdoor education, and sightseeing. Nonetheless, a thoroughly
studied proposal is required to ensure sustainable development. Similar to other island
states, Taiwan faces problems of land use and social issues and is slowly debating about
what is the proper development that is sustainable. This paper presents an area which has
potential for listing on the list of Ramsar sites. A study of a more appropriate ecotourism
might show the development directions for the community, interested parties, and
governmental agencies.
Key Words: Community-based Sustainable Development, Ramsar Reserve Wetland,
Ecotourism

INTRODUCTION: SITE INFORMATION
Located in the south of Luermen River in the open waters of Taijiang are, Sihcao,
also known as Beishanwei in the past, was part of the inland sea and got this name
because it used to abound with beach naupaka (scaevola sericea Vahl). It is also
known as Sicao, Ssu-ts'ao, Latitude. 23.0169444°, Longitude. 120.1316667°. As one
of the two most important wetlands in Taiwan, Sihcao is located in the southeast of
Luermen River, the northwest of Yenshui River (salt water), the southwest of
Western Bihai (seashore) Highway of Tainan, and the north of the meeting point of
Yenshui River and Jianandazhen (Figure 1).
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Figure. 1 site locatin
Figure 1. Map of the study area.
The historic fishing village of Sihcao was originally situated on Bai Shan Wei
Island in the now "vanished" Tai Jiang Inner Sea. In 1823, following a change in the
course of the nearby Tseg Wen River, large amounts of sediment were deposited in
the Tai Jiang Inner Sea causing the area to silt up rapidly and creating the "land" upon
which Sihcao now sits. When massive amounts of sand and clay washed into the
Taijiang during typhoons, the once beautiful views with glistening light of waves by
the brook of Taijiang became alluvial soil. People had tried to restore the river but
this was in vain.
Climatic data derived from the local weather station near the site during
1987-1992 shows that during the dry season of October-April, mean monthly rainfall
normally does not exceed 50 mm and that from May to September, average monthly
rainfall frequently exceeds 100 mm. Sunshine is lower during November-April
(100-115 h months) and higher during the rest of the year (123-180 h month). Water
temperatures range from about 33 ℃ in summer to about 18 ℃ in winter. North-east
winds are extremely forceful from October to March, so wind speeds are greater
during this period than during the rest of the year. Normally, there are more tourists
during the dry season but not on windy days. In addition, it’s been reported that
Sihcao wetlands are important habitat for migratory birds in the Asian-Australian
flyway.
The proposed development of a Science and Industrial Park by the Economic
Department in 1990 brought a new threat to the Sichcao ecosystem. Whilst everyone
agreed that economic development would be hugely beneficial to the local economy,
the potential loss of such a valuable wetland eco-system such as Sihcao was of grave
concern to local conservationists. Extensive negotiation with both government and
local contractors resulted in a "compromise" of 523.848 hectares of land being trade
off in the interests of conservation. On 30th November 1994 the Council of
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Agriculture announced the establishment of the Sichcao Wildlife Reserve in Tainan.
The Sihcao wetlands is covered with a rare mangrove forest, it has become the
paradise of birds. Statistics indicated that over one million birds live in Sihcao every
year, including over 20 endangered species of migratory birds from other parts of
Asia and Australia and over half of the 400 species or so of native wild birds. The
wetlands were developed into a salt works later for the high salt contents in the area.
Today, many fish farms can be found in the area and also many migratory birds that
spend their winter here during their journey can be spotted. Thus it becomes the
transit stop for migratory birds in Asia and Australia. Moreover, the water system
developed to maintain water circulation of the salt pans and fish farms in the area has
enhanced the growth of mangrove plants, such as sandy mangroves (Limnitzera
racemosa Willd), gray mangroves (Avicennia marina (Forsk) Vierh), and tiri tabua
(Rhizophora stylosa Griff).
As it is the habitat for the four surviving mangrove plants in Taiwan, sandy
mangroves (Limnitzera racemosa Willd), tiri tabua (Rhizophora stylosa Griff), gray
mangroves (Avicennia marina (Forsk.) Vierh) and kandelia candel, the reserve aims
at preserving the sandy mangrove forest which is unique in Sihcao and at recovering
the already damaged breeding place of mangrove forest.
Sihcao is an alluvial landform and an important wetland in Taiwan. As it is located
between the water and land areas, it is the breeding, feeding and wintering area for
water and shore birds. Wetlands nourish animals and plants with strong adaptability
and higher productivity. The fish, shrimp, shell and benthos contents in wetlands are
the rich food source for birds, so they have high ecological value. Mangrove forests,
fiddler crabs, mudskippers and seawater tilapias are the major living organisms in the
area.

TAINAN CITY SIHCAO WILDLIFE RESERVE:
A POTENTIAL RAMSAR SITE IN TAIWAN
The Tainan City Government announced the area as the Tainan City Sihcao
Wildlife Reserve on 30 November 1994 (Figure 2). With an area of 515.1 ha, there
are public lands, public rivers and private fish farms in the reserve. The Tainan city
government declared the Reserve to protect the wetlands ecology and the wild bird
that live here. The environment of the Sihcao area encompasses mangrove wetlands
and salt fields, and is home to a vast range of fish, shrimp, shellfish, crabs, and
bottom-dwelling organisms that attract large numbers of foraging wild birds.
Together, there create richly varied ecological landscapes.
The reserve is divided into three areas:
A1. Black-winged Stilt Breeding Area, located in the south of the meeting point of
Binhai Highway and Siancao Street, with an area of 50 ha. There are many salt pans,
fish farms and brushwood in the area. Currently, all salt pans in Sihcao area have
been shut down. As there nutrition salt circulation is stable, black-winged stilts and
Kentish plovers will breed here in summer.
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A1：54.653 hectare
竹筏港排水線之一
顯宮橋
曾文溪
竹筏港排水線之二
西濱公路
城西里垃圾場

台南科技工業區

A2：337.3052hectare

台南科技工業區

A3：31.8898hectare

台鹼安順場
鹿耳門溪

濱海橋

大眾廟

新西濱公路
嘉南大圳
四草湖
四草內海

鹽水溪

四草大橋

Figure 2. Tainan City Sihcao Wildlife Reserve.
A2. Water Bird Preservation Area, located in the east bank at the mouth of
Yenshui River, with an area of 335.1ha. There are many salt pans, fish farms,
brushwood and gullies. When fish farms are drained in winter after yielding, fish
surviving at the bottom of ponds and bathos will become the rich food source of
water birds, and abandoned fish farms will be like natural swarms and habitats of
birds. Scolopacidae, Ardeidae and Anatidae are the common migrants in winter,
while Laridae love to live here in summer. Gullies are often habitats for Rallidae and
common kingfishers. The high season for bird migration is September to November.
These migratory birds will live and feed here. Some will pass winter here and return
to the north until the end of March to May.
A3. Wetland Preservation Area, located in the west bank of Luermen River, with
an area of 130ha. It is a reserve for wetlands, coastal plants and existing birds.
Located at the outlet of Luermen River, there are many salt pans, fish farms,
windbreak forests and gullies in the area. Most tidal areas in Sihcao are distributed
near the outlet to the sea where the salt content is low and water flows slowly.
Therefore, they are ideal habitats for animals and plants and nourish a wide variety of
bathos, such as fish, shrimps and shells. When low tide comes, we can see flocks of
birds and packs of fiddler crabs come seeking food in these areas. There is a big
horsetail windbreak forest beside the wetland protection area where we can see
magpies and Ardeidae. We can occasionally see grey frog hawks and other migratory
birds stay here during autumn.
The Sihcao Wildlife Reserve is permanent home to some 40 species of resident
birds. It’s been reported sightings of 21 endangered and rare species of birds. From
September to November, the reserve is alive with migratory birds that feed on the
abundant fish, shrimp, and crabs. There are many shells, proof that the area is very
rich in the crustaceans that waterbirds love to feed on. In addition, when the salt
extraction industry moved into the area and the development of salt pans created a
new ecosystem for both man and animal to exploit. Tiny microscopic invertebrate
-4-

First SWS Asia Chapter’s 2008 Asian Wetland Convention

animals flourished in the salt pans and these in turn attracted a multitude of birdlife
(over 200 species have been recorded within the protected area, see appendix for
some species). Furthermore, small channels built to draw salt water into the
desalination pools created a new opportunity for many rare and declining species of
mangrove to take hold and flourish. Species of mangrove within the Sihcao area
include Lumnitzera racemusa, Avicennia marina and Rhizophora mucronata.
This reserve has been reported as one of the most popular wintering site for
Black-faced Spoonbill (Platalea minor). Being so rare, the Black-faced Spoonbill
faces serious threats to its survival. The Wild Bird Society, Republic of China, joined
BirdLife International (an international non-government agency) at BirdLife
International’s twenty-first meeting in August 1994 and invited international experts
with their corresponding expertise in research and conservation to help develop an
Action Plan for the Conservation of the Black-faced Spoonbill. Following a call for
support from various agencies, the Council of Agriculture answered with financial
and technical assistance. A draft Action Plan was prepared over January 16-21, 1995.
There was a public forum held to announce the contents of the draft Action Plan,
which was then sent out for review to government agencies, conservation NGOs, and
academics. The goal of the Action Plan for the Conservation of the Black-faced
Spoonbill is to plan and coordinate conservation and research directions, and to try to
generate support from governments, NGOs, and other concerned individuals for the
conservation of this species through relevant research leading ultimately to some
concrete actions. The document contains the latest information on the species’
distribution and related biological and conservation status. Because there are
obviously many missing pieces, a priority of the plan is to conduct basic research.
Already a few birds have transmitters that have enabled preliminary information from
satellite tracing in early 1999. All the habitats used by the Black-faced Spoonbill are
facing threats. Important among these are loss and degradation of habitat, mostly
resulting from development pressures and the pollution associated with high human
population density. Expanding agricultural land and aquaculture ponds, and
construction of industrial zones and housing development are the main causes of loss
of habitat. In addition, there are other serious threats, such as the effects of pollution
and competition for declining food resources with other animals, and disturbance
from human activities. People will have to work together if this species is not to
become extinct in the near future. Because its habitats extend across national
boundaries, there is no other way except cooperation between nations.
Species-specific action plans have broad applications for protecting wildlife on the
brink of extinction. These species-specific action plans are widely used documents in
Europe and America, but the Action Plan for the Conservation of the Black-faced
Spoonbill is the first such document to be formed for an Asian species. The Action
Plan is to be used as a reference for each country’s own conservation work but has no
legal status. Because of its international political status, Taiwan cannot be officially
involved in international treaties, programs, and agencies. Nevertheless, despite not
being formally recognized in international forums, Taiwan still makes an effort to
contribute to global conservation. Thus, if the habitats could be nominated as Ramsar
sites according to the Ramsar Convention, it would be a great assistance for ensuring
the survival of this species.

ANSHUN SALT FIELD ECOLOGY AND CULTURE VILLAGE
According to Crook (2008), in recent years, several former industrial sites around
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Taiwan have been repackaged as tourist attractions. What is known in Britain as
"industrial archaeology" (the study of disused factories and mines) is coming into its
own here, among both academics and local history enthusiasts. Funded by
government agencies plus donations from the private sector, the Anshun Salt Field
Ecology and Culture Village provides a glimpse of the Taiwan of salt harvesting
heritage. Salt production has a long history around this area. When Koxinga arrived
in the Tainan area in the 1600s, his men found local natives engaged in salt making.
Salt harvesting activities still continue, on a very small scale, for educational and
tourist purposes.
Salt production came to a halt here in 1998. The human population, at its peak 120
households, moved out in late 2002. In the early years of this decade, more than 200
of the 500-plus hectares of salt fields were turned over to the Tainan Technology
Industrial Park. The remaining saltpans have been preserved as part of the village, or
handed over to The Sihcao Wildlife Reserve.
The salt fields were modernized between 1919 and 1923, when the bottom of each
pan was paved with pottery shards to speed up evaporation. These pottery-shard
saltpans on both sides of the road as one drive into the village. Visitors also likely to
see performers scraping and shoveling salt within salt field. These performers are
former salt workers, hired to demonstrate salt-making to school groups and other
visitors.
According to information boards in the village, 95 percent of the salt made here
was exported to Japan, because it was of such high quality. The surviving buildings
are just as interesting as the salt-making process. It was only in 1952 that the workers'
dormitory was rebuilt using brick (the old one was made of bamboo and grass), and
piped freshwater became available. Previously, water had to be carried in from
adjacent villages.
Because Anshun is far from downtown Tainan, the workers' activity center, was
very important to the community. The building, now the Taijiang Cetacean Museum,
houses an impressive whale skeleton. The village had its own clinic, and there are
also the remains of a police station. Salt was such a valuable commodity (and a
government monopoly) that the industry had its own police force to prevent theft.
Salt-making is physically demanding. According to the information boards,
workers were expected to carry up to 60 kilograms of salt at a time. If one wanders a
short distance from the core of the village, among the canals and ditches, one’ll see
the old docks from where salt was shipped. The Pier and Facilities of Former Anshun
Salt Works have been announced as City designated Historic Site on 13th of May,
2003. There are several water gates, used to control water levels in the saltpans.
Salt production is only done where it's very sunny. October to March is the best
time of year for salt-making because the weather is consistently dry and sunny. The
small quantity of salt produced here nowadays is neither eaten nor thrown away, it's
turned into souvenirs. The bed of each salt making field pan has been covered with
pieces of broken tiles, to speed up evaporation. Around 45 liters of seawater are
needed to produce one kilogram of salt, and the process usually takes 20 to 25 days.
October to March, when the weather is consistently dry and sunny, is considered the
best time of year for salt collection. Relics from the sea salt making era can be seen
and at the Nan-liao Salt Field Ecology and Culture Village, in the northern part of
Tainan City. Nan-liao is located beside Sihcao Wildlife Reserve, which consists of
515 hectares of rivers, canals, mangrove swamps, fish farms, and historical saltpans.

SHICAO DAJHONG (MESS GRAVE) TEMPLE
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Tainan Shihcao Daihong Temple located in An Nan district, Tainan, and is a
regional center of the local believers. The Sihcao Dajhong Temple was built in 1701.
The temple was rebuilt in its present form in 1987. The temple claims an ossuarium
meaning that behind the temple has remains of Dutch soldiers that died in the 17th
century when they were killed by Koxinga’s troops.
In order to give the ossuarium a new outlook, the temple committee requested the
Netherlands Trade and Investment Office (NTIO) to look for a new design from
Dutch artist. The new outlook project has been finished and a worship ceremony for
celebration took place on 13 December 2007 by Tainan Mayor Hsu, Tain-Tsair and
Mr. Roderick van Schreven, Director General Foreign Economic Relation, Ministry
of Economic Affairs.
To the south of Dajhong Temple is the Sihcao Battery, a second-grade historical
site. It was built during the Opium War between China and Great Britain, to protect
Tainan together with another battery at Anping. Today the battery is topped by a
convoluted patter of banyan roots, creating a unique scene of masonry and vegetation.
In addition to its rich international affairs’ heritage, the Shicao Dajhong temple,
near the Sihcao Wildlife Reserve, is one of very few places in Taiwan where all four
remaining mangrove species can be seen.
Mangroves are those tropical or subtropical evergreen trees or shrubs which grow
in marshes or along tidal shores. Because Mangrove's condition is affected by tides,
we also call it "tidal forest". Mangrove is called "Red tree" because of the
Characteristics of family Rhizophorales. Their wood, trunk, branches and flowers are
in red color and the tree bark can be abstracted for red dye. According to the record of
International Society for Mangrove Ecosystem, we can divide them into True
Mangrove and Minor Mangrove by their growing type. True Mangrove is those trees
that live in tidal shores and evolve to breathing root and viviparous by adapting the
environment. Minor Mangrove means those trees that not only live in tidal shores but
also live in terrestrial ecology. The only True Mangroves in Taiwan are Kandelia
candel, Rhizophora stylosa, Avicennia marina and Lumnitzera racemosa.
The Mangrove area in the back of Sihcao Dajhong Temple is the best natural
mangrove observation area. Along the side of drainage way less than 200m, it
contains all 4 different types of mangroves. When seeing the top of mangroves, one
also can see birds' activities in the forest and tidal crabs in the forest. To the east of
Dajhong Temple, one can see Mudskippers in the aqueduct.
Minor Mangrove, some people also call it "the general definition of red forest" or
"the associated plants with Mangrove" are belonged to woody species - Excoecaria
formosana (Hayata), Linden hibiscus, Seaside clerodendrum, Heritiera littoralis,
Barringtonia racemosa and so on, and herbaceous plants - Suaeda nudiflora,
Sporobolus virginicus, Sea purslane and so on. Grown in salty area and always in the
swamp or tidal area, those plants must be able to stand for dry and salty environment.
Therefore some people also name these plants as salt-grown plants. Some are
Parasitic Plants or Climber plants such as Trifoliate jewelvine, Weed passion flower,
Cuscuta chinensis and so on.
An interpreting walk takes visitors through the mangroves, and over mudflats rich
in fiddler crabs and mudskippers. Male fiddler crabs are notable for having one
massive claw and one small one. Mudskippers, when out of water, use their pectoral
fins to propel themselves across the mud. The fish can grow up to 20 centimeters long,
but most are just one-tenth that size. All of these creatures are easy to spot, if you
pause for a while and scan the mud carefully.
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DISCUSSION AND RECOMMENDATIONS:
ECOTOURISM AND ENVIRONMENTAL EDUCATION
The establishment of the new wetland preserve struck a balance between the
interests of the local economy on the one hand and the interests of conservation on
the other. It is hoped that this successful compromise can serve a something of a
model for future instances where the interests of both conservationists and developers
conflict. The designation of part of Sihcao area as a wildlife reserve is hoped that this
will preserve the region for the enjoyment of future generations to come as well as
providing plentiful opportunities for research, education, conservation and
ecotourism.
In the past, the Sihcao region was home to more than 600 hectares of salt fields.
However, salt production stopped here about a decade ago, after more than three
centuries. Nanliao has been transformed into a salt industry cultural village to bring
back some of the nostalgia of this traditional industry. For example, some of its salt
fields are now used to provide tourists the opportunity to see how salt was once made
here. Some of the buildings in this cultural village have been turned into artist studios
where sculptures, woodcarvings, and woven and embroidered items are created. The
old Nanliao salt workers activity center has been converted into the Taijiang Cetacean
Museum.
Once a year, there is the Taijiang Waterbird Festival, which is open to the public.
Visitors can take part in guided bird watching tours and tours of the local museums
including the Taijiang Cetacean Museum, as well as museums devoted to local birds,
mangroves, crabs and the salt industry. There are also opportunities to experience salt
making firsthand and to participate in creative DIY activities.
Ecotourism, oriented from the notion of “Eco-sustainable development”, has
generated a brand-new tour concept. However, ecotourism may lead tourists to
interrupt fragile habitats that agencies have developed. Therefore, a careful
ecotourism planning is necessary. If the Sihcao Wildlife Reserve has been planned for
enhancing both ecosystem and tourism, this enhancement can promote balanced
development between wetland preserve and tourism with diverse management
approaches, such as ecological restoration, preservation, and education as well as
their resource management, both natural and historic heritages.
Visitors can take a Plastic (Bottom) Rafts cruise through the mangrove forests of
Sihcao area. In addition to large groups of waterbirds, visitors will see an abundance
of crab species and mudskippers. There are two itineraries to choose from, one that
explores the area under the Sihcao Bridge and one that travels the mangrove-lined
waterway near the Dajhong Temple. Tour guides are provided on these cruises and
they give talk about local ecosystem and fish village culture that serve as public
environmental education.
These environmental education activities have been effective in building support
among the public and the media, and at the same time transforming the image of the
area from an economically backward region to an area of scenic beauty and
ecological importance. The tours and festivals become an effective means of
mobilizing the local communities. The organizing efforts involving the residents and
the local environmental groups also provide the basis for the development of
community-based ecotourism. The content of these programs also influence the form
of local ecotourism development.
Hsieh et al. (2004) advocate that one of the key elements for the successful
management of a coastal wetlands is the establishment of a cooperative coalition
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involving participation from all relevant local communities, non-profit organizations,
scientists, scholars, governmental agencies, and enterprises. Cooperative partnership
can help increase the benefits to ecosystems and all users (Kelleher and Kenchington
1992). Similarly, the Conference on the Management of Black-faced Spoonbill
Conservation Areas took place on March 16 and 17, 2002 in Tainan. It was agreed
that local residents should be consulted and their experiences considered in the
planning of relevant details and the success of management of the reserve would
require assistance and participation by the local community, including fishermen. It is
hoped that the reserve can be used to develop ecotourism at an international level
(Society for Wildlife and Nature 2002).

CONCLUSION
The government and people of Taiwan are committed to global conservation and
very much wish to join the international community by gaining membership of
international organisations and becoming party to international treaties, including
Ramsar. The Action Plan for the Conservation of the Black-faced Spoonbill provides
a good blueprint for ensuring the survival of the Black-faced Spoonbill, yet without
declaring the Sihcao wetland a Ramsar site, the goal of the plan may be in vain.
Becoming an internationally recognized conservation site not only gives better
management guidelines, it also provides governments in Taiwan with great political
incentive to action. Taiwan is trying extremely hard to secure official international
recognition and demonstration of a willingness to act in scrupulous accord with
international treaty regimes is an important means of getting such recognition.

APPENDIX
Birds have been recorded in Sihcao: Sihcao Wildlife Reserve (Wetland)
Little Grebe, Tachybaptus ruficollis [Podiceps ruficollis] – Sihcao Reserve.
Chinese Egret, Egretta eulophotes – 2, Sihcao, Rare
Striated Heron, Butorides striatus – 1, Sihcao.
Black-faced Spoonbill, Platalea minor – 11, Sihcao. Late. Globally threatened.
Black-winged Stilt, Himantopus himantopus – 20, Sihcao.
Snowy Plover [Kentish Plover], Charadrius alexandrinus – 10, Sihcao.
Lesser Sandplover [Mongolian Plover], Charadrius mongolus – many, Sihcao.
Greater Sandplover, Charadrius leschenaultii – many, Sihcao.
Black-tailed Godwit, Limosa limosa – 1, Sihcao.
Spotted Redshank, Tringa erythropus – 2, Sihcao.
Common Greenshank [Greenshank], Tringa nebularia – 6, Sihcao.
Common Sandpiper, Actitis hypoleucos [Tringa hypoleucos] – 5 in wetland
habitats.
Sharp-tailed Sandpiper, Calidris acuminatea – 20, Sihcao.
Curlew Sandpiper, Calidris ferruginea – 3, Sihcao.
Broad-billed Sandpiper, Limicola falcinellus – 2, Sihcao.
Lesser Coucal, Centropus bengalensis – 2, Sihcao.
Oriental Skylark, Alauda gulgula – 2, Chihshiang, 1, Sihcao.
Zitting Cisticola [Fan-tailed Warbler], Cisticola juncidis – 5, Sihcao;
Yellow-bellied Prinia, Prinia flaviventris – 2, Sihcao.
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Abstract: For the past few years, natural parks have been one of the most popular
destinations for both tourism and housing sites. Urban wetlands are quite valuable to
metropolitans. As is immediately evident in advertisements, “nature, wildlife, and healthy
life” are among the major attractions of housing projects close to urban wetlands. It is not
unusual to find a development strip running parallel to and circling wetlands, which creates
a strong barrier between them and surrounding habitats. Thus, urban wetlands transfer the
land value in two ways. On one hand, the land price for housing developments increases
because of the view of the wetlands. On the other, the increased number of residents and
high-rise buildings raises the tension between the wetlands and surrounding environments.
In many cases, high-valued development strips even create an invisible, but obvious wall
next to wetlands. Nature does not observe the division effected by such developments;
however, natural phenomena occurring perpendicular to the artificial edge are disturbed,
suspended, or altered. Hydrological systems may be altered and then change the water
source(s) flowing to the wetlands. Wildlife, particularly tidal species and water fowls,
using such areas as natural pathways to move between water and land are disturbed.
Development strips along urban wetlands change these natural processes and begin to
transform land value systems in terms of ecological value. This proposed paper examines
urban wetlands in Taipei—the Guandu and Hongshulin Wetlands—which have been
targeted as popular housing sites over the past two decades because of the additional value
from the wetlands. Development strips have emerged in response to the transformation of
the land price system and have altered the ecological value. How much value has been
added to the housing projects because of the wetlands? This paper will examine this
question by analyzing housing price from various view angles and distances to the
wetlands and unraveling the value of the wetlands to the developer. The ecological value of
the Guandu and Hongshulin Wetlands has also changed over time. The highly developed
areas along the wetlands make the interface between water and land a critical issue that
cannot be ignored. By analyzing the land use patterns as they change over time, this paper
discusses how development transforms the wetlands’ value, particularly along the edge.
Aerial photos are used to evaluate the influence of the size, shape, and fragmentation of the
natural wetlands. A geographic information system (GIS) and computer simulations are
used to analyze the transformation of the wetland landscape, as well as to simulate, forecast,
and evaluate future developments. Urban wetlands have various aspects of value, such as
land price value for the developer, ecological value for wildlife and the surrounding
ecosystem, social value for communities, and recreational value for citizens. This proposed
research will analyze, compare, and discuss the transformation and interaction among these
aspects. The paper concludes by positing possible futures and offers suggestions for
wetland planning given the possible existence of development strips around urban
wetlands.
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INTRODUCTION
Unlike the market price of housing materials, scenic value is a recessive character
added onto a dwelling site. A number of studies have found that people are willing to
pay more for dwellings with a view. Since most of these studies (Bond, 2002;
Rodriguez and Sirmans, 1994; Gillard, 1981) use dichotomies to classify properties
with or without a view, the value of environmental amenities is blurred. In Benson’s
research (1998) in Washington, scenic value is evaluated through distance, quality,
and the type of view. The property value increased from “8.2% for a poor partial
ocean view, to 18.1% for a lake view, 29.4% for a good partial ocean view, 30.8% for
a superior partial ocean view, and 58.9% for an unobstructed ocean view” (Benson,
1998, p. 68).
More than scenic value, wetlands add more price on properties because of the
metaphor of a healthy life. Especially in the metropolis, properties near wetlands use
this natural asset as a selling point to attract people who want to enjoy not only the
view but also the wildlife and nature. The value that wetlands add to properties can be
found in advertisements and prices in the real estate market.
An informal survey of real estate sellers in Taipei City reveals that properties with
views are more valuable than those without views, and views to large-scale parks and
wetlands are preferred to mountain views. However, there exist no clear rules for
market price in terms of scenic value. All values are determined by experience. Some
sellers said that the housing price can increase almost 50% with a wetland view, while
others thought that there was no price difference between properties with partial
wetland views and no wetland view.

METHODOLOGY
The study sites are in southern Danshui Town, along Zhongzheng East Road and
between the Hongshulin and Danshui Metro stations. Taipei City is comprised of
sprawl, and these study sites are two major targets on which the real estate market
focuses on because of their public transportation system and good view to Guandu
and Hongshulin, mangrove conservation areas. Wetlands have been much more
valuable in the past ten years; thus, mangrove conservation areas in Guandu and
Hongshulin have become ecological pronouns in Northern Taipei. At the same time,
the increased attractions from the higher market values have resulted in high rise
constructions along Zhongzheng East Road and a linear wall next to the mangrove
conservation areas.
To measure the wetlands’ value in terms of real estate, the selling price and data
for housing are collected in this study area. For the purpose of controlling the data
needed, the criteria below are followed: 1) the land use is residential; 2) the selling
price is from the selling agent; and 3) the property is less than ten years old. Multiple
regression analysis is used to evaluate the wetlands’ value.
Y1 = α1+β1X1+ β2X2+ β3X3+ β4X4+ β5X5+ β6X6+ β7X7+ β8X8+ β9X9+
β10X10
Where:
Y1 = Sales price of the property
X1 = Age of the property (in year)
- 12 -
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X2 = Total square footage of the living space
X3 = View types (0 if the house has no view; 1 with mountain view; 2 with
wetland view; 3 with both mountain and wetland views)
X4 = Number of rooms with view
X5 = The average view angle
X6 = The maximum view angle in the room with best view
X7 = Distance to wetland
X8 = Distance to metro station
X9 = Floor number of the property
X10 = Total number of apartments in this housing project
In addition, aerial photos from three different years (1986, 1994, and 2007) are
used to examine the land cover change in the study areas. A geographic information
system (GIS) based model is created to simulate the process of urban development. In
the traditional urban modeling practice, environmental, social/economic, and political
factors are three major aspects affecting urban development. Wetlands, especially in
the conservation areas, are viewed as constraint conditions in the literature. However,
studies reveal that wetlands do increase housing prices. From Mahan’s study in
Portland (2000), home values increased USD 436 by reducing 1,000 feet distance to
wetlands. To test this hypothesis, land covers in 1986 and 1994 are used as base data
to generate coefficients during the simulation process. On the 1994 land cover map,
the wetland factor is then added into the model with low, medium, and high
influential coefficients. After the final stage of the simulation process, three scenarios
are compared with the land cover map for 2007.

RESULTS AND DISCUSSION
This project is still in the preliminary stage. In this stage, ten housing projects are
tested. Each project in this preliminary selection should be a large-scale community
and include at least 400 single apartments. The selling price is obtained from agents,
and properties with wetland views increase the value 14% to 43% more than houses
with mountain views. The results show that view angle affects the selling price, while
floor number (vertical view angle to wetland) does not have significant relationship
with the properties.
From the GIS simulation model, strip development occurs along Zhongzheng East
Road, and wetlands do affect the development process. The results in the land cover
map show that developments become denser and closer to the boundary of the
wetlands with a high wetland influence coefficient, and the speed of sprawl is higher.
Further, the scenario with a high wetland influence coefficient overestimates the
importance of wetlands, while the scenario with a medium influential coefficient
underestimates their importance. Thus, the preliminary estimate regarding the
influence of wetlands on development is 0.7 times that of the transportation system.

CONCLUSION
Wetlands provide enormously valuable services to the natural environment. There
is a growing recognition of the importance of wetlands to human society in terms of
safety issues and food provisions. For wetlands near urban areas, they provide another
service, which increases property values and affects both the speed and direction of
development. In the following stage, this research will determine wetlands’ value in
- 13 -
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terms of view angle, distance, and importance to the real estate market in detail. This
approach does not measure the negative influence that is caused from high levels of
development. Wetlands provide services for the public good, but development may
damage the wetlands’ natural processes. This will be further debated and discussed in
the following studies.
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Abstract: There has been very less attention given to the fishing resource management in a
lagoon or wetland in comparison to marine and fresh water fishery. The reasons may be
lack of information, knowledge and a set of reliable data base. Secondly, the classification
of lagoon or wetland is also difficult to categorize it into marine or fresh water as its
transition area. Thirdly, the fisheries of coastal lagoons and estuaries are based on web of
multi species resources which varies dynamically in time and space. The stock complexity
further intensifies the problem of resource evaluation which adds to the formulation of
various management programs. This proposed paper deals with the management and
conservation strategies of fishery resources in Chi-Gu lagoon in Taiwan and the Vembanad
lagoon in India. Both the lagoons are situated near the western coast of the respective
countries, and facing significant issues related to resource management currently. Chi-Gu
lagoon is the biggest salt belt in the southwestern coastal area of Taiwan spread into 1,800
hectares. This semi-enclosed shallow water system breeds various types of fishes including
carp, tilapia, milkfish etc, and become one of the major suppliers of dry fishes to many
neighboring regions and countries. Vembanad lagoon in India is also situated on the
southwestern coast in the state of Kerala. It is known as “kayal” or “kol”, which is the
largest lagoon lake in India. It covers an area of about 1,512 square kilometer. Because
several rivers drain into this lagoon, there exists plentiful fishery resource in this region.
Both of these lagoons are facing the dilemma of conservation and development currently.
The objective of this proposed research is to compare the management and conservation
strategy for the coastal wetland in India and Taiwan. Biologically both the lagoons provide
avenues for entry and exit for migration of anadromous and catadromous fishes. While we
know surplus fish catch supplies food to the nearby urban centers. In some cases high
valued fish resources are exploited for export such as shrimps, crabs, oysters which
contribute to the national economy. Sometimes these can be developed as an aquaculture
industrial area and also recreational fishery zone. The importance and complexity of these
two lagoons demand they should be well managed if their fishery resource is to be
exploited in an optimistic manner and if the maximum of social and economic benefits are
to be realized from their resources. This proposed paper will begin with examining the
traditional fishery industry and the new blooming fishery related activities, such as wetland
eco-tourism, in both lagoons. Then illustrate the fishery related management problems, and
examine the solutions from various fishery technology, economic and social situations, and
conservation strategies. This paper will conclude by positing possible conservation
strategies, and offer suggestions for management of coastal wetlands.
Key Words: Chi-Gu Lagoon, Coastal Wetland, Conservation Strategy, Fishery Resource
Management, Lagoon, Vembanad Lagoon
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INTRODUCTION
Definition of Lagoon
Lagoons and wetlands have been classified differently by various scholars of the
world. There is no one set of definition which is universally accepted by the scholars
of all discipline. The kaleidoscope of a lagoon or wetland has different perspective
from different windows. Thus in this paper, the definition of lagoon is given by
Pritchard (1967), “An estuary or a lagoon is a semi-enclosed costal body of water
which has a free connection with the open sea and within which sea water is
measurably diluted with fresh water derived from land drainage.”
Fishery Resources in Lagoon
Lagoons also provide an open access to harbor settlement. This settlement is
generally the fishing community which depends on the available fishery resource of
the lagoon. This not only hinders the costal occupational structure also the settlement
pattern due to change in the trade and human migration. Costal lagoon is also
generally an industrial hub allied to the fishing industry. This has encouraged various
investments for food security to a large section of nearby settling population. For the
management of these issues we need to focus on planning method which can provide
a viable solution.
The production of world fisheries has reaches about 95 million tons (FAO 1997),
an increase of 10% in the last 10 years. Among these 90% catch is from the sea, and
less than 10% coming from freshwaters. The scope for the expansion of lagoon
fisheries is decreasing day by day as most of them are fully exploited or over
exploited. The reasons behind this are basically the constants to production including
the biological limits to sustainability of population, negative effect of fishing on the
production of target organism, pollution effects as well as the environmental damage.
This has also reduced the economic viability in terms of fish catch level, aesthetic
values and other welfare measures.
There is a ceaseless demand of the seafood specially the coastal fish species
particularly lagoon fisheries. This is a major problem in the countries having long
coastline. They have the ample amount of pressure on the existing fishery resource as
the entire coastal society is fully dependent on them. These are the issues which add
the pressure on the fishery which forms major part of the occupation in the coastal
area. So countries having longer coastline have to manage in a better way than the
countries having the smaller coastline. The coherent management and conservation
methods of pre and post harvest measures are a hope to avert in the decline of lagoon
fisheries. For this we need to understand various aspects such as ecology, policies,
management practices, conservational method, laws and regulations etc. Despite
having a small size the lagoons in India and Taiwan represent a greater productivity in
terms of economic values and also represent sustainable fish resource areas. The types
of fish found in these areas are different as they also interact the riverine system of the
country. They also need to look into the availability of fish stock in these two lagoons

CONSERVATION OF FISHERY RESOURCE IN A LAGOON
Human activities are dependent on many of the lagoons and its integrity. The
increasing concern of man about the conservation is because of sustainable
development and mere economic dependence. The best definition of conservation was
given by IUCN (Harden Jones 1984): “In the case of sectors (agriculture, fisheries,
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forestry, and wildlife) directly responsible for the management of living resources,
conservation is that aspect of management which ensures that utilization is sustainable
and which safeguards the ecological process and genetic diversity essentials for the
maintenance of the resources concerned.”
The major threats to lagoon fisheries are linked to decline in environmental
conditions which directly affect certain fish species. The viability of fishing grounds
in a lagoon is directly related to the productivity and the accessibility of a lagoon. The
cost and benefit analysis of conserving a lagoon is declaring about the potential
fishery resource, human settlements, and other uses. It should also entail the shaping
up of expensive legislative and enforcement structures. The areas with higher
potentiality of fishery productivity have higher economic value while the areas with
lower productivity have lesser values.

PROBLEMS IN LAGOON FISHRIES
The problems in the management and conservation of lagoon fishery are basically
because of the geographical characteristics. Other factors include increasing pressure
on the natural resources such as fish stock, the status and viability of data. In most of
the tropical countries the statistics are either not collected or are unreliable due to lack
in the research efforts, inadequate infrastructure, and inefficient technology, loop
holes in administrative network, mismanagement of regulatory frameworks,
inappropriate expertise, and political instability. These lagoons also provide avenues
for the anadromous and the catadromous fishes as these are the migratory sites for a
number of fishes. These areas are not only the sites for the large scale intensive
industry but also the small scale fisheries which is very useful for the nearby fishery
community as these provide employment and surplus catch contribution for food
supply. This leads to the problem of human settlement in and around the lagoon.
Lagoons also provide opportunities for developing aquaculture industry and for
recreational fisheries. This leads to conflicts in allocation of fishery resource for small
scale and large scale industry. Problem also arises in the changing socio economic
conditions of migrants and employees. So there is a need to well manage the fishery
resource in an optimum manner for the resource realization and its potential
utilization. There is also a lack of proper identification of management and
conservation areas in case of lagoon. There is a problem in the people participation
towards managing and understanding the proper ecology.
The major threat to any fishery resource is over fishing. The term over fishing
refers to exceeding the optimum fish catch beyond the sustainable yield. A place
needs to match the ratio of human and surrounding natural resources. Similar
conditions have been seen both in the following cases in India and Taiwan. The
mechanization of fishing both is also not equipped with highly advanced technology.

STUDY AREA
Vembanad Lagoon, India
Vembanad, the largest among Kerala backwaters extends from Cranganore in north;
Allepy in south, a distance of about 95 kilometer. Total area covered by it is 26,689
square kilometer (Shetty 1968). Huge quantities of freshwater are brought in – Pampa,
Achancovil, Manimala, Meenachil, Moovattupuzha, Perujar and Chalakudy which
meets the backwaters of Cochin (Jhingran 1991). This is one of the most important
prawn nurseries of Kerala coast and also rich in fin fishery resources.
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Depth is influenced by prevailing tidal amplitude which varies from 0.9 to 1.2 m.
lake is shallow in most areas. Tides are mixed semi-diurnal type. Salinity of estuaries
fluctuates from 1.4 – 33.5% during the course of the year. Vembanad Lake is one of
the highest productive areas of the west coast of IndiaThe fish fauna of the lake is
composed of marine and fresh water fisheries which are adapted to the waters by
varying salinities. The studies on the fish and fishery of Vembanad lake have been
estimated by Pillai (1960), George (1965), Shetty (1965), Reghu (1973), Noble (1974)
and Kurup and Samuel (1980, 1981 and 1986). Kurup (1982) had made a significant
contribution to our knowledge about the fishes of Vembanad Lake. Vembanad Lake
has all characters of a typical tropical estuary.
Chi-Gu Lagoon, Taiwan
Chi-Gu Lagoon in Taiwan is the biggest salt belt lagoon of Taiwan situated in the
southwestern coastal area in the Tainan County. This is the least polluted lagoon of
Taiwan with abundance of fishery resource and many other sea and lagoon species.
This semi enclosed shallow water system contains various species of fish namely
Carp, Tilapia, Milkfish, etc. This area is a major supplier of dry fishes to many of the
neighboring regions and the countries. This lagoon covers 36 kilometer long coastline
and provides much more opportunities than its capabilities.
According to a project on the sand retaining technology of Chi-Gu, we came to
know that there is a decline of 30 meters of area annually from 180 kilometers it has
been reduced to 110 kilometers. This is a pressure on land and the fishing community
(fishermen) is also taking part to solve this issue. The severe shrinkage of the shoals
has brought a new crisis to the natural coast along the western Taiwan and caused
anxiety to the Chi-Gu residents whose living depends on the lagoon. Once more than
200 volunteers from different parts of the country has worked together to retain the
sand with the bamboo stakes.

The Similarities and the Differences
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MANAGEMENT AND CONSERVATION STRATEGIES
Management techniques for fishery depend on the amount of environmental
Chi-Gu in Taiwan
Vembanad in India
Similarities:
- Located in the southwestern part of
- Located in the southwestern part of India
- Subjected to industrial pollution
Taiwan
- Subject to wastewater disposal
- Fishery is depleting because of harbor
- Represents source of income on the
- Fishery resource is in depleting
condition
people of Ernakulam.
- Connected to Arabian Sea
- Represents source of income to the
people off Tainan
- In south china sea
Differences:
- Vembanad is larger in size
- Have both freshwater and brackish water
- Chi-Gu is smaller in size
- Fisher resource of Chi-Gu is brackish
- Vembanad has shipyard
water
- Vembanad has less number of NGO’s
while more number of government
- Has some salt making units
agencies working for their conservation
- Chi-Gu has NGO’s working and
organizing eco-tours for the lagoon
conservation
control that is applied on the particular factor, limited size of population and some
role played by man. The basic purpose of management is to optimize the exploitation
and maximize the benefit. There are various management measures for conservation
of fishery resource in a lagoon. These are as follows:
1. Special Purpose Vehicle (SPV)
2. Restoration Plans/Actions
A. Integrated Management Action Plan
B. Environmental awareness and Education
C. Coastal Zone Management
Coastal Zone are the dynamic sphere with changing shore lands because of various
factors such as tides, waves, currents, wind, cyclone, anthropogenic factors (tourist
activities), etc.
D. People’s Participation
The role of government through comprehensive management plan is also
appreciable which is socially acceptable and ecologically viable. In this regard several
major and minor projects have achieved the target through involvement of the people
in various field of the conservation method.
E. Biological Methods
3. Role of Institutions
The role of institutions implies different stratification levels from the National to
the International levels. At the national level it includes the role of the Government
and also the role of Non- Government.
4. Role of International Institutions
A. Ramsar Convention on Wetlands
B. Convention on the Biodiversity
C. World Heritage Convention
D. UNDP (United Nations Development Programme)
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CONCLUSION AND SUGGESTIONS IN THE MANAGEMENT
STRATEGY
In the whole process of fishery management and conservation there is a great
missing link is the factor of community. The communities can protect the resource in
the best manner as their whole life vests on the lagoon. For the fishermen of small
scale fishery resource is the most valued asset more than the intellectual capital
consisting of the whole range of behavior of the fish stocks. They also know the
fluctuations in the reducing size and the prediction for the future. Fishery resource
management will take many factors into account which should also include the local
knowledge through decentralization of the management. The religious ethos and then
socio- cultural factors generates the capacity to much higher extant. The benefits of
decentralization help to the maximum and best possible use of fishery resource.
Therefore, the concept of co-management is a critical approach in the management
strategy.
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Abstract: In wetland, the heterogeneous environment allows coexistence of plants with
different growth forms. In addition, the dominated plants belong to specific growth form
reflect not only the change of physical or chemical conditions but the processes of
ecological succession. In other words, the proportion of plants in specific growth form can
strongly indicted the characteristic of hydrological circumstance. The palynological
investigation of the wetland sediments provides a tool for reconstructing the landscape
change in a long time scale. However, the deviation of pollen production and accumulation
pathway in different species impedes the further quantification of the distribution and
abundance of wetland plants. In order to build up the quantitative relationship between
wetland plants and pollen depositions, we selected several common wetland plants of three
growth forms, namely fluvial, marsh, and aquatic types, and evaluated their pollen
production and pollination forms. After the weighting coefficients of each taxa were
calculated, the pollen data were transformed into the proportion of each plant form. This
approach was employed to analyze the pollen records in the lake sediments, LYHL-B, in
the eastern Taiwan. As a result, the development history of the inland forest wetland was
reconstructed.
Key Words: growth form, LYHL-B, palynology, pollen production

INTRODUCTION
Palynologial researches act a crucial role in paleoecological reconstruction and the
palynologists analyze the pollen composition of the continuous sediments to detect the
local or regional forest development and succession (Liew and Huang 1994, Chen and
Wu 1999, Lin et al. 2004, Liew et al. 2006, Liew et al. 2006, Lin et al. 2007).
However, the interspecific differences of pollen productivity and dispersal potential
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make the evaluative deviation of vegetation population if the reconstruction is
straightly depended on pollen percentage (Sugita et al. 2006, Soepboer et al. 2007). In
order to improve the variation between vegetation and pollen assemblage, there are
three experiential methods.
First method is to collect the surface sediments in different environmental
conditions , like altitude and then compare the correlation between pollen
assemblages and physical factors to built up the pollen-inferred transfer function
(Weng et al. 2004). However, the pronounced dissimilarity of regional vegetation
impeded the design of world-wildly or intercontinentally pollen-based transfer
functions. Another experiential method is biomization technique which divided the
taxa into plant function types (PFTs) based on their morphological characters and then
assigns the PFTs into suitable biome according to botanical knowledge. This
semi-quantified method transfers the fossil pollen assemblage into best-fit biome and
proposes the environmental conditions. This method is frequently adopted in
intercontinental studies in the recent year (Jolly et al. 1998, Prentice and Webb III
1998, Yu et al. 1998, Gotanda et al. 2002). The limitation of this method is the
dissimilarity of regional characterized species and the revision of dataset of PFTs and
biome is necessary before practical application into new area. Last method is to
estimate the real pollen production and dispersal capability of the plant (Sugita 1993,
Sugita et al. 1999, Broström et al. 2005, Nielsen and Sugita 2005, Sugita 2007,
Sugita 2007).
Most quantified researches focused on the relation between upland vegetation
and pollen but neglected in wetland plants. The reason is wetland plants represent low
proportion in the sediment. The high proportion taxa in the sediment, like
Cyperaceae and Poacease only can be identified to family level. In addition, the
morphological identification of wetland plant is much more difficult than upland plans.
Due to those reasons, the wetland plants pollen are occasionally neglected and lack
strong indicative meanings in practice (Finkelstein and Anthony 2005).
Notwithstanding the disadvantages of wetland pollen analysis, the wetland pollen
composition of lacustrine sediments reflected sensitively both in the hydrological or
limnological circumstance, like the change of lake level, river discharge and lake
depth (Finkelstein et al. 2005, Gomez et al. 2007, Schneider et al. 2007, Street-Perrott
et al. 2007). Another merit is that the short life cycle of wetland plants reconstructed
the hydrological changes in inter-annual or decadal resolution.
This study selected 16 common and endemic wetland plants with diverse growth
forms in low altitude area of Taiwan. We calculated their pollen productivities and
morphological characters to understand the clear environmental meaning of each
wetland plants and to supply the basic information for future wetland pollen diagram
analysis.

MATERIALS AND MATHODS
The fresh material were collected in water garden ponds in Taoyuan county form
March to July in 2008. There are 16 species belong to three growth forms (habitat),
and they are fluvial habitat, marsh habitat and aquatic habitat. Fluvial assemblage,
including Myriophyllum spicatum, Potamogeton distinctus, Pot. malaianus, and Pot.
octandrus prefers river or stream environment; marsh assemblage including
Philydrum lanuginosum, Polygonum orientale, P. pulchrum, Typha angustifolia and
Schoenoplectus mucronatus dominated across the lake shore, or the active zone in
riverside which contain high proportion water in the soil; aquatic assemblage
including Brasenia schreberi, M. ussuriense, Nuphar shimadai, Nymphaea spp., N.
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hydrophylla, and N. indica cannot survival without water and dominated in the pool
and the lake.
In order to estimate the pollen production of every species, the five samples are
randomly selected and documented the florescence and anther number of a plant in
field. We picked 10 anthers in those 5 plants respectively and randomly and moved
the anthers into 1.5 ml plastic tube which contained 1ml distilling water in laboratory.
Subsequently, the sample was crush by glass stick and ultrasonic cleaner to release the
pollen grains which attached on the anther wall. Then, the pollen counts of 10 μl
solution were conducted under the light microscope at 400X magnification. After
counting, the sample was treated with acetolysis (Erdtman 1952) and prepared for
morphology and SEM observation.
The measurements of pollen morphological parameters are conducted under the
light microscope at 1000X magnification and recorded the E, P, H of 30 random
selection pollen grains. Pollen Density Index（PDI） was calculated by respective
formula based on the pollen shapes including spheroid, ellipsoid, cuboid, and cone
(Table 1). Total volume of pollen（Vtotal）was computed by corresponding formula.
The space volume of pollen (Vspace) was estimated by the every parameter reduced
exine thickness. Finally, the PDI was conducted by the formula (Table 1).
Liyu Lake (23°55' N, 121°30'E) is a lowland lake located in a valley between Liyu
Mountain and the Central Range in eastern Taiwan in altitude form 110 m above mean
sea level. The lake area is about 106 hectares and the deepest depth is about 15m. A
6 m piston core, LYHL-B was retrieved from the deepest part of Liyu lake in 2005 by
the APEC group . The sediments were sub-sampled in the laboratory, and about 1 cm3
of each sample with an average sampling interval of 5 cm was used for preparation of
pollen.
Table 1. Morphological parameter and PDI of wetland pollen.
Species name

E

P

Brasenia schreberi

25

52

Myriophyllum spicatum
Myriophyllum
ussuriense
Nuphar shimadai

Exine

Shape

Vtotal

Vspace

PDI

SD

PDI range

2.5

Ellipsoid

40751

11693

0.43

0.01

0.40-0.44

23

1.5

Spheroid

25881

8991

0.35

0.02

0.32-0.39

23

1.5

Spheroid

16603

9546

0.35

0.02

0.33-0.37

2.0

Ellipsoid

121756

71800

0.26

0.02

0.23-0.29

Nymphaea sp
Nymphoides
hydrophylla
Nymphoides indica

25

2.0

Spheroid

6356

3793

0.40

0.06

0.31-0.49

38

H

49

23

12

1.0

Ellipsoid

4154

2541

0.30

<0.01

0.30-0.31

31

14

1.0

Ellipsoid

4531

2955

0.25

<0.01

0.24-0.25

Philydrum lanuginosum

50

49

4.0

Cuboid

4652

3047

0.41

0.01

0.40-0.44

Polygonum orientale

40

6.0

Spheroid

2358

1597

0.65

<0.01

0.65-0.66

Polygonum tomentosum 47

8.0

Spheroid

2601

1790

0.71

<0.01

0.70-0.72

50

Potamogeton distinctus

15

19

1.0

Ellipsoid

3409

2374

0.32

<0.01

0.31-0.33

Potamogeton malaianus

18

23

1.0

Ellipsoid

4031

2920

0.28

0.01

0.27-0.29

Potamogeton octandrus

17

17

1.0

Ellipsoid

37735

27806

0.31

0.01

0.30-0.32

Sagittaria sagittifolia
Schoenoplectus
mucronatus
Typha angustifolia

22

1.0

Spheroid

7041

5281

0.25

0.01

0.23-0.26

28

41

1.0

Cone

4237

3187

0.19

0.02

0.15-0.26

19

23

1.5

Ellipsoid

8252

6757

0.39

0.01

0.38-0.41
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RESULTS
Pollen Productivity
Table 2 presented the detailed pollen productivity of every species. Aquatic species,
Nymphaea spp., present the highest pollen productivity in a single anther which
attended to 29300 grains per anther; the pollen productivity which is more than
thousand grains per anther included M. spicatum, Pot. malaianus, Pot. octandrus, M.
ussuriense, Nu. shimadai, Ph. lanuginosum ,and T. angustifolia and they are three
fluvial species, two aquatic species and two marsh species; the pollen
productivity which is more than hundred grains per anther included Pot. distinctus,
B. schreberi, Sa. sagittifolia,and Sch. mucronatus and they are one fluvial species,
one aquatic species and two marsh s species; the pollen productivity which is less
than hundred grains per anther included Pot. octandrus, N. hydrophylla, N. indica, P.
orientale, P. pulchrum and they are one fluvial species, two aquatic species and
two marsh species.
There are 52 anthers in a flower both of Nymphaea spp. and Nu. shimadai. The
anthers of B. schreberi flower attend to 30 and they both belong to aquatic species.
Other wetland plants’ anthers are less than 10 in a flower, except marsh species, SA.
sagittifolia which attend to 18 anthers in a flower. Marsh species, T. angustifolia had
more than thousand male flowers in a florescence and others had less than 10 flowers
except spike florescence species including P. lanuginosum, SA. mucronatus, Pot.
distinctus, Pot. octandrus, Pot. malaianus which had 15 flowers in a florescence.
The total pollen productivity in a florescence was influenced pronouncedly by the
pollen productivity in anther and flower numbers in a florescence. T. angustifolia
produced most pollen grains which attended to 216,000 per florescence and the
second is Nymphaea spp. which produced more than hundred thousand pollen grains.
T. angustifolia and Sch. mucronatus are wind-pollination and the rest species are all
insect-pollination. This phenomenon proposed the high diversity of pollen
productivity in the same habitat.
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Table 2. The pollen productivity of wetland plants.

Species Name
Brasenia schreberi
Myriophyllum spicatum
Myriophyllum
ussuriense
Nuphar shimadai
Nymphaea spp.
Nymphoides
hydrophylla
Nymphoides indica
Philydrum lanuginosum
Polygonum orientale
Polygonum pulchrum
Potamogeton distinctus
Potamogeton malaianus
Potamogeton octandrus
Sagittaria sagittifolia
Schoenoplectus
mucronatus
Typha angustifolia

Pollen
Grains/
Anther

SD

313
4,396
3,110

64
357
532

3,250
29,300

Pollen
Anthers Flowers/
Grains/
Habitat
/Flower Inflorescence
Inflorescence
30
8

1
4

9,396
140,667

Aquatic
Fluvial

8

4

99,511

Aquatic

361 52
2,918 52

1
1

169,000
1523,600

Aquatic
Aquatic

36

10

5

10

1,800

Aquatic

37
3,230
19
10
476
3,193
36
224

10
624
4
3
101
187
11
19

5
1
7
5
4
4
4
18

5
15
5
7
15
15
15
3

925
48,450
666
333
28,560
191,556
2,160
12,096

Aquatic
Marsh
Marsh
Marsh
Fluvial
Fluvial
Fluvial
Marsh

121

17

3

20

7,260

Marsh

1,080

87

2

1000

2160,000

Marsh

Pollen Morphological Measurement
The most pollen shapes are either spheroid or ellipsoid except cone shape in Sch.
mucronatus and cuboid shape in Ph. lanuginosum. The variation range of PDI in 16
wetland plants is from 0.18 to 0.71 and the mean of PDI is 0.37 (Table 2). Marsh
species, P. pulchrum , P. orientale, Ph. lanuginosum, and T. angustifolia and aquatic
species Nymphaea spp., B. schreberi presented high PDI which is more than 0.37. The
rest of species belonged to low PDI species, especially Sch. mucronatus which
presented the lowest PDI.
Four Kinds of Groups Based on Productivity and PDI
For an inland lake under a stable accumulation environment, the pollen deposition
is controlled by its density as well as the PDI. The pollen with low PDI will float and
mixture evenly before accumulation, and vice versa. The difference of pollen
productivity causes the over- or under-evaluation of plant population. We divided the
16 species based on the productivity and PDI (Figure 1). High productivity and low
PDI assemblage (Group A) deposited evenly in the lake and reflect the real plant
population. The characteristic species of this assemblage is Sch. mucronatus. The
species with low productivity and high PDI (Group B) deposited evenly and
under-represented the population. The characteristic species is N. hydrophylla. The
species with both high productivity and PDI (Group C) deposited unevenly and
- 25 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

overestimated. The characteristic species is T. angustifolia. The species with high
productivity and low PDI (Group D) deposited unevenly and under-represented the
population. The characteristic species is P. orientale.

Figure 1. The correlation between pollen productivity and PDI. We catalyzed the 16
wetland plants into 4 groups. Group A characterized in high pollen productivity and
low PDI; group B characterized in both low pollen productivity and PDI; group C
characterized in both high pollen productivity and PDI; group D characterized in low
pollen productivity and high PDI.

DISCUSSION
The Environmental Meaning of Three Habitat Pollen
There are many sophisticated and detailed studies of arboreal pollen dispersal
model (Parsons and Prentice 1981, Prentice and Parsons 1983, Prentice 1985, Prentice
et al. 1987, Odgaard 1994, Calcote 1995). The factors affected the arboreal pollen
dispersal and deposition is controlled by: (1) the pollen productivity；(2) the pollen
deposition rate in the atmosphere; and (3) the basin size. The second factor is the
comprehensive result of pollen shape and weight. However, for the non-arboreal
plants, especially wetland plants the second factor influenced less.
Due to most aquatic species are insect-pollination, the pollen still adhered on the
anther wall when the mature anther split. The pollen grain release to the accumulation
environment until the anthers degenerated and falls down. The fluvial species in this
study are all insect-pollination and submerged, and the pollen was transported by river
when the anthers degenerated. The marsh species have more strategies to pollination.
The wind-pollination species released the pollen when anther split and transport by
wind. Due to the short highness of non-arboreal plant, the distance of dispersal in the
atmosphere is generally less than 10 meters (Janssen 1984). This phenomenon
proposed the populations of effective pollen input are limited within 10 meters in the
lake shore. The other insect-pollination species of this habitat is also fall into lake
when anther degenerated. The most significantly different between arboreal plants and
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wetland plants is that the wetland plants enter the lake directly and short distance of
transportation in the atmosphere. This phenomenon addressed the importance of
accumulation process in the lake of wetland plants. The low PDI pollen can dispersal
far distances from the source area (Figure 2).

Figure 2. Wetland plants arrangement and accumulation model. r is the radius of lake.
A is the range length of aquatic plants. M is the range length of marsh plants.
When the marsh and aquatic species represent in the sediment, the surrounding
plants population and the effectively dispersal distance of this plant all need to
consider. The low percentage of group D still strong indicated the low water level
because the of the quick accumulation rate and under representation.
The present of group B species, such as N. hydrophylla , N. indica, and Pot.
octandrus indicate a medal size lake or shallow lake because the under representation
of this assemblage reflected considerable population existed. The group A species
supply the primary wetland pollen into the sediment. The group C species also
supply considerable pollen into the lake, but the high accumulation rate made the
limitation of distribution distance. Take T. angustifolia for example, the high
proportion of Typha pollen indicated a small and shallow lake, but the lake is larger if
the Typha pollen is absence.
The proportion of fluvial pollen proposed the discharge of the river (Brown et al.
2007). The higher proportion of high PDI fluvial species, like M. spicatum, suggested
a high water speed of the river than the low PDI ones, like Potamogeton, the continue
present of fluvial pollen indicated a stable river input.
The Accumulation Model of Wetland Pollen
The wetland pollen accumulation is affected by pollen productivity, PDI and the
lake size. We remove the fluvial species because is control by river discharge. We
assumed the lake shape is a circle which radius is r and the distribution of aquatic and
marsh are A and M, respectively (Figure 2). Every species have its own dispersal
distance (Dx) and it was the reciprocal of PDI (1.1). When Dx < r, the pollen only
accumulates within the Dx, but when Dx≧r, the pollen will scatter evenly in the lake
and present a stable flux（1.2）. This formula proposed that the flux of low PDI aquatic
pollen indicated the ratio of source area and lake size, the r and A. The aquatic species
occasionally live in the water depth lower than 2 m. To application the flux of aquatic
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pollen need to consider about lake topography.
The marsh pollen have very similar model with aquatic pollen that depend on the
Dx of every species. The location of marsh plant is in the lake shore and only 50%
pollen can dispersal into lake and the revise formula as well as 1.3. When Dx ≧ r,
the pollen accumulated evenly in the sediment. The flux of marsh pollen
geometrically decreased when the lake gradually expanded. Summary the formula 1.2
and 1.3, we can estimate the lake radius in past if the sediment contain at least two
low PDI marsh or aquatic pollen (1.4).
Fluvial pollen flux is depended on river discharge and flow speed. The inlet
position is another one factor affect pollen accumulation. When Dx ≧ 2r，the
pollen even scattered in the lake. If Dx = r, only half lake which closed to river input
have fluvial pollen accumulation. The pollen flux decrease when lake expanded.
The Wetland Pollen Application in Paleolimnology
The wetland pollen diagrams (Figure 3) of core LYHL-B proposed a detailed lake
development process. In Pollen Zone I, the high proportion of marsh and fluvial
pollen, indicate a small lake and river input condition. The group D species,
Polygonum also indicated a marsh dominated environment. In pollen Zone II, the
significantly decline of wetland pollen suggest the expansion of Liyu Lake.
Polygonums were disappeared and indicated the lake radius is larger than the Dx of
Polygonum. In Pollen Zone III, M. spicatum was pronouncedly decline and almost
disappeared. This phenomenon indicated the lake change to inland lake. The decease
of all wetland pollen suggested the expansion of lake gradually. In Pollen Zone IV, the
intermittently representation of M. spicatum and increase of Cyperaceae suggested the
temporary runoff which formed by heavy precipitation. transported the near shore
pollen into the lake.
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Figure 3. The pollen diagram of LYHL-B. The hollow line is 5 times exaggeration of
the curve. The denominator is the sum of all pollen.

CONCLUSION
Although this study inferred the wetland pollen is affected by pollen
productivity and PDI, the quantified correlation of PDI and Dx is still not built up. We
only employed the composition of marsh and aquatic assemblage to qualifiedly
predict the lake size. Most wetland pollen cannot be observed in the deep or large lake
sediment, except the low PDI taxa, Cyperaceae. Even though the most high pollen
productivity species is Typha, the high PDI limited the Dx and represent fewer in the
lake sediment.
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1.5：

Flux fluvial =
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r2

Dx: the available distance of accumulation; PDI: pollen density index; σ X : constant; Px:
the pollen productivity in a unit; r: lake radius; A: the range length of aquatic plants;
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M: the range length of marsh plants; W: discharge of river input; QX : the pollen
number in a unit
E
1
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1
V C o ne = π r 2 H = π ( ) 2 × P =
π E 2P
3
3
2
12
αX (Vtotal − Vspace )
PDI X =
Vtotal
P: the length of polar axis; E: equatorial diameter; H: the length of high

αX

is the exine density of x species, and we assumed
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Abstract: As a result of wide distribution from coastal to terrestrial area in coral wetland on
Green Island, the coconut crab can be as a flagship species for restoration of the island.
When population of coconut crabs survives, the ecology and other species which live on
this island will also be retained. Moreover, Green Island was evaluated as a planning site
for developing ecotourism toward the goal of “ecological vacation island” in the Pacific
Economic Cooperation Council in 1995. Therefore, natural resource on Green Island
should be preserved for this island sustainability. Due to the tourism developing rapidly in
recent years, population of coconut crabs declines as a result of habitat deterioration and
over-harvesting. In order to resolve this problem, we carried out some works including
restoration of coconut crabs, investigation of the effect of road kill for crabs, planning and
establishing experimental eco-tunnel, and educating local people to form ecological
community on Green Island from 2002 to 2007. This project integrated species
conservation, restoration of biodiversity, and development of local community for
sustainability to reach the goal of island sustainability. Up to now, the achievements
included :1) some juveniles of coconut crabs had been reared under artificial condition and
acquired the information of population status; 2) identifying the sensitive zones of
road-killed effect as in Chaikou, Kungkuan, Wuncyuan, and Gueiwan, and high frequent
period from April to August; 3) experimental eco-tunnel for crabs had been built near
Green Island Lighthouse and some crabs were found passing through this eco-tunnel; 4) the
education of the issues of conservation and eco-tunnel for crabs had been carried out at
schools and community to convey the importance of the works on this project. Finally, the
suggestions for future works were brought up according to the achievements of
investigation and promotion of ecological community.
Key Words: coconut crab, eco-tunnel, flagship species, Green Island, restoration, road kill
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INTRODUCTION
The coconut crab, Birgus latro (L.), of the monospecific genus Birgus within the
family Coenobitidae, and probably the largest terrestrial arthropod in the world, is
found throughout many of the islands of the Indo-Pacific, including Green Island of
Taiwan. It is a typical hermit crab, but one which does not carry a gastropod shell
throughout the initial stages of its life. Females release their larvae into the sea in the
new moon phase, and the larvae live among the planktonic community for about a
month. Then as postlarvae, or glaucothoes, they settle to the bottom, and carry a small
snail shell, and then emerge onto the shoreline as a part of hermit crab communities
(Reese and Kinzie, 1968; Wang et al. 2007). When they reach a size of roughly 1 cm
across the carapace, coconut crabs give up the shell-carrying habit of their hermit crab
ancestors (Figure 1).
Green Island (Lutao in Chinese) is a small volcanic island located off the
southeastern coast of Taiwan (Figure 2). It covers only 16.2 km2, with a population of
only 3071 people in 2007. Its climate is warm, wet, and windy, with an average
annual temperature of about 23 °C. The plentiful ecological resources of Green Island
are well preserved due to its unique historical development. Two thousand years ago,
aboriginal BeaNam people lived on the island. A mere 200 years ago, Han (Chinese)
people began arriving. The basic economy of the island has traditionally been fishing
and farming, but the recent development of tourism has involved many people in this
industry. The most important resource of Green Island is the high biodiversity of the
surrounding seas and terrestrial area. There are records of 176 species of hard corals,
27 species of soft corals, and 602 species of fishes (Chang et al., 1983, 1991; Jeng,
2002), as well as numerous seaweeds, sponges, shells, crabs etc. On the other hand,
hundreds of animals such as mammals, birds, insects, reptiles are found in the
terrestrial area of this island.
The unique creature of the island, coconut crab, has a close relationship with
residents. Since their ancestors immigrated from Liuchiu to Green Island 200 or so
years ago, the local Han Chinese have used the crab as a source of animal protein for
their families, and additionally, children play with the coconut crabs as pets.
Tourism development is now viewed as an important aspect of economic activities
for enhancing local economies, especially on this island where tourism is rapidly
developing; it can provide new employment and revenues and additional tax receipts
to local communities, enhance community infrastructure, etc. (Ko and Stewart, 2002).
The development of tourism on Green Island in recent decades has brought many
tourists onto this small island, resulting not only in large economic benefits locally,
but also in enormous pressures on both the coastal ecology and local society.
However, due to tourism and other activities, environmental pressures have
widely impacted the ecological systems of Green Island. For instance, carcasses of
coconut crabs and other crabs litter the roads because of passing cars and motorcycles
driven by tourists. Up to 3000 tourists visit Green Island per day in the summer
season, while the only road circling Green Island is a mere 19.5 km long. These
coastal roads cross the migration pathways of many organisms, and crabs are
threatened since most crabs migrate landward from the sea during the mature stage,
and then return to the sea during the spawning period. In addition, there are poachers
who hunt the crabs illegally. Therefore, the populations of crabs on Green Island are
declining at an unprecedented rate.
The coconut crab is the species most seriously threatened by tourism
development. Not only do roads cross their migration routes (Figure 3), but
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environmental deterioration has also damaged their habitats, e.g., the cutting or
burning of coastal forests. Moreover, coconut crabs are considered sea delicacies by
local residents. As a result, the population of coconut crabs has dropped so low that
only experienced local residents can now find them. It has been on the Red list of the
International Union for the Conservation of Nature since 1983 (Wells et al., 1983),
and is the only protected crustacean species designated by the Wildlife Conservation
Law of Taiwan and has had this status since 1995.
Our proposition of using the coconut crab as a target species for conservation
efforts is based on its (1) particularly large body size, (2) special niche, (3) long life,
and (4) the unique life history due to its migration, as adults occur in terrestrial
mountain areas. Successfully conserving the habitat of coconut crabs will not only
protect the coastal zones and nearby waters, but also upland areas. It is an umbrella
species for Green Island, and the best indicator for monitoring the quality of this
island's ecosystems. In order to restore and manage the vitality of this threatened
species, we have implemented and integrated various comprehensive lines of works,
including artificial larval cultivation, estimations of its population size, juvenile
habitat surveys, investigation of road-killed effect for crab, planning for establishing
eco-tunnel and community environmental education. Some actions such as
establishing an ecomuseum, ecotourism, and a marine national park are undergoing.
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Figure 1. Life history of the coconut crab, Birgus latro.
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Figure 2. Map of Green Island (Lutao).
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Figure 3. The coastal road circling Green Island cross the migration pathways of
many crabs, including coconut crab. The carcasses of coconut crabs litter the roads
because of passing cars and motorcycles.

ACTIONS FOR COCONUT CRAB CONSERVATION
Larval Culture of Coconut Crabs
In order to restore the coconut crab population at Green Island, we reared larvae
of B. latro in the laboratory to the young crab stage and then release them to wild
habitat. The results showed that those individuals exhibited heterochronal morphology
which a part of zoeae possessed a mixture of zoeal and glaucothoeal characters in the
third zoeal stage ahead of time and reduction in the number of zoeal stage in 2003
(Wang et al. 2007).On the other hand, enriched diet made the survivorship of zoeae of
coconut crab significantly increased also had been demonstrated in 2004.
Moreover, there are two juveniles of coconut crab which metamorphosed to
glaucothoes from 5th zoeal stage on the 27th and 31th day and began carrying the
shell on the 37th and 39th day of its life emerged successfully from 1100 zoeae in
2006. They live for 13 months from hatched until now (Figure4). Two juveniles with
the shells of Babylonia areolata molted 6 times after metamorphosed from larval stage
and the molting behavior occurred per 42-45 days in average. The time and behavior
during molting period of juveniles with shell were observed first time. The duration
between each molting of juvenile was shorter than the observation of Held in 1963
that a juvenile coconut crab without shell molted 4 times in 463 days (Held, 1963) and
the estimation in the study of Chauvet and Kadiri-Jan (1998) that juveniles molted per
four months according to investigation of juvenile distribution.
These preliminary but promising results indicated that the artificial seeding of
juveniles is achievable. So a technique for the mass culture of juveniles is now being
developed.
Estimation of Population Size
A basic survey of coconut crab populations was carried out by the method of
mark-recapture (Fletcher and Amos, 1994) from July to October 2005. Two local
people who were familiar with the ecology of coconut crab, searched for coconut
crabs at nightfall by slowly driving a car along the perimeter road which is about 19.5
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km long. The individuals were captured and marked with a number on the thoracic
carapace, and measured the cephalothoracic length, and weight (Figure 5). After
recording the capture time, site, sex, reproductive condition, the individuals were
released. Ten male crabs and 13 female crabs were captured during this survey, and
the population number was estimated to be 82 individuals. The cephalothoracic length
of the crabs ranged from 21.9 to 43.7 mm was smaller than the results in 2003 and
2004 with the cephalothoracic length ranged from 19.1~53.1 (Figure 6; t-test, p <
0.05).
Moreover, compared with the results of a population survey from the inhabited
island, Taiaro atoll (Tuamotu Archipelago, French Polynesia), 14,825 male crabs and
22,175 female crabs were found in an area of about 4 hectares for four nights
(Chauvet and Kadiri-Jan, 1999), number of coconut crab population at Green Island
was very low. The small number and sizes of the coconut crab at Green Island may
affect recruitment of the population and reflects the importance of imperative
conservation work for this species.

Figure 4.
The young crab of
coconut crab hiding in gastropod
shells.

Figure 5. Method of marking
coconut crabs and measurements of
cephalothoracic length.

Figure 6. The size distribution of coconut crab population at Green Island in
2005 compared with the data from 2002 to 2004.
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Investigation of Juvenile Habitats
We investigated the distribution of juvenile coconut crabs on Green Island in
2003 and 2004. Four juvenile coconut crabs which were not carrying shells were
found in coastal scrub and farmland which were 500 m from the shoreline after
sampling 6 sites where a total of 52 adults were encountered in 2 years (Figure 7). The
cephalothoracic lengths of the juvenile crabs were about 19~23 mm. The result of low
recruitment reinforces the necessity of replenishing natural population by artificial
cultivation and preserving habitat diversity.
In order to study the habitat characteristics of juveniles of coconut crab with shell,
the field investigation was carried out at Municipality of Governor Generoso which
was on the south part of Philippines in 2006. Fifteen juveniles of coconut crab with
shell were found in the area of 450 square meters where a total of about 200
individuals of other terrestrial hermit crabs were discovered. This habitat which was
approximate 50 m from the shoreline was rocky and filled with coral detritus to
provide juveniles hiding space from desiccation (Figure 8). There were a lot of
coconut shucks and the shade of trees in an extent of coconut tree grove to supply the
living space and food resource, whereas less plant shucks and shade of trees were
around costal region at Green Island. The works of habitat restoration were suggested
on the planting and preserving the integrity of the costal forest around the shoreline of
Green Island.

3 cm

Figure 7. A juvenile of coconut crab was found on farmland.

(a)

(b)

Figure 8. The habitat of coconut crab juveniles was at Municipality of Governor
Generoso on the south part of Philippines. The environment was rocky and filled with
coral detritus and coconut shucks under the shade of trees.
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Investigation of Road-Killed Effect for Crabs
In order to solve the crab population declining problems due to road-killer effect,
an investigation of the effect of road-killed for crabs of which living around coastal
area and may pass through the road. Moreover, the experimental eco-tunnel was
planed and established by experts and local people from 2005 to 2007. The study of
crab road-killed comprised the understanding of the timing, season, and area in which
crab road-killed accidents were happened more frequently on the cycling road at
Green Island. The dead bodies of crabs were checked around at six to eight o’clock in
the morning around the cycling road and the animal species, location, and time were
recognized and record from August 2005 to August 2006 and November 2006 to
September 2007. The results showed that the crabs including land hermit crabs,
coconut crabs and other land crabs were run over by cars frequently from April to
August (Figure 9). The sensitive areas of road-killed effect in which all crabs were run
over frequently had been Chaikou, Kungkuan, Wuncyuan, and Gueiwan (Figure 10).
It was noteworthy that there was 7 coconut crabs run over by car on the cycling road
in the investigation from August 2005 to August 2006, whereas none corpse of
coconut crab run over was found from November 2006 to September 2007. These
results may reveal that the number of coconut crabs declined and less than those in
last year. It is important and urgent for coconut crabs to improve the problem of
habitat fragmentation. These results which can provide the strategies of species and
habitat restoration and conservation education to residents and tourists, and improve
the connection between fragmented habitats were the basis to planning and
establishing the eco-tunnel for crabs and became the conservation education materials
for residents and tourists.
Building an Experimental Eco-Tunnel
According to the result of above-mentioned study and after communicating with
local township office and residents, the trial eco-tunnel for crabs had been built first
near the lighthouse for the reason of public education in which many local people and
tourists visit this scenic spot. An underground eco-tunnel was built up in June, 2007.
This eco-tunnel was composed of four parts (Figure 11): (a) the cement tunnel was
underground for crab passing the road and bottom of tunnel was laid sand for crab
climbing well; (b) the plastic plate was used to prevent from crabs climbing to the
road; (c) the outside of the road was set up traffic signs for night traffic safety; (d)
education billboard of eco-tunnel for crab. Some crabs including land hermit crab,
such as Coenobita cavipes, Coenobita rugosus, and land crab, such as Gecarcoidea
lalandii etc., passed through this eco-tunnel for migration between land and sea. These
results of monitoring showed that the function of eco-tunnel had been work.
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Figure 9. The month of road-killed effect happened for crab at Green Island from2005
to 2007.

The site where coconut
crabs were
The site where coconut
crabs were

1 KM

Figure 10. The sensitive areas of road-killed effect for crabs including land
hermit crabs, coconut crabs, and other land crabs. The site where the
eco-tunnel for crab was built at Green Island in 2007.
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(a)

(a)

(b)

(c)

(d)

Figure 11. The eco-tunnel for crab: (a) the eco-tunnel was placed between land and sea
for migration of crab; (b) the underground tunnel for crab; (c) education billboard of
eco-tunnel for crab; (d) the plate prevented from crabs climbing to road.

Empowerment of Local Community through Education

(c)

To empower the local communities, we established a work team and task force
with participation from all relevant sectors including local communities, non-profit
organizations, scientists, governmental agencies, and enterprises. The functions of this
work team were to build and strengthen local abilities to solve problems encountered
in the communities, and to protect the environment they rely on.
In order to implement conservation work based(d)on the local community and
achieve the goal of restoration of the coconut crab, the Coconut Crab Conservation
Work Team was formed in April 2003 and changed the name of the team to “Wildlife
Conservation Work Team” in 2006 to increase the number of species which will be
aim for conservation works. Members of the work team include local educational
institutions, such as the elementary and junior high schools, government organizations,
such as the East Coast National Scenic Area Administration, as well as the police and
local residents. There were 6 major lines of work: (1) environmental education; (2)
cessation of illegal harvesting; (3) habitat preservation; (4) artificial cultivation; (5)
searching for and collecting information on the culture and history of the relationship
of coconut crab and other species between local residents; and (6) development of
ecotourism related to coconut crab and other species (Figure 12).
Some highlights of environmental education are described below. Members should
educate local people and visitors about the importance of conserving the coconut crab,
natural resources, and the environment of Green Island. Activities of coconut crab
conservation education related to awareness of local educational institutions, police,
and residents were carried out (Table 1). The contents emphasized the biology and
ecology of the terrestrial hermit crabs and ways to conserve the crab and its habitats.
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People were informed about important problems which have occurred and were taught
how to resolve them; moreover, residents were encouraged to look on this as their
duty. We also designed educational posters, manuals (Figure 13), postcards and
handbills (Figure 14) for local people and visitors to promote the concepts of
conservation.
Local educational institutions

Government organizations

Local residents

¾
Environmental
education
¾

Habitat preservation
¾ Collecting the culture and history
of species and local residents

¾ Seizure of
illegal
harvest

Wildlife conservation team work
¾ Developing the eco-tourism
subject to coconut crabs
and other species

¾ Artificial larval
cultivation

Figure 12. Framework of the wildlife conservation team's endeavors on Green Island.
The gradual disappearance of traditional culture and resources is the result of
shifts in the human ecology of the community. In the process of our presentations and
discussion with residents, we found that residents are aware that resources are rapidly
disappearing, and they are deciding to do something about this situation. Taking
advantage of this, we let them know that the coconut crabs are a precious part of their
life, history, and environment.
A conference held on 26 April, 2005 on Green Island in Taiwan had the theme of
“Sustainable Action on Green Island” (Chao et al., 2005; Table 1). The participants
included governmental organizations, local educational institutions, police, local
non-profit organizations, and residents. In order to implement sustainable action in the
local communities, lecturers consisted of an official, the elementary school principal,
a proprietor of a tourist establishment, and local residents. Scholars were invited to be
commentators. The conclusions of the conference involved ways of promoting
development of sustainable tourism, environmental education for residents and
visitors, hiring local people for investigations, establishing a database on the
population of coconut crabs, and developing conservation strategies for other species.
Another conference derived from the above-mentioned conference was focused
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on biodiversity conservation at Green Island and had been held on 25 October, 2006
(Chen et al.; Table 1). The participants included biodiversity expert, governmental
organizations, local non-profit organizations, and residents. Some research subjects
involved the study of biodiversity at Green Island in recent year, such as the
restoration of coconut crab, the investigation of forest species, animal road-killed
effect, and the study of the sustainable development of tourism. The participants
suggested that the study involved ecological monitoring and restoration of species and
habitat should be done over a long period of time. The environmental education on
residents and tourists also had to plan and carry out in the same time.
In addition to aware the crisis of environmental development, learning some
skills to avail the sustainable development of ecotourism of Green Island should be
the most important issue. The mass tourism should be transfer to ecotourism gradually
by the way which is advantageous to ecology and community. In order to connect the
local people’s life and development of tourism industry, the workshops involved how
to capture documentary film and camerawork had been hold in December and a
conference involved planning for eco-tunnel and sustainable development of boarding
house also had been hold in March, 2007 (Table 1). The residents had learned how to
capture the unique scenic view and events occurred at this island and had common
consensus on the issue of building eco-tunnel and sustainable development of
boarding house. Furthermore, these precious records and common consensus could be
the basis of sustainable ecotourism development.

Figure 13. The manuals of Coconut crab conservation and eco-tunnel for crab.
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(a)

(b)

Figure 14. Postcard of coconut crab conservation and handbill of eco-tunnel.

CONCLUSIONS
To prevent the continuing decrease in coconut crab populations on Green Island,
we recommend five steps. First, ecological corridors for crabs based on local
communities should be built on the other sensitive area for road-killed effect to
separate the crab’s migration routes from the road encircling Green Island. Second,
the law on protection from poaching must be enforced. Third, environmental
education and communication with local communities should be promoted so that
local people will pay more attention to environmental health. Fourth, after our success
with larval mass culture, we also propose to release these juvenile crabs into natural
habitat to increase natural population. Five, the entire habitat of coconut crabs must be
protected, from the mountains to the sea. For this goal and based on genetic research,
we are promoting the establishment of a marine national park at Green Island.
Ecotourism and an eco-museum also represent biodiversity being regarded as a
product to be sold to consumers (Kiss, 2004). Coconut crabs are a unique natural
resource of Green Island that is difficult to find on the main island of Taiwan. And this
provides a starting point for the goal of establishing the marine national park. The
outlook is for an eco-island to be established on Green Island. Using coconut crabs as
a target, Green Island can also have a special tourism product for protecting the island.
Beyond that, Green Island can serve as a good example for preserving local history,
protecting biodiversity, and enhancing local economies. Through our work, we expect
that Green Island can become an eco-island, and also empower other social aspects,
such as economics, sociology, archaeology, geography, and history.
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Local community

junior high school

Local school
elementary school

Organization

Content

October 25, 2006
March 1, 2007
November 20, 2007

Experts and General residents (80)

Experts and General residents (15)

Experts and General residents (70)

46

April 26, 2005

Experts and General residents (50)

Conference on planning for eco-tunnel and sustainable
development of boarding house at Green Island
Issued the meeting of eco-tunnel and the restoration of
coconut crab in achievement

Conference on biodiversity conservation at Green Island

Workshops on ecological documentary film and
camerawork
Conference on sustainable development actions at
Green Island

December 28-29,
2006

Experts and General residents (20)

A course which introduce the coconut crab and how to
recognize it when banning the illegal harvest

June 10, 2003

Campaign of coconut crab conservation at Green Island

A course which introduce the coconut crab and how to
restoration the population at Green Island

June 9, 2003

June 28, 2003

Campaign of wildlife conservation and eco-tunnel at
Green Island

Campaign of coconut crab conservation at Green Island

Campaign of wildlife conservation and eco-tunnel at
Green Island
A field trip for the observation of eco-tunnel and land
hermit crab

Campaign of coconut crab conservation at Green Island

Subject

April 18, 2007

June 28, 2003

June 28, 2007

June 9-10, 2003
June 10, 2003
December 28, 2006
April 26, 2007

Date

General residents (80)

Students and teachers in
elementary school (100)
Students, teachers and parents in
elementary school(120)
Students and teachers in
elementary school (40)
Students and teachers in junior
high school (70)
Students and teachers in junior
high school (70)
Residents which were enthusiastic
about ecology and conservation
(20)
Police which banned the illegal
harvest of coconut crab (20)

Participant (approximate number
of persons)

Table 1. Empowerment activities of local community at Green Island from 2003 to 2007.
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Abstract: The estuary of Tanshui River hosts the most northern mangrove population
(Kandelia obovata, Sheue, Liu and Yong) in Taiwan and is an important habitat for migrant
waterfowls and shorebirds in East Asia. Three mangrove protected areas were established
in the 1980s to stop decline of mangrove forests caused by urbanization and
overdevelopment. Since then, the single-species mangrove forests have gradually expanded
and invaded mudflats, and as a result, reduced estuarine biodiversity and eliminated viable
habitats for shorebirds. A small patch of mudflats (0.16 ha) was created by removing
mangrove trees and then, the changes in sediment characteristics, crab and bird populations
were monitored. Most sediment characteristics (grain size, organic carbon content, redox
depth) except for water content, and crab communities were not significantly different
between the mangrove control sites and the reformed mudflat sites within a year. Seasonal
variations were observed in organic carbon content, benthic chlorophyll a concentrations
and densities of crabs. Wintering shorebirds increased dramatically in both individual
numbers and species counts after the mudflat was created. The mudflat served primarily as
roosting habitats for shorebirds since the benthic invertebrates did not increase enough to
support birds’ nutritional needs. This pioneer study showed that mangrove wetlands can be
managed to increase biodiversity, particularly the avian communities. Continuing long-term
monitoring and management of the study site is necessary to fully understand the dynamic
of mangrove ecosystem and the benefit of its ecological services.
Key Words: mangroves, mudflats, shorebirds, habitats, Tanshui River

INTRODUCTION
Estuarine mangrove forests are one of the most productive ecosystems in the world,
as intertidal mangrove forests support both terrestrial and aquatic food webs and
provide shelters for species in both realms (Robertson and Alongi 1992, Twilley et al.
1996). Their contribution to coastal fisheries demonstrates their values to human
societies as well (Robertson and Duke 1990). In addition, bands of mangroves on the
coastlines can reduce coastal erosion and protect landmass and to some extent,
withstand tsunami induced tidal waves (Kathiresan and Rajendran 2005). However,
because its habitat and population have shrunk rapidly around the world, caused
mainly by human exploitation, mangrove was also considered one of the most
important species when it comes to discuss human impacts on natural environments
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(Valiela et al. 2001).
On the other hand, despite the efforts to protect mangroves, as an aggressive
pioneer species colonizing bare mudflats and adapting well to brackish waters,
mangrove trees are competitive species that form dense forests and homogenize the
once diverse wetland habitats. As a result, settlements and expansion of mangrove
forests have led to severe changes in ecological functions. Migratory birds, including
shorebirds and waterfowls that rely on mudflats are driven out. In addition, dense
mangrove trees that grow on river channels may increase possibility of flood elevation
by increasing channel roughness and reducing water conveyance (Lee and Shih 2004).
The estuary of Tanshui River hosts the most northern mangrove population
(Kandelia obovata, Sheue, Liu and Yong) in Taiwan and is an important habitat for
migrant waterfowls and shorebirds in East Asia (Hsueh and Lee, 2000). Three
mangrove protected areas were established in the 1980s to stop the exploitation of
mangrove forests caused by urbanization and overdevelopment (Figure 1). The
protected areas have successfully maintained healthy forests of the red mangrove and
the population has grown since then. Consequently, the expansion of mangrove forests
has taken away the intertidal mudflats and changed the mosaic of habitat composition
in Tanshui estuary. As a result, reduced estuarine biodiversity and eliminated viable
habitats for shorebirds (Shih 2005).
This study investigated short-term changes of biota and sediment characteristics
after a small area of mudflats in the upper intertidal zone was created by removing
mangrove trees. The changes in benthic invertebrates and bird communities were
monitored in order to analyze the effects of the deforestation on estuarine biodiversity.

MATERIAL AND METHODS
Study Site
We chose a patch of mangroves in the south bank of Shir-Tzi (25° 06’ 27” N,
121° 28’ 02” E) to conduct a partial-deforest experiment in 2007 (Figure 1). Shir-Tzi,
a sediment-deposited delta near in the confluence of Tanshui River and Keelung
River, is about 11 km from the mouth of Tanshui River. Salinity here is influenced by
semidiurnal tides and fluctuates between 5 ppt to 25 ppt. The average tidal range is
about 1.5 m. The mangrove species in Tanshui estuary comprises almost entirely by
Kandelia obovata, Sheue, Liu and Yong, a recently reclassified species from Kandelia
candel (Sheue et al., 2003). The median size of trunk diameter at breast height (DBH)
in the study area was about 4 cm and ranged from 1 cm to 13 cm (Figure 2).
Determining environmental and biological parameters
Sediment characteristics
Sediments were collected using an acrylic tube (diameter = 2.6 cm) and analyzed
for granulometry, water content, and total organic matter including total organic
carbon (TOC) and total nitrogen contents (TN). Chlorophyll a samples were taken
from the top 0.5 cm layer of sediments. All sediment samples were kept in a cooler
(~4 C) during transportation to the laboratory. Those for chlorophyll a measurement
were kept in the dark.
In the laboratory, samples for the measurement of TOC, TN and chlorophyll a
content were kept at -80℃ until cryo-dried. The granulometry was determined
following the procedures of Hsieh and Chang (1991). Water content was measured as
the percent weight loss after oven-drying at 60°C until constant weight. The sediment
total organic carbon and nitrogen contents were analyzed using an element analyzer
(Perkin-Elmer 2400 Series II CHNS/O analyzer) after sediments were treated by
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cryo-drying, sieved through 0.5 mm to remove large animal pieces and plant debris,
acidified with 1N HCl to remove inorganic carbons, and finally ground to fine powder.
Chlorophyll a was extracted with 90% acetone and analyzed using a fluorometer
(Model 1 10-AU, Turner Designs).
The depth of the oxygenated layer was measured in the field with a transparent
acrylic corer (approximately 1 m in length and 2.6 cm in diameter). A brown layer of
sediment in a vertical profile indicates an oxygenic condition, whereas a black layer
reflects a reduced condition due to the presence of sulfide compounds. A grey layer
marks the transition between oxygenated and reduced conditions (Gray 1981). The
corer was pushed vertically into the sediment as deeply as possible. Upon the corer
being pulled out, the depth of brown sediment below the surface and above the grey
layer was measured and expressed as the depth of the oxygenated layer.
Crab communities

A preliminary survey showed that crabs are the most dominant benthic groups in
the study site, particularly in terms of biomass. Polychaetes and mollusks are scarce
and relatively small compared to crabs. Therefore, the sampling of benthic
communities was composed of crabs entirely. Surface sediments with area of 50 X 50
cm and depth of 20 cm were evacuated with a shovel and filled into buckets. Due to
the nature of low moisture and hard texture, pieces of mud were broken apart by
hands and crabs larger than ~5 mm were carefully picked out. Crab numbers were
then counted, species identified, and width of crab’s carapace was measured.
Bird populations
Bird populations were monitored on the south bank of Shir-Tzi monthly by
members of the Wild bird Society of Taipei since 2002. Binoculars were used to
identify bird species and sampling was taken by walking along the 3-km levee
adjacent to the experimental site. Numbers and species of birds were recorded based
on following habitats: mangroves, reedbeds, mudflats, a tidal ditch, and open water.
Mudflats and the tidal ditch were the experimental sites created in February 2007.
Statistical Analyses
Two-way ANOVA was conducted to examine if there were differences among
seasons (May, August, October, and February), and sites (mudflats and mangroves) on
sediment characters and crab densities. Data of the sediment characters and crab
communities were log- transformed since the assumption of normality and
homogeneity failed. Multiple comparison (Tukey test) was performed on the results of
ANOVA were significantly different (p < 0.05).

RESULTS
Sediment Characteristics
The six physical and chemical sediment properties in the experimental site
(mudflat) and the control site (mangrove) were measured for four seasons (Table 1).
The results of two-way ANOVA showed that most sediment properties were not
significantly different between mudflats and mangroves, except for water contents
(Table 2). Water contents of the sediments were significantly greater in the mangrove
habitat than in the mudflat (p < 0.001). TOC and silt/clay content showed significant
differences in seasons. Benthic chlorophyll a concentrations significantly differed
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among the three seasons and the interactions between season and habitat type, but not
the habitat type.
Crab Communities
There were significant differences in densities of crab populations among 3
seasons (p < 0.001) but not between the habitat types (p = 0.585). Average density of
crabs on the mudflat gradually decreased from 74.7 ind.-m-2 in August to 20.9 ind.-m-2
in October and 3.7 ind.-m-2 in February. The crab density in mangrove sites also
decreased but with lower magnitude (Table 1).
Bird Populations
Wintering shorebirds increased dramatically with the removal of mangrove trees.
Seasonal changes of individual numbers and species counts of shorebirds showed that
the percentage of both increased in spring and fall 2007 (Figure 3). Over 60% of
individual numbers and 40% of species counts occurred in spring 2007, immediately
after the mudflat was created. The increase was particularly great for species counts of
the shorebirds (Figure 4), as the count increased from less than 10 species in the
seasons of 2002 to 2006, to 16 species in spring 2006 and 12 species in fall 2007.
In terms of spatial distributions of bird populations among different habitats
following the deforestation, the individual numbers and species counts were greatest
in the mudflat, nearly 4 times of those in the mangroves (Figure 5). Species
composition showed the shorebirds accounted for the dramatic increase in bird
population in the mudflat (Figure 6). This result showed more species of shorebirds
were utilizing the newly created mudflats.

DISCUSSION
Unlike most mangrove forests that composed of multiple species and formed
zonation in tropical areas around the world, the mangrove growing in Tanshui estuary
is single-species forests formed entirely by Kandelia obovata. This species has well
adapted to the subtropical climate in Northern Taiwan as the temperature in Taipei
could drop to below 10ºC in winter. Because of the conservation acts by governments
and its aggressive nature to occupy intertidal mudflats, the mangrove habitats in
Tanshui Estuary are no longer threatened even though the area is relatively small. The
stabilization of the mangrove population here is contributed by another factor: the
construction of levees and dams that alter the natural flow regime of the Tanshui River.
There are no more strong enough floods and erosion to destroy the dense forests
because the variations of river flow have been largely smoothened out.
The intervention on natural flow regime of the Tanshui River has, probably
unintentionally, created a favorable environment for the growth of mangroves. What
unexpected is that the success of conserving mangrove forests appears to threaten the
existence of intertidal mudflats, another precious estuarine habitat. The severely
shrinkage of the mudflat area and population size of shorebirds, such as plovers and
sandpipers, prompt our efforts to create such habitats.
In this study, three ecological elements of an estuarine wetland, i.e. sediment
characters, benthos and bird populations, were investigated to assess the ecological
impact of newly created mudflats in mangrove forests. Among the three levels, only
shorebird populations showed dramatic increase, indicating the created mudflat had
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attracted wintering shorebirds to the study sites. On the other hand the lack of
significant changes in sediment characters and benthos communities in this short-term
study are common, compared with other studies. Evans et al. (1998) pointed out that,
in temperate intertidal areas, creation of new habitats in mitigation of lost ones should
take place at least three years for benthos to fully re-colonize and provide food for
bird predators. Another factor limiting effectiveness of our efforts could be the small
size of the study site, as the scale of the restoration area could affect the how the
system responds to artificial intervention.
Since there were no significant changes in benthic environments, the created
mudflat likely serves as roosting areas for shorebirds. High tides force shorebirds
from their intertidal feeding areas to refuges known as roosts. Adequate provision and
management of roost sites is an important consideration in conservation of sites used
by coastal shorebirds (Rogers et al. 2006). Compared to the soft mud in the lower
intertidal zone, the mudflats in the study site are firm with low water content. The
firmness apparently increased with lower water content after the mangroves were
removed. Hence, the mudflat is an ideal habitat for roosting shorebirds, as evident by
the observation in May 2007 of more than 300 shorebirds crowded in the small patch
of study site.
Compared to salt marshes in temperate areas, the ecological ramifications of
mangrove invasion in tropical and subtropical zones were less documented. Tidal
mudflats invaded by vegetation leading changes in ecological functions were
observed in temperate salt marshes. Expansion of Spartina alterniflora in tidal
mudflats can exert physical, chemical, biotic, and trophic changes on the benthic
system, and create a cascade effect on an entire ecosystem (Neira et al. 2006). The
term, ecosystem engineer, was used to describe the invasion of Spartina alterniflora
that converts mudflats into meadows (Crooks 2002). Spartina had a negative effect
on the use of tidal mudflats by shorebirds and waterfowls (Goss-Custard and Moser
1988, Lacambra et al. 2004). Furthermore, Patten and O’Casey (2007) demonstrated
that efforts to control Spartina can restore shorebird habitat. Studies on mudflats
restoration have not been well done in mangrove ecosystems.
The estuarine environment in Tanshui River is severely altered by humans that it
has lost natural balances. The key to the thriving estuarine ecosystem is maintaining
the mosaic nature of different habitats which, in turn, would increase biodiversity. Our
results showed that a proper control of mangrove expansion and maintaining bare
mudflats can indeed attracted shorebirds, which may otherwise difficult to survive in
Tanshui estuary due to the lack of roosting areas. This study demonstrated that of
necessity of controlling mangrove populations in this estuary in order to restore the
habitat for wintering shore birds.
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Table 1. Seasonal variations (mean ± SE) of sediment characteristics, density and width of crabs, and
benthic chlorophyll a concentrations on mangrove-deforested mudflats (experimental site, n = 9) and
nearby mangroves (control site, n = 3). ND = no data.

Parameters

habitats

May 2007

TOC(%)

mudflats

1.40 ± 0.14

1.20 ± 0.12

0.89 ± 0.14

0.89 ± 0.15

mangroves

1.78 ± 0.47

1.69 ± 0.53

0.77 ± 0.32

1.12 ± 0.33

mudflats

0.036 ± 0.004

0.033 ± 0.004

0.064 ± 0.015

0.034 ± 0.005

mangroves

0.029 ± 0.008

0.027 ± 0.004

0.036 ± 0.009

0.025 ± 0.005

mudflats

74.3 ± 3.3

72.6 ± 1.9

47.1 ± 8.8

67.1 ± 4.9

mangroves

75.0 ± 9.2

80.7 ± 3.3

66.0 ± 9.2

79.6 ± 5.6

mudflats

1.50 ± 0.07

1.78 ± 0.06

1.46 ± 0.16

1.61 ± 0.10

mangroves

1.63 ± 0.16

1.60 ± 0.08

1.69 ± 0.13

1.58 ± 0.12

mudflats

29.9 ± 1.1

27.6 ± 0.9

30.8 ± 2.6

28.4 ± 0.8

mangroves

35.0 ± 3.5

41.3 ± 4.8

32.3 ± 0.7

34.2 ± 5.3

mudflats

8.6 ± 1.5

8.2 ± 1.4

11.6 ± 1.6

13.1 ± 1.8

mangroves

9.0 ± 0.8

8.3 ± 2.5

7.3 ± 1.2

12.3 ± 1.7

mudflats

ND

74.7 ± 9.0

20.9 ± 8.2

3.7 ± 0.8

mangroves

ND

42.7 ± 4.8

18.7 ± 6.7

2.3 ± 1.2

mudflats

ND

9.7 ± 0.6

7.1 ± 2.0

4.5 ± 1.4

mangroves

ND

9.4 ± 1.2

9.7 ± 3.3

5.4 ± 2.8

Grain size (mm)

Silt/clay (%)

Sorting coefficient

Water content (%)

Redux depth (cm)

Crab No. (ind. m-2)

Crab size (mm)

Aug 2007

Oct 2007

Feb 2008

Benthic chlorophyll a mudflats

61.3 ± 13.7

23.3 ± 1.4

28.0 ± 1.8

ND

(mg m-2)

41.1 ± 6.4

36.5 ± 4.0

34.5 ± 3.4

ND

mangroves
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Table 2. Statistical results of F and p values of two-way ANOVA (2 habitat types x 4 seasons) on
sediment characteristics and density and carapace width of crabs. "*” denotes 0.01<p<0.05, “**”
denotes p<0.01

Parameters
TOC

Grain size

Silt/clay

Sorting coefficient

Water content

Redux depth

Crab density

Crab size

Benthic chlorophyll a

Habitat

Season

Interaction

F

1.311

4.556

0.542

P

0.259

**0.008

0.656

F

2.94

1.413

0.082

P

0.094

0.253

0.97

F

3.97

3.165

0.474

P

0.053

*0.035

0.702

F

0.13

0.328

0.863

P

0.72

0.805

0.468

F

15.02

0.653

2.201

P

**<0.001

0.586

0.103

F

0.591

1.883

0.523

P

0.447

0.148

0.669

F

0.305

18.581

1.241

P

0.585

**<0.001

0.303

F

0.393

2.774

0.252

P

0.536

0.078

0.779

F

0.099

5.630

5.569

P

0.754

**0.003

**0.003
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Figure 1: Map of the mangrove deforesting area and sampling sites (black circles) for sediments and
benthos.
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Figure 2: Size distributions of trunk diameter at breast height (DBH) of mangrove trees at the study site.
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Figure 3: Seasonal changes (%) of shorebirds in numbers of individual and numbers of species in the south
banks of Shir-Tzi, Tanshui Estuary.
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Figure 4: Seasonal averages in individual numbers and species counts of shorebirds from 2002 to 2007 in
the south bank of Shir-Tzi, Tanshui Estuary. Note the increase of species number following the
removal of mangrove trees.
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Figure 5: Individual (black bar) and species (grey bar) numbers of birds populations at different types of
habitats in south bank of Shir-Tzi, Taipei, following the removal of mangrove trees
(February~June, 2007). Mudflat and tidal ditch are the habitats created by removing mangrove
trees.
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Figure 6: Individual numbers of bird groups at different types of habitats in south bank of Shir-Tzi, Taipei,
following the removal of mangrove trees (February~June, 2007). Mudflat and tidal ditch are the
habitats created by removing mangrove trees.
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STUDY ON THE PULSE STABILITY OF THE SUCCESSION OF THE
LACUSTRINE ECOSYSTEM IN THE SHENG-MI LAKE,
NAU-AN, NORTH TAIWAN
Chung-Hsin Juan, Tze-Ying Chen, Jean-Jay Mao, and Men-Wei Chiu
Department of Natural Resources
National Ilan University
1, Shen-Nung Rd., Ilan, Taiwan 260
E-mail: cjuan@niu.edu.tw
Abstract: “Pulse” means “alternation of the gradual build-up of production and a short period
of frenzied consumption that recycles materials for another cycle of production and
consumption”. Odum (1969) proposed the “Pulse Stability” theory, that pulses maintain an
ecosystem at some intermediate point in the developmental sequence, resulting in a
compromise between youth and maturity. The Sheng-Mi Lake is located in Nan-Au Natural
Reserve, North Taiwan, surrounded with a well-developed virgin forest. According to the
vegetation succession theory, the Sheng-Mi Lake was gradually silting up, would success to the
Willow-Alder vegetation type in 40 years, and eventually would become a forest system.
However, according to the “pulse stability” theory, the lake may maintain its current status due
to the pulses caused by frequent storms and typhoons, the typical weather types in Taiwan.
The possible succession of the Sheng-Mi lake ecosystem was studied using the recent remotely
sensed data from 1980 to realize the temporal changes of the areas of the open water and
different vegetation types in the lake. The results showed a near 20-year cycle of the area
changes of the open water and vegetation types. The relation between the open water area
verse time could be regressed as a cosine function within 3% estimated errors. A watershed
hydrological subsystem and a lake vegetation growth subsystem were linked by the pulsing
mechanism and integrated into the system model to depict the process of the wetland
succession influenced by the flood pulses in the Sheng-Mi Lake. The results of the
hydrological simulation demonstrated a high accordance in the monitored and simulated lake
water level, with a root mean square error of 0.03 m in the non-storm period and that of 0.07 m
in the storm period. The system model was simulated under the consideration of two
scenarios which are “with pulsing mechanism” or “without pulsing mechanism”. The results
of simulation showed the lake was eventually occupied by the vegetation if there was not a
pulsing mechanism, whereas the vegetation area would and fall but not totally occupied by the
lake area if there was a pulsing mechanism. Therefore, the “pulse stability” can be considered
as appropriated in a time scale of decades in the Sheng-Mi Lake. Frequent storms and
typhoons is the typical weather pattern in Taiwan, so the influence of pulses caused by them
should be normal to the wetlands in Taiwan. The conservation and restoration of the Taiwan
wetlands should well consider the mechanism of pulses.
Key Words: complex system, pulse stability, Sheng-Mi Lake, succession of the lacustrine
ecosystem, systems ecology
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INTRODUCTION
The classic hydrarch succession theory suggested that wetland ecosystems follow a
simple, linear progression from open water (shallow ponds) to wetlands, shrub-dominated
wetlands, and eventually to the climax status of terrestrial forest (Cooper 1913). The
climax succession concept of the linear and orderly changes in plant community was first
clearly introduced by Clements (1916), and became a widely-accepted basic realization
of succession (Middleton, 1999).
Gleason (1917, 1927) proposed the poly-climax succession concept instead of one
single deterministic climax in succession processes. The Gleasonian succession concept
was not widely recognized at first, until Whittaker (1953) attempted to clarify the
succession concept, and gradually became another basic understanding of succession.
In addition to these two classic succession concepts, many theories were proposed for
community succession or system development. ”Pulses” is another theory for system
developments.
The concept of "pulses” in the theories of ecology was first
introduced by E. P. Odum (1969) as “pulse stability” as one of the important principles of
ecosystem development. He described a pulse as “A more or less regular but acute
physical perturbation” and this kind of pulses “can maintain an ecosystem at some
intermediate point in the developmental sequence, resulting in, so to speak, a compromise
between youth and maturity”. The dynamic status of an ecosystem influenced by pulses
can be called “pulse stability”. Junk et al. (1989) addressed the flood pulse concept for
the floodplain wetlands and Kantrud et al. (1989) also identified the importance of flood
fluctuations to the vegetation succession. Mitsch (1998) evaluation the theory of
pulsing by creating productivity-hydrology-nutrient models of forested wetlands.
Middleton (2002) applied the environmental sieve model to depict how flood pulses and
water-level fluctuations to limit certain properly adapted vegetation species to survive
and suggested how to design wetland restoration with flood pulses using the
environmental sieve model. Mitsch and Gosselink (2000) emphasized the importance of
pulses as well as other hydrological factors in the development, conservation, and
restoration of wetland ecosystems. Mitsch and Jørgensen (2004) deemed that to design
systems to adapt pulses is one of major principles in ecological engineering. Therefore,
the role and importance of pulses in the community successions and ecosystem
development in wetlands has been recognized by many wetland researchers.
H. T. Odum gave a broader view of pulses in complex systems. In the processes of
self-organizing and hierarchy-developing in complex systems, pulses accelerate the
recycling of materials and maximize the efficient of energy and material utilization
(Odum 1982, 1994). The phenomenon of pulses is not only found in wetlands but also
in general complex systems. In other words, pulses can be considered an important
factor that maintains the vital metabolism of complex systems. Abel (2007) created an
over-thousand-year pulsing model to simulate the changes of dynasties in China. Kang
(1998) collected many literatures and simulate the pulsing models. Kang also defined
the phenomenon of pulses as “alternation of the gradual build-up of production and a
short period of frenzied consumption that recycles materials for another cycle of
production and consumption”. Thus, “pulsing” is a general concept that it may occurs
in any complex systems.
The concept of pulses was first proposed to depict the special dynamic stability
between young and climax stages in successions (Odum 1969). It was also regarded as
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an approach of the Gleasonian succession concept (van der Valk 1981; Middleton 1999,
2002). For a broader view, it can be also considered a general principle in the
development of many complex systems (Odum 1994).
Pulses can be considered as a serial of cycles and each cycle contains three stages of
slow accumulation, triggering, and rapid consumption. The pre-stage of the occurrences
of pulsing is the massive accumulation of some products for a relative long period of time.
The occurrence of rapid consumption of pulses is usually triggered by a proper event with
all required mature conditions to start the rapid consumption. Then, the previously
accumulated products were rapidly consumed to a relative low amount in a very short
period of time. During the rapid consumption stage, the accumulated products are
transformed to resources or materials of other types and relocated to other systems or
redistributed in the original system. After this rapid consumption stage, the system goes
back to the pre-stage and starts again the accumulation of some products for another
successive cycle.
Taiwan is located west Pacific ocean where many typhoons occur specially during the
warm ocean water season from late spring to autumn. Typhoons are storms that carry
heavy rains and strong winds and may cause severe floods. The strong energy of winds
and rains of a typhoon may be the event to trigger the occurrence of the rapid
consumption stage in a pulsing cycle where enough material is accumulated. Since the
triggering event is a typhoon event, pulses appear very acute.
The Sheng-Mi Lake is a shallow lake located in the mountain area, Nau-An nature
reserve, North Taiwan and surrounded by national virgin forests. Su (1988) investigated
the vegetation communities of the Nau-Au nature reserve and found that in a few sites the
elevated beds and marsh have been invaded by pioneer trees forming deciduous forests
identified as Salix Kusanoi-Alnus formosana type and Lagerstroemia
subcostata-Camellia transarisanensis type. Su considered that the vegetation appeared
on the sere of hydrarch succession according to the vegetation community types from the
lake area to the surrounding forests. Chen (1997) took cores of lake sediment with
one-meter depth to analyze the pollens of every 5 cm samples and dated the year of 25
cm, 50 cm, and 90 cm depth using C-14 dating methods. The C-14 dating showed that
the years of 25 cm, 50 cm, and 90 cm depth of the lake sediment were 1036+70 BP,
1558+70BP, and 1776+70BP. It indicated that within around 200 years between 1776
and 1558 years ago, there was 40 cm accumulation of sediments, within around 500 years
between 1558 and 1936 years ago, there was 25 cm accumulation of sediments, but the
accumulation of the recent 1000 years was only 25 cm. The accumulation rate of
sediment appeared gradually slower. Will the accumulation of sediment eventually
results in the climax stage of hydrarch successions? Or, the slower accumulation rate
implies that the lake ecosystem was toward the hydrarch succession in the past near 2000
years but is on the pulse stability stage between the presumed climax forest and the
shallow lake? Therefore, the purpose of this research was to study the development of the
Sheng-Mi Lake by the vegetation delineation of historical remotely sensed data of
different years and also creating a pulsing model to simulate the influence of typhoons to
the lacustrine ecosystem.
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METHODS
Site Description
The Sheng-Mi Lake (24°22'40 N, 121°44'46 E) is located at the Nau-Au nature reserve,
north Taiwan (Figure 1). Its elevation is around 1500 m. The Nau-Au nature reserve is
full with broad-leave virgin forests, and thus, the Sheng-Mi Lake also retains a primitive
status. The area of the Sheng-Mi Lake is 4.8 ha and that of the Nau-Au nature reserve is
200 ha. It is the origin of the Au-Hua creek, a branch of the Ho-Ping River. There are
rare vegetation species in the lake, which are Potamogeton maackianus, Potamogeton
oxyphyllus, and Sparganium fallax (Su 1988).
The peat sediment in the Sheng-Mi lake is very heavy. The regular water level is
between 0.3 to 0.7 m, but can rise to above 1 m or even 3 m during the typhoon. The
rising of water level from the regular water level to over 1 or 2 m can happen within a
few hours or even within an hour.

Figure 1. Location of the Sheng-Mi Lake.
Analysis of Vegetation Changes Using Historical Remotely Sensed Data
Historical aerial photos were collected for vegetation mapping. After searching the
aerial photo library, they were only limited number of available aerial photos. The earliest
one was 1980 and the latest one was 2003. Therefore, another high-resolution satellite
image was added for vegetation mapping, which made the total number of available
historical data became 7. The collected available data with the date of taking, type, and
scale was listed in Table 1.
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Table 1
Item
1
2
3
4
5
6
7

Table of available remotely sensed data.

Date
1980/06/30
1982/10/05
1985/04/25
1993/02/05
2002/07/22
2003/07/29
2005/03/15

Types
Black and white aerial photo
Black and white aerial photo
Black and white aerial photo
Black and white aerial photo
Color aerial photo
Color aerial photo
Satellite image

Scale
1/10,000
1/10,000
1/10,000
1/10,000
1/10,000
1/10,000
1m

The available remotely sensed data was geo-rectified and then delineated by using a
GIS system. Since black and white or color aerial photos gave less spectral information
than color-infrared aerial photos, the vegetation could be only identified by the shapes,
grey levels, associations, sizes, textures, positions of each vegetation patches. Without
the important spectral information, the vegetation in the Sheng-Mi Lake could be only
identified as four types. The types were open water and obligate wetland vegetation
(OBL), facultative wetland vegetation (FACW), facultative (FAC), and facultative upland
(FACU).
After the vegetation maps of each available remotely sensed data were generated, the
area changes were then analyzed by the regression models.
Simulation of the Pulsing Model in the Sheng-Mi Lake
The pulsing mechanism in the Sheng-Mi Lake can be considered as three parts, the
vegetation growth in the lake area, the water-level controlled by the watershed hydrology,
and the trigger of pulsing by the high rising water-level caused by typhoons. The
system diagram of the pulsing mechanism was drawn in Figure 2.
The conceptual model of the watershed hydrology in this research was a two-storage
hydrological model. The lake water-level was controlled by the inflow from the
watershed and outflow to the creek. The growth model of the vegetation in the lake was
an autocatalytic growth model with the energy supply from the solar radiation. The
growth rate in the model depended on the seasonal solar radiation and the living amount
of the vegetation. The water level is usually very stable with limited fluctuations. When
the water-level went too high, it will trigger the pulsing mechanism and the strong
outflow will bring parts of vegetation out of the lake. The trigger water level was set
as 1.2 m. The simulation time period was from 1997 to 2007. Two scenarios were
considered. One scenario is with the consideration of pulsing mechanism, the other is
without the consideration of pulsing mechanism to represent the hydrarch succession.
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Figure 2. The system diagram of the pulsing mechanism.

RESULTS AND DICUSSIONS
Analysis Vegetation Changes from 1980 to 2005 using Remotely Sensed Data
Seven vegetation maps were generated by delineating vegetation from the available
remote sensed data and displayed in Figure 3-9.

Figure 3. The vegetation map of the Sheng-Mi Lake in 1980.
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Figure 4. The vegetation map of the Sheng-Mi Lake in 1982.

Figure 5. The vegetation map of the Sheng-Mi Lake in 1985.

Figure 6. The vegetation map of the Sheng-Mi Lake in 1993.
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Figure 7. The vegetation map of the Sheng-Mi Lake in 2002.

Figure 8

The vegetation map of the Sheng-Mi Lake in 2003.

Figure 9. The vegetation map of the Sheng-Mi Lake in 2005.
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The spatial patterns of the four vegetation types in all vegetation maps were orderly
arranged as OBL, FAW, FAC, and FAU from the center to the edge of the lake,
accordantly. However, it indicated a growth and decline of different vegetation types
that the detailed distribution and the areas of all vegetation types varied in different years.
To understand the exact changes of vegetation areas, the areas of four vegetation types in
different years were computed and drawn in Figure 9.

Figure 10. The dynamic changes of the areas of vegetation types from
1980 to 2005.
It demonstrated cyclical changes of vegetation types in Figure 10. The period of
each cycle was 20 years, seemingly. Therefore, the changes of areas of OBL was
regressed using a cosine function with a cyclic period of 20 years as the following
equation,
⎡π
⎤
Aˆ = COS ⎢ (Y − 1992 ) ⎥ * 1682.66 + 10114.96
⎣10
⎦
(1)
, where Y is the year and Â is the estimated OBL area.
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Table 2. The estimated area of the open water in the Sheng-Mi Lake.
Year
Estimated Area
Actual Area
Error
% of Error

1980
8753.7
8610
143.7
1.67%

1982
8432.3
8190
242.3
2.96%

1993
11715.3
11690
25.3
0.22%

1985
9125.9
9230
-104.1
-1.13%

2002
8432.3
8450
-17.7
-0.21%

2003
8514.7
8750
-235.3
-2.69%

2005
9125.9
9180
-54.1
-0.59%

The OBL area in each year was estimated using the equation (1) and compared with
the actual areas in Table 2. The errors of estimated were arranged from 0.22 % to 2.96
%. It was significant that the areas of different vegetation types grew and declined
periodically. The development of the ecosystem in the Sheng-Mi Lake was not
gradually toward the final sere of a hydrarch succession, but very likely on the status of
pulses stability.
Simulation of the Pulsing Mechanism in the Sheng-Mi Lake
The simulation results from 1997 to 2007 with two scenarios were displayed in Figure
11.
35000

30000

Vegetaion

25000
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10000

Time

Figure 11. The simulated results of the pulsing mechanism.
The results of the simulation without pulsing showed a fast growth from beginning,
then gradually slow down and almost covered the whole lake area. It demonstrated that
the whole lake area would gradually occupy by the vegetation and toward the upland
ecosystem under the assumption of hydrarch succession.
The results of the simulation with pulsing presented an up and down pattern of the
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lake area. The ascending of lake area usually was slow due to the slow accumulation,
but the descending of lake area was usually acute due to the fast consumption. There
were different scales of ascending and descending. The scales of ascending and
descending depended on the scales of typhoon events and accumulated amounts. The
simulation results with pulsing displayed a cyclic change pattern in the lake area, which
was more accordant to the vegetation changing pattern of the analysis of remotely sensed
data comparing with the simulation without pulsing.
The simulated results didn’t appear a cyclic pattern as the cosine function of 20 years
as the analyzed results of remotely sensed data. It was because the available remotely
sensed data could only provided 7 points of vegetation areas in 7 different years over a
time period of 25 years but the simulation provided 365 points of vegetation areas in a
year. The great difference of the temporal resolutions of two methods resulted in
different detailed changing patterns. However, the results by both methods agreed that
the lake vegetation areas varied cyclically. Therefore, it could be concluded that the
succession pattern of the Sheng-Mi Lake at the present stage was on the status of pulse
stability rather than hydrarch succession.
Since the average typhoon occurrences in Taiwan is 2 to 3 per year, the pulsing
phenomena should a common pattern in most of wetlands and rivers in Taiwan. The
conservation and restoration of wetlands should be adapted to the pulsing mechanism.

CONCLUSION
No matter using the remotely sensed data or simulating the lake system, they agreed
that the cyclic changing pattern of vegation types in the Sheng-Mi lake. Although earlier
study showed the hydrarch succesion in the Sheng-Mi Lake, the pulse stability concept
seemed more properly to depicted the present stage of the development of the ecosystem.
Taiwan is located northwest Pacific Ocean where typhoon frequently occures during late
spring to autuman. Therefore, the management of wetlands should be adapted to the
pulsing mechanism.
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Abstract: As increasing in recreational pressure, effects of human trampling on wetland
sediments become significant. Direct effects of trampling cause immediate damage to the soil
biota, but indirect effects on the soil compaction would be long-term and ecologically
important. We examined the effects of recreational trampling on wetland sediments,
saltmarshes, and macroinfauna in November 2006, April and July 2007. We used penetration
resistance (PR) to measure sediment compaction at the Kaomei wetland, a protected intertidal
coastal wetland harboring the largest tuberous bulrush marsh grass bed in Taiwan. We also
examined the relationship of sediment compaction to visitor intensity and macroinfauna
distribution. Four compaction levels--low, medium-low, medium-high and high--were
identified using hierarchical cluster analysis. The spatial contour of sediment compaction is
consistent with of the level of visitor intensity, suggesting that human trampling is the main
cause of sediment compaction in this wetland. Macroinfauna abundance in low and
medium-low compacted sediments was 4968 and 3376 organism m-2, while no macroinfauna
was recorded in highly consolidated sediments. Compared with those at medium-low
compaction, taxa richness and community density at medium-high compaction were
significantly reduced 80.5% and 52.6 %, respectively. Polychaetes were more sensitive to
sediment compaction than amphipods and bivalves, and could thus serve as a bioindicator of
human trampling impact. A decrease in polychaetes abundance may be attributed to their life
history, which is controlled by substratum compaction. Our results showed that 25.7% of the
study area was significantly compressed and that muddy vegetated areas were more vulnerable
than sandy areas. We conclude that losses of macroinfauna and microhabitats are serious, and
we propose management strategies to prevent further deterioration of this wetland.
Key Words: coastal protected area management, Kaomei wetland, macroinfauna community,
recreational trampling pressure, sediment compaction

INTRODUCTION
Distribution of macroinfauna in the coastal intertidal zone is mostly meditated by
sediment properties, among which sediment firmness is a key factor (Rhoads 1974).
Compacted sediment, which defined as a reduction in sediment pore space, is a signal of
deterioration in sediment suitability and consequently of habitat degradation (Martínez
and Zinck 2004). Although sediment compaction has drawn great attention due to
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increasing anthropogenic activities in coastal areas (Sun and Walsh 1998), its measures
and effects on intertidal infauna communities have not been well documented compared
to terrestrial and agricultural systems (e.g., Gómez-Limón and de Lucio 1995).
Penetration resistance (PR) of sediment has been developed as a fast and simple
method to assess sediment compaction in the field. As penetration resistance increases,
sediment compaction correspondingly increases. In some wetlands and beaches trampling
by humans is a major disturbance (e.g., Steiner and Leatherman 1981, Christoffers 1987,
Eckrich and Holmquist 2000). Therefore, compaction measurement can serve as an
indicator of impact intensity and recreational pressures (Belnap 1998, Sun and Walsh
1998).
Intertidal salt marshes and sandflats are important feeding grounds for shorebirds,
which are attracted to refuge and prey such as infauna polychaetes and amphipods (Evans
et al. 1998). Human trampling has been shown to cause reductions in vegetation biomass
and macro- and micro-fauna abundance in intertidal zones (e.g., Brown and Taylor 1999,
Casu et al. 2006). Such consequences are particularly severe for motile organisms like
shrimps that are protected by seagrasses (Eckrich and Holmquist 2000). More importantly,
the effects of human trampling on sediment compaction can last for years if the
compaction is not alleviated by natural forces such as wave reworking action.
This study focuses on: (1) the relationship between trampling and sediment
compaction, (2) the relationship between sediment compaction and changes in
macroinfaunal distribution, (3) the identification of indicative macroinfauna taxa that best
reflect changes with sediment compaction, and (4) the development of a wetland
management and conservation strategy.

MATERIALS AND METHODS
A total of 35 sites on 6 transect lines parallel to the shoreline were designated for study
(Figure 1). The line nearest to the shore was approximately 100 m from the dyke and the
distance between each line was 200 m. Two to eight sites were placed at 200 m intervals
on each transect. Penetration resistance, sediment, and benthic macroinfauna at each site
were measured in November 2006 within 2 hours of low tide. Such sampling scheme
allows for minimizing the differences in water content among samples. Visitor intensity
was quantified in April and July 2007.
Penetration resistance (PR) was measured with a 3-cm diameter, 30° solid angle cone
tip, hand-operated, recording penetrometer (Penetrologger Set, Eijkelkamp Agrisearch
Equipment). Sediment resistance to penetration per unit area is expressed as million
Newtons per m2, MPa (1 MPa = 106 N m-2, e.g., Bengough et al. 2001). The PR readings
were recorded from the sediment surface to 15 cm depth in 1 cm increments. Three
penetration resistance readings were taken at each site and averaged to obtain the
penetration resistance.
Visitors were counted between 3:00 and 6:00 pm on one weekend afternoon in both
April and July, 2007. Visitor counting was performed on sampling sites 1 to 7, 16 to 22,
32 to 37, and 45 to 50 (Figure 1). A counting line connecting adjacent paired sites in
north-south direction was established at each site, and the number of people who crossed
this line in 30 seconds was counted. This procedure was repeated three times at
30-second intervals.
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Figure 1. Map of the Kaomei wetland showing the locations of the 35 sampling sites and
vegetation distribution. Visitors access the wetland mainly through the zone between sites
4 and 5. Site 7 is another popular entrance.
Sediment was sampled and analyzed for granulometry, water content, sediment pH
and salinity, and total organic matter including total organic carbon (TOC), total nitrogen
contents (TN), and chlorophyll a content at each site. Methods used to generate the
variables were described in Hsieh and Chang (1991) and Chiu et al. (1999).
Macroinfauna were sampled using a PVC corer with a diameter of 10 cm and treated
following the procedures described in Hsieh (1995).
Principal component analysis (PCA) and regression analysis was conducted to
examine whether mean PR value (herein MPR) could be used to represent the sediment
compaction at each site. Hierarchical cluster analysis was conducted for all sampling sites
using all vertical PR readings. Differences in mean taxa richness and the densities of total
macroinfauna and dominant taxa among different clusters of sediment compaction were
analyzed using nonparametric one-way ANOVA with a Kruskal-Wallis test. Following a
significant ANOVA, Dunn’s multiple comparison procedure was performed to test
differences between means (Zar 1996). Significance levels were 0.05.
All statistical analyses including aforementioned PCA were produced using the
software package SAS 9.1 (SAS Institute 2003). Hierarchical analysis was performed
using the PRIMER v.5 computer software (Clarke and Gorley 2001).
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Figure 2. Relationship between mean penetration resistances and the site scores on the
first principal component (PC1 score) in principal component analysis (PCA).

RESULTS
Penetration Resistance (PR)
Since the values of PR at different soil depths showed obvious multicollinearity, and
thus information provided by separate univariate analyses at each depth is redundant. The
principal component analysis (PCA) was applied to extract the main components of PR
from depths between 0 to 15 cm. The principal component analysis extracted two
components with eigenvalues greater than 1, accounting for 89.5% and 8.6% of variance,
respectively. The mean values of PR at the depths of 0 – 15 cm showed significantly
correlated with the site scores on the first principal component (r2 = 0.66, p < 0.001;
Figure 2), which suggested that the mean PR was a good metric to represent the PR of the
soil on the top 15 cm surface in the area.
Hierarchical cluster analysis classified the 35 sampling sites into 4 clusters with
different compaction levels: low, medium-low, medium-high and high (Figure 3a). Mean
penetration resistances (MPR) were 0.30, 0.57, 0.82 and 1.45 MPa, respectively. In
addition, vertical profiles indicated that the sediment compression increased with depth
(Figure 3b). The spatial contour of MPR showed that the highest compaction occurred at
site 19 with a value of 1.75 MPa, followed by site 7 with a value of 1.15 MPa (Figure 4)
and from these two sites, the MPR gradually decreased to the peripheral area. The four
compaction levels based on the clustering analysis were consistent with that drawn from
MPR contour (Figure 4).
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Figure 3. (a) Dendrogram of the 35 sampling sites at the Kaomei wetland based on the
penetration resistance at the depth of 0 to 15 cm using hierarchical clustering. Four
clusters were identified and the mean penetration value at the depth of 0-15 cm was given
below each cluster with ranges in parenthesis. (b) Vertical profiles of the four clusters.
For each cluster, the profile was represented by the mean values of PR (solid line) and
standard errors (dashed lines) at each depth.
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Figure 4. Spatial contours of mean values of penetration resistance (MPR). For each
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are based on clustering analyses used in Figure 3a.
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Figure 5. Spatial contours of visitor counts recorded on weekends in April and July 2007.
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compaction levels. Sediment compaction levels in L: low; M-L: medium-low; M-H:
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Spatial Distribution of Visitors
The spatial contour of visitor intensity was consistent with that of PR, revealing that
the visitor’s trampling closely correlated with the sediment compaction (Figures 4 and 5).
Tuberous bulrush grasses covered areas such as sites 1, 2, and 3 had relatively low
penetration resistance, reflecting that their underground roots and rhizomes did not
contribute to the substratum compaction.
Relationships between Macroinfauna Distribution and Sediment Compaction
A total of 927 organisms from 23 taxa were collected in this study. Amphipoda,
Polychaeta, and Bivalvia accounted for 86.84%, 8.74%, and 2.48% of the total abundance
of the macroinfauna, and other taxa accounted for less than 2% of total abundance (Table
1). Amphipods were dominant at sites with sediment compaction from low to
medium-high levels. By contrast, polychaetes were more common at sites with low and
medium-low compaction (Table 1). Taxa richness of macroinfauna per sample was
similar at low and medium-low compaction, but significantly lower at medium-high
compaction (p = 0.0003; Figure 6). Total density of macroinfauna decreased from low to
high compaction (p = 0.027; Figure6). Overall, in areas with medium-high and high
compaction ( > 0.70 MPa), taxa richness dropped 80.5% from 2.93 taxa sample−1 at
medium-low to 0.57 at medium-high compaction, and total density of macroinfauna
decreased 52.6% (Table 1, Figure 6). Densities of amphipods and polychaetes decreased
from low to high compaction. This pattern is similar to that of total macroinfauna in spite
of statistically insignificant site-differences (PR level-differences) in amphipods.
Table 1. Density (number of individuals m-2) of each macroinfauna taxa and their
relative abundance (%) to the total abundance of benthic community collected at each of
the four sediment compaction levels in the Kaomei Wetland. Sediment compaction levels
L: low; M-L: medium-low; M-H: medium-high; H: high. Density is shown in mean ± SE.

Taxa
Mullusca
Bivalvia
Glauconome
chinensis
Laternula anatine
Mactra
veneriformis
Sanguinolaria
diphos
Moerella rutila
Annelida
Polychaeta

Mean density at each
sediment compaction level
L
M-L
(n = 12)
(n = 14)

M-H
(n = 7)

H
(n = 2)

Relative
%
abundance
to total
abundance

0

9.1±9.1

0

0

2.48
0.11

0
10.6±10.6

18.2±12.4
118.3±63.3

0
18.2±18.2

0
0

0.22
1.62

10.6±10.6

0

0

0

0.11

0

36.4±16.0

0

0

0.43
8.74
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Capitella spI
Mediomastus (?)
sp.
Glycera subaenae
Namalycastis
abiuma
Armandia sp.
Scoloplos
marsupialis
Laonome
albicingillum
Prionospio
paradisea
Pseudopolydora
gigeriosa
Scolelepis
lamellicincta
Oligochaeta

42.5±32.6
222.9±189.6

0
27.3±27.3

0
0

0
0

0.43
2.59

116.8±63.6
21.2±21.2

118.3±43.2
0

0
0

0
0

2.59
0.22

0
10.6±10.6

36.4±28.1
18.2±18.2

0
0

0
0

0.43
0.32

0

18.2±12.4

0

0

0.22

21.2±21.2

72.8±34.6

0

0

1.08

0

9.1±9.1

0

0

0.11

31.9±31.9

36.4±20.8

0

0

0.76

74.3±55.4

0

0

0

0.76

Nemertea

10.6±10.6

0

0

0

0.11

Sipuncula

21.2±14.3

0

0

0

0.22

Arthropoda
Amphipoda
Brachyura
Metaplax elegans
Xanthidae
Insecta
Chironomini
Dolichopodidae

4320.6±2447.2

2838.9±2666.0

1565.1±1292.5

0

21.2±21.2
0

9.1±9.1
9.1±9.1

18.2±18.2
0

0
0

21.2±21.2
10.6±10.6

0
0

0
0

0
0

86.84
0.54
0.43
0.11
0.33
0.22
0.11

Total

4968.2±2390.6

3375.8±2654.7

1601.5±1285.3

0

100.0
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DISCUSSION
Correlations of Sediment Compaction with Human Trampling
This study quantified the level of substratum compression that macroinfauna can
withstand. In Kaomei wetland, human trampled areas having a sediment compaction
greater than 0.70 MPa suffer biodiversity losses in which taxa richness decreased over
80% and abundance diminished over 52%. Factors other than human trampling, such as
increases in pneumatophore density of mangrove, might also lead to sediment
compaction (Morrisey et al. 2003). We ruled out this possibility for the case of the
Kaomei wetland because areas densely populated with marsh grass (sites 1, 2, and 3)
exhibit relatively low sediment compaction. Our results demonstrate that human
visitation, rather than the underground roots or rhizomes of the marsh grasses, account for
wetland substratum firmness.
Vertical Profiles of Sediment Compaction
In terrestrial ecosystems, sediment compaction caused by sheep trampling was limited
to the top 5 cm in dry soils (Greenwood et al. 1997), or up to 15 cm in wet soils (Mead
and Chan 1992). Cattle affected both of depth and degree of sediment compaction, which
increased with duration of cattle grazing (e.g., the PR reached a peak of 5 MPa at 15 cm
in 12 years vs. 6.6 MPa at 25 cm in 50 years, Bachmann et al. 2006). In our wetland study,
the surface 3-cm layer of substrata seems to be the least compacted. However, the
firmness increases more obviously at the depths 3 to 5 cm, especially at those sites with
medium-high and high compaction, suggesting that the effect of visitors’ trampling in this
wetland is highest in this layer (see Figure 3b). We speculate that the local wave-induced
substratum reworking, such as produced by daily tidal cycle, is limited to the surface
layers of few centimeters. Consequently, recovery of sediment compaction to its
unaffected status would require larger wave actions or human restoration efforts.
Changes of Macroinfauna with Sediment Compaction
In the Kaomei wetland, amphipods and the highly motile grapsid brachyuran,
Metraplax elegans, appear not to be affected by sediment compaction. By contrast, the
bivalve Mactra veneriformis appears to prefer medium-low compacted substratum. This
pattern infers that the bivalve exhibits similar responses to the low or high sediment
compaction, but the two underlying mechanisms are different. This bivalve is a small
suspension-feeding sessile infaunal species (approximately 1 cm in width collected in this
study). Sites with high compaction, thus reflecting firmer substrata, may discourage a
small sized burrower because firmness would increase the energy cost of burrowing
activities (Brown and Trueman 1991). Sites with low compaction (softer substrata, e.g.,
sites 1, 2, and 3) may not favor a suspension feeder due to slow currents, which bring
fewer food particles into the water column (Jumars and Nowell 1984). Softer substrata
(e.g., sites 49, 50, 60, 61, and 67) may also not provide enough support for burrows,
which would hinder M. veneriformis habitation.
Sessile and semi-sessile infaunal polychaetes, a major group of benthos in soft bottom,
appear to be more vulnerable to sediment compaction than other groups. Infaunal
polychaetes ingest sediment when feeding, manipulate sediment when constructing tubes,
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and displace sediment when burrowing (Rhoads 1974). Firmness of sediments has been
recognized as one of important features in mediating such adaptations (Rhoads 1974),
and compressed sediment evolutionarily is unsuitable for infauna-dwelling polychaetes in
the Kaomei wetland.
Since the taxa richness and total densities of macroinfauna and polychaetes in the
Kaomei wetland decrease significantly at sediment compaction greater than 0.70 MPa,
we suggest that areas exceeding this threshold can be classified as impacted. Nine out of
35 sites exhibited sediment compaction ranging from 0.70 to 1.75 MPa, demonstrating
that 25.7% of the study area is unfavorable habitat for macroinfauna.
Application of Sediment Compaction Information for Wetland Conservational
Management
For the conservation of wetlands, proper management strategy is needed to mitigate
the soil compaction. Penetration resistance seems to be a useful and necessary tool to
monitor and assess habitat destructions in relation to tourism pressures. Sediment
compactness in the study area was consistent with visitation intensity. Human trampling
has been shown to cause reductions in vegetation biomass and macro- and micro-fauna
abundance in intertidal zones (e.g., Brown and Taylor 1999, Casu et al. 2006). We
therefore recommend five strategic management guidelines for the Kaomei wetland and
these are:
(1) Limit the number of tourists allowed in the protected wetland to lessen sediment
compaction.
(2) Designate as core protected zones those areas that accommodate diverse
microhabitats and are not yet much affected by anthropogenic activities. This zonation
should include tuberous bulrush marshes, mud, and sand flats. The range approximately
covers the sites from 1 to 3, 15 to 17, 31 to 33, 45 to 47, and 57 to 59, and 66, an area
located north to the main wading trail that is currently used heavily by visitors.
(3) Develop alternative trails for visitor use when the measures of the sediment PR
reach threshold levels. When the PR values on a given trail approach 0.70 MPa, that trail
should be closed until recovery through natural processes of tidal and wave actions.
(4) Implement a proper restoration plan as soon as practical for seriously compacted
areas as with medium-high compaction before irreversible injury occurs.
(5) Develop and implement effective monitoring programs to measure ecological
impacts and recovery, schedule path rotation, survey public usage and compliance with
path marking, and communicate results to management and public. Scientific assessments,
communication/inspiration, and practice are fundamental in effective monitoring
programs and public education.

CONCLUSION
Formation of a management policy is urgently needed for this protected area. The
measurement of PR is a useful tool for assessing trampling impact and regulating
recreational pressure. To conserve the microhabitats and biodiversity of the Kaomei
wetland, the threshold of acceptable sediment compaction appears to fall below 0.70 MPa,
and polychaetes appear to be the best bioindicator. Further studies to determine the best
methods to restore compacted sediments should be valuable for the conservation of this
wetland.
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Abstract: The purpose of this study is to develop a sediment transport and heavy metals model
of wetlands in Taiwan. The RMA2 and WASP/TOXI5 models were used as the basic
framework for hydrodynamic and water quality model, respective. Results from the RMA2
model provided the flow field and water level information to drive the water quality model. To
aid model development and calibration, a field sampling program was conducted from
November 2002 to April 2003 for this wetland ecosystem. A comparison between calculated
results and field data for suspended sediment and heavy metals were show reasonable
agreement. The results of this study can be used for nonpoint source pollution control,
wastewater treatment or best management practices (BMPs) through the wetland.
Key Words: best management practices, heavy metals, wetland,
transport, water quality

hydrodynamics,

sediment

INTRODUCTION
Taiwan is surrounded by the ocean. The special geological location and weather
conditions of the island make its water environment very diverse. For example, it has
various kinds of wetlands from the mountains to the coast shore. Since water quality
problems are getting worse in Taiwan, the issue of wastewater treatment by ecological
ways has arose among them, the way by using wetlands is mostly discussed. Actually, an
increased degradation of wetlands during the past several decades is recognized as a
major national problem. Until recent decades people realize that wetlands are the most
important ecosystems on the earth because of their unique hydrologic conditions and their
role as ecotones between terrestrial and aquatic systems. Consequently, natural wetlands
are now increasingly protected, and construction of artificial wetlands is being
encouraged as a way to compensate for past damage and applied for wastewater
treatment.
Past research has shown that the substantial effort of wetlands study has been devoted
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to modeling nutrient removal (Kadlec and Hammer 1988, Breen 1990, Mitsch and Reeder
1991, Kadlec 1997) and wetland hydrology (Kadlec et al. 1981, Hammer and Kadlec
1986, Kadlec 1990, Jadhav and Buchberger 1995, Martinez and Wise 2003), relatively
little work has occurred to simulate heavy metal removal in wetland systems (Lung and
Light 1996, Yang et al. 2007). This study focuses on estuarine wetlands, which are
characterized by complex interactions between vegetation type, surface water flux and
porewater movement. The hydrology of tidal wetlands is very sensitive spatially to small
changes in topography and associated tidal regime. In addition to tidal flux, several other
factors such as vegetation, rainfall, seasonal variations in evapotranspiration, extreme
tidal or flood events, and variations in the regional groundwater flow play important roles
in the hydrology of wetlands (Hughes et al. 1998). Most estuarine wetlands are situated at
the intertidal zones and are influenced by tide. The water and material exchanges between
the main body of estuary and its fringing wetland exert significant influence on the
ecological landscape of the wetland. Therefore, the hydrodynamic, salinity, and water
quality conditions in the adjacent main body of estuary are the major factors to be
considered in planning the protection or restoration of estuarine wetland.
The purpose of this study is to quantify the suspended solids and heavy metals in the
Erh-Chung Flood Way wetland in northern Taiwan. A two-dimensional depth-averaged
hydrodynamic and water quality models were developed. Hydrodynamic and water
quality studies employed RMA2 and WASP/TOXI5 models, respectively. Results from
the RMA2 model were used to develop mass transport for the WASP/TOXI5 model in the
wetland system.

STUDY AREA
The Erh-Chung Flood Way wetland is a shallow tidal system, which is located at the
mouth of the Tanshui River in northern Taiwan (Figure 1). The Tanshui River basin is
about 2,726 km2, and its total channel length is about 327.6 km. The whole river system
consists of three major tributaries: the Tahan Stream, Hsintien Stream and Keelung River.
The downs stream reaches of all three tributaries are affected by the tide (Liu et al. 2001).
The Erh-Chung Flood Way wetland has an average water depth of around 1 m, a length
along the main stream of 3.4 km, and a surface area of about 2.3×106 m2. The freshwater
inflow at the upstream boundary is relatively small, estimated to be less than 1 m3/s,
resulting in poor flushing rates. The Wen-Gi Creek (see Figure 1) flows through the
wetland toward the mouth of the Tanshui River.

DATA TO SUPPORT THE MODELING ANALYSIS
The receiving water data used to support the model calibration were collected during a
survey from Nov. 8, 2002 to April 13, 2003. Suspended solids and heavy metals including
zinc (Zn), copper (Cu), and cadmium (Cd) concentrations in the water column were
measured at five locations in the Erh-Chung Flood Way wetland at a frequency of once a
month. These values were used for comparison with the model results. Note that these
data were tidally averaged. Measurements on the hydraulic geometry of Erh-Chung Flood
Way wetland such as average velocity and water column depth were used to develop the
model segmentation.
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Figure 1.
Location map for the Erh-Chung Flood Way wetland showing
samplingstations and dissolved oxygen data (Yang et al. 2007).

FRAMEWORK OF THE INTEGRATED MODEL
Hydrodynamic Model
The RMA2 model employed herein is a two-dimensional depth-averaged
finite-element hydrodynamic numerical model that computes water-surface elevations
and horizontal velocity components in subcritical free-surface turbulent flows (U.S. Army
Corps of Engineers 1996). Essentially, in the wetland ecosystem it may be subject to
wetting and drying processes due to water-surface elevation changes. In the RMA2 model,
the processes of wetting and drying can be taken into account with a minimum of
empiricism and tuning.
The basic input data for RMA2 include channel geometry, material properties, and
boundary condition. The channel geometry was used to build the finite element mesh.
The boundary conditions consist of Manning roughness coefficient and eddy viscosity for
each element. Bed friction is calculated by the Manning’s formula with a fixed n value,
and eddy viscosity is used to define turbulence characteristics. Both steady and unsteady
flows can be simulated. In this study, the RMA2 (version 8.0) model is applied to the
Erh-Chung Flood Way wetland for the simulation of the water column depth and velocity
field with the wetting and drying processes.
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Water Quality Model
The computational framework chosen to simulate the water quality is WASP (water
quality analysis simulation program). WASP is a generalized modeling framework for
modeling contaminant fate and transport in surface waters and is based on the
finite-segment scheme (Ambrose et al., 1993). WASP5 includes two submodels for water
quality (eutrophication and toxics), referred to as EUTRO5 and TOXI5, respectively.
TOXI5 is a component of WASP5 and it is applicable to simulate the sediment transport.
In TOXI5, the transport of up to three user-defined types of sediment can be simulated.
Because sediment deposition and erosion are not functions of sediment shear strength and
water column shear stress, the sediment transport model should be considered descriptive.
TOXI5 also simulates the transport and transformation of one to three chemicals that may
be independent or they may be linked with reaction yields, such as a parent
compound-daughter product sequence.

RESULTS AND ANALYSES
Hydrodynamic Simulation
The hydrodynamic model grid for the Erh-Chung Flood Way wetland has 614
elements and 1,999 nodes (not shown). The key parameters in the hydrodynamic
calculations include the Manning’s n and the horizontal eddy viscosity coefficient. In this
study, the Manning’s n is calibrated to be 0.021 and 0.033 in the main channel and
floodplain, respectively. The coefficient of horizontal eddy viscosity is calibrated to be
9×104 cm2/s, reflecting horizontal mixing in the water column.
The hydrodynamic model was calibrated with the field measurements on Jan. 14 and
Apr. 13, 2003. Figure 2 shows calculated and field data water depth and velocity on
January 14, 2003, which match the measured data quite well.
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Figure 2. Model results of water depth and velocity in the Erh-Chung Flood Way
Wetland on Jan 14, 2003 (Yang et al., 2007).
Water Quality Model Results
The RMA2 generated hydraulic condition was used to be the input of WASP model.
Since the segmentation of RMA2 is more sophisticated than WASP, the segmentation of
WASP model can be separated more in detail. The water quality model was constructed in
a coarser 2-D grid of 51 horizontal cells for the Erh-Chung Flood Way wetland (see
Figure 3).The way to transform the RMA2 grids to WASP segmentation is to average the
values of every nodes in the relatively position of the segment in WASP.
The water quality model was calibrated and verified with the field data for suspended
solids from Nov. 8, 2002 to Apr. 13, 2003. Calibrated and verified with the field data for
Cu and Cd from Nov. 8, 2002 to Jan. 14, 2003, respectively. Figure 4 shows that the
measured spatial distribution of suspended solids in the water column. Comparison
between model results and field data were show reasonable agreement.
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Figure 3. Horizontal two-dimensional water quality model grid for the ErhChung.

FLOOD WAY WETLAND
Then, the model was used to calculate the heavy metals (Cu and Cd) concentrations in
the water column. Due to the fact that a portion of heavy metals settling into the sediment,
the key parameter in modeling heavy metals is the assignment of the settling velocity (a
settling velocity of 0.24m/day is selected). Figures 5 and 6 present the results from the
model and measured Cu and Cd dissolved and particulate concentrations from Nov. 8,
2002 to Jan. 14, 2003. In general, the results show reasonable agreement between the
model simulation and observed data.
A qualitative evaluation of the model calibration analysis can be made with the
statistical results. The mean absolute errors of the differences between model results and
field measurements are 4.4 mg/L, 46.1μg/L, 73.4μg/L, 1.2μg/L, and 1.0μg/L, for
suspended solids, dissolved Cu, particulate Cu, dissolved Cd, and particulate Cd,
respectively. The corresponding root-mean-squares errors are 7.1mg/L, 64.3μg/L, 90.2
μg/L, 1.4μg/L, and 1.2μg/L, for suspended solids, dissolved Cu, particulate Cu,
dissolved Cd, and particulate Cd, respectively. The accuracy of the model is showing a
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reasonable agreement between model predictions and measured data.

Figure 4. Model results and field data of suspended solids in the water column for the
Erh-Chung Flood Way wetland during Nov. 8, 2002 to Apr. 13, 2003.
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Figure 5. Calibration and verification of distribution coefficient of copper in the water
column for the Erh-Chung Flood Way wetland during Nov. 8, 2002 to Jan. 14, 2003.
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Figure 6. Calibration and verification of distribution coefficient of cadmum in the water
column for the Erh-Chung Flood Way wetland during Nov. 8, 2002 to Jan. 14, 2003.

SENSITIVITY

ANALYSIS

The purpose of sensitivity analysis is to help us understand how the value of model
parameters will affect the results of water quality simulation. In this study, the settling
velocity of sediment, exchange coefficient and partition coefficient were chosen to be the
targets of sensitivity analysis. According to the model results (see Figures 7 and 8), we

- 96 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

can see that settling velocity influence the sediment concentration the most, and partition
coefficient influence the heavy metal concentration the most. The results of sensitivity
analysis are shown in Table 1.
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Figure 7. Sensitivity analysis of settling velocity and exchange coefficients for
suspended sediment on Dec. 13, 2002.
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Table 1. Sensitivity analysis of water quality model results.
Model parameters

Suspended Cu
Sediment
Dissolved

Settling velocity of
-0.0395
sediment
Exchange
0.0527
coefficients
Partition
coefficients of water 0
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-0.0479
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Figure 8. Sensitivity analysis of partition coefficients of Cu and Cd on Dec.
13, 2002.
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SUMMARY AND CONCLUSIONS
The RAM2 and WASP/TOXI5 model was developed for the Erh-Chung Flood Way
wetland with a 2-D spatial configuration in Taiwan. The RMA2 model was configured to
simulate the water depth and velocity. The water quality model was calibrated with the
data collected during Nov. 8, 2002 to April 13, 2003. Model results reproduce temporal
distributions of the suspended solids and heavy metals concentrations in the water
column. According to sensitivity analyses, the settling velocity is a key parameter in
modeling suspended solids and heavy metals. To know the validity of this, more detailed
sampling in Erh-Chung Floodway wetland needs to be carried out.
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Abstract: Farm ponds, or pi-tang in Chinese, are defined as an artificial construction made to
impound water by constructing a dam or an embankment, or by excavating a pit or dugout.
This, one of the wetscapes, is a unique scenic view with an interweaving landscape between
nature and humanity for over hundred years in Taiwan. However, they have been considered a
great loss from aspects of public construction, anthropogenic activities, and land utilization due
to economic development. In this study, Geographic Information Systems (GIS) and Logistic
Regression Model were used to detect pond-loss rate as well as to understand the driving forces
on pondscape changes. The authors concluded that not only the reasons were fully understood
due to pond inner factors, such as pond size, but also found the pond-loss rates are rather
directed from pond shape (i.e., one of the interior factors) than that of exterior factors, such as
the distance to road, river, canal edges, etc.
Key Words: driving force, farm pond, Geographical Information Systems (GIS), logistic
regression.

INTRODUCTION
Pond integrity is multifaceted in light of their functions, structures, and variations.
Regarding the functional paradigm of farm ponds, Smith and colleagues (2002) examined
millions of small water bodies throughout the US. Compared with large water bodies (i.e.,
reservoirs and lakes), these small artificial ponds contain many more ecological
organisms. Many studies have explained the areal increase in species richness by an
increase in microhabitat heterogeneity. Forman (1995) argued that the ecological spatial
form was not simply shaped by the effect of area-per-se and isolation patterns. This was
only a theoretical hypothesis which inferred that causes of species richness refer to pond
size in landscape design within a heterogeneous terrain (Oertli et al. 2002). Beyond area,
all variations in ponds can be condensed to fall into four categories that address
eco-physical identities, such as shape, edge, clustering, and connectivity (Linton and
Goulder 2000, Leitão and Ahern 2002).
Reviewed the studies of thousands of farm ponds in Taoyuan County, Taiwan, seldom
analyses were detected due to lacks of aforementioned information of pond-structure data.
This study was tried to enforce to understand the process of their changes and what
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leading causes to drive their disappearance. Geographic
Information Systems (GIS) and Logistic Regression Model
were applied to analyze their changes based on map-scanning
data from 1926 to 1960 during the partial periods of Japanese
colonial rule (1895-1945)) and modern period (the Republic
of China’s rule (1945 A.D.-)).
By using these methods, the authors expected to extract
the reasons of the landscape changes after Taoyuan Main
Canal Irrigation System was constructed during 1920s.
Furthermore, process of urbanization to lead their changes
was expected to be analyzed strategically for management
with a computer-aided analytical model.
Figure 1. Study area located in the
northwestern area of Taiwan

MATERIALS AND METHODS
Description of Study Areas
The Taoyuan Tableland, located approximately 40 km southwest of Taipei, occurs at
the northwestern limits of the island of Taiwan and occupies an area measuring 757 km2
in accordance with the contour. “Taoyuan” means “peach garden”, situated in a rich
agricultural area where used to have many peach blossoms in nineteenth century.
However, Taoyuan, now, is a regional market center for commercial, industrial, and
transportation for goods in twentieth-first century.
Since the extent of urban
development was increase, Taoyuan metropolitan area became one of the fastest growing
areas among the five metropolitan areas of Taiwan (Taoyuan County Government 1997).
Currently, the population of Taoyuan Tableland stands at 1,766,000 according census data
in 2004. This area has a population density of 2,331 persons per km2 (9,435 persons per
square miles) and its population is increasing at a rate of two to three thousand per month
(Taoyuan County Government 2004). Urbanization not only influences the urban fabric
but also leads changes of pondscape textures. Unfortunately, conversion of farm ponds
into urban areas constantly may be due to a proximity effect between Taoyuan County
and Taipei City. To comprehend the relationships between these phenomena, we set up
the areas of matrix to analyze topographic map by ArcView 3.2 (ESRI, 2004). Total
matrix area with a full size of 757 km2 covers 11 sub-regions, such as Shinwu Township,
Guanyin Township, Dayuan Township, Jungli City, Yangmei Township, Pingjen City,
Luchu Township, Taoyuan City, Bade City, Lungtan Township, and Dashi Township.
Description of Data Mining
We had been authorized to scan 60 (4x15 pieces) original paper maps at all in four
periods with a 5,000 MB memory in size limited by compact recordable disks. This
approach was used paper maps to digitize from 1904, 1926 and 1960, which have been
scanned in the Computer Graphic Center, Department of Geography of the Chinese
Cultural University from September 2003 to June 2004. Digitized maps were built
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named for Taiwan Fort Map by Japanese colonial rule periods (c. Department of
Temporary Land Investigation, Governor Office of Taiwan. 1904), Taiwan Topographic
Maps (c. sheet version of 1926, reprinted in 1998, at a scale of 1:25,000)(Department of
Survey, Great Japanese Imperial Service 1926), and Taiwan Geographic Maps (c. sheet
version of 1960, at a scale of 1:2,500)(The Combined Logistics Command, Ministry of
National Defense 1960) in four historical years during a century. Acknowledged TM2
for cartographic coordinate system, we used two or more control reference points to
calibrate and convert the sheet data to true coordinates with a practice of transformation
skills.
The digital maps include the following kinds of lands: farm ponds, canals, roads
(national highway, provincial highway, prefectural highway), railway, constructed areas
and agricultural lands.
Logistic Regression Model
Logistic regression is a model used for prediction of the probability of occurrence of
an event by fitting data to a logistic curve (Pampel 2000). It makes use of several
predictor variables that may be either numerical or categorical which can reflect the
binary data such as “success” or “failure”. In this study, the binary data was the
“existence” or “disappearance” of farm ponds. Then, we took the logarithm of the
probability of “existence” or “disappearance” to form an equation of linear regression.
When there are more than one independent variable can influence the probability of
“existence” or “disappearance” the logistic regression model will be:
Pi/(1-Pi)=eβ0+βiXi or
ln[Pi/(1-Pi)] =β0+βiXi

(1)
(2)

Where:
ln is the natural logarithm, loge, where e = 2.71828…
Pi is the likelihood that pond-loss occurs,
Pi/(1-Pi) is the “odds ratio”,
ln[Pi/(1-Pi)] is the log odds ratio, or “Logit”,
all other components of the model are the same, such as:
e yˆi
Pˆi =
(1 + e yˆi )

(3)

While yi = exp(β0+β1x1+...+βmxm)/[1+exp(β0 +β1x1+...+βmxm)] or
y i = β 0 + β 1 xi1 + β 2 xi 2 + L + β m xim

(4)

xi1 ,....xim are m variables by ith pond, the likelihood is justified by internal driving
forces ms (i.e., size and shape, etc). Interpretation of logistic regression coefficients
were made when variables were correlated to explain vanished conditions. We removed
some variables from this analysis because of their slight correlation. Some vulnerable
variables (i.e., highly correlated with disappeared ponds) were selected. Final variable
coefficients with a P value ≤ 0 . 05 were considered significant. In this equation (1), Pi
= P(yi = 1|xi1, xi2,…., xim) are the serious independent variables, xi1, xi2,…., xim are the
probability of occurrence. The following list is the assumption of logistic regression
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model: (a) the data should be cited from random samples; (b) dependent variables yi is
assumed as the function of m independent variables xim (m = 1, 2, 3,…); (c) logistic
regression model is sensitive to multicollinearity. Thus, the multicollinearity among
independent variables will influence the standard deviation; (d) the dependent variables in
logistic regression model is a binary variables; this variables only can presented by “0” or
“1”; and (e) the relationships between independent variables and dependent variables is
nonlinear. We randomly added different variables to the model, and then compared the
results to select suitable one. The SPSS 14.0 was used by stepwise regression in this
study (SPSS 2005).

RESULTS
“Orgware City” Trends
In this study, we constricted the maps by according to the topography of Taoyuan
tableland from 1926 and 1960. Cities in Taoyuan tableland are not obvious in 1904. In
contrast, it begin to form Taoyuan and Jungli City from 1926 (see Figure 2), and form
two “real urban form” in 1960 due to population concentration (see Figure 3). Like the
urbanization model, the population concentrated from rural village to city, like Taoyuan
City and Jungli City, in Taoyuan Tableland. These two cities are areas that are densely
populated and where concentrations of commercial activities occur. Thus, they became
the centers of activities of political, economical, and cultural. There were different stages
with concentration, dispersion, invasion, and separation in the towns of this area and
cities formed later. Especially, Taoyuan City and Jungli City competed and co-existed
with each others to form an urban corridor along with the transportation lines. These
changes followed the “Orgware City” concept that formed by the interactions between
human activities and nature, nature and transportation (Figure 2 and Figure 3).
Trends of Farm-Pond Losses
The changes of farm ponds from 1904 to 1926 were not detected clearly yet have the
trends of decreasing. From Figures 4, 5, 6, and 7 we concluded that existence of farm
ponds depended closely relatively on the usage of Taoyuan Main Canal Irrigation System
on Taoyuan Tableland. The farm ponds, with their irregular shape, at the ends of main
canal in the northern region of the tableland disappeared first as well as the smaller ones
disappeared later. Based on the topographic maps of Taiwan of scale 1:25,000 published
in 1926, the total area of farm ponds was accounted for 6,658 hectare and the totals of
farm ponds were accounted for the No. of 4,521. They began to disappear since 1960s,
especially in Yangmei and Shinwu Townships.
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Figure 2. The trends of progressive Figure 3. The trends of progressive
constructed areas in 1926 overlapped on constructed areas in 1960 overlapped on
a current urbanization map.
a current urbanization map.
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Figure 4. Farm Pond occurred on Taoyuan
Tableland in 1960.
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Figure 5. Farm Pond occurred on Taoyuan
Tableland in 1926.
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Figure 6. Farm-Pond detected as trends of
increasing on Taoyuan Tableland between
1926 and 1960.

Figure 7. Farm-Pond detected as trends
of losses on Taoyuan Tableland between
1926 and 1960.

Based on the maps of scale 1:25,000 published in 1960, the total areas of farm ponds
were decreased to 4,970 hectares and, the totals of farm ponds were decreased to the No.
of 3,204. In addition, due to the establishment of Shihman Main Canal Irrigation Systems
during 1960s, the totals of farm ponds were decreased to 2,926 hectares as well as the
individuals were decreased to the No. of 1,545, which based on the map counts.
Since the scales in 1904 (1:20,000) and 2007 (1:5,000) are different form other
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periods, we only cited the changes from 1926 (1:25,000), 1960 (1:25,000), and 1999
(1:25,000) to analyze (Department of Land Administration, Ministry of Interior 1999). By
this reasons, we only calculated the numbers of farm ponds changes from the years of
1904, 1926 as well as the year of 1960. In the Figure 6, it shown the disappearance
pattern of farm ponds in northern Taoyuan where was different from that of in southern
Taoyuan. The number of farm ponds disappeared was accounted to the No. of 1,895, and
only the individuals of increased ponds were accounted for the No. of 537 (Figures 6, 7).
We used ArcView 3.2 to analyze the overlaps between maps from 1926 to 1960 to define
their dynamic patterns to comprehend the reasons for their changes (ESRI 2004). Based
on this study, the total area of farm ponds was accounted as a peak to the acreage of 8,800
hectare, once with an 11.8% of tableland at totals. In contrast, the total area of farm ponds
was currently decreased to 2,898 hectare due to urbanization, with an only 3.8% of
tableland at totals. By using FRAGSTATS Version 3 (McGarigal et al. 2002), we
analyzed the farm ponds that increased or disappeared with driving forces, such as: (1)
inner driving forces: pond perimeter, pond size, mean pond-patch fractal dimension
(MPFD) and; (2) outer driving forces: like a minimal distance from one farm pond to one
building, rail, canal, or river (Figures 8 to 37). Then, we used these relationships to
further discuss the driving forces with their proximity effects to change farm ponds.
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Figure 9. Canal distances to lost ponds
From 1904 to 1926.
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Figure 12. Canal distances to lost ponds
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Figure 13. Canal distances to increased
ponds from 1926 to 1960.
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Figure 15. River distances to lost ponds
From 1904 to 1926.
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Figure 18. River distances to lost ponds
from 1926 to 1960.
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Figure 19. River distances to increased
ponds from 1926 to 1960.
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Figure 21. Constructed-area distances
to lost ponds from 1904 to 1926.
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Figure 23. Constructed-area distances
to remained ponds in 1960.
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Figure 24. Constructed-area distances to
lost ponds from 1926 to 1960.
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Figure 25. Constructed-area distances
to increased ponds from 1926 to 1960.
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Figure 26. Road distances to remained
ponds in 1926.
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Figure 27. Road distances to lost ponds
from 1904 to 1926.

1926埤 塘 距 道 路 之 最 鄰 近 距 離 -增 加

1960埤 塘 距 道 路 之 最 鄰 近 距 離 -存 在

存 在 的 .shp

增 加 的 .shp

Road1.shp

1926_road1_c.shp
N
W

N

E

W

S

6

0

6

12 Miles
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Figure 30. Road distances to lost ponds
from 1926 to 1960.
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Figure 31. Road distances to increased
ponds from 1926 to 1960.
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Figure 32. Rail distances to remained
ponds in 1926.
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Figure 33. Rail distances to lost ponds
from 1904 to 1926.
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Figure 34. Rail distances to increased
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Figure 36. Rail distances to lost Ponds
From 1926 to 1960.
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Figure 37. Rail distances to increased
Ponds from 1926 to 1960.

Here were the results based on logistic regression model by using the independent
variables that might be the reasons for pond changes, including the area of farm ponds
(PS), the perimeter of farm ponds (PERI), mean pond-patch fractal dimension (MPFD),
the minimal distance from farm ponds to constructed areas (i.e., buildings) (BUILD),
rails (RAIL), canals (CANAL), and rivers (RIVER).
Lost Ponds from 1926 to 1960
Results were divided into 10 groups about 456 cases in each group. Indicative HL
value was indicated (58.648, d. f. = 8, Pvalue < 0.001). In this study, the borderline of
probability was 0.5 with an accuracy of 58.5% (see Table 1). One unit changed in PERI
will be led a 0.002-fold change of the occurrence rate. The MPFD will be led a
0.0388-fold change. However, PS, CANAL, BUILD, RIVER, ROAD, RAIL would not
be tested a significant change of their occurrence rates. From Table 1, we could present
the logistic regression model as:
Logit (π) = -1.003 + 0.002PERI + 0.038 MPFD
(5)
Most of the signs on the coefficients remain consistent over time and meet
expectations for the 1926-1960 model: the more curvilinear the pond shapes of their
surface, the more the likelihood of pond loss.
Table 1. Binomial Logit model of pond losses, time period 1926-1960. Unit of
observation: the individual pond in 1960.
EXP(B)
at a 95.0% Confidence
B
S.E. Wald
d.f. Significance Exp(B) Level

Variable AREA

Lower
level

Upper
level

.000

.000 2.058

1

.151

1.000

1.000

1.000

PERI

.002

.000 44.687 1

.000

1.002

1.002

1.003

MPFD

.038

.156 .060

1

.807

1.039

.765

1.410

.000 249.731 1

.000

1.000

1.000

1.000

CANAL .000
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BUILD .000

.000 1.812

1

.178

1.000

.999

1.000

RIVER .000

.000 67.737 1

.000

1.000

1.000

1.000

ROAD .000

.000 16.035 1

.000

1.000

1.000

1.000

RAIL

.000 257.875 1

.000

1.000

1.000

1.000

constant -1.003 .244 16.826 1

.000

.367

.000

Variables：AREA, PERIMETER, MPFD, CANNAL, BUILD, RIVER, ROAD, RAIL.
Increased Ponds from 1926 to 1960
Results were divided to 10 groups about 310 cases in each group. Indicative HL value
was indicated (11.729, d. f. = 8, Pvalue < 0.164). However, results in Pvalue might not be
fitted for the final variable coefficients according the rule of a Pvalue ≤ 0.05 , thus, we
considered as a slight confidential value. In this study, the borderline of probability was
0.5 with an accuracy of 86.2% (Table 2). One unit changed in PERI will be led a
0.002-fold change of the occurrence rate. The MPFD will be led a 14.386-fold change
rate. Here, PS, CANAL, BUILD, RIVER, ROAD, and RAIL would not be changed their
occurrence rate. From Table 2, we presented the logistic regression model as:
Logit (π) = 20.695 + 0.002PERI – 14.386 MPFD
(6)
Table 2. Binomial Logit model of pond increases, time period 1926-1960. Unit of
observation: the individual pond in 1960.

B

Wald

d.f.

Significance

Exp(B)

Lower
level

Lower
level
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.000
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1

.400
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1.000
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1
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.000
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1
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1
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1.001

RIVER

.000

.000

8.087

1

.004

1.000

1.000

1.000

ROAD

.000

.000

.000

1

1.000

1.000

1.000

1.000

RAIL

.000

.000

1.265

1

.261

1.000

1.000

1.000

2.047 102.185

1

.000

MPFD
Variable

S.E.

EXP(B)
at a 95.0%
Confidence Level

Constant

20.695

972224300.247

Variables：AREA, PERIMETER, MPFD, CHANNEL, BUILD, RIVER, ROAD, RAIL.

DISCUSSION
Most of the signs on the coefficients remain consistent over time and meet
expectations for the 1926-1960 model: the more regular the surface of pond patch, the
least the likelihood of pond to be lost. Therefore, results showed that the curvilinear pond
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loss were more likely to occur in early agricultural periods (1926-1960) because the
replacement of canal irrigation system, capturing an important dynamic of the irrigated
types in the region. However, the remained mean pond size of 2.68 ha during 1999 was
still to be detected larger than that of the remained mean pond size of 1.85 ha during 1960.
The pond size trends suggested that small size could produce lost results. In addition,
we found that the distances between farm ponds and rivers might have slightly significant
relationships to the changes of farm ponds (remain, disappearance, increase). In contrast,
the influence from canals as well as roads was not obvious. Constructed areas as well as
rail were not the major variables we expected, too.
Land-use changes over two time periods, 1926 to 1960, were analyzed to demonstrate
how enforcing land-use policies can influence the direction and magnitude of pondscape
change. First, adoption of a grand canal irrigation system has resulted in the internal
restructuring of agricultural land use from traditional farm-pond irrigation to more
diversified water sources, such as the sources from ditch, canal, or reservoirs. Spatial
dependency of pondscape changes could be identified between the northern irrigation
system (Taoyuan Main Canal) from 1926 to 1960; and the southern irrigation system
(Shihmen Main Canal) from 1960 to 1999, later.
The results showed that one of the major driving forces was pond shape. However,
while this land-use from surrounding pondscape became diverse and heterogeneous, the
configuration of lost ponds might not statistically significant. Therefore, further
ecological field research was necessary in order to interpret these pondscape dynamics
more completely.

SUMMERY
In this study, we (1) examined the vulnerable variables, such as the configuration
metrics to reduce farm ponds; (2) analyzed the quantitative limitation of the vulnerable
variables; and (3) forecasted the pond trends in historical time range. A statistical model
was designed to examine how area-per-se and edge effects of farm ponds have driven
their loss in Taoyuan Tableland. The study samples were focused on the digital data of
pond areas and pond parameters between 1926 and 1960. Regarding to anthropogenic
activities on the tableland, the results indicated that significant increases in pond size
occurred with pond remains. The remained ponds with a mean size of 2.68 ha during
1999 were still to be detected larger than that of the remained size of 1.85 ha during 1960.
On the other hand, curvilinear shape in parameters had significant relationships with pond
loss. According to the result, a logistical regression model was created. On the basis of
the findings, we summarized a helpful model to predict pond-loss likelihood if necessary.
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Abstract: The operation of wetland remediation relies on a good understanding of the wetland
ecosystem. Wetland environment gradually becomes hypoxia when oxygen was exhausted by
excessive discharge of organic matters. Anaerobic microbes use sulfate to replace oxygen as an
electron acceptor to degrade organic matters and accumulate hazardous sulfide. Four types of
sulfur isotope: 32S, 33S, 34S, 36S are generally maintained in a consistent ratio. During some
biological or chemical reactions, this ratio is shifted with a detectable fractionation in the sulfur
stable isotopes. For example, as microbes use sulfate, it uptakes 32S prior to the other isotopes
and a relatively depleted 34S signal is detectable in the sulfide produced. Also, the signal of
stable sulfur isotope composition can be influenced by the different sulfur source utilized. In
the sediment profile of Tanshui estuary, isotope signals of CRS (Chromium reducible sulfur)
and ES (Elemental sulfur) were consistent (close to -10‰), and organic sulfur signal was
between 0‰ to 10‰. However, signal in AVS (Acid volatile sulfur) was different in the
sampling site. This signal directly reflects the variation of sulfurous sources that were uptake
by the sediment microbes because AVS is the first mineral to form when sulfide is produced by
the microbes. Analyzing stable sulfur isotope compound in wetland sediment helps us to clarify
whether the sulfurous sources used by anaerobic microbes is sea water sulfate, other sulfur
compound in the sediment or the anthropogenic organic pollution.
Keywords: wetland, sulfur stable isotope, sulfate reduction, organic pollution, Tanshui River.

INTRODUCTION
Sulfur-rich ecosystems are often present in areas with submerged sediments enriched
by organic matter. The system is anoxic and predominated by hydrogen sulfide, which are
adverse to oxygen-dependent life. Studies on sulfur utilization by organisms adapted to
the extreme environments are very important in fields related to the evolution of life and
the ecological degradation of contaminants. Some of these issues have gradually been
elucidated due to recent advancements in sulfur isotope composition analysis. Sulfur
isotopic effects associated with biologically mediated sulfur transformation have been
demonstrated to be excellent biomarkers. The focus of this study is to understand the
sulfur metabolism of an organically polluted estuary: The Tanshui River estuary.
The sulfur cycle chemistry is complex involving many biological and geochemical
processes including microbial sulfate reduction, precipitation of mineral sulfide, sulfide
oxidation, etc. (Ryu et al. 2006). The speciation and stable isotope composition of sulfur
compounds are influenced by many sediment characteristics such as redox potential, pH,
organic productivity, sulfate concentration, and availability of organic matter and reactive
iron (Bates et al 1993, Berner 1984). By analyzing the sulfur isotopic composition in the
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sediment, the relative importance of various processes involving sulfur can be evaluated
(Canfield et al. 2005).
Among the sulfur related processes, microbial sulfate reduction has the most
significant fractionation of sulfur stable isotope depleting 34S 20‰ to 37 ‰ due to the
selective preference over 32S of the sulfur reducing bacteria (Canfield et al. 2005). The
sulfate reduction process observed in natural sediment was found to have even greater
isotopic fractionation up to 60‰ to 70‰ (Goldhaber and Kaplan 1980). The fractionation
signal is then preserved in the precipitated mineral sulfides after sulfide produced reacted
with reactive iron in the surroundings. The produced sulfide could also react with some
organic matter and become organic sulfur when reactive iron is limited in the sediment
(Bates 1993, Bates 1998).
Sulfate from seawater is the major source of sulfur in marine sediment, while
terrestrial runoffs are the dominant source of sulfur in freshwater sediments (Bates et al.
1993). However, the estuary is unlike either marine or freshwater sediment because of the
regular tidal seawater intrusions. Sediment is affected by both marine and terrestrial
sourced sulfur inputs making its characteristics notably different from typical marine and
freshwater sediments. Other than the seawater intrusions, the Tanshui River estuary
sediment investigated in this study is known for its severe organic pollution (Liu et al.
2002), which enriches the estuary sediment with excessive organic matter which may
enhance sulfur metabolism.
In this study, we focused on the estuary sulfur cycle and the relationship between each
sulfur species under the influences from sea - fresh water exchange and a heavy organic
pollutant input. Using sulfur stable isotope analysis, it is possible to discern the effect of
organic pollution in the sediment sulfur cycle.

MATERIAL AND METHODS
Sampling Sites
The Tanshui River estuary is the
largest estuary in northern Taiwan,
located northwest of the Taipei city,
which comprises the main stream and its
three tributaries: Tahan, Hsintien, and
Keelung River. This estuary is affected
by both freshwater from upstream and
seawater from semidiurnal tides. The
water depth around this estuary ranges
from 2 m to 10 m, with a tidal range
averaged around 2.22 m. Saltwater
intrudes approximately 25 km from the
river mouth to the upstream of both
rivers, the main stream Tanshui River
and Keelung River, and the water salinity
ranges from well mixed during the flood
tide period to partially mixed through the
ebb tide (Liu et al. 2002).

Figure 1. This map shows the locations in the
Tanshui River region where sediment sample
cores were taken. GR is the Guendu River
site, GM is the Guendu mangrove site, and
HR is the Hwachang River site.
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Due to high population density, this estuary receives sewage discharge and waster
effluents from the Taipei metropolitan area (Liu et al. 2002, Wen et al. 2008). The
headwaters of all three tributary streams were well aerated, and the dissolved oxygen
concentrations were high and saturated. As the river flows through the city of Taipei
(approximately 36 km from the river mouth), the oxygen concentration drops produced a
typical sag curve of dissolved oxygen (Wen et al. 2008). The upper estuary is
suboxic/anoxic and the lower estuary gradually becomes oxic due to tidal intrusion (Jiann
et al. 2005). The concentration of suspended particles comparatively low both in the
surface and bottom water of the mid-section (18 km from river mouth) but increases in
the bottom of Guandu section (8 km from river mouth) when settling velocities increases,
implying that suspended particles advected seaward and deposited.
Sediment profiles reveal that oxidized layer were restricted in a shallow depth and
reduced compounds (Ammonium, acid-volatile sulfide [AVS] and pyrite) were
accumulated within 1-2 cm depth of Guandu (Chen et al. 2001, Fan et al. 2006).
Concentration of ammonium at 12 cm depth of Guandu, where Tanshui River and
Keelung River converge, was 1000-fold higher that in the button water (Fan et al. 2006).
Reduced sulfur compounds (AVS and pyrite) in the Guandu sediment were two- to
four-fold higher than those in the mid-section, whereas sulfate reducing rate in the
mid-section sediment (13.1 M day-1) was 200-fold higher than that in the Guandu site
(0.0654 M day-1) (Chen et al. 2000).
Sample Collection
On December 8, 2007, in order to investigate the affect of site and depth differences,
three sediment core samples were collected from a depth of approximately 50 cm at each
site at low tide. The sample cores were collected at three different locations of the
Tanshui River region: Guendu and Hwachang section of Tanshui River (GR and HR), and
the Guendu mangrove (GM) (Figure 1). Due to the relative distance from the estuary, the
three sampling sites were affected by different concentration of sulfate from sea water
and organic pollutants from sewage discharge along the upstream areas. The distance
from the estuary also influenced inundated time of the riverbed sediment causing the
oxidation-reduction profile to differentiate among the study sites. At the Guendu River
(GR) site, where Keelung River meets the main channel of the Tanshui River, the sewage
discharges from upstream mixed with seawater of the tidal intrusion, introducing multiple
sources of sulfur to the sediment. In the Guendu mangrove site (GM), it is possible that
the existence of mangrove roots could promote better air exchange and change the depth
of reduction layer in the sediment (Hsieh and Yang 1997). The Hwachang River site (HR)
is less affected by seawater from semidiurnal tides because of its distance from the
estuary.
The sample cores were collected with PVS tubes of 10 cm in diameter and 1 m in
length. Sampled cores were sealed in the PVC tube after collection and brought back to
the laboratory for analysis. The sediment cores were cut at 10 selected depth (0, 2.5, 5, 10,
15, 20, 25, 30, 40, and 50 cm) to take 2 cm thick samples. The process was done in an
argon gas filled balloon to prevent contact with oxygen which could rapidly react with
some of the sulfur compounds and affect the experimental results. The cut samples were
sealed in 50ml centrifuge test tubes and refrigerated at 4℃ to prevent oxidation and
reaction of the sulfur compounds before the extraction processes and analysis.
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Analysis of Environmental Parameters
Interstitial water was obtained by centrifuging sediment samples at 4000 rpm for 15
minutes and filtered the fluid through a 0.45um Nuclepore filter. Salinity was determined
using a refractometer (S/Mill-E, ATAGO, Tokyo, Japan). Sulfate was collected by
precipitating dissolved sulfate with barium chloride (BaCl2) in solution pH lower than 2.
Total organic carbon (TOC) and total nitrogen (TN) contents were determined with a
CHN analyzer (Perkin Elmer EA 2400 Series II; Wellesley, MA) after the sediment
samples had been freeze-dried and acid fumed.
Sulfurous Compound Extraction
In order to obtain samples for stable isotope measurements and estimate sulfur content
of the sediment, several steps were taken to extract various inorganic and organic sulfur
compounds from the sediment samples. Diffusion method was used to extract inorganic
sulfur compounds: acid volatile sulfur (AVS), Chrom(II) reducible sulfur (CRS, pyrite),
and elemental sulfur (ES) under anaerobic conditions (Hsieh and Shieh, 1997CITE).
Eschka fusion was used to extract organic sulfur from sediment samples after the
inorganic extraction process by heating the samples with Eschka compound (3:2,
MgO:Na2CO3) in a ceramic crucible. (Lojen et al. 2004, Bates et al. 1995).
Sulfur Stable Isotope Measurements (MAT253)
All sulfur compounds extracted were converted to silver sulfide which reacted with
fluorine (F2) to form sulfur hexafluoride for stable isotope analysis. A gas source mass
spectrometry, MAT253, was selected for multiple sulfur isotope measurements. It
provides measurements such as δ33S, δ34S, and δ36S as the fractionation of stable
isotope compared to the standard CTD. In this study, δ34S was used as a tracer which can
indicate the origin of the sulfur compounds and the pathways involved in the formation of
these compounds. The other minor isotopes of sulfur follow the fractionations imparted
on the more abundant 34S with a set ratio related to its isotope mass. For instance, the
fractionation on 33S would be half as much as 34S (0.515 times)” (Canfield et al 2005).

RESULTS
Sedimentary Environment Parameters
Total organic carbon (TOC) contents ranged from 0.24% to 2.02%. The GM site had
the highest TOC content which was above 1% in all depth while TOC content in the other
two sites were below 1% (Figure 6). Total nitrogen contents (TN) ranged from 0.04% to
0.16% and followed a similar pattern as TOC content (Figure 6).
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Concentration Profiles of Sulfurous Compounds
The concentration profiles of each individual sulfur compound are plotted in Figure 2.
Disulfide (CRS) had the highest
concentrations (5.03 ± 4.03 mg/g),
AVS concentration profiles
CRS (disulfide) concentration pro
followed by organic sulfur (4.65 ±
1.29 mg/g), AVS (3.01 ± 3.12
mg/g), and ES (0.32 ± 0.20 mg/g).
The concentrations of AVS and
organic sulfur showed significant
difference (Kruskal-Wallis rank
test, P≤0.05) among the three sites,
but the concentrations of disulfide
and ES did not.
The AVS concentrations ranged
from 1.60 to 8.91mg/g in the
ES concentration profiles
Organic sulfur concentration profile
Guendu river site, 0 to 8.11mg/g in
the Guendu mangrove site, and 0 to
0.82mg/g in the Hwachang river
site. The AVS concentrations in the
Hwachang river site were close to
0 and noticeably lower than the
concentrations of the other two
sites. The AVS concentration
profiles of Hwachang River and
Guendu River showed no obvious
pattern. The AVS concentration
profile of the Guendu mangrove
site varied greatly and had a
decreasing trend with depth after Figure 2. Sulfur concentration profiles of AVS,
disulfide (CRS), ES, and organic sulfur from the
15 cm.
The concentrations of disulfide Tanshui River sampling sites GR, HR, and GM.
(CRS) ranged from 1.64 to 8.08 Profiles are listed by sulfur species.
mg/g in the Guendu river site, 4.04
to 19.08 mg/g in the Guendu
mangrove site, and 0.74 to 4.20
mg/g in the Hwachang river site.
The disulfide concentrations were the highest in the Guendu mangrove site. The disulfide
concentration profiles had no obvious pattern in the Guendu River and Hwachang River
sites, but showed a rapid increasing trend as the depth increase in the Guendu mangrove
site.
The concentrations of ES ranged from 0 to 0.37 mg/g in the Guendu river site, 0.17 to
0.82 mg/g in the Guendu mangrove site, and 0.09 to 0.53 mg/g in the Hwachang river site.
ES concentrations were similar in all three sites where all the ES concentration values
were close to 0.
The concentrations of organic sulfur ranged from 3.97 to 6.92 mg/g in the Guendu
river site, 2.48 to 7.84 mg/g in the Guendu mangrove site, and 3.31 to 4.66 mg/g in the
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Hwachang river site. The concentrations of organic sulfur did not vary greatly among the
three sample site and only showed an increasing trend in the Guendu mangrove profile.
Disulfide and total organic carbon ratio
The three sampling sites showed different patterns when DS/TOC values were plotted.
The HR site had the lowest DS/TOC ratio ranging from 0.210 to 0.725, followed by the
GR site ranging from 0.212 to 0.951 and the GM site ranging from 0.290 to 0.946. The
DS/TOC ratio increased with the TOC content in the sediment. The three sites were
evidently separated by the difference in TOC contents.
Stable Isotope Signatures of Sulfurous Compounds
The δS34 depth profiles of each sulfur species are shown in Figure 4. The δS34 value
indicates the abundance of 34S relative to the standard CDT value. The CRS δS34 values
ranged from -11.53 to -1.07. The ES δS34 values ranged from -7.28 to -11.83. Both
disulfide (CRS) and ES values were fixed around -10 with the exception of a value of
-1.07 found in the disulfide extracted from Guendu river site at depth 50cm. Organic
sulfur δS34 values were more positive than the other sulfur compounds, ranging from
-1.02 to +12.99. No significant difference was found in δS34 values between sites or
depth (Kruskal-Wallis rank test P<0.05).
The S34 values of AVS ranged from -7.54 to +17.78 and varied greatly both within
each depth profile and among the three sites. In the Guendu River site, the S34 values of
AVS showed similarity to disulfide and ES near the surface, but converged with organic
sulfur as the depth increase. In the Guendu mangrove site, AVS δS34 value was absent
near the surface due to insufficient AVS sample available for isotope measurement. The
AVS profile at GM site showed an increasing trend which implied similar result as the
GR site which converged with disulfide/ES near the surface and gradually became
convergent to organic sulfur as the depth increase. In the Hwachang River site, the AVS
δS34 profile showed correlation to the organic sulfur S34 profile.
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Figure 4. Sulfur stable isotope δS34 profiles of AVS, disulfide(CRS), ES, and organic
sulfur from the Tanshui River sampling sites GR, HR, and GM. Profiles are listed by
sulfur species.

DISCUSSION
Sulfur Content
The sulfur content in HR site was considerably lower than the other two sites. HR was
located farther away from the estuary therefore there was less sea water sulfate available.
This would explain the low content of disulfide (CRS) and AVS. Organic sulfur, however,
was consistent with the other two sampling sites. The uniformity of organic sulfur content
might suggest a common origin of organic sulfur from upstream. The similarity showed
on the stable isotope results from all three sample sites further supported this speculation.
The disulfide content (CRS) in the GM site showed a steep increase with depth. The
mangrove site sediment was enriched with organic matter which would encourage sulfate
reduction causing the overall increase in disulfide content. Near the sediment surface,
mangrove root system enhanced the oxidation of sulfide by affecting the redox status of
the sediment with evapotransportation and oxygen diffusion (Hsieh and Yang 1997). As
the oxidation affect by roots weakens with depth, disulfide content precipitated from the
retained sulfide increased with depth. This can also explain the absence of AVS, which
represents the newly formed sulfide, near the sediment surface in the GM site because the
sulfide were rapidly oxidized instead of being preserved in their mineral forms.
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Disulfide and Total Organic Carbon Ratio
DS/TOC ratio calculated was lower than 0.36 from typical marine sediments. DS/TOC
ratio of the HR site demonstrated a clear trend which resembles the freshwater sediment
DS/TOC correlation showed in the study done by Bates et al. on the Mud Lake sediment.
The plot of GM site was scattered, but displayed a positive correlation at depth 15 and
higher. This could be explained by the strong oxidation of sulfide near the surface and
better preservation of disulfide in the sediment below the root system. The DS/TOC
correlation showed an increasing trend in DS/TOC ratio with TOC content. The disulfide
concentration was low in the HR site and relatively high in the GM site, which matches
the TOC content distribution. This suggests that TOC content contributed to the
accumulation of disulfide in the sediment.
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Figure 5. AVS, CRS, and organic sulfur dS34 values of the Tanshui River region
obtained in this study were compared with results from other studies on both marine
and freshwater sediments.
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Stable Isotope Analysis
The S34 analysis results were compared with other sulfur stable isotope studies
(Figure 5). There was a clear difference between samples from marine sediment and
freshwater sediment. In marine sediments, sulfur compounds are depleted in 34S due to
strong fractionation and disproportionation effects. On the contrary, sulfur compounds
from freshwater sediments are heavy in 34S. The δS34 values obtained from the Tanshui
river estuary in this study was found to be more closely related to some of the values
from freshwater sediment studies. While AVS and CRS (pyrite, disulfide) δS34 values
were in between marine and freshwater values, organic sulfur δS34 values were
comparable to those from freshwater study sites which were heavy in S. The organic
sulfur from the Tanshui river estuary was around +10 in S34 values, which was
considerably different from other marine sediment. Other studies has pointed out that
under conditions where sulfate is limited, fractionation effect becomes weaker because
the sulfate reduction processes would deplete all sulfate available (Bates et al. 1995,
Bates et al. 1998, Goldhaber and Kaplan 1974, Nakai and Jensen, 1964). There are other
possible explanations for the 34S heavy organic sulfur in Tanshui sediment. The Tanshui
estuary sediment was influenced by seawater which contains sea-sourced sulfate with a
δS34 value of +20. It is possible that the organic sulfur were produced from the 34S
heavy sulfate with less fractionation therefore retained the heavy 34S content. Some
studies also suggest that plants are able to assimilate sulfate directly and contribute to the
sedimentary organic sulfur content in form of plant debris (Bates et al, 1993; Tuttle, et al
1990). Organic sulfur could also be generated from the incorporation of sulfide into
organic matter when reactive iron is limited (Bates et al. 1995, Goldhaber and Kaplan
1974, Tuttle et al. 1990). In this study, however, the stable isotope signatures of organic
sulfur and disulfide varied significantly, indicating two different sources of sulfur input.
The sulfate availability in the surrounding could affect the speciation and fractionation
of sulfur compounds (Bates et al. 1995, Goldhaber and Kaplan 1974). The effect is most
evident in freshwater sediment where sulfate is limited. The limited sulfate decreases the
fractionation effect of sulfate reduction in the sediment. Therefore, the effect of sulfate
availability of sulfate is reflected on the isotopic composition of preserved mineral sulfide
or organic sulfur. The sulfate concentrations of measured in this study were plotted
against extracted sulfur concentrations and stable isotope δS34 values in order to observe
whether sulfate concentration was a major factor in the sulfur chemistry of the sediment
in Tanshui River estuary (Figure 6). The disulfide and ES δS34 values were consistent
among all the samples, indicating that sulfate level did not affect the formation of these
compounds. The upstream HR site could be overlooked because of the absence of
sulfate. In the GR and GM site, AVS δS34 values exhibited an increasing trend with
sulfate concentrations which conflicted with result in a sulfate limitation situation. This
suggested the sulfide produced in this site were originated from two possible sources:
sulfate from sea water and organic sulfur in the sediment which had a heavier δS34 value.
The organic sulfur δS34 values exhibited a decreasing trend as the sulfate concentration
increased. The organic sulfur composition was affected by the sulfide produced from
sulfate reduction as sulfate became readily available near the estuary.
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Sulfur compound concentration vs sulafte concentration
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Figure 6. The concentrations and S34 values of each sulfur compound were
plotted with sulfate concentration to observe the influence of availability of
sulfate on sediment sulfur chemistry.

CONCLUSION
The analysis of sulfur stable isotope values from various sulfurous compounds
demonstrated the estuary sediment sulfur cycle is indeed distinct from typical marine or
freshwater sediments. While sulfate availability still plays an important role, additional
sulfur intake from possible organic pollution is a major contributor to the sulfur contents
in the estuary sediments.
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Abstract: Highly synchronous lunar rhythm behaviors were observed throughout the life
history of a high-tidal endemic and endangered fiddler crab Uca formosensis in Taiwan. The
courtship activities peaked right after the high tide as revealed by the formation of the pyramid
shape mound, also known as the chimney. Most chimneys appeared a few days after the high
tide and remained on the ground throughout the whole neap tide period.
As the crabs
successfully mated, the entrance of the chimney would be sealed for a safe incubation process
of the female crabs. The following high tide crushes all the chimneys on the ground and filled
up the burrow with fresh sea water, then the gravid female release its larva into the sea.
Female Uca formosensis showed a semi-lunar rhythm of larval release during the high tides
periods - around the full moon and the crescent. This rhythm was observed in both one-year
laboratory maintained female crabs and the female crabs that collected from their natural
habitat. The larval development of Uca formosensis found to be coincided with the lunar/tidal
rhythm in the nature. Throughout the five stages, zoea spent an average of 3 days in each
stage (total of 15 days) and megalopa which spent 15 days before metamorphosed to the
juvenile crabs. Both the molting of the fifth stage larvae to megalopae and the metamorphosis
to juvenile crabs often occurred around the high tide period. This special rhythm existed in
Uca formosensis would be the mechanism for its unique occurrence at high tidal habitat.
Key Words: fiddler crab, high tidal habitat, lunar rhythm, Uca formosensis

INTRODUCTION
Around the world, natural habitats of intertidal organisms were either vanished or
severely destroyed by humans. Habitat restoration and artificial rearing of the target
organism became important parts of conservational biology. Before proceeding with
any actions, the target organism need to be well studied, observed and understand. Due
to the rapid development of the country, biodiversity of coastline decreased rapidly in the
past few decades in Taiwan. One endemic fiddler crab species of Taiwan, Uca
formosensis, was chosen as the target organism to study. Understanding the complete life
history of Uca formosensis is necessary for the specie restoration and also very important
to the biodiversity conservation of the coastline.
Many estuarine decapod crustaceans exert a life style that synchronized with the lunar
tidal cycle (Kellmeyer and Salmon 2001, Paula 1989).
However, this special
synchronous rhythm may be altered due to some natural cues. According to Kim et al.,
(2003) tidal variation may be responsible for the presence of the semilunar rhythm of
fiddler crab in different location. In this study, courtship behaviors, larva release timing
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and larva development were observed.

MATERIALS AND METHODS
Spawning - Zoea Releasing by Gravid Females Collected from their Natural Habitat
Ovigrious female Uca formosensis were collected from two west coast sites of Taiwan:
Mailiao (Yunlin) and Chiku (Tainan) during April - October in 2003, 2005, 2006 and
2007. Female crabs were dug out by hand from burrows on the tidal flat. Those crabs
were then placed immediately into opaque containers to reduce the level of stress.
Female crabs were then transported to the laboratory as quickly as possible within 5
hours. Each gravid female crab was maintained separately in 28.9x19x21cm³
incubation boxes. The incubation boxes were filled with a shallow pool of 35 ‰
seawater to cover the female egg clutches and were wrapped by black plastic bag to
mimic the natural burrow under the pyramid chimney. The gravid female crabs were
kept under a 24 h dark environment with a temperature of 25℃.
Seawater was changed every morning to maintain the water quality in the incubation
container. Observations of the gravid female and their egg clutches were made every
morning. Food was not given to the gravid females.
As the color of the egg darkened, the frequency of observation increased from once a
day to three times a day – 9am, 1pm and 5pm, and small amount of rotifers were added to
the seawater to insure the newly hatched zoea would have food to eat immediately.
Once the zoea hatched, the date and the approximate time were recorded. The zoea
were then removed immediately from the incubation container into the larval rearing
bucket. The female crabs were transferred to an outdoor rearing system (Figure 1).
Outdoor Uca Formosensis Rearing System
An outdoor crabs rearing system was set up during this study to observe the crabs’
behavior on a daily basis. The rearing system is basically composed of two 2×1×1 m³
tanks, the rearing tank and the filtration tank (Figure 1). Sea water was kept at 30-35‰
with a natural photoperiod and temperature. To mimic the tidal cycles in nature, the
tidal rhythm in the outdoor rearing system were performed artificially during the full
moon and the crescent period by applying several water pumping devices. During the
high tide period seawater was pumped from the filtration tank to the rearing tank and so
the soil was fully submerged in seawater for approximately 4-5 hours. Seawater was
then pumped back to the filtration tank for mimicking the ebb tidal activity. This
apparatus successfully lead to a complete reproductive event of the crabs as revealing by
releasing the zoea under this artificial environment.
Larva Development – Rearing and Observations
Newly hatched zoea were transferred to a 400L water bucket and 35‰ sea water was
changed every morning. Combination of rotifer (Brachionus plicatilis and Brachionus
rotundiformis), brine shrimps (Artemia nauplii) and two kinds of algae were given as the
diet. Rotifers were enriched with a type of artificial nutrient called Pack enrichment
diets (Omega®) before given to the zoea. Rotifers were first gathered from the rearing
pond and then placed in a water volume that contained 100ppm of Pack. After two hours
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rotifers were filtered from the enrichment and then added to the rearing tank at the
density of approximately < 10 individuals per ml. Artemia napulii were controlled at the
density of < 0.05 individual per ml of the rearing tank. Two different kinds of algae
Chaetoceros chui (about 500 cells/ml) and Tetraselmis chui (approximately 1200 cells/ml)
were added to the rearing tank for the purpose of maintaining the water quality and
provide extra nutrition for the larva. Temperature was controlled by a thermal device at
28℃, and all larva were exposed to a 24L photoperiod.
Observation of the zoea and megalopa were made with a dissecting microscope,
pictures were taken and the length of the tip of dorsal carapace spine to the tip of rostral
carapace spine was measured.

RESULTS
Observations of Adult Crabs in Natural Habitat
Most of the feeding and courtship activities of Uca formosensis were observed right
after the high tide period during the breeding season. The increase of pyramid shape
mound on the ground, also known as the chimney, revealed that the adult crabs were
ready to breed. Chimneys appeared a few days after the high tide and increased
gradually throughout the neap tide period.
As the crabs successfully mated, the
entrance of the chimney was sealed for a safe incubation process of the female crabs.
The following high tide crushed all the chimneys on the ground and filled up the burrow
with fresh sea water, so the larva could hatch and release safely into the sea.
Larva Releasing
A total of 52 ovigrious female Uca formosensis were collected from 2003-2007, only
29 (about 56%) successfully released their zoea in the laboratory environment.
Among the zoea releasing female crabs, about 52% of them released the larva during the
full moon period and about 41% released their larva during the crescent period, only 7%
of the female crabs released the larva outside of these two periods (Figure 2).
Outdoor Uca formosensis rearing system were checked daily during the breeding
season April – October. In 2006 and 2007, the adult crabs lived in the outdoor rearing
system successfully complete the reproduction cycle under artificial environment and
released the larva in the water column. Three times of releasing activities of the female
crabs in the rearing tank were observed during the breeding season – October 2006,
August and September 2007. Since the larva quantity in the tank was different,
indicating that more than one egg clutch hatched at once. Among those three different
larva releasing time, two occurred during the full moon period and one occurred during
the crescent period. Above observations showed a semi-lunar rhythm of zoea release in
Uca formosensis.
Zoea Development
Total of five zoea stages were observed and after the fifth stage zoea molted to the
megalopae stage. Throughout the five zoea stages the body size increased progressively
and some of the morphological characteristics varied from stage to stage (Table 1).
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Zoea spent an average of 3 days in each zoeal stage (total of 15 days in the zoea stage)
and the megalopa spent 15 days before metamorphosed to the juvenile crab stage.
Laboratory zoea rearing revealed that as zoea spent too long time in one stage often result
in death. In general, zoea spent about total of one month to settle down from the
plankton-like stage to the juvenile crab stage. This suggested a lunar rhythm in Uca
formosensis larva development.

DISCUSSION
Uca formosensis, the endemic fiddler crab species of Taiwan, possess a special
synchronization with lunar cycle. This phenomenon was observed also in various
estuarine decapods, of which tend to synchronize their reproductive behaviors to the
lunar/tidal cycle, including the timing of courtship behavior, hatching rhythm and larva
development. (Kellmeyer and Salmon 2001, Kim et al. 2003, Salmon, 1987)
Mating behaviors of Uca formosensis included the male crab waving its chela and the
building of “chimneys” (Shih 1997). Our study indicated that the numbers of chimneys
peaked a few days after the spring tide and remained on the ground for the neap tide
period and then crashed by the following spring tide. This acute timing of chimneys
appearance of Uca formosensis is the best evidence of their synchronized behavior with
the tidal/lunar cycle. However, Uca formosensis was not the only species that exert this
behavior, some other Uca species also shown this unique trend in their mating behavior.
Kim et al. (2003) proposed that the courtship of fiddler crabs would increase when the
habitat is nourished by food. Uca formosensis inhabit at the high tidal line area which
would only be submerged by seawater twice a month – during the spring tide hence to
associate the courtship behavior with the tidal rhythm is very crucial for the success of
reproduction activities.
Greenspan (1982) proved that female crabs tend to release their larvae when the tidal
stream is the fastest. This phenomenon explained the tendency of female Uca
formosensis releasing larvae during the high tide period. Fast stream velocity may
reduce the chance of predation and transport the larvae quickly into the sea to increase the
survival of the larva. In this study the laboratory reared Uca formosensis were not
exposed to any stream cues, the indoor rearing device had a rather still water pool
however Uca formosensis were still managed to release the larvae during the natural high
tides. This phenomenon explained the innate biological clock of this rhythm in fiddler
crabs. One important fact of the semilunar rhythm in fiddler crab is that the adult
habitats often fail as a suitable site for their larvae hence it is necessary for the female
crabs to release the larvae at the right time so the tidal currents would carry the newly
hatched larvae to a more suitable site (Kellmeyer and Salmon 2001).
Surprisingly, larval development was also observed to have correlation with the lunar
cycle during the artificial zoea rearing process. Due to the unique habitat of Uca
formosensis, its zoea had to metamorphose at the right time and right place in order to
survive and grow. Coastal water is the most suitable environment for zoea to live,
where the zoea could obtain enough food source of ecdysone to help them successfully
undergo the molting process. According to O’Connor (1998), megalopa of one fiddler
crab species (Uca pugnax) respond physiologically to the environment containing cues
released by the adult during the molting process to juvenile crab stage. In the nature,
spring tide occurred twice a month therefore the megalopa need to be carried by the
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spring tide and returned to the adult habitat neighborhood in order to expose to the
chemical cues from the adult conspecific and molt successfully.
Various studies confirmed that lunar rhythm existed in many estuarine decapods but
the rhythm may also altered by the environmental factors (Salmon 1987, Kellmeyer and
Salmon 2001, Kim et al. 2003). Kim et al. (2003) found out that lunar rhythm behaviors
only occurred at a great tidal variation for the Uca species - Uca lactace. Therefore, the
explanation for the close correlation between life style of Uca formosensis and the lunar
cycle is the special habitat choice of this fiddler crab. According to Chen (2008) Uca
formosensis tend to inhabit at the high tidal line where the inundated time is less than 40
hours per semi-lunar month. This indicated that the habitat of Uca formosensis is
mainly arid during the neap tide periods. With the environmental restriction, Uca
formosensis need to synchronize their biological clock with the lunar rhythm in order to
reproduce from generations to generations. The unique habitat preference may result
from evolution in order to reduce the competition from other estuarine crab species. In
the future species conservation and habitat restoration of Uca formosensis more
productive works could be done as this special biological phenomenon is taken into
account.
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(a)

(b)

Rearing Tank

Figure 1. Outdoor Uca formosensis rearing system: (a) the filtration tank; (b) the
rearing tank; (c) diagram of outdoor Uca formosensis rearing system.
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Figure 2 The relationship between the timing of female crabs released zoea and
the lunar cycle. Data were collected from 2003 to 2007 (n=29).
Table 1. Summary of Uca formosensis larva development
Stage

Tip of dorsal
maxillipe Plumodenticula
carapace spine to the d（pair） te setae（n）
tip of rostral
carapace spine（µm）
（mean±SE）

Denticulate
setae（n）

Days in
each stage

I

526.7±4.0 (n=12)

2

4

6

3~4

II

642.1±8.1 (n=5)

2

6

6

2~3

III

835.8±3.5 (n=3)

2

8

8

2~3

IV

1014.2±4.7 (n=3)

2

10

8

3~4

V

1392.8 (n=3)

2

10

8

3-4

Megalopa

2.65mm(including

3

-

18

13-17

head, abdominal and
telson) (n=1)
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Abstract: The Uca formosensis is a species of fiddler crab endemic to Taiwan and is facing
extinction. In order to conserve this species, specific knowledge of its microhabitat is much
needed. San-Sun marsh is the only place in Taiwan with a core zone of U. formosensis large
enough to be studied. Previous studies have found two other species of fiddler crabs (Uca latea
and Uca arcuata）which cohabit with U. formosensis in San-Sun. The habitats of these two
species are well studied due to their conspicuous and ubiquitous communities above the water
level of the neap tide. U. lactea inhabits in the sandy shores while U. arcuata dwells in the
muddy areas of the mangrove forest. U. formosensis’ habitat on the contrary is less well
defined. To further understanding of U. formosensis’ habitat, this study first performs a soil
texture analysis to define the physical soil component and then tests both total soil organic
carbon (TOC) and soil oxygen reduction potential (ORP) to determine the chemical soil
circumstance. It is discovered from this study that silt is a very important variable for U.
formosensis’ habitat. This is because silt provides moderate water content as well as prevents U.
lectea and U. arcuata from invading into U. formosensis’ niche.
Key words: Uca

formosensis, Salt marsh, Soil-ORP, Soil texture

INTRODUCTION
U. formosensis was discovered in 1918 and was classified as formosensis after three
years, meaning that it was endemic to Taiwan (mainly in Yilan and the eastern regions).
The fiddler crab was named by Mary J. Rathbun. Biologists soon began to investigate U.
formosensis’s behavior and habits (Su et al. 1984, Li 1991). Among the limited studies
done through eco-monitoring, U. formosensis was believed to prefer muddy shores (Shih
1994).
There are three main U. formosensis communities distributed throughout the study
area, San-Sun wetland, northern Taiwan (Figure 1). The core zone is located at Haishangu
while the others are found at Haishan port and Sansingciao. In this area, the increasing
urbanization influences the marine ecosystem and causes habitat fragmentation, which
starts to drive U. formosensis towards extinction. For instance, the local government
decides to build a sewage treatment plant at Sansingciao, which causes U. formosensis’
habitat to be destroyed.
In order to conserve them, the exploration of the properties of U. formosensis’ habitats
has become an important issue. Previous researches have suggested the Checker-board
Sampling method (Lin et al. 2006) to qualify the characteristics of their niche.
Nevertheless, Checker-board Sampling is suggested for a large scale environmental
survey. But several factors such as soil texture and organism content can be different even
across a short distance, so it is important from an ecological standpoint to minimize the
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area from which samples are obtained.
Compare to previous works, this study ameliorates the biological and technological
sampling methods by taking soil samples directly from U. formosensis’ microhabitats and
seeks to assist in the remediation of U. formosensis by investigating the type of habitat
that is the most suitable for it to thrive in. In order to clarify the niche of U. formosensis
in the community of fiddler crabs, this study samples the microhabitats of U. lactea and
U. arcuata also, other two sympatric species, and analyzes eleven environment variables
to identify the correlations of three fiddler crabs’ habitats in the selected plots. The result
is respected to contribute an idea of U. formosensis’ conservation.

Figure1.
Study area and field experiment sites. Soil samples were taken from
Haishangu and Sansingciao. U. lactea and U. arcuata were mainly found at Sansingciao
(red star 1) while U. formosensis’ core zone (red star 2) was located at Haishangu.

MATIRIALS AND METHODS
Study Site
The 16 km2 San-Sun wetland is located on the coast of HsinChu in northern Taiwan
(Figure 1). The coast line is 10 km long and the width of the tidal zone approaches 2 km
as neap tide coming. The climate is warm and humid with an average temperature of 22
o
C and relative humidity of 82.0%. Mean total annual rainfall is above 1000mm, with a
pronounced rainy season from January to September.
Sample Experiment
Based on the activities of the fiddler crabs, soil samples were taken seasonally on a
daily basis one hour after neap tide, from 2006 to 2007. This study chose Haishangu by
Adaptive Cluster Sampling to investigate U. formosensis’ microhabitat. Overall, a plot of
10×10m2 which was put a cover of U. formosensis’ core zone was set up and 10 samples
were taken from it randomly.
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Judgmental Sampling was used to select two tidal creeks which were located from the
north of Dazhuang stream to the south of Sansing stream in Sansingciao. Each tidal creek
was dominated by either U. lactea or U. arcuata. For U. lactea, twenty four（one in the
title creek was out of consideration） samples (to a depth of ~20 cm) were taken along
four transects across the tidal creek, furthermore, field areas of 3×3m2 were arranged on
the left and right sides of these transects alternately by Systematic and Grid Sampling
(Figure 2). For U. arcuata, mangrove in the outside of the habitat was highly
concentrated so that there were twelve samples (to a depth of ~20 cm) taken along four
transects across the tidal creek and every field area was 3×3m2 also (Figure 2). All
samples (n=45) were dried at 105 oC for 24-h to perform further analyses of soil texture,
total organic carbon content as well as the oxygen reduction potential.
Over all, this study tested eleven variables which were soil texture (sand %, clay %,
silt %), the 2nd hour soil oxygen reduction potential (ORP), the pH of saturated soil, water
content, density of vegetation, total organic carbon content (TOC), distance from shore,
soil conductivity, and bulk density. All variables were designed to identify the
correlations of the habitats of three fiddler crabs by factor analysis.
Factor analysis
The essential purpose of factor analysis is to describe, if possible, the covariance
relationships among many variables in terms of few underlying, but unobservable,
random quantities called factors (eq. 1) Basically, the factor model is motivated by the
following argument: All variables can be group by their correlations (Johnson and
Wichern 2002).
(1)
Ζ j = a j1F1 + a j 2 F2 + L + a jm Fm + U j
where Zj is standard scores in cell j, Fi the common factor, Uj the only factor of Zj and
aji the factor loading.
Suppose within a particular species the eleven variables applied in this study are
highly correlated among themselves, but have relatively small correlations with variables
in different species. Then it is conceivable that each group of variables represents a single
underlying construct, or factor, that is responsible for the observed correlations. For the
reason, this study particularly chooses individual study sites which indicate only single
species inhabit on it and runs factor analysis in the Statistical Package of Social Sciences
(SPSS) to analyze their niches are identifiable.
Due to the units of measurement for the three fiddler crabs’ habitat are different and
diverse, a correlation matrix is used to calculate their respective eigenvalues and
contribution rate. In advance, this paper uses KMO and Bartlett’s test to get the
procedure indicated a significant sampling adequacy for factor analysis.
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Figure 2. Three fiddler crabs and their microhabitats; (A) A male Uca formosensis and
(B) Uca formosensis’ chimney; (C) A male Uca lactea and (D) one plot of Uca lactea’s
study area; (E) A male Uca arcuata and (F) one of Uca arcuata’s study area.

RESULT AND DISCUSSION
Microhabitat Investigation of the Three Fiddler Crabs

U. formosensis inhabited a completely bare flat in the upper tidal zone and sediment
layer on the surface comprised mainly of loam and a small amount of sandy loam, with a
mean TOC concentration of 0.45% ± 0.10%. The sand content exceeded 45.0%, leading
to low mean value of soil moisture of 21.1%±2.7%. The 2nd hour ORP was also found to
be negative. The soil had a significant water immersion which was indicative of high ion
concentration.
U. arcuata dwelt at the edge of the mangrove forest, close to the tidal creek. Despite
the high density of vegetation, the mean TOC concentration of U. arcuata’s microhabitat
was relatively high at 2.4% ± 0.8%. The surface of the sediment layer comprised mainly
of clay and clay loam. Moreover, the frequently water immersion led the sediment layer
would retain a led considerable ware content. The 2nd hour ORP was between negative
and positive while the soil pH was weakly acidic.
U. lactea, one of the dominant species, was found mainly at a distance of 41 and 127
meters from the coast, and the typical soil textures were sandy clay loam and clay loam.
Due to the abundance of sand, the mean soil water content was relatively low as 12.1%
±2.7%. Compared to the other two species, the 2nd hour ORP for U. lactea’s habitat was
much negative, and the soil was in redox status.
Explanation of Factor Analysis
Factor analysis represented three major factors using the eigenvalue exceeded 1
(Table 1). The cumulative contribution rate is 79.41%, which was highly explainable.
Those explanations of variables are statistically insignificant in factor analysis; we pay
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less attention on those variables in our result and discussion section.
Factor 1 describes a total variance of 41.57% and indicates three variables whose
loadings exceed 0.7; they are silt, the 2nd hour ORP and water content. The correlation
between water content and silt content is negative because the porosity of sand is smaller
than that of silt. The large concentration of metallic and hydrogen ions in the soil
contribute to make the water acidic and oxidizing in nature.
Factor 2 describes a total variance of 24.98%. Since the factor loadings of TOC and
clay exceed 0.7, this indicates that TOC is correlated to clay. Both clay and organic
carbon particles are smaller than 0.002mm, which results in sedimentation under slow
flow rates.
Factor 3 indicated vegetation density describes a total variance of 12.86%. Slow water
flow under considerable vegetation resistance causes organic compounds and particles to
sink down as sediment. The mangrove roots also play an important role in soil
oxidation-reduction activities. That is, the density of vegetation has a direct influence on
the chemical and physical properties of the soil.
Table1. Factor structure.
Variable
Factor 1
Factor 1 (Soil circumstance)
Silt content
ORP
Water content
Factor 2 (Nutrient)
Clay content
TOC
Factor 3 (Mangrove forest)
Plant density
eigenvalue
% of variance

Factor loadings
Factor 2
Factor 3

.888
.854
.821
.821
.778
4.57
41.57

2.75
24.98

.903
1.42
12.86

Microhabitats of the U. formosensis
Factor scores from all the samples were also plotted and labeled according to their
respective species (Figure 3). Based on the result of factor analysis, the two dominant
characteristics of U. formosensis’ habitat were soil texture and ORP. These two
characteristics were in conjunction with the other two species of fiddler crabs. The
explanation of sand was insignificant as a variable of statistic so that it was out of
consideration.
It was mentioned in previous studies that U. formosensis preferred a muddy soil
texture, which the crab needed for building up chimneys as high as 15cm for its’ burrow.
For this study, it was decided to sample two soil depths of 0 to 15cm and 15 to 50cm.
However, it was discovered that the soil texture consisted mainly of loam and sandy loam,
with a particularly high percentage of sand (45.5%± 8.5%) and silt (36.4% ± 6.5%)
instead of clay. It was suggested the silt and sand can help to achieve an optimal
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hydrological condition due to their ability to trap and drain water respectively.
The negative ORP of the wetlands was measured, indicating that the soil was in a
reducing condition. It was greatly influenced by organic matter content and plant roots
because organic matter was a deoxidizer while plant roots participated in soil redox
reactions. Even though U. formosensis’ habitat lacked nutrients and TOC, they were able
to burrow to a depth of 1m, from which they obtain their nutrients.
For U. formosensis, the range of acclimation was relative narrow. Where remediation
was concerned, not only characteristics of their habitat should be included, but merely the
correlation of the other species was significant also.

Figure3.

Plots of factor score.

CONCLUSION
In order to understand the characteristics of U. formosensis’ habitat, this study first
performs a soil texture analysis to define the physical soil component and then tests both
total soil organic carbon (TOC) and soil oxygen reduction potential (ORP) to determine
the chemical soil circumstance. Factor analysis with eleven considered variables
represents distinctive correlations of the habitats of three fiddler crabs in the selected
plots. It is discovered that silt is vital for U. formosensis’ habitat. This is because silt
provides moderate water content as well as prevents U. lectea and U. arcuata from
invading into U. formosensis’ niche. This study is respected to contribute an idea of U.
formosensis conservation in Taiwan.
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Abstract: Uca formosensis is an endemic species in Taiwan. The population size and habitats
decreased continuously in the past twenty years. This study focus on the relationship between
the sedimentary environment and U. formosensis population. GIS was used to display the
spatial distribution. The study area is in Mailiao township. One marco-habitat characteristic,
accumulated inundated-time(AIT) and seven mirco-habitat characteristics, grain size, silt/clay
content, sorting coefficient, water content, total organic carbon(TOC), total nitrogen(TN),
depth of oxidation layer(DOL) were analyzed. According to the results, grain size smaller than
0.0625 mm, silt/clay content more than 60%, AIT less than 40 hours and the elevation between
1.5~2.5 m are the habitat characteristics of U. formosensi in Mailiao area. This study takes the
sedimentary environment of Mailiao as a model and classify the substratum into three grades:
favorable, suitable and unsuitable habitats by AIT to discriminate the suitability of U.
formosensis in Haishangu and Shengang. Haishangu is a degrading habitat compare to Mailiao.
The habitat of Shengang might be influenced by the construction in 2006. This study
generalized the habitat characteristics of U. formosensis and demonstrated that the accumulated
inundated-time is an important criterion in habitat restoration.
Key Words: conservation, GIS, habitat characteristic, Uca formosensis, tide

INTRODUCTION
Uca formosensis is the endemic fiddler crab which was distributed on the west coast
of Taiwan, described and named in 1921 by Mary J. Rathbun (Shih et al. 1999). There are
four stages in the life cycle of U. formosensis: egg stage, zoea stage, megalopa stage and
crab stage. In the first stage, fertilized female fiddler crabs carry eggs under their
abdomen. Ovigerous female crab released the eggs at the highest spring tide each month,
who goes into the water and allows the eggs to hatch into plankton like larvae, the life
cycle enter the second stage of U. formosensis – larvae stage. There are five instars in
zoea development. After the fifth instar, zoea molt into megalopa which set down and
molting into juvenile crab, that initiates the crab stage. U. formosensis spent 15 days to
develop from egg to megalopa and spent another 15 days from megalopa to crab. The life
cycle of U. formosensis is affected by the lunar tidal cycle.
The distribution of U. formosensis is inhomogeneous because the crab population is
only observed at the high tidal zones. Ribeiro (2005) considered that the substratum, the
hardness and the organic matters are critical environmental factors for fiddler crabs.
Spatial distribution of fiddler crabs also cause by individual dissimilarity among different
species. The osmoregulated ability of U. formosensis also related to its distribution. Tsai
and Lin (2007) considered that U. formosensis had stable Na+, K+-ATPase activity, a
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significant difference in V-H+-ATPase activity.
In the past twenty years, the habitats and population of U. formosensis were found to
have shrunk (Shih 1999). Stable population of U. formosensis only appears in few west
costal wetlands: Hsinchu City (Haishanku), Changhua County (Shenkang), Yunlin
County (Mailiao), Chiayi County (Putai) and Tainan County (Chiku). Recently,
conservation of mangroves in Taiwan had become much focused. Lots original vegetation
of coastal areas had been rooted out in order to replant mangroves. And the conservation
strategies of mangroves had also impacted the environment where U. formosensis lives.
For instance, Chen et al. (2003) considered U. formosensis has vanished from Guandu
mangrove wetland. This artificial behavior not only changed the vegetation, but also
changed the diversity of the habitat. Although mangroves support many benthos and
terrestrial animals, U. formosensis is not included. When mangroves over-compete the
original intertidally benthic inhabitants by converting an open intertidal ecosystem to a
forested ecosystem, which might discourage the distribution of U. formosensis. Shih and
Lee (2004) considered some mangrove removal is helpful in reducing flood threats and
improving other habitat restoration.
To protect the habitats of U. formosensis, lots of background of this specie has to
know, such as realizing the relationship among elevation, tide, substratum and the
population of U. formosensis. Anticipating this study improve the conservational
approach of U. formosensis.

MATERIALS AND METHODS
A 2.4 km2 muddy flat tidal zone is none vegetation in west-north site of Mailiao
township was chosen for this study (E120°13’‧N23°49’). The space had none vegetation.
The elevation and tidal height (per half month) in the study area were collected and
converted by GIS and MatLab in order to get the digital elevation model(DEM) and
accumulated inundated time model (AIT, per half month). The population density of U.
formosensis and the substratum factors were also measured. Three transecting lines
perpendicular with shore were set in the study and each line had six sample points (Figure
1) where seven environmental factors were measured, including grain size, silt/clay
content, sorting coefficient, total organic carbon (TOC), total nitrogen (TN), water
content, depth of oxidation layer(DOL) to understand the habitat situation of U.
formosensis. Furthermore set an observation frame (5m*5m) at each sample point to
calculate the amount of fiddler crabs, there were U. formosensis, U. arcuata and U. lactea.
Each sample point to acquire a part of soil that was analyzed the habitats characteristics
of fiddler crabs. Each frame had two observers that stand on opposite corners and counted
at the same time. The observers waited for five minutes before counting while arrived a
new observation frame, because fiddler crabs are very sensitive. Each count took fifteen
minutes. After acquiring the density of the crabs, we calculated the average as the crab
approximate population density.
We used GIS to display DEM and AIT. The correlation between the population of U.
formosensis and the habitat factors were determined by multivariate statistics. The
correlation between substratum factors were determined by spearman rank correlation
coefficient (Table 1) and principal component analysis.
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RESULTS
The crab population density was highest in the B line (1.10/m2) and lowest in the C
line (0.70/m2) among all lines. The points nearshore have higher U. formosensis
population density and show a decrease trend from nearshore to offshore. Crab
population density difference among three lines had significant difference but the
difference among the six distances did not show significance. The elevation was between
1.5 to 2.5 meter and the slope variation was less than 10 degree according the DEM of
Mailiao (Figure 2). The accumulated inundated time per half month (15 days) of the
study area was between 0 to 80 hours according to the AIT of Mailaio (Figure 3).
Overlaying the density of crab population layer and AIT layer, the result indicated that U.
formosensis population distributed in the area AIT less than 60 hours per half month. The
amount of U. formosensis was more than 0.1 ind/m2 when AIT was less than 40 hours per
half month. About the sedimentary environment, grain size was classified as silt grade
(size < 0.0625 mm) and fine sand grade (size < 0.125 mm), silt/clay content was between
19% to 90%, sorting coefficient was between 0.512 to 1.419, water content was between
20.58% to 28.29%, TOC was between 0.33 to 0.5, TN was between 0.09 to 0.13 and
depth of the oxidation layer was between 14.93 cm to 62.67 cm. The substratum
nearshore had smaller grain size, higher water content and TOC and shorter AIT than
offshore. According to the principal component (Table 2.), TOC and depth of the
oxidation layer were classified as first principal component, having the most obvious
variation. Water content, TN and AIT were classified as second principal component,
grain size and sorting coefficient were classified as third principal component and also
indicated less variation than the former principal components. Only silt/clay content was
not classified in the former three principal components, representing the least variation.
The cumulative variance of the former three principal components was 79.31% (Table 3).
The substratum that observed high U. formosensis population displayed similarity which
is small grain size, high silt/clay content, low organic matters and low AIT. Plotting
principal component 1 and principal component 2 on dot graph showed cluster at high
population density as indicated by the red circle in the figure 5. Utilizing discriminant
analysis to classify the habitat of U. formosensis, AIT was the best distinguishing factor.
The substratum was classified into three grades: favorable, suitable and unsuitable
habitats by AIT to discriminate the suitability of U. formosensis. The area where AIT was
less than 20 hours per half month had judged as a favorable habitat for U. formosensis,
AIT was between 20 to 40 hours per half month had judged as a suitable one and AIT was
more than 40 hours per half month had judged as an unsuitable one. Mailao area has
38.9% favorable habitats, 38.9% suitable habitats and 27.8% unsuitable habitats of U.
formosensis. This study takes the sedimentary environment of Mailiao as a model to
predict the habitat spatial distribution in HaiShanGu and Shenkang. The results indicated
that HaiShanGu has 38.9% favorable habitats, 66.7% suitable habitats and 16.7%
unsuitable habitats for U. formosensis; Shenkang area has 83.3% favorable habitats and
16.7% suitable habitats for U. formosensis.
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DISCUSSION
The results indicated that the area nearshore is the major habitat for U. formosensis.
The elevation of the crab habitat was between 1.5 to 2.5 meter and the slope was less than
10 degree, extraordinary flat. The microhabitats of area nearshore should be more suitable
for U. formosensis than offshore such as small grain size, high silt/clay content and AIT
less than 40 hours per half month. Moreover, AIT is the macro-habitat factor which has
critical influence for microhabitat factors. Intertidal generate a graded, fining-upward
sequence of sediments and the sequence is produced by a distinct zonation of sediment
transport processes such as tidal bedload transport producing subtidal sand, alternation of
bedload and suspension sedimentation producing midflat interbedded sands and muds,
also produced high tidal flat muds and clays (Klein 1971). The results of spearman rank
coefficients revealed close correlations between environmental factors. Furthermore, the
coefficient of grain size and silt/clay content between AIT were significant, that
represented the quantity of AIT affected part of sedimentary characteristics and also
influenced U. formosensis habitats. The sedimentary characteristics affected by tidal
action act together to determine the zonation distribution of intertidal creature (Hsieh and
Hsu 1999).
Habitats of U. formosensis were patches, relatively discrete areas or locations of
relatively homogeneous environmental conditions; a nonlinear surface area varying in
appearance from its surrounding of Landscape Ecology (Moran 1995). The amount,
shape and size of patches will affect the function (Dramstad et al. 1996). According the
spatial distribution of U. formosensis in this study displayed that creek, vegetation, and
artificial building was disturbance patches and the ones have divided the consistence of
the habitats. Increasing the divided level makes survival of U. formosensis population
harder. The results of discriminant analysis reveal that Mailiao and Shenkang had more
favorable habitats for U. formosensis than HaiShanGu. There are two possible reasons for
the local discrepancy. The first reason is the difference of substratum. Sedimentary
environment affect the distribution of creatures, providing different types of
microhabitats and representing the sediment from tide or rivers (Banks and Skilleter
2002). Junk et al. (1989) also mentioned the dynamics of inundation have been shown to
dictate the interdependence between hydrological and biological processes in wetlands.
The second reason is the difference of local landscape, including vegetation and artificial
building. There was none vegetation in Mailiao study area whereas mangroves was found
in Haishangu study area. More complexity of landscape might cause disturbance of U.
formosensis habitats. Shengang had an engineering project in 2006 to build embankment
and dig a trench to be an artificial creek which influenced the inundation situation and the
zoea recruitment of the crab population. The results of sedimentary environment and
distribution of U. formosensis population demonstrated that substratum with small grain
size classified as silt and fine sand, with more than 60% of silt/clay content and low
accumulated inundated time less than 40 hours per half month are suitable for U.
formosensis.
The habitats and population of U. formosensis continually decreased in the recent
years. Hammersmark (2005) considered that it is imperative to understand the
pre-disturbance state of the system, with regards to the physical processes and shaped the
biotic components to restore an ecosystem. The study inducts the possible restricted
factors of U. formosensis population. In order to attain conservation or restoration for U.
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formosensis, some strategies should be to draft. For example, HaiShanGu and Shenkang
had delimited protected areas for intertidal creatures, especially U. formosensis.
Moreover, removing the mangroves and artificial release the juvenile crabs might have
potential positive effect. Though U. formosensis has been well studied in the past few
decades, more detail researches should be conducted in order to achieve the goal conservation of this fiddler crab species.
Table 1. Spearman rank correlation coefficient table, the table revealed the relationship
among environmental factors. Many coefficients between factors were significant,
representing the environmental factors were not individual and there were some
interaction among them.
D.O.L.
W.C.
Silt/clay

D.O.L.

W.C.

Silt/clay

Grain

S.C.

TOC

TN

A.I.T.

1

-0.299
n.s.
1

-0.608
**
0.228

0.610
**
-0.350

0.023
n.s.
0.015

-0.433
*
0.516

-0.097
n.s.
0.278

0.875
***
-0.249

n.s.

n.s.

n.s.

*

n.s.

n.s.

1

-0.938

-0.197

0.413

0.173

-0.524

***

n.s.

*

n.s.

**

1

0.090

-0.499

-0.199

0.501

n.s.

**

n.s.

**

1

0.094

0.207

0.037

n.s.

n.s.

n.s.

1

0.737

-0.378

***

n.s.

1

-0.176

Grain
S.C.
TOC
TN

n.s.
1

A.I.T.
D.O.L.: depth of the oxidation layer
W. C.: water content
Silt/clay: silt/clay content
Grain: grain size
S. C.: sorting coefficient
TOC: total organic carbon
TN: total nitrogen
A. I. T.: accumulated inundated time
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Table 2. The eigenvactor table, TOC and DOL were classified as Prin. 1. Water content,
TN and AIT were classified as Prin. 2, grain size and sorting coefficient were classified
as Prin. 3. The variation of former principal components was more than rear one.
Prin. 1

Prin. 2

Prin. 3

DOL

-0.4153

0.3799

0.2153

Water content

0.2723

0.4180

-0.0821

Silt/clay content

0.3918

-0.2153

0.0686

Grain size

-0.3989

0.1709

-0.4587

Sorting coefficient 0.2113

0.1634

0.7496

TOC

0.4063

0.3975

-0.2166

TN

0.2975

0.5102

-0.2050

AIT

-0.3777

0.4005

0.2845

Table 3. The eigenvalue table, the eigenvalues used to distinguish the important level and
the three former principal components was chosen.

difference

% of
Variance

Cumulative
Variance

Prin. 1 3.4619

1.7596

0.4327

0.4327

Prin. 2 1.7023

0.5218

0.2128

0.6455

Prin. 3 1.1805

0.4801

0.1476

0.7931

eigenvalues
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Figure 1. Mailiao study area, having 3
transecting lines, 18 sample points. The way
form A line to C line is southern and each
line included six sample points, the number
1~6 mean nearshore to offshore.

AIT (hr)
DEM (m)

Figure 3. AIT of Mailiao, the
accumulated inundated time
(15 d) of all sample points
were less than 50 hours,
excepting C6(61 hr).

Figure 2. DEM of Mailiao,
the elevation of all sample
points was between 1.5 and
2.5 meter.
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A.

B.

U.
f

i
U. arcuata
U. lactea

Figure 4A. (Left) the overlay of crab population layer and DEM layer;
Figure 4B. (Right) the overlay of crab population layer and AIT layer, the
population of U. formosensis and the elevation increased when the distance
from shore decreased; the elevation increased let accumulated inundated
time decreased.

Figure 5. PCA plot, comprise prin.1 (x
axis) and prin. 2(y axis). U. formosensis
population density of the sample points
distributed within the circle was more than
out of the circle. The substratum in the
circle displayed small grain size, high
silt/clay content, low organic matters and
low AIT.
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Akira Haraguchi
Environmental Engineering
The University of Kitakyushu
Hibikino 1-1, Wakamatsu-ku
Kitakyushu, Japan 808-0135
E-mail: akhgc@env.kitakyu-u.ac.jp
Abstract: Human impact on wetlands, e.g. land use change of wetlands for biomass
production, causes various kinds of regional and global environmental problems.
Acidification of soil and freshwater environment is one of the serious environmental
problems that appear widely in the world where peat or lignite has been removed after
mining or burning. Peat swamp forest in the South East Asia is one of the most serious
areas that have been polluted by sulfuric acid. After destruction of the peat layer over
pyrite-containing sediment by deforestation and burning, pyrite is biologically oxidized by
atmospheric oxygen and sulfuric acid is produced. Sulfuric acid contaminated in soil and
river water, and then acidifies the surrounding environments. Soil chemical and
limnological studies in peat swamp forests in Central Kalimantan clarified that sulfuric acid
loading to freshwater system from acid sulfate soil appeared widely in the coastal region
ranging from the river mouth up to 150 km from the coast line. River and canal water in the
rainy season in those areas showed lower pH than the dry season due to high contamination
of sulfuric acid in the rainy season. This paper reviews our limnological and
biogeochemical studies on peat swamp in Central Kalimantan, and discuss on the
restoration of the peat swamp forests.
Key Words: limnology, peat swamp, restoration

LAND USE CHANGE OF PEAT SWAMP FORESTS IN THE SOUTH
EAST ASIA AND ITS ENVIRONMENTAL IMPACTS
Peat consists of accumulated organic remains, and peatlands are regarded as
important carbon pools which regulate the green-house gases in the atmosphere
(Maltby and Immirzi 1996, Shimada et al. 2001). Peatlands distribute mostly in the
tropical area as well as in the circumpolar region. South East Asia is one of the main
distribution areas of peat and regarded as one of the key areas for regulating global
climate change. Sorensen (1993) estimated the total amount of carbon (C) sequestered
in peat in Indonesia at 15.93–19.29 Gt and this accounts for 3–4% C mass of peatland
C pools (329–525 Gt) of the world (Immirzi and Maltby 1992). Destruction of peat
release gaseous carbon and then accelerates global warming. Accumulation of peat, on
the other hand, fixes atmospheric carbon, and then peatlands can be a buffer for
increasing atmospheric carbon.
Many of peatlands in the South East Asia have been drained by land use change for
agricultural fields (Figure 1). Drainage causes water table lowering and the
consequent water loss from peat. Accompanying with deforestation of the peat swamp,
decomposition rate of drained peat increases and the consequent increase of CO2
emission to the atmosphere. Drained peat is easily burned, and the peat layer has
easily decomposed. Thus, land use change of peat swamp forests accelerates global
climate change.
Besides global warming, peat layer depression sometimes leads extremely acidic
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environment after pyrite decomposition. Pyrite (FeS2) is formed in a reducing
environment with a continuous supply of sulfur and iron in the presence of easily
decomposable organic matter (Howarth and Giblin 1983, King 1983). The
predominant reduced sulfur species formed in salt marsh sediments is pyrite and there
are many reports on the sulfur reduction and formation process of pyrite in salt marsh
sediments (e.g., Lord III and Church 1983). Tropical peat, most of which belongs to
the category of coastal peat, is deposited over the maritime sediments. After
destruction of the peat layer over pyrite-containing sediment after agricultural land
development and deforestation, pyrite is biologically oxidized by atmospheric oxygen
and sulfuric acid is produced. Discharged sulfuric acid from the acid sulfate soil
causes the acidification of river water.

Figure 1. Construction of drainage ditch (left) and burning (right) for the land use
change of peat swamp forests causes peat layer depression and the consequent carbon
emission from peat as well as acidification of soil by pyrite oxidation at the bottom
sediment of peat layer.

DISTRIBUTION OF ACID SULFATE SOIL
The first objective of our research on the impact of pyrite oxidation on soil-water
environment was to clarify the area of sulfuric acid contamination in peat soil. We
have investigated the vertical profile of chemical property of peat pore water collected
at several sites in Central Kalimantan (Haraguchi et al. 2000).
It is evident that the pH of the bottom layer of the peat core from lower basin
maintained a lower pH value compared to that for the peat cores in the upper basin of
the river (Table 1). The effect of pyrite oxidation on the acidification of peat was
evident at the bottom layer of the coastal peat mire. The concentration of SO42- in the
peat pore water at the bottom layer of Paduran peat was much higher than the Lahei
peat core. However, SO42- in the peat pore water of the core from upper basin also
shows higher value at the bottom compared as the surface peat. This implies that the
risk of acidification by pyrite oxidation appears also in the upper basin of the river.
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Table 1. Chemical property (pH and SO42- concentration) of peat pore water
collected from peat cores in Central Kalimantan, Indonesia. Parts of the data appeared
in Haraguchi et al. (2000).

Peat
thickness
(cm)
pH
SO42(mg/L)

Lahei
upper basin

Location
Bakung
middle basin

Rasau
middle basin

Paduran
lower basin

775

800

400

115

Surface 3.48
Bottom 5.42

5.51
5.02

3.88
4.44

3.56
3.31

Surface 0.6
Bottom 3.3

0.0
2.6

0.0
11.4

22.5
1626.0

ACIDIFICATION OF FRESHWATER ECOSYSTEMS
Sulfuric acid produced by pyrite oxidation affects not only the soil itself but also
affect river and lake water systems after discharge from acid sulfate soil (Monterroso
and Macías 1998). We estimated the range over which sulfuric acid originating from
pyrite oxidation affects the water chemistry of rivers in Central Kalimantan.
River water pH in the lower basin of the investigated rivers in the rainy season was
lower than water in the upper or middle basin of the river (Haraguchi 2007). Acidity
of canal water at the lower basin in the rainy season was highest among the study area
and the acidity in the rainy season was much higher than the dry season. Acidity of
water corresponded to sulfate ion concentration, and hence the pyrite oxidation is the
main factor for acidification of river water. Data of the continuous survey of river
water clarified that the effect of pyrite oxidation on the river water chemistry appeared
downstream from the 135 km point from the river mouth (Haraguchi et al. 2007;
Haraguchi 2007). Seasonal difference of the sulfate ion concentration showed that
discharge of pyritic sulfate from peat soil to the limnological system is much higher in
the rainy (high water table) season than during the dry (low water table) season.

IMPACT OF SULFURIC ACID ON LOCAL INHABITANTS
The third objective of our study was to obtain information on utilization of natural
water from local inhabitants in the basin with water pollution by sulfuric acid
contamination. We held interviews with local inhabitants in sulfuric acid polluted
areas.
The type of water used for drinking and cooking was not significantly different
between seasons in the reference area without sulfuric acid contamination to water,
whereas the difference was significant in the polluted areas (Haraguchi et al. 2008).
The main source of water for drinking and cooking in the polluted area were rain
water in the rainy season, but the type of water for these purposes significantly
changed to river, canal or well water in the dry season. Precipitation in the dry season
could provide a sufficient water source at least for drinking water. However, the
percentage of people using river or canal water in the dry season was higher than in
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the rainy season for all purposes in polluted area. The significant shift by people to
river and canal water in the dry season would correspond to lower contamination with
sulfuric acid in the dry season. They prefer using river and canal waters because they
were easily available without any apparatus for collecting and pooling water such as
rain water; however, they hardly use river or canal water in the rainy season. This
clearly showed that local people in the polluted area avoided using sulfuric acid
contaminated river water in the rainy season for drinking and cooking.
Although people in the polluted area avoid using sulfuric acid contaminated water
in the rainy season, their consciousness on the risk of sulfuric acid contamination was
quite variable. More than 70% of people in a village within the polluted area answered
that river water has a high risk for drinking and swimming, whereas only 11% or less
people of the other village also within the polluted area knew about the risk of sulfuric
acid for human health. The people in the latter area avoided using river water
contaminated with sulfuric acid, but the knowledge about sulfuric acid’s effects on
human health was not sufficient. Thus we concluded that although selectivity of water
was similar for the local inhabitants of the two villages in polluted area, awareness
about the risks of sulfuric acid pollution for human health proved to be quite opposite
between the two villages.

RESTORATION AND REHABILITATION OF PEAT SWAMP
FORESTS
Restoration of peatlands as well as constructing new peatlands has effect of
making carbon pool in soil and the consequent fixation of atmospheric carbon. One of
the effective techniques to restore the drained peatlands is the hydrological control by
increasing water table height. Partial blocking of drainage ditches by making gates
could make water table higher and it promote peat deposition in mires. Some attempts
of restoration of peatlands in Finland are successful and it leads acceleration of peat
accumulation as well as vegetation recovery (Figure 2).
Similar restoration technique has been applied for the tropical peatlands in
Indonesia and Malaysia. Although it takes so much cost for applying this technique
for restoration of peatlands, the method is quite neutral for soil and biological
community because in situ peat materials are used for constructing gates.
Accumulation of peat could reduce the oxygen supply to the bottom sediment and
prevent pyrite from oxidation. Even before accumulation of peat, water table increase
makes anoxic condition in pyrite containing sediments and the consequent prevention
of acidification.

- 154 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

Figure 2. Blocking of drainage ditches accelerates peat accumulation and the
consequent carbon fixation in soil. Restoration of peat mire in Finland and the
accumulated peat after restoration (left) and the case study of blocking of drainage
ditch in the Central Kalimantan (right).
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Abstract: Most Japanese mires are affected by volcanic activities such as deposition by
volcanic ash. Some mountainous mires experience frequent disturbance by volcanic activity.
Relationship between volcanic activity and vegetational change with special reference to
chemical deposition from volcano has been investigated in Tadewara mire. Three peat
cores of 210 cm, 270 cm, and 420 cm were collected for plant macrofossil analysis and
chemical analysis. Two distinct horizons consist of volcanic glasses were observed at 160
and 252 cm depths. Composition of plant macrofossil and exchangeable cation changed at
the volcanic glass layers. A distinct peak of sulfur content in peat core was found at the
depth of 110 cm. Elemental composition of peat core shows that content of carbon, nitrogen,
and hydrogen decreased corresponding to the increase of sulfur. Dominant species of
macrofossil community started to change from Sphagnum spp. to Phragmites australis just
corresponding to the increase of sulfur at 110 cm. Increase in sulfur content in peat core
started at 970±40yBP (14C dating) and it corresponded to the peak of volcanic activity of
Mt. Kurotake nearby Tadewara mire. Thus we concluded that mire vegetation changed
from ombrotrophic to minerotrophic community by sulfur deposition due to the volcanic
activity.
Key Words: Volcanic activity, mire vegetation, disturbances

INTRODUCTION
Mire provides habitats for rare or endemic species, and mire form a unique
ecosystem. Many factors e.g. climate, topography, geology, and water quality are
determining mire vegetation and succession.
Volcanic ash, volcanic gases and aerosols form volcanic activity are the
dominant determinant factors in mire vegetation and the effect is important for mires
surrounded by volcanoes such as in Japan. Many reports on the effect of volcanic ash
on mire succession clarified that mire vegetation dynamically changes after deposition
of volcanic ash. Wolejko and Ito (1986) discussed the uniqueness of the Japanese
mires as compared to mire of the world, and proposed the new term “tephratrophic
mire” because tephra supplies nutrients to mire vegetation. Hotes.et al. (2006)
discussed that vegetation responses are primarily caused by the physical effects of
burial under a mineral layer. However, chemical effect by ash deposition on mire
vegetation has not been fully clarified.
The objective of this study is to clarify the relationship between volcanic activity
and vegetational change in mire with special reference to chemical deposition
originated from volcano.
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METHODS
Study Area
In this study, relationship between volcanic activity and vegetational change has
been investigated in Tadewara mire, a minerotrohic mire in the mountains area in the
south-western part of Japan (Figure 1).
Tadewara mire is located on Kujyu mountain area in the Oita prefecture (33.07°N,
131.14°E). Mire are formed on a slope of chain of volcanic peaks and water is
supplied from springs at the foot of mountains at 1000 m a.s.l. Communities of
Phragmites australis - Epilobium palustre, Moliniopsis japonica-Sphagnum
fimbriatum dominated in mire. Eight times of volcanic eruption has been recorded
since 5000 years before around this mire (Kamata et al. 1996). Thus, Tadewara mire
has been frequently experienced the effect of volcanic activity.
B

Japan

Boring site

N

A
33°07

Kyushu
Island
0

500M

131°14

Figure 1. Location of the Tadewara mire in South-Western Japan.
Peat Core Sampling
Peat core samplings were made at the center of the Sphagnum dominated mire
community and cores were collected by Tomas type peat sampler. Three cores were
sampled within the area of 1 m diameter in May 2006. Core 1 was taken up to 210 cm,
core 2 was taken up to 270 cm and core 3 was taken up to 420 cm. Each core was
divided into segments according to soil color and texture. And these were stored at 5
℃ until used for plant macrofossil analysis.
Macrofossil analysis
Plant macrofossils in peat core show environmental condition such as temperature
or water condition at the time of deposition. Visual observation investigated to check
plant macrofossil composition. When identification of species was difficult,
observation of plant macrofossil was made by SEM.
Chemical Analysis and 14C Dating
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Segments of each collected core that was classified by soil color and texture were
weighed, then oven dried at 105℃ for more than 24h and weighed again to determine
moisture contents. Dried samples were used for elemental composition analysis －
Carbon, Hydrogen, Nitrogen, and Sulfur in peat, and acetate extractable K, Ca, Mg,
and Na concentrations were analyzed.
Two distinct horizons with volcanic glasses were observed at 160 and 252 cm
depths and 14C dating by Accelertor Mass Spectrimeter (AMS) was made on these
horizons (Geo-science laboratory).

RESULTS AND DISCUSSION
Vegetation Change
Dominant plant macrofossil data and 14C dating were shown in Figure 2. By 14C
dating, conventional radiocarbon age of 74 cm and 158 cm depth were 108.2 ± 0.5
yBP, 970 ± 40yBP, respectively, and hence the peat accumulation rate was 1.0 mm/yr.
Typical progressive succession in mire is from nutrient rich Phagmites community
to ombrogenous Sphagnum dominated vegetation (Sakaguchi 1980). Change in
macrofossil composition in Tadewara mire over the past 1000 years showed that
retrogressive succession from Sphagnum community to Moliniopsis community
started at 970 ± 40yBP.
Vegetation change in Tadewara mire
over the past 1000 years
0

Depth 〔
cm〕

90

14C

0

dating

108.2 ± 0.5 yBP
progressive

970 ± 40 yBP

90

180

retrogressive

270
180

Sphagnum spp
360

Molinipsis japonica
Phragmites australis

420

Figure 2. Vegetation change in Tadewara mire.
Vertical Profile of Chemical Properties in Peat Core
Relationship between vegetation change and elemental composition in peat core
were shown in Figure 3. Elemental composition of peat core showed that content of
carbon, nitrogen, and hydrogen decreased corresponding to the increase of sulfur.
Dominant species of macrofossil community started to change from Sphagnum spp. to
Phragmites australis just corresponding to the increase of sulfur at 110 cm.
Origin of sulfur could be the eruption of Mt. Kurotake. Eruption of Mt. Kurotake
was recorded at 980 ± 30yBP (Itoh et al. 1997), and then sulfur enrichment in mire
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soil would be due to volcanic deposition originated from eruption of the Mt. Kurotake.
Enrichment of sulfur in peat soil caused eutrophication on mire resulting in
retrogressive succession from Sphagnum community to nutrient rich vegetation.
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180

270
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Figure 3. Relationship between vegetation change and elemental composition in
sediment core.
Exchangeable cation concentrations showed higher values at the volcanic glass
layers. Data not presented deposition of volcanic glasses would accelerate
decomposition of nutrients by increasing aeration in wetland soil.

CONCLUSION
In this study, the relationship between volcanic activity and vegetational change
with special reference to chemical deposition originated from volcano is clarified.
Sulfur deposition by volcanic activity triggered retrogressive succession in mire
community. However, mire vegetation changes from nutrient rich vegetation to
ombrogenous vegetation within ca.100 years without volcanic activity.

ACKNONLEDGMENTS
Authors thank to Mr. Matsune and Mr. Kawabata for their assistance in field
investigation. This work was funded by The Seven－eleven Midorinokikin Fund.

LITERATURE CITED
Itoh, J., H. Hoshizumi, Y. Kawanabe and H. Kamata. 1997. The volcanic activities of
small-scale eruption at Kuju volcano. Geological Survey Japan.

- 160 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

Hotes, S., P. Poschlod, H. Takahashi, P. Groottjans, and Eadema. 2004. Effect of
tephra deposition on mire vegetation: a field experiment in Hokkaido, Japan. Jap.
Journal of Ecology 92:624-634.
Hotes, S., P. Poschlod, and H. Takahashi. 2006. Effect of volcanic activity on mire
development: Case studies from Hokkaido, Northern Japan. The Holocene
16:561-573.
Kamata, H., H. Hoshizumi, and Y. Kawanabe. 1996. Eruption history and volume
change since 15,000 yBP at Kuju Volcano- a case study as sociated with
quadrangle geologic mapping on active volcanoes. Chisitsu News 498:36-39.
Sakaguchi, Y. 1980. Physical geography of peatlands. Tokyo Daigaku Shuppanki,
Tokyo, p. 185 (in Japanese).
Wolejko, L., and K. Ito. 1986. Mire of Japan in relation to mire zone, volcanic activity
and water chemistry. Jap. Journal of Ecology 35:575-586.

- 161 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

EXTRACELLULAR ENZYME ACTIVITY IN A SALT MARSH AND
INTERTIDAL FLAT SEDIMENT
Hojeong Kang1 and Soohyun Jung2
1

Yonsei University
Seoul, Korea 120-749
E-mail: hj_kang@yonsei.ac.kr
2

Ewha Womans University, Korea

Abstract: This paper examined extracellular enzyme activity in a salt marsh and intertidal
flat sediment on the shore at Yoecha-Ri in Ganghwa Island, western part of Korea.
Experiments have been conducted some indicators, such as soil pH, water content, and
organic matter content from 2002 to 2003. This study indicates that loss of salt marshes and
changes into mud flats could induce substantial changes in biogeochemical properties.
Key Words: chemical properties, coastal sediments, flat management

INTRODUCTION
Coastal sediments are known to regulate fluxes of material between terrestrial and
marine ecosystems (Jørgensen and Revsbech 1989), which is mainly mediated by
microorganisms. Many studies have been conducted on microbial respiration and
hydrolysis in coastal sediment, because these processes play a key role in organic
matter decomposition (Kostka et al. 2002). It has been noted that extracellular
enzymes activity (EEA) is involved in breaking down of large molecular weight
organic matter into low molecular weight organic matter, which then can be absorbed
directly across the cell membrane of microorganisms. As such, EEA could provide
valuable information about overall organic matter decomposition in coastal sediments.
Previous studies have reported importance of EEA in coastal sediments in various
aspects. For example, EEA may affect benthic-pelagic coupling (Poremba 1995), and
can be used as an indicator of pollution (Wittmann et al. 2000) or nutrient limitation.
Western part of coastal areas in Korea has been intensively modified due to land
use changes. In particular, large areas of salt marshes with emergent vegetation have
been lost, and extensive areas of mud flats without vegetation are a dominant
ecosystem. It is anticipated that salt marshes and mud flats would exhibit substantially
different decomposition rates and patterns, but little information is available in terms
of EEA. The present study aims to fill the gap in this knowledge by conducting
comparative analysis of EEA in two types of coastal sediments in Korea.

MATERIALS AND METHODS
The study sites were a mud flat and adjacent a salt marsh developed on the shore at
Yoecha-Ri in Ganghwa Island, western part of Korea (37°34′ - 37°38′N, 126°20′ 126°30′E). Soil texture of a mud flat and a salt marsh were sandy loamy and clay
loamy, respectively. A salt marsh is covered with Phragmites australis Trin., while no
emergent vegetation exists in a mud flat.
Samples were collected in nine occasions; September, October, November,
December 2002, and March, April, July and August 2003. Sediment samples were
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collected into 20 cm depth by PVC pipes (diameter 5.5cm). PVC pipes were sealed
immediately and transported to a laboratory in an upright position on ice. All sediment
cores were divided at 5 cm intervals to determine depth profiles.
Soil pH, water content, and organic matter content were determined along with
EEA. β-glucosidase, N-acetyl-β-D-glucosaminidase, and phosphatase activities were
measured by a methyllumbelliferyl (MUF)-substrate analogue method.

RESULTS AND DISCUSSION
Chemical properties of the sediments are listed in Table 1. pH was lower in a salt
marsh than that a mud flat sediment at all depths with little variations along the depth
in both sediments. Water content and organic matter content were higher in a salt
marsh than those in a mud flat. Larger content of organic matter in a salt marsh
appears to be related to root exudates as well as debris of roots and litter.
Table 1. pH, water content and organic matter content in a salt marsh and a mud flat
along the depth at an interval of 5 cm. Values are mean ± S.E. (n=3 for salt marsh and
n=4 for mud flat). WC: water content, OM: organic matter content.
pH
Depth
(cm)
5
10
15
20

Salt marsh

Water Content (%)
Mud flat

Salt marsh

7.23±0.08~

7.55±0.11~

26.83±1.55~

8.06±0.12

8.31±0.07

7.11±0.14~

Mud flat

Organic Matter (%)
Salt marsh

Mud flat

22.12±1.14~

2.72±1.38~

2.24±0.02~

33.51±1.6

31.71±1.18

6.30±0.38

4.72±0.29

7.50±0.15~

28.35±1.62~

22.41±0.54~

4.04±0.62~

2.36±0.08~

8.02±0.13

8.47±0.01

38.05±2.77

30.48±1.16

12.75±6.64

5.39±2.04

7.16±0.13~

7.46±0.13 ~

29.30±7.21~

24.97±1.3~

3.14±0.69~

1.70±0.57~

8.00±0.07

8.50±0.06

36.30±0.31

32.39±2.29

6.61±1.03

6.11±1.65

7.32±0.10~

7.52±0.12~

28.41±1.36~

25.39±0.68~

2.77±1.48~

2.61±0.14~

8.05±0.14

8.51±0.09

38.04±0.73

32.10±2.7

12.70±6.88

5.29±1.64

Except for β-glucosidase, EEA exhibits a similar pattern over a period in a way
that the lowest value was found in October and the highest value was observed in May
or July (Figure 1). EEA generally decreased along the depth in a mud flat, but no such
trend was found in a salt marsh. This appears to be related to carbon supply from the
presence of vegetation in a salt marsh. Overall, 2~3 times higher EEA was observed
in a salt marsh than a mud flat. Phosphatase activities were highest among enzyme
activities in both sediments, followed by β-glucosidase, and N-acetylglucosamindiase.
β-glucosidase, N-acetylglucosaminidase, and phosphatase are known to be
involved in decomposition of cellulose, chitin and organic phosphorous, respectively.
β-glucosidase activities in this study were higher than that of sandy beaches (Misic
and Fabino 2005), but much lower than that in intertidal flat sediment (Podgórska and
Mudryk 2003).
Higher EEA in a salt marsh would be caused by the differences in physical
environmental factors such as organic matter content, clay content and tillage effect
by seawater. In addition, carbon availability in terms of quality and quantity would be
also an important factor to affect EEA. This study indicates that loss of salt marshes
and changes into mud flats could induce substantial changes in biogeochemical
properties including EEA.
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Figure 1. Variations of β-glucosidase activities in a salt marsh (upper left) and a mud
flat (upper right), N-acetylglucosaminidase activities in a salt marsh (mid left) and a
mud flat (mid right), phosphatase activities in a salt marsh (lower left) and a mud flat
(lower right) sediments.
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PHOSPHORUS RELEASE FROM THE SEDIMENT IN THE RIPARIAN
COMMUNITY AND ITS EFFECT ON THE PRIMARY
PRODUCTIVITY OF THE ESTUARY ECOSYSTEM
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Abstract: In order to determine the factors to sustain the high primary productivity of an
estuary community, we analyzed the dynamics of nitrogen and phosphorus in the estuary of
the Chikugogawa River, South-Western Japan. The ratio of Total-P / Total-N of river water
showed the maximum value of 0.25 (molar ratio) at the point from 10-20 km from the river
mouth. Primary productivity of the riparian community of Phragmites australis showed
also maximum at the same point. Phosphorus from the upstream of the river accumulates to
the sediment near the river mouth and phosphorus is released from the sediment after
mineralization under reduced condition of sediment. This process could be the main source
of phosphorus to the estuary community, and this could sustain the high productivity of
estuary aquatic macrophyte community. We discuss the function of riparian communities
including sediments in nutrient dynamics of the estuary community as well as salt tolerance
of P. australis and Scirpus planiculmis, the dominant species of the riparian community in
the estuary.
Key Words: Chikugogawa River, phosphorus, productivity, salt marsh, salt tolerance

INTRODUCTION
Estuary is one of the most productive wetland ecosystems. Nutrient supply from
the ocean and upstream basin compensate each other and the chemical stoichiometric
balanced nutritional condition sustains the high primary productivity of the estuary
ecosystems. Uplift of the sediment materials by tidal change also supplies nutrients to
the aquatic and riparian communities and the consequent increase of primary
production (Barbanti et al. 1992).
Phosphorus is one of the limiting elements in the limnological ecosystems and
hence the P mineralization and mobilization could limit the primary productivity of
the aquatic ecosystems. In the terrestrial ecosystems, mycorrhizal fungi of the
vascular plants' roots mobilize P and then plants can absorb P via mycorrhizal fungi.
Mobilization of P in the aquatic ecosystems proceeds under the acidic or anaerobic
conditions, and then the anoxic horizon of the sediments could be the active site of the
P mobilization.
Our research tried to test the function of P release from the estuary sediment and
how it contributes to the primary productivity of the estuary ecosystems. This paper
presents the preliminary study on the P and N dynamics in the estuary ecosystems
with special reference to the stoichiometric P / N balance of the river water. In order
to clarify the P and N dynamics in a river system, we investigated water quality of
river water including N and P. from uppermost to the river mouth of a river basin at ca.
1.0 km intervals. From the data of the spatially successive water quality
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measurements, we extracted the change of river water chemistry along a river and
evaluated the causal factor for water quality change. From the gradients of water
quality, we discussed the nutrient dynamics of the estuary wetland ecosystems.

STUDY SITE
Chikugogawa River [raninging from 33°8’N to 33°5’N and from 130°21'E to
130°15'E maxim altitude 1140m above sea level] is located in the northern part of
Kyushu island, Japan, and area of the basin is 2860 km2.The total length of the main
stream is 143 km (Figure1).
We surveyed from the river mouth of the Chikugogawa River up to the origin of
the Kusugawa River, a tributary of the Chikugogawa River.
Downstream from the flood gate at 24.5km from the river mouth is affected by sea
water inundation. Tidal marsh riparian community dominated by Phragmites australis
develops in the estuary of the river.

Chikugogawa river

N

Taiwan
0km

50km

Figure 1. Map showing the study area of Chikugogawa river basin in the northern
part of Kyushu Island, Japan.

MATERIALS AND METHODS
In this study, we investigated river water chemistry at 157 sampling points in
Chikugogawa River (Figure 1). These 157 sampling points ranged from the river
mouth up to 139km upstream. There is a flood gate at 24.5km from the river mouth
and sea water
inundation appeared up to the gate.
Electric conductivity (EC), pH, major cations (Na+, K+, Mg2+, Ca2+), anions
(Cl–, Br–, SO42–, F–, NO3–), total-N (TN), total-P (TP), total organic carbon (TOC)
were analyzed. EC and pH were measured in situ with conductivity meter (ES-51,
Horiba), respectively.
TN was determined by UV spectroscopic measurement after acid digestion. TP
was determined by the molybdenum blue method after alkaline digestion. TOC was
measured with a TOC analyzer (TOC-V, Shimazu).A 157 water samples was filtered
with a glass fiber filter (Whatman GF/C) and then used for analysis of ionic
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concentrations.

RESULTS AND DISCUSSION
Phosphorus and Nitrogen

TP/TN [mol/mol]

The ratio of Total-P / Total-N of river water showed the maximum value of
0.25(molar ratio) at around 10-20 km from the river mouth (Figure2). Because
phosphorus from the upstream of the river accumulates to the sediment near the river
mouth and phosphorus is released from the sediment after mineralization under
reduced condition of sediment. This process could be the main source of phosphorus
to the estuary community, and this could sustain the high productivity of estuary
aquatic macrophyte community.
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Figure 2. The ratio of Total-P/Total-N of river water from river mouth to flood
gate
The ratio of Total-P/Total-N of river water showed relatively higher value at
around 90-110 km from the river mouth (Figure3). This could be due to the
contamination of non-treated sewage in the urbanized area discharged water from
including agricultural land and livestock farming.
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Figure 3. The ratio of Total-P/Total-N of river water at middle and upper basin.
2−

The concentration of SO 4

showed the maximum value at the upper most basin

SO42-/Cl- [w/w]

of the river (Figure 4). This is due to the supply of sulfate from the volcanic sediments
or ground water at the origin of the river.
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Figure 4. The concentration of SO 4
2−

showed upper most stream of the river.

−

The ratio of SO 4 /Cl showed higher value at the upper most stream of the river
(Figure 5). This implies the higher contamination of sulfate originated from volcanic
activity. No contamination of upper most stream of the rive sulfate from other origin,
e.g. pyritic sulfate, was discernible within the basin of the river.
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Figure 5. The ratio of SO 4 /Cl

−

showed upper most stream of the river.
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EFFECT OF ARTIFICIAL FIRE ON THE STREAM WATER
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Abstract: Tadewara mire is a typical volcanic mire that locates in the southwestern Japan
and the vegetation has been maintained by the artificial fire. However, the effect of fire on
the mire ecosystems as well as its impact on the fresh water ecosystems have not been
clarifies. The objective of this study is to clarify the response of mire ecosystem by the fire.
We investigated the effect of artificial fire on the chemistry of the stream water in
Tadewara mire, southwestern Japan. Artificial fire was conducted on early April in 2007
and 2008, which burned the vegetation: mainly Moliniopsis japonica, Phragmitesa
australis, and Sphagnum palustre - S. fimbliatum communities. Our result showed that the
burning had little effect on the chemical characteristics of the streams, except for NH4+.
Ammonium concentration was significantly increased after the burning, and showed a
2-hold increase within 24 hours after the burning. This implies that the burning of the
vegetation lead to maintain the nutrient-poor environments as well as the nutrient removal
from the mire.
Key Words: artificial fire, management, mountainous peatland, stream water chemistry,
volcano

INTRODUCTION
Mountainous catchments have a significant key role to play the formation of water
chemistry and the source of stream. Stream water is one of the major pathways from
the ecosystems. Substantial quantities of mineral nutrients are accumulated in and
cycled between vegetation to soil systems, and some of them transported in
downstream water. Natural or anthropogenic disturbance of the nutritional pool held
in the soil and vegetation also an important mineralizing agent on the nutrient efflux
from the catchments. Fire can directly affect nutrient cycling in ecosystems. One
significant impact of fire is the transfer to the atmosphere as gases and in the particles
of smoke. In particular, peatlands are one of the huge reserves of terrestrial organic
carbon, and hence peatlands fire could consume not only the surface vegetation but
also the underlying peat soil as CO2 (Page, et al., 2002). Peatland fire could promote
the mineralization of the organic matter and consequence the nutrient-poor
environments. The objective of this study is to clarify the response of mire ecosystem
by the fire. In this paper, we report that the effect of artificial fire on the stream water
chemistry from the mire with reference to temporal fluctuation following fire.
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MATERIAL AND METHODS
Study Site
The study site is located in the Aso-Kuju National Park, the middle part of Kyushu
Island, Japan (33º7’ N, 131º14’ E, Figure 1). Mean annual temperature of the area is
13.9 ºC. Mean annual precipitation is 1,822 mm, and 48 % of an annual precipitation
is accounted in the rainy season during June - August (all data is averaged from 1976
to 2007, obtained from the Japan Metrological Agency). The study site is surrounded
by several volcanic mountains as much as 1,700 meters high. Mt Hoshou, one of the
volcanoes, is still erupting hydrogen sulfide gas in atmosphere. Tadewara Mire (76 ha,
1,015m a.s.l.) is located on the alluvial fan, which consists of the volcanic debris. Its
topography slope gently (1.6º). There are two streams and several springs in the
Tadewara Mire. Shiramizugawa River runs at the west side of the mire, which has its
origin in Mt. Hoshou. Another is Kurogo River, which is the discharge from the spring
and runs at the east side of the mire. These streams flow downward, and meet at the
terminus of the mire. In the upper part of the mire, which are dominated by
Miscanthus sinensis. In the lower part of mire, Moliniopsis japonica, Phragmitesa
australis, and Sphagnum palustre - S. fimbliatum communities are dominated. In
2005, Tadewara Mire is inscribed as registered wetlands under the Ramsar
Convention.
General Description of Artificial Fire at Tadewara Mire
Tadewara mire is burned by an artificial fire, which is conducted only once in the
ever spring by the inhabitants of the district. Artificial fire at the Tadewara Mire starts
to ignite dry vegetation above the soil, and then most of vegetation burns intensively
for a few hours. The burnt area in April 2008 was approximately 46 ha and covered 87
% of whole area. Undamaged area by the fire was swampy area, where were
dominated by Phragmites australis.
Sample Collection and Chemical Analysis
We investigated the temporal variation in hydro-chemical environments in the river
water at the 3 sampling points (Figure 1). P3 is located along Kurogou River, P4 is
along Shiramizugawa River, and P5 is the ca. 50 m downstream from the meeting of
two rivers. Artificial fire at the Tadewara Mire was carried out on April 8, 2007, and
April 5, 2008. Water sampling for chemical analysis at the three points was carried out
at 8 times for 27 hours in 2007, and 15 times for 51 hours in 2008 following the fire.
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Figure 1. Location of the study site and sampling points (open circles).
Water samples were stored in two 150 ml polyethylene bottles in the field, and
kept at < 5 ºC as soon as possible after sampling. Water level at the P5 was measured
and recorded at 10-minutes intervals in 2008. In the laboratory, pH and electrical
conductivity (EC) of water samples were measured with pH and EC meter (D-54,
Horiba). Water samples were then filtered through cellulose acetate membrane filter
(0.2μm, Advantec Toyo Co.) and refrigerated before measurement of ion
concentrations. Ion concentrations were measured with an ion chromatograph
(DX-120, Japan Dionex).

RESULTS AND DISCCUSION
Water Chemical Properties
Chemical characteristics of the stream water are summarized in Table 1. Mean
water pH of P4, showing lower than 5.0, was the lowest among the sampling points.
Water pH of P3, originate in the spring, was the highest. And P5, located at the
meeting of the two rivers, showed the intermediate value between P3 and P4. Ca2+
was the dominant cation, followed by Mg2+, Na+ and NH4+. SO42- was the
dominant anion, followed by Cl– and NO3–. Mean SO42- concentrations of P4 was
significantly higher than those in P3 and P5. This implies that the chemical
environment in the Tadewara Mire affected by the high Ca2+ and SO42– loading
from the chemical weathering of the volcanic sediments and the groundwater.
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Table 1. Chemical properties of the stream water in the Tadewara Mire. Numbers in the table
represents the mean ± SD value.
Sampling point
Chemical
parameters
pH
Electrical
Conductivity
Ca2+
Mg2+
Na+
K+
NH4+
SO42ClNO3-

Unit

mS/m
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

P3

P4

P5

6.0

±

0.4

4.8

±

0.7

5.8

±

0.2

41.6

±

5.0

37.4

±

2.7

38.6

±

2.6

38.4
13.6
13.3
2.7
0.3
80.2
34.5
1.3

±
±
±
±
±
±
±
±

5.2
1.8
5.9
1.2
0.2
12.3
11.5
1.1

36.3
10.4
11.3
3.3
0.5
123.6
23.2
0.8

±
±
±
±
±
±
±
±

6.5
1.5
2.6
1.0
0.2
14.0
3.0
0.7

39.1
12.5
12.5
3.1
0.4
102.7
29.7
0.8

±
±
±
±
±
±
±
±

6.0
1.7
3.5
1.2
0.2
25.0
6.8
0.3

Temporal Changes of the Water Chemistry following Artificial Fire
The temporal changes of the water chemistries with in 2007 and 2008 are shown in
Figure 2. The data in 2007 represented the change until 27 hours after ignition. The
pH and EC of the river water did not show the temporal change following the fire
(data are not presented in Figure 2). Monovalent ion concentrations (Na+, NH4+ and
K+) were increased with time, whereas bivalent cation (Ca2+ and Mg2+)
concentrations were almost stable. This implies that monovalent cations are
vulnerable to leaching compared with the Ca2+ and Mg2+. Chloride and SO42concentrations did not change following the fire. Nitrate concentrations showed
irregularly high value.
The monitoring duration in 2008 was extended to 51 hours following the fire. The
temporal fluctuation of chemical properties in river water was shown in Figure 3.
Water level and hourly precipitation were also shown in Figure 3. The precipitation
data was obtained from Ukenokuchi meteorological station (770 m a.s.l.) which was
ca. 4 km away from the Tadewara Mire. During the monitoring, intensive
precipitation of 19 mm was recorded after 39 hours following the fire (6:00-11:00 in
local time). Maximum water level (0.591m) occurred around the maximum hourly
precipitation (9 mm). Mg2+, Ca2+, Cl– and SO42– concentrations showed stable until
39 hours. However, these concentrations decreased at 42 hours, and then increased
gradually. Increased discharge water from the upstream mountains following the
precipitation might cause the dilute these concentrations.

- 174 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention
Ca2+

60
40

10
8
6
4
2
0

0

April 6

Mg2+

20

April 7

NH4+

SO42-

50
0

0
Na+

10

Cl-

40
20
0

0
K+

2
0

Local Time

1.1

1.0
0.8
0.6
0.4
0.2
0
150
100

4

0:0
0

12:0
0

0:0
0

12:0
0

0:0
0

0:0
0

April 5

20
10

-1

Water level (P5)

0.5
0.4

C
on
cen
tration
s(m
gL )

Fire

0.6
(m
)

20

Hourly precipitation

12:0
0

(m
m
/h)

Time (hours) following the fire
0
10
20
30
40
50

5.9

NO3-

4
2

0

10 20 30 0

10 20 30 40 50

2007
2008
Time (hours)

0

0

10 20 30 0

10 20 30 40 50

2007
2008
Time (hours)

Figure 3. Temporal fluctuations
of ion concentrations of the river
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Figure 2. Temporal fluctuations of
precipitation and water level of
river water at Tadewara Mire
(April 5 - 7, 2008)

On the other hands, ammonium, K+ and NO3– did not show clear relationships
with the hydrological condition. A sharp increase of NH4+ occurred in the water of P4
(1.0 mg L–1 at 21 hours) and P5 (1.0 mg L–1 at 35 hours), respectively. The
ammonium is the primary form of mineralized nitrogen in most flowed wetland soils,
although much nitrogen can be tied up in organic forms in highly organic soils
(Mitsch, 2007). Chorover, et al. (1994) suggested that increase in NH4+ may be result
of thermal decomposition of organic matter or microbial activity. Our results imply
that implication of artificial fire in the Tadewara Mire is to promote the mineralization
of organic matters and consequently runoff from the mire. In Particular, nitrogen is
considered one of the major limiting factors such as coastal ecosystems. Therefore, an
understanding of the change in nitrogen dynamics resulting from fire in the peatlands
is essential for successful management for watershed ecosystems.
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DEVELOPING SUSTAINABLE LIVELIHOODS FOR COMMUNITIES
IN A RAMSAR SITE: THE MAKRAN COASTAL WETLANDS
COMPLEX, PAKISTAN
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Abstract: Makran Coastal Wetlands Complex represents a typical case of great natural
capital being threatened by rural communities seeking poverty alleviation and economic
development. The challenge is therefore to simultaneously achieve conservation of
biodiversity while also attaining sustainable livelihoods for local people. Similar challenges
are evident throughout the Asia-Pacific region, and are being met by the concept of
‘conservation economies’, whereby communities living with biodiversity are enabled to
earn revenue from the sustainable utilization and management of wildlife, thus creating an
incentive for its conservation. This study is in progress to assess the potential for the
establishment of a conservation economy within the Makran Coastal Wetlands Complex,
which would achieve both sustainable livelihoods for the local people and the protection of
the Ramsar site and adjacent coastal habitats. It will be a collaborative program of research
and implementation involving Glasgow University, James Cook University, Sustainable
Ecosystem CSIRO-Australia, WWF-Pakistan, the University of Veterinary and Animal
Sciences, Lahore, Punjab University and relevant Pakistan Government departments.
Key Words: community awareness, conservation ecology, sustainable development,
wetland complex

INTRODUCATION
The destruction of the natural resources and ecosystems of the World’s coastal
areas will be one of the most important environmental management problems for the
foreseeable part of the future. A vast majority of humanity already lives in the coastal
areas and there is a migration of gigantic proportion going on that will increase these
numbers even further. This is going to increase the degradation of the coastal
environments due to over harvesting of the resources, pollution and alteration of the
environment, erosion of soil and silt from land causing sedimentation. Unless serious
and coordinated actions are taken to change the negative trends observed today,
extremely valuable resources will be lost. The most important threat is the loss in food
security which will be paid by the poorest of the population in the developing world.
Wetlands sustain all life and perform useful functions in the maintenance of
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ecological balance. Interfacing between land and water systems, they are highly
productive and biologically rich ecosystems, and are also the most endangered. The
wetlands of the region are, therefore, generally degrading under a broad spectrum of
anthropogenic threats most of which are a direct product of poverty, but many of
which are exacerbated by human ignorance and mismanagement.
The Makran Coastal Wetland Complex (MCWC) in Balochistan, south-west
Pakistan, is a 1,635 km2 area of outstanding biodiversity value Figure 1. The area was
designated with two Ramsar sites, Jiwani Coastal Wetlands and Astola Island due to
its importance for wetland birds, with 125 of 736 species found in Pakistan present.
The coastal area of the wetlands is also home to the endangered marsh crocodile, and
iconic marine species including bottlenose dolphins, dugong, marine turtles, whale
sharks and manta rays. In 2003 the MCWC was identified by the Pakistan Wetlands
Project as one of four priority wetland areas in Pakistan requiring targeted investment
in conservation.

Figure 1. Map of Research site.
The MCWC contains 24 villages, and preliminary surveys suggest that local
livelihoods are based upon subsistence agriculture and fisheries, with a high level of
poverty. People utilize wildlife resources as an important extra source of protein, and
harvest many species protected within the wetlands complex, including birds.2 It is
possible that human activity within the Ramsar site is threatening the integrity of
biodiversity in the area, but government resources are not sufficient to effectively
police the area and limit illegal exploitation of wildlife.
Hence the MCWC represents a typical case of great natural capital being
threatened by rural communities seeking poverty alleviation and economic
development. The challenge is therefore to simultaneously achieve conservation of
biodiversity while also attaining sustainable livelihoods for local people. Similar
challenges are evident throughout the Asia-Pacific region, and are being met by the
concept of ‘conservation economies’, whereby communities living with biodiversity
are enabled to earn revenue from the sustainable utilization and management of
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wildlife, thus creating an incentive for its conservation. Similar frameworks have been
introduced in southern Africa under the CAMPFIRE (Communal Areas Management
Program for Indigenous Resources) initiative, 3-7 and in Aboriginal regions of
Australia using the Canadian Ecotrust model. 8, 9
Eco-tourism has been identified as a major potential source of revenue for local
communities due to the planned construction of an international airport at Gwadar,
near the MCWC.1 However, so far no assessments have been made of the potential
for tourism in the area, or the steps required to establish a framework for a
conservation economy. Similarly, opportunities for employing local people in the
active planning, management and conservation of the MCWC have not been fully
explored.

AIMS AND OBJECTIVES
This study aims to assess the potential for the establishment of a conservation
economy within the MCWC, which would achieve both sustainable livelihoods for
the local people and the protection of the Ramsar site and adjacent coastal habitats. It
will be a collaborative program of research and implementation involving CSIRO,
WWF-Pakistan, the University of Veterinary and Animal Sciences, Lahore, and
relevant Pakistan Government departments. The four specific aims are:
• Assess the potential options for establishing a conservation economy in the
MCWC;
•

Assess the requirements for implementing a conservation economy in the MCWC;

•

Facilitate the implementation of a conservation economy in the MCWC using
community-based planning;

•

Use the experiences gained in the MCWC to inform management of other priority
Ramsar wetlands in Pakistan.

COUNTRY PERSPECTIVE
Pakistan has demonstrated its commitment to the conservation of biodiversity by
supporting international policies and initiating the development of its indigenous
conservation related policies at both national and provincial levels. Of principal
relevance to wetlands conservation is the Ramsar Convention to which Pakistan
became a party in 1978. Under the Ramsar Convention, Pakistan is required to
promote the 'wise use' of wetlands and waterfowl and to take measures for their
conservation.
Protection of watersheds and water bodies are two of the fourteen major
programme areas for priority implementation in the Pakistan National Conservation
Strategy and this study falls within the focal area of conservation of biological
diversity. This project will also address imminent threats to the rich biodiversity of
Pakistan's wetlands ecosystem.
This research will appropriately be aligned with global expectations, international
agreements and conventions of biodiversity conservation and will assess the potential
for the establishment of a conservation economy within the MCWC, which would
achieve both sustainable livelihoods for the local people and the protection of the site
and adjacent coastal habitats.
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ACTIVITIES
The study will be undertaken in three one-year phases:
PHASE 1: Baseline surveys of local economy and biodiversity
•

Establish current socio-economic systems using community surveys and
secondary data;

•

Establish inventory and status of wetland and coastal biodiversity assets;

•

Identify key indicators of change for local economy and biodiversity, and
thresholds of concern.

PHASE 2: Feasibility of conservation economy
•

Conduct market research to assess potential viability of eco-tourism.

•

Assess the local community’s attitudes to establishing a conservation economy;

•

Assess the managerial and institutional developments required;

PHASE 3: Implement and monitor conservation economy
•

Facilitate implementation of conservation economy, including public and private
sector funding sources;

•

Develop the capacity of the local population and government structures to adapt
the current economic system to include a conservation economy;

•

Establish a monitoring program to measure changes in the local economy and
biodiversity;

•

Utilize MCWC experience to inform conservation and community development of
other priority Ramsar wetlands identified by the National Wetlands Conservation
Strategy.

METHODS
The methodology will build upon initial preliminary surveys carried out in the
MCWC in December 2001 and January 2002, and apply standard socio-economic and
biophysical survey techniques developed by CSIRO like Participatory Human
Resource Interaction Appraisals (PHRIAs):
PHASE 1: Baseline surveys of local economy and biodiversity
•

Participatory surveys of households and key individuals (e.g. village headmen) in
each MCWC village; focus groups to examine resource users (e.g. fishermen,
farmers); participatory mapping of resource use; household surveys and secondary
data to establish current socio-economic systems;

•

Secondary data (e.g. census) sourced for background information;

•

Baseline monitoring sites established to measure and map current biodiversity,
building on preliminary surveys;2
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•

Indicators of economic and biodiversity status and trends established from
available data; thresholds of concern determined from participatory planning
meetings with community and local government.

PHASE 2: Feasibility of conservation economy
•

Employ consultant market research to assess potential for eco-tourism enterprises;

•

Participatory planning workshops with communities and government to assess
feasibility of implementing conservation economy, and steps required.

PHASE 3: Implement and monitor conservation economy
•

Training and facilitation of community and local government to develop the
institutional capacity required to implement a conservation economy;

•

Engage public and private funding sources;

•

Design monitoring program using local participatory planning workshops;

•

Engage with WWF and Pakistan government to transfer knowledge from MCWC
to other Ramsar wetlands and the National Wetlands Conservation Strategy.

RESULTS (So far findings)
•

Secondary data has been gathered

•

Local biodiversity mega fauna (Mammals, Birds, Reptiles, Amphibian and Fishes
data has been prepared)

•

Some important plant species list in local habitat has been arranged

•

Socio economical data of MCWC five villages (Gawadar, Pishukan, Gunz,
Jiwani and Suntsar) has been collected

•

For development of conservation economy for local communities of MCWC a
strategy is in process of preparation that will be finalized in December 2008.
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Abstract: This paper described how an one of the world-wide famous environmental NGOs,
Wetland Conservation Team of Ashoka Trust for research in ecology and environment
(ATREE), tried to address some regional issues, and how his NGO was tried to help local
communities to strength their potentials of sustainable development in the Vembanad
Backwaters of Kerala, India.
Key words: community, sustainable development, environmental awareness.

Every living creature needs clean and safe drinking water. One of the major
challenges of humanity today is to balance increasing demands for fresh water and
integrity of freshwater biodiversity and the decline of aquatic environment. More than
1/3 of
the humanity today is living without adequate fresh water and forecasts state
that two thirds of the world populations will be without safe drinking water by the
year 2025.
The Lakes and backwaters store more than 90% of the liquid fresh water on earth
surface are important for human development due to the important ecosystem and
livelihood supports they provide. The environmental conditions of the lakes are in a
steady decline due to severe anthropogenic pressures and deserve immediate
conservation attention to overcome the imminent water crisis. Coastal backwaters and
inland water bodies are economically efficient systems, now fast declining due to lack
of care, improper management, over exploitation and lack of awareness. One of the
hopes of backwater conservation lies in the ‘active involvement of the dependent
communities’ in the management of the natural resources by the people. This can be
made possible only by Institutionalizing community rights over protection and harvest
of the natural resources.
Vembanad wetland is the largest humid tropical, wetland ecosystem of the south
west coast of India. It is a complex system of backwaters, marshes, lagoons,
mangrove forests, reclaimed land and an intricate network of natural and manmade
canals (Table 1 provides some basic information about the system).
The site is ecologically significant owing to vanishing mangrove patches and as an
important site for resident and migratory waterfowl. Based on the rich biodiversity
and socio-economic importance, Vembanad Lake was declared as a Ramsar site, a
wetland of international importance in November 2002. Vembanad Lake, along with
adjacent kol lands, is the largest Ramsar site in India and supports the third largest
wintering waterfowl population of the country. Also it is one of the 15 mangrove areas
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that have been identified by the Ministry of Environment and Forests (MoEF) for
intensive conservation and management.

Table 1. Basic information on Vembanad region.
Location
Mean annual temperature
Mean annual rainfall
No. of major rivers
draining into lake system
Length of the lake
Area of the Lake (south of
Thanneermukkom bund)
Area of Lake (North of
Thanneermukkom bund)
Population

Latitude
: 9º 28´and 10º10´N
Longitude: 76º 13´ and 76º 31´ E
24.20 C
3000 mm
6
96 km
13224 ha
23500 ha
~16,00,000

The lake has a total surface area of ~36,500 ha spread across three central districts
of Kerala, viz, Eranakulam in the north, Kottayam in the east and Alappuzha in the
south. It is the lifeline of this area—nearly 1.6 million people live on the banks of the
lake in 38 panchayaths spread across three districts apart from 3 municipalities and
Cochin Corporation. This wetland and the surrounding area together form a Socio
Ecological System (SES) and the lake is the lifeline for the villages situated on its
banks. A transitional ecotone between sea and land, Vembanad Lake is a highly
productive environment, providing feeding, spawning and rearing areas for a very
large proportion of commercial fish and shellfish. It supports rich fishery resources
(e.g. variety of finfish, shellfish, several species of marine fishes, and shrimps) and
acts as a sink and transformer for the agricultural and municipal wastes discharged
into it. . The lake system also supports a highly productive agricultural system.
Kuttanad—the ‘rice bowl of Kerala’—spread over 1,100km2, which is a reclaimed
portion of the lake. The lake helps to contain flood waters and saves thickly populated
areas from submersion, recharges coastal aquifers, filters and flushes out pollutants,
facilitates inland navigation and wetland tourism. The system supports unique cultural
traditions, water centered social institutions and lifestyles.
The Vembanad wetland is also an important resource area for local livelihoods
dependent on fishing and allied industries, an important tourist destination and
supports a highly productive agricultural system. The lake is used for fishing, mining
sand and lime shell deposits, harvesting live clams, and tourism related activities.
Surrounding land mass is used for rice cultivation, plantation crops, housing, tourist
resorts, industries etc. All these ‘water based enterprises’ depend upon environmental
integrity of the Vembanad Lake and the surroundings. The environmental conditions
of the lake is in a steady decline due to severe anthropogenic pressures and all these
activities are to various degrees in decline because of socio-economic and ecological
changes happening in the region. The commercial nature of many of these activities
leads to uncontrolled resource use which poses grave threats to the ecosystem.
The Wetland Conservation Team of Ashoka trust for Research in Ecology and
Environment (ATREE), is trying to address some of these issues through its
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Community Environmental Resource centre (CERC), established at Alappuzha, by
bringing
together local communities and institutions to strengthen wetland
management in the Vembanad SES. ATREE through this program aims to build multi
sectoral and multi stakeholder partnerships at the local level, influence decision
making, increase coordination between stakeholders and strengthen their capacity to
address the various issues related to Vembanad Wetlands.
The important activities of ATREE’s Wetland Conservation Team are for the
sustainable management of Vembanad SES are
(a) Interventions to wetland related policies
The policy cell identifies the institutional, policy and information gaps which are
adversely affecting the conservation and livelihood issues of the Indian wetlands in
general with a special emphasis on Vembanad Lake and tries to facilitate discussions
on long-term, effective and inclusive institutional mechanisms for the sustainable
management of the lake. Our team enacts and/or gives inputs to the concerned
government departments and other agencies on policies and policy recommendations
with implications for Vembanad. Coastal Zone Management Notification (CZM),2007,
The Draft Kerala State Land Policy, 2008, M.S. Swaminathan Commission on
‘Measures to Mitigate Agrarian Distress in Alappuzha and Kuttanad Wetland
Ecosystem’, Kerala State tourism policies etc are being analyzed in tandem with
socioecological realities pertaining to Vembanad and provided inputs to the concerned
Government department /agency. More recently the policy team has done a detailed
analysis of the draft notification for a Regulatory Framework for the Conservation of
Wetlands in India and was submitted to the Ministry of Environment and the Forests.
Climate change initiative also is part of the policy component. It would entail the
study of local adaptations to current and past climate events and patterns, risk
perceptions and future adaptive potential.
(b) Strengthen the capacities of the local communities in governance and wise use
of wetlands
Stakeholders of the Vembanad range from communities adopting traditional means
of livelihood to modern industries. The activities of different stakeholder groups are
rarely mutually beneficial and conflicts of various intensities exist at several levels.
The situation is made worse because control of various activities rests with different
State departments and there is little or no coordination between these departments.
Any conservation action plan will have to anticipate potential conflicts that could
result from interventions and come up with appropriate safeguards. Also, the
organized nature of most activities makes it extremely difficult to impose restrictions
or take away existing privileges. The exploitation and the disturbance have turned the
ecosystem fragile and continuation of current resource use patterns can be fatal to the
ecosystem and stakeholder interests. An Integrated Managements plan to be
developed and implemented with participation from governmental and
non-governmental agencies and the local people for the effective conservation of the
lake. ATREE tries to facilitate direct participation of stakeholders in efficient and
sustainable management of the Vembanad .The goal of participatory approach is to
make people responsible for the decision making process and thus make them
responsible for their ways of resource use. There exists competition among various
stakeholders over resource use.
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(c) Raise awareness of the values of biodiversity and ecosystem goods and services
This is a two-way exchange of information leading to mutual and enhanced
understanding of the ecosystem and natural resources. There are interactions based on
data and information gathered from the scientific literature and experience elsewhere.
Capacity building programs are conducted for farmers, fisher folk, clam collectors,
women self-help groups, tour operators and tourists and local self government
institutions in natural resources monitoring and developing sustainable harvest
methods.
Regular information about the water quality is necessary for understanding the
condition of the water resources and to provide a basis for effective policies that
promote wise use and better management of the lake. For regular monitoring of the
quality of water, for the first time in Asia, a participatory water quality monitoring
mechanism has been established at 14 sites around the lake with the help of Self Help
Groups (SHG), local developmental organization, etc. The data generated with this
initiative make citizens and policy makers aware of the qualitative deterioration of the
lake due to various reasons and in various seasons.
(d) “Jalapadom” (Lessons on water): A Conservation Education programs
With the aims of gaining and imparting understanding of basic lake ecology,
including interrelationships among natural systems an educational program
“Jalapadom” (Lessons on water) was introduced in 50 village schools around the lake
last year. The Wetland Study Centers (WSCs) set up in these schools help to create
awareness about the socio-cultural and economic functions of the wetlands tot eh
students. The activities of the WSCs include student interactions, film shows, and
field trips with scientists, training in water quality assessment and analysis and
documentation of various environmental / biodiversity attributes and small research
projects by students.
(e) Conservation Information System
Effective utilization and protection of the environment depends on a clear
understanding of that environment, ensuring that environmentally sustainable
development occurs and ‘conflict of use’ issues are resolved from a position of
knowledge. Environmental and socio-economical data about Vembanad
socio-ecological system are collected by a very wide range of organizations and
individuals for a multitude of purposes. However, while this data potentially creates
an extensive data resource, its lack of organization and coordination reduces our
capacity to address a wide variety of user requirements. While this information is
valuable, many potential users within and outside the stake holders either do not know
that it exists or do not know how to use it. To enable the people of Vembanad to
address the environmental conservation issues by ensuring open and efficient access
to the best available scientific and traditional information ATREE has developed a an
integrated environmental information system regarding Vembanad Socio-Ecological
System.
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THE FORMATION OF KAO-MEI WETLAND AND THE
DEVELOPMENT OF THE SENSE OF COMMUNITY
Hui-Chen Lin
Department of Life Science
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Taichung, Taiwan 407
E-mail: hclin@thu.edu.tw
Abstract: Kao-Mei Wetland is the largest salt marsh wetland in Taiwan and it is mainly
composed of Bolboschoenus planiculmis (Family Cyperaceae). Located in Chingshuei
Township, Taichung County, Kao-Mei Wetland is between the estuary of Ta-Chia stream
and the northern boundary of Taichung Harbor. The length of the coast is 3.5 Km. The
formation of Kao-Mei Wetland is resulted from the human activities along the reaches of
Ta-Chia stream and the construction of sand dike north to the Taichung Port. In 1932,
Kao-Mei was first opened to public as a beach, the only scenery in Chingshuei Township
then. Taichung Harbor began its service in 1976. Kao-Mei became part of the Port and the
beach was later closed. The Central Cross-Island Highway was first opened to traffic in
1960, increasing the pressure for exploitation of mountainsides and slopes for settlement
and orchard. Together with fragile topography and seasonal heavy rainfall, the
over-development brings landslides and eroded sediment rich in fertilizers. In addition, the
water contains municipal and industrial waste waters produced by the growing population
in the mid- and lower reaches of the Ta-Chia stream. The groin effect by the sand dike
causes a faster soil and sediment precipitation which, in turn, creates habitat and species
diversity in Kao-Mei. Currently, the habitats in Kao-Mei can be classified into tidal creek,
sandy area, gravelly beach, B. planiculmis salt marshes, grass salt marshes, mud flats,
mangrove plantation (Kandelia obovata) and low tidal zone. According to our survey over
the last 10 years, we recorded over 200 bird species, 300 plant and 30 brachyuran crabs,
including some rare or endangered species such as Saunder's Gull (Larus saundersi), an
aquatic plant in the Acanthaceae (Hygrophila pogonocalyx Hayata) and an endemic fiddler
crab, Uca formosensis. In 2004, Kao-Mei Wetland became the 17th wildlife refuge in
Taiwan. Since then, it attracts publicity and people’s attention, particularly with a very
convenient traffic. For example, results of over half a million web pages with the keyword
“Kao-Mei wetland” (in Chinese) can be found in Google, the highest of all wetlands in
Taiwan. With the assistance of NGO, the community gradually reaches a common
consensus on recruiting volunteers to patrol the wetland. After a series of visiting and
training, the patrol began their daily service in the summer of 2008. In the future, tour guide
will be provided by appointment and this will help the people understand the importance of
preserving our wetland resources.
Key Words: Bolboschoenus planiculmis, community participation, groin effect, grophila
pogonocalyx, Kao-Mei wetland, larus saundersi

A BRIEF HISTORY
Kao-Mei wetland is one of the typical wetlands on the west coast of Taiwan.
Located in Chingshuei Township, Taichung County, Kao-Mei wetland is between the
estuary of Ta-Chia Stream and the northern boundary of Taichung Harbor. The length
of the coast is 3.5 Km. The area outside the dike is approximately 300 hectares. In the
past 50 years, there was not much disturbance except some fishing activity by local
fishermen. Although the area is not too large, variations in sedimentary environments
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and estuarine marshes bring dynamic and complex estuarine ecology, including tidal
creek, salt marshes, sandy beaches, and mudflats. This area has the largest population
of the salt marsh, Bolboschoenus planiculmis (Family Cyperaceae) in Taiwan and the
seasonal change in this annual plant adds further complexity in this ecosystem.
However, it is surprising that the high biodiversity was formed within the past 50
years.
Kao-Mei community was one of the important village developed in the Ch’ing
Dynasty. It was named to Kao-Mei during the Imperial Japanese occupation
(1895-1945). Currently, Kao-Mei village includes Kao-Mei Li, Kao-Tung Li, Kao-Si
Li, Kao-Nan Li and Kao-Pei Li. In 1932, Kao-Mei Beach was opened to the public. It
was the only scenery in ChingShuei Township then. Beach business slowed down due
to declining tourism and was ceased to operate in 1976. In other words, this sandy
beach was changed into a wetland within a few decades. The following developments
around this area may be partly responsible for this change in Kao-Mei Beach.
The construction of Taichung Harbor began in 1973 and the Harbor began its
official operation in 1976. Before it was released to Taichung Government in 2004,
Kao-Mei Beach became part of the northern boundaries of the Port of Taichung which
included the south beach of Ta-Chia stream. The sediment transport activity is rather
high in the west coast of Taiwan, estimating 1 to 3 million cubic meters per year. The
construction of the sand dike northern to the port and south to Kao-Mei Beach was to
slow down the sand drift to the port. The groin effect by the sand dike accelerated soil
and sediment precipitation to Kao-Mei Beach.
The Ta-Chia stream flows through Taichung County for 124 Km. Its sources are
Hsuehshan and Nanhu Mountain in the Central Mountain Range. The Ta-Chia flows
through 11 of the 21 townships of the Taichung county before emptying into the
Taiwan Strait. As the third largest river in Taiwan, Ta-Chia stream is rich in water
resource. There were six reservoirs and dams constructed along the upper and middle
reaches over the past 50 years. They provide municipal water and generate
hydroelectric power along the most of the reaches of the Tai-Chia and facilitate more
social and economic development. In addition, with the Taiwan's Central Cross-Island
Highway which runs along the Ta-Chia stream from Heping to Dongshih first opened
to traffic in 1960, the pressure for exploitation of mountainsides and slopes for
settlement and orchard increased with the expanding population. Like many places in
Taiwan, the Ta-Chia experiences frequent water-flooding during typhoons and heavy
rain. The impacts of the 1999 Chichi earthquake (measured 7.3 on the Richter scale)
in the mountain region in the center of the island make the conditions worse in this
already over-exploited region. It was reported that the landslide and the damaged
dams caused a significant increase in the unit sediment discharge in the
post-earthquake period (Chuang, 2004). The fertilizer and untreated municipal
wastewater discharge into the river and cause accelerated eutrophication in the estuary
of the Ta-Chia Stream.
Later in the year of 1996, the third independent power producer in Taiwan planed
to locate next to Kao-Mei was approved. In 2000, the construction plan was canceled
due to various problems in the process, including the raising of funds. However, a
greater disturbance to the wetland is just about to start.
Completed in the end of 2001, the Kao-Mei dike was rebuilt to protect the rice
field and the village. The new dike was 635 m long with an average height of 5 m, a
base width of 35 m and a top width of 10 m and was about twice the size of the old
one. More importantly, it extended out 50 m from the old dike to the wetland. This
destroyed more than 6 hectares of salt marsh B. planiculmis, about 1/4 of the salt
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marsh area. The slope of the dike allowed the tourists to reach the wetland from any
spot.
The disturbance did not come only from the ground, but also from the aerial
direction. Just when the dike was finished, Taiwan Power Company announced the
construction of 18 wind power stations in the area near the previously planned
coal-fired plant located in 2002. This three-bladed wind turbine was about 100 m tall
and the setting of two rows facing to the wetland can be a threat to the seabirds. Their
impacts to the bird community deserve further study.

THE BIOLOGICAL DIVERSITY IN KAO-MEI WETLAND
From 1997, the local NGO, Taichung County Society for Wildlife and Nature, and
my laboratory members started our survey on the biological resources and habitat of
Kao-Mei area and this study was supported by Taichung County Government and
Forest Bureau, Council of Agriculture. Over the past 12 years, the investigation can be
divided into three stages. From 1996-2001, we focused on the species inventory,
mainly birds, decapod crustaceans and plants. From 2001 to 2003, a survey on the
crab species and the comparison on the estuaries of the three major rivers in the
county were conducted. From 2004 to 2007, we monitored the seasonal changes in the
larval stage of crustaceans in Kao-Mei. The bird census and surveillance in Kao-Mei
area were conducted biweekly at three sites in these years. There were three books
published in the past 12 years. The first book entitled “The Biological Resources in
Kao-Mei Wetland” was published in 1998 (Lin 1998) and the full content of the book
was available on the web site of Taichung County (http://links.taichung.gov.tw/
explore/kmhome.asp). The instant access further publicized this place. In 2000, we
prepared a quick guide book for ecotourists to Kao-Mei (Wu et al., 2000). Later in
2003, a third book was for the suggested field trip plans for elementary and high
school students in Taichung County (Lin et al., 2003).
The area of Kao-Mei is not large compared to most of the wetland or estuarine
areas in the west coast of Taiwan. For example, the area of the Tatu Rivermouth
Wildlife Refuge located south to the Taichung Harbor and Taichung Coal-Fired Power
Plant is about 2700 hectares which is about 9 times the size of Kao-Mei. The area of
the Black-Faced Spoonbill (Platalea minor) Conservation Area (Zengwun
Streammouth of Tainan County) is about 1200 hectares. Currently, the habitats in
Kao-Mei can be classified into tidal creek, sandy area, gravelly beach, B. planiculmis
salt marshes, grass salt marshes, mud flats, mangrove plantation (Kandelia obovata)
and low tidal zone. The mosaic of these habitats within a rather small area created a
high habitat heterogeneity which is the basis of biological diversity. According to our
survey over the last 10 years, we recorded almost 200 bird species and this is
equivalent to 40% of the bird species found in Taiwan. Over 250 plant and 30
brachyuran crabs were found in the area. Particularly, some rare or endangered
species were recorded in this area. For example, Saunder's Gull (L. saundersi), listed
as a vulnerable species by 2008 IUCN Red List Category, and stayed over winter in
Kao-Mei. The aquatic plant, Hygrophila pogonocalyx Hayata (Acanthaceae), is an
endangered species endemic to Taiwan (Hsieh and Huang 1974). Its wild population
can only be found in a pond in Kao-Mei area.
What makes Kao-Mei wetland special in scenery is the salt marsh B. planiculmis.
In general, salt marsh is mainly distributed in temperate regions and replaced by
mangrove in tropical region (30° north and south latitude) (Castro and Huber 2007).
Just as other types of estuarine ecosystems, salt marsh is one the most productive
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ecosystems on Earth (Castro and Huber 2007). Due to various urban developments,
there are only a few salt marsh wetlands left on the west coast of Taiwan. Currently,
Kao-Mei has the largest B. planiculmis population in Taiwan. Ecologically, B.
planiculmis is not a food source but decaying and rotten B. planiculmis become
detritus and will nourish the marsh and the animals. In spring and summer, the green
and lush marshes provide shelters for seabirds and invertebrates. In late fall, the green
B. planiculmis become golden brown and decompose thereafter. With the actions of
decomposers, such as bacteria and fungi, the detritus is the building ground for the
food webs in estuarine ecosystems.

Kao-Mei Wildlife Refuge
From 1997, local authority started to initiate Kao-Mei area as wildlife refuge to
conserve the wetland. However, the local community expected to have the natural
scenery or the nature park which may attract more tourists. Another difficulty to slow
down further planning was the fact that the wetland still belonged to the port authority
of Taichung Harbor. With the construction plans for the coal power plant in 1996 and
the wind power plants in 2002, the local government cannot resolve the disputed
situation until the proposal for “Sustainable Development for the Coastal Community
in Taichung County” in 2002. With round table discussions and cross-talks, local
community, researchers, and local authority gradually came to a consensus that the
plans presented will combine conservation and local eco-industry. After careful
evaluations, the local authority decided to go for “Kao-Mei Wildlife Refuge”. During
this period, the port authority of Taichung Harbor agreed to release the jurisdiction of
Kao-Mei area to Taichung County. Finally, the Council of Agriculture, on September
29, 2004, established “Kao-Mei Wildlife Refuge” according to Wildlife Conservation
Act.

Community Participation
In general, what the residents of the local community experienced over the past
three decades can be classified into three stages, including the precluded stage, the
resisting stage, and the flourishing stage.
Since Kao-Mei became part of Taichung Harbor from 1973, it was not easily
reached without permission during the period of Martial Law (1949-1987). Thereafter,
the Coast Guard took over the responsibility and activities such as fishing and bird
watching were allowed. However, local community was precluded from the coast for
over 40 years and this area was basically not known before 1996.
Like many villages by the coast of Taiwan, temple has an important status in
Kao-Mei. Wen-Shin Temple was first built more than 200 years ago and has been not
only the religion center but also the activity center for local residents. The religious
activity, especially the festival of Ta-Chia Matsu in March every year, brings believers
from villages nearby and from all over Taiwan. Wen-Shin Temple has been part of the
route of the pilgrimage activity which combined with tourism and became a famous
folk activity since 1987. In 1996, a half hectare plot (80 ¯ 60 ¯ 2 m3) piled with
waste soil from the construction industry was created next to the dike to ease the
increasing demand for parking space for visitors. This act brought about the notice to
local government and environmental groups. And Taichung County Government took
over the jurisdiction of this land-fill area from the Property Administration later. It did
not take too long for the local community to passively resist on further planning in
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Kao-Mei area before the three parties acknowledged the proposal of the coal-fired
power plant. Before the halt of construction in 2000, it was not a difficult choice
between the wildlife refuge and power plant for the local community. Although the
public opinion was on the conservation, Kao-Mei was still under the authority of
Taichung Harbor and not much could be done by the local government.
The pressure for parking space and the traffic between the north and south villages
was not resolved until the community found support from the third River
Management Bureau (Water Resources Agency, Ministry of Economic Affairs). With
new dike and widened road, the suspension of the power plant construction left no
immediate threat for the local residents to push for conservation agenda. In fact, some
residents were concerned about their entrance to the wetland for fishing activities
once Kao-Mei became a wildlife refuge.
The announcement of Kao-Mei Wildlife Refuge in 2004 was a milestone for the
Taichung County. It was the third wildlife refuge in the county and the easiest access
one. Developing water-accessible recreation area has become a popular trend both in
Taiwan and in the world (Hsu 2008). Kao-Mei happened to possess two of the most
attractive features a potential sightseeing spot should have; they are “spacious
eyesight” and “unique and breathe-taking scenery” (Hsu 2008). Kao-Mei has become
so popular that over half a million web pages with the keyword “Kao-Mei Wetland”
(in Chinese) can be found in Google, the highest of all wetlands in Taiwan. As it
becomes one of the “must-see” places in mid-Taiwan in the tour book, Kao-Mei
wetland is flourished with visitors and suffering from unrestricted tourists. In the
weekends, the traffic is jammed with vehicles in the village. Studies have shown that
the beach is trampled without restraint and one of the signs of beach hardening is the
out-moving growth of B. planiculmis, replacing by the more drought resistant
Sporobolus virginicus L. (Gramineae) (Lin, unpublished data). Not only the NGOs but
also the local community is aware of the threat of disturbance to the wetland.
Despite some NGOs offered eco-tour guides by appointment, there is no organized
management committee to integrate the local resources and have a long-term planning
and protection. With the support of Taichung County Government and Forest Bureau,
Council of Agriculture, the local NGO (Taichung County Society for Wildlife and
Nature) and the community gradually reaches a common consensus on recruiting
volunteers to patrol the wetland. After a series of visiting and training, the patrol
began their daily service on July 6, 2008. Organizing the patrol is a chance to develop
the sense of community and more cross-talks are needed among the local residents. As
soon as the northeasterly monsoon winds starts in October and less visitors in the fall
and winter seasons, the patrol team will begin their further training and be ready for
next year’s service.
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A PRACTICE OF COMMUNITY TOTALITY MANAGEMENT ON
WATERFRONT PARKS: CASE STUDY OF JIANGONG TOWNSHIP
AT SHINBEI VILLAGE OF PINGTUNG COUNTY
Chin-Yu Lee
Soil and Water Conservation Department
National Pingtung University of Science and Technology
Pingtung, Neipu, Taiwan 912
E-mail: cylee@mail.npust.edu.tw
Abstract: Near-nature ecological engineering is a newly developed engineering techniques
focusing on sustainability of ecosystems, based on the self-design ability of natural
ecosystems, making effective use of local resources and environmental customs, in the
hope of achieving the equilibrium between the maximum cost-effectiveness and ecological
benefits. For Taiwan, the near-nature ecological engineering is still in the initial stage,
where there are no lacks of relatively excellent cases, such as Yilan’s Tungshanho
Waterfront Park, Yilan Riparian Park, Taichung’s Meichuan Park, Pingtung County
Shinbei Township Jiangong Waterfront Park, etc, which enable domestic near-nature
ecological engineering to tend towards maturity. The Pingtung County Shinbei Township
Jiangong Waterfront Park is planned in the concept of Community Totality Management,
for which many presentations and activities were held to integrate opinions from each
circles by means of encouraging active participation of residents, which is hoped to enable
the possibility of building a waterfront park with Hakka customs but without losing the
benefits of near-nature ecological conservation.
Key words: ecological conservation, ecosystem, conservation, near-nature ecological
engineering

INTRODUCTION
Ecological Conservation originates in Europe, and has both ecological
conservation and recreation functions. However, ecological engineering has a broad
definition as “the engineering approaches for conservation, maintenance, sustainable
use, restoration and improvement of environments, including applications of biotic
and abiotic materials.”
For recent years, with increasing demands for life quality in mass population, some
constructions are often required to suit native ecosystems of locality and
beautification of landscape, such as river management, waterfront parks and green
embankments, etc. Take the waterfront park as an example. In order to maintain the
ecological balance among local native species and biodiversity, it is a prerequisite to
build a habitat environment with natural landscape, features and ambient living
creatures of locality; in general, naturally stabilized waterfront parks are often
naturally well-vegetated regions and should also provide living creatures with a
suitable habitat environment(Mendoza and Prabhu, 2000).
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GEOGRAPHIC INFORMATION OF WATERFRONT PARK
On the way to Hengchun Peninsula, Shinbei Township is the second smallest plain
township. Originally, Shinbei Township is desolate and cheerless, with the population
of just ten thousand plus and the population density of 200 people per km2 that is just
same as 40% of the population density of Wuandan Township in which both are
agricultural townships in Pingtung City. The residents has 90% engaging in
agriculture but those ages are not evenly distributed, in which middle-age and old-age
are most, so the township is in lack of labors. Jiangung Village occupies the area of 24
ha and was originally a protection forest during Japanese-occupied period in which
there were three forts those were also a neglected battlefield hospital. Jiangung
residents are voluntarily to make consensuses to independently build the waterfront
park by expanding NT$750,000 allotted by Pingtung County Government as well as
mobilizing thousands of volunteers, creating flourishing water plants and bristly trees,
which becomes a good recreational place for Shinbei residents in their leisure time.
The entire waterfront park measures 23ha, which was built in three stages, with a
lake formed with three bubbling spring places, as well as a parking space. Currently, a
natural bubbling spring lake (as shown in Figure 1) and the grading work of the first
stage has been completed, and the second-stage work is ongoing, which includes the
construction of the second lake and the planning of drainage systems. However, it
lacks the assistance from professional teams and therefore lacks perfect integral
planning and designs. Therefore, the design seen nowadays and construction are not
mature so that this will be a major potential worry in the future maintenance.

Figure1. Natural Bubbling Spring.
The head of Jinggung Village, Zhong Chun-xiong, the teacher of Shinbei Junior
High School, Chang Jing-tai, are leaders of the waterfront park team, and the village
head Zhong was effectively using the county government resources to integrate
consensus of the community and strengthen teamwork. First, select main labors from
jobless, hard, and strong men having a gentle attitude in volunteers, and then award
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them salaries in the right time to prevent them from migrating outward and make
them main labors; elder farmers are mainly based on volunteers.

CURRENTLY ENCOUNTERED PROBLEMS REGARDING
WATERFRONT PARKS
The lack of the integral construction project: the present waterfront-park
construction projects are all determined by the Village Residents Assembly but lacks
assistance from professionals, which make the construction hindered.
Residents’ education level is lower: Shinbei Township has a population of 11,864
persons, population density of 201 persons/km2, but their education background is
apparently lower. In the township, just 6.9% of the residents are having a degree
above junior college, but there are 83.9% having a degree under junior high school,
which becomes a big obstacle to outward development.
Intellectual residents have less intention to participate: there are just 6.9% having a
degree above junior college in Shibei Township residents, but they have less intention
to participate the construction. It is the community totality construction, but without
their participation, it is pitiful, and which cause such software and promotions as
advertisements making, website designs, etc hard to proceed with.
Residents are too conservative: Owing to a serious exclusionism, Jiangung Village
residents could not accept the assistance from relevant circles; besides, as specified in
the Procurement Law, where the construction expense is less than NT$100 thousands,
such construction may be built without construction consultants and construction
companies. Therefore, each budget of each construction item of the waterfront park is
controlled less than NT$100 thousands to avoid the interference from construction
related companies (Crabtree Bayfield 1998, Imperial 1999, Lee 2005, Riley 1998,
Wyant et al. 1995).

THE COMPETITIVE EDGE OF THE WATERFRONT PARK
Academic circle’s active participation: although Jiangung Village has repulsion for
the companies of the construction industry, but seems to so welcome academic circle’s
participation. Currently there has been assistance from such academic units as the
National Pingtung University of Science and Technology and the Chengung
University, etc. If there are other academic units jointly incorporated, it is believed
that which will facilitate the construction and promotion of the waterfront park.
Sufficient budget sources: in the early stage, for Jiangung Village’s water front
park, it was depending on NT$750,000 subsidized by the county government to
complete the first stage construction, and through the efforts of the Village Head
Zhong, the waterfront park could be promoted outward. Besides, the President Chen
Shuei-bian had ever been attracted for a visit by its reputation. It is believed that after
the President’s visit, Jiangung Village’s waterfront park would surely catch more
attention than ever, and the construction budget should also be increased accordingly
(Schiechtl and Stern 1997).
Beautiful landscape and simple customs: Shinbei Township is a most beautiful
place to overlook the north Dawu Stream, in which anyone could enjoy flowers,
grasses, and insects’ sounds, and the fresh air would enable people to temporarily
forget the busy pace in urban as if they are in leisure and carefree mood; moreover,
there are cookhouses, that is, Hakka wedding custom reflecting the tradition with
Hakka styles. These exceptionally gifted rich resources would unlock the sightseeing
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industry for Shinbei Township, and also promote the waterfront park outward (as
shown in Figure 2).

Figure 2. Beautiful landscape of Jiangong Waterfront park.

HOW TO PROMOTE THE CONCEPT OF ENVIRONMENTAL
ECOLOGY EDUCATION
For Shinbei Village’s waterfront park, presently there are just hardware facilities,
without software incorporated. However, this part will be the most important thing to
sustainable management afterwards. At this time, it is required to actively promote the
following several items, by which it is believed that there must be benefits to some
extent (Bergen et al. 1996, Kangas 2004, Lorenz et al. 2001, Mitsch and Jørgensen,
2004)
Provide relevant information through internet: capable of providing newest
information to local residents anytime through modern internet’s infinite convenience,
communicability, and fastness, and also enable out-of-town people to understand the
outline of the waterfront park; on the other hand, residents could also express their
opinions at the right time through internet, which would not just enhance the
interactions of residents, but would also enable them to feel the sense of
belongingness.
Train voluntary interpreters: to train local residents as interpreters in a voluntary
way would not just enable residents to have a further understanding of each facility of
the waterfront park, but would also strengthen residents’ sense of participation(as
shown in Figure 3).
Promote interactions of schools through interchange among academic units:
adjacent to Pingtung University of Science and Technology, Shinbei Township owns
abundant natural resources and academic resources. If there are further interchanges
with schools, which would not just benefit the community development, but could
also provide students with practical experience.
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Figure 3. Training voluntary interpreters of Jiangong Waterfront park.

CONCLUSIONS
The near-nature ecological engineering is basically following principles of nature,
making human and the nature exist and flourish together, giving back spaces for the
nature to the nature. In addition to being concerned about such functions as slope
stabilization and flood control, land conservation, and soil conservation, which were
focused in the past, as well as such afterward promotions as environment greening
and beautification, which provides regular recreational spaces, national health, forest
recreation, and natural education, more importantly the near-nature environments
rebuilt by the near-nature ecological engineering have been enhancing the importance
of maintaining habitat environments, ecosystems, and landscapes for each species as
well as the rank thereof in the considerations of integral planning. The right
construction requires a perfect planning, preparation of preliminary operation analysis,
implementation based on planed procedures, so as to save time and money for the
maximum benefits; therefore, a perfect planning requires experienced planning units
and residents’ enthusiastic participation, so as to keep the regional uniqueness and
customs. In the future, the planning performed with the community totality
construction as the concept, sustainable management as the goal, and ecological
environments as the orientation shall be worthy of the name of a perfect planning.
For Shinbei Township’s waterfront park, the current hardware is acceptably perfect,
but it lacks some monitoring devices to implement timely tracing and investigations
of the waterfront park to further provide people with a better quality recreational
environment. The following provides some recommendations:
-To establish groundwater monitoring station:
-Monitoring of water quality and discharge of bubbling spring;
-Studies on application of ecological engineering to improve water quality; and
investigation and tracing of streambank plant succession.
-For the concepts above regarding near-nature ecological engineering that can be
applied to Jiangung Village’s waterfront park, the following aspects shall be
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considered:
-To ensure functions of drainage;
-To delimit flood areas and farmlands therein (the section is determined by the
calculated flood);
-To improve the adjacent farmlands’ drainage;
-To ensure the mechanism of drainage;
-Diversified river patterns (emphasizing channel’s meanders);
-Take fish habitat environments into account (based on soil and water ways, not
based on cement);
-Diversity of waterfront plants (use compound sections, emphasizing the integrity
of wetland zones);
-Maintain the integrity of riparian forest lands (to reduce the damage to
environments and landscapes, minimizing deforestation);
-Present regional characteristics (such as Hakka styles);
-Forming of residents’ support consciousness:
-Hold the “symposium on terrestrials making”, enabling Shinbei residents to have
understanding of the importance of ecological engineering;
-Create residents’ motives of rethinking;
-Through free discussions, use the landscape images as blueprints of planning and
arrangement.
For a successful waterfront park, such as Yilan County Tungshan River and
Taichung County Mei Stream waterfront parks, in addition to the perfect planning,
design, and construction that are required, the afterward management and
maintenance should also be a big issue that could not be neglected. Therefore, for the
sustainable management of Shinbei Township’s waterfront park, it is required to
specify a set of management strategies. The following are some measures required for
improving current waterfront parks:
-Incorporate academic and professional circles, specifying a set of management
program for the current status of waterfront parks.
-Organize community patrol teams, encouraging volunteers to keep parks neat and
tidy.
-Periodically hold activities, enhancing the friendship among residents, enabling
them to have a sense of belongingness for waterfront parks.
-Landscape maintenance can be classified into natural maintenance and artificial
maintenance. The artificial maintenance requires periodical trims and plant
replacements, such as annual grasses, flowers, change in flower gardens, and
dimension trees; natural maintenance does not require artificial management, such as
perennial grasses, flowers, and arbor tree groups.
As inferred from the above, the implementation of near-nature ecological
engineering is not just regarding engineering, such concept promotion, resident’s
education, and ecological maintenance, etc are prerequisites for a proper near-nature
ecological engineering. Therefore, how to apply these important conditions and
factors to waterfront parks is an issue of great urgency. If which can be improved in
accordance with the recommendations specified in this paper, as well as residents’
active participation, it is believed that Pingtung’s Tungshan River is just round the
corner.
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Abstract: The collaboration projects of applying constructed wetlands (CW) between
Chia-Nan University of Pharmacy and Science (CNU) and southeastern Asian countries
have proceeded since 2004. In the beginning, the main work was focused only on academic
collaboration and the universities involved with this project including Asian Institute of
Technology, Chiang Mai University, Prince Songkla University, Khon Kaen University of
Thailand and Hanoi University of Vietnam. The mutual understanding among these
universities and CNU was CW can be an efficient, economical, and environmental friendly
technology for pollution control and the ultimate goal is trying to protect Mei-Kung River.
Because that the R&D Center of Ecological Engineering and Technology in CNU has
developed many results academically and practically in using CW for treating wastewater
in Taiwan, therefore, provides technical support for those universities. With the efforts of
each university, two practical projects of using CW for environmental protection are
implemented in Thailand through international collaboration. In fact, CW has been
recognized as one of the feasible technologies for reducing organic and nutrient pollution to
nature in southeastern Asian countries. However, most of the applications are still remained
at research stage or pilot scale. Chiang Mai University, with technical support from CNU,
funded by Canadian International Development Agency (CIDA) to proceed a industrial
wastewater treatment by using CW as a demonstration project for protecting Phayao
Reservoir, an important water resource in northern Thailand. Khon Kaen University
assisted by CNU and Mahasarakham University of Thailand funded by Regional
Environmental Office 10 (REO 10) with the Thailand Royal Funding to build a CW system
to treat wastewater from Ubolnatara municipality. The main goal of this CW system is
showing that the general community can also achieve pollution reduction and further
protect the water quality of the watershed nearby, Ubolnatara Dam is the protect target in
this project. These two projects have implemented in November 2007 and operated by local
communities, respectively. Although pollution control was the main purpose for using CW
in these projects, the concepts of landscape and resource reservation were also promoted
during the whole procedures of building the CW, including problem analyses, discussion
with local people, designing, and management. The meaning and importance about
ecological technology, green architect, and resource reservation are not only revealed in the
construction work, but also experienced by the local people through the work of actual
operation and maintenance.
Key Words: constructed wetlands, ecological technology, pollution control, southeastern
Asia

INTRODUCTION
Wetlands are amazing ecological environment, which provide ideal habitats for
various creatures on earth. Not only creating balanced food-chain achieving well
biodiversity, wetlands can also contain complete physical, chemical, and biological
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mechanisms for internal and external materials entering the food-chain. In other
words, this type of eco-system can efficiently turn materials into forms reusable for
various life-forms. As the matter of fact, the materials exchanging reactions are taking
place everywhere in nature to maintain the existences of all kinds of living organisms,
including human beings. But due to abundant aqueous environments in wetlands,
more species exist in this type of eco-system and faster the interchange of materials
achieved. Therefore, the importance of wetlands is not only for biodiversity, but for
the efficient transformation of life-supporting materials. In additions, due to the large
capacity for water, wetlands also play very important role for buffering near water
sheds, either on surface or underground (USEPA 2006).
Constructed wetland (CW) is a type of ecological technologies, which created by
simulating the treatment function of natural wetlands by scientists and engineers for
water pollution control. The wastewater treatment by CW cannot only achieve
secondary or tertiary treatment level, compared with traditional wastewater treatment
plant, but also have advantages of low cost in construction, low energy requirement,
and easy operation/maintenance. With good water quality by proper management of
the CW system plus enough space, such natural treatment system can also be a
valuable wildlife habitat and pleasant landscape as natural wetlands (Jing, et al., 2008).
Those functions and advantages of CW have been proved for many years (IWA 2000).
However, the applications of CW in pollution control or associated with other
technologies are still at a trial stage worldwide. The main reason is that the CW
technology also has its limitation and potential problems. Slow treatment rate,
wastewater exposure, fast macrophyte growth rate, etc., are common problems faced
by the operators. That is the reason why the land area requirement of CW is usually
larger than mechanical treatment facility. Some concerns in public health, such as
odor and vector, or unpleasant view due to disordered vegetation growth, may be also
happened if the system is not operated or maintained properly (Jing et al. 2008).
During last decade, the research term of the authors has been intensively working
on research and development projects about applications of CW in Taiwan. According
to the research results and practical experiences, due to the special geographical and
social development conditions, CW is not easy to be applied without careful
evaluations in Taiwan. Based on the experiences working on subjects, the situations
are feasible for using CW in Taiwan can be summarized as follows:
When the budget is not available for building and/or operating traditional
wastewater treatment plant.
When the professional ability is not enough for operating traditional wastewater
treatment plant.
When the land is available and also large enough.
When the type of the wastewater cannot be treated efficiently by traditional
wastewater treatment plant, such as low concentrations of constituents, large water
bodies, non-point polluted runoff, etc.
When the treatment facility is required to be compatible to natural ecological
environment.
Because of the considerations and additional requirements, the sizes and treating
capacities were not large in Taiwan. Although most these CW systems were in
compact size, they have been designed to fulfill various purposes.
The problems of water pollution are serious in countries of southeastern Asia,
especially in areas with dense population or active agricultural and/or aquacultural
areas. The worsen water quality does not only result shortage of safe drinking water
resources, but also affect the normal usage on activities of agriculture and aquaculture.
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In the mean time, pristine of natural ecology is also adversely changed by the
contamination. In some more developed areas or countries, such as Thailand,
traditional wastewater treatment facilities have been built and operated as many
developed countries. However, they also faced the same problems when operating
those treatment plants – budgets (Ksemsan 2005). The main reason for mechanical
wastewater treatment facilities to remove large amount of pollutants from wastewater
in a short time is by applying intense power, especially the aeration portion.
Meanwhile, maintenance of those facilities requires also large amount of money,
which most of the governments from various levels cannot afforded. The addition of
chemicals added during the treatment process reduces the possibility and feasibility of
reusing the treated water. The problem of water shortage is still remained unsolved. In
many less developed areas, the chance of installing any wastewater treatment systems
is very low due to high cost for building those facilities.
The requirement of water resource reservation plus economical concerns, many
countries in southeastern Asia started seeking other options for reducing the water
pollution problems. Constructed wetland is one of their reasonable options. Because
of longer research and development work and more experience on CW application of
the research term of the authors, we have the chance to collaborate with some
universities in countries of southeastern Asia and recently some practical projects
were accomplished. Although the scale of these projects can only be used for
demonstration, this is an important and required step for showing general public how
natural technologies can do and how they can make it happen for improving their
environments. This document will share the experiences about the collaboration work
for CW applications in southeastern Asia.

CHRONICLE OF COLLABORATION WITH SOUTHEASTERN ASIA
The first academic contact between Taiwan and Thailand was in 2003. Because
of CW was a technology that the scholars from both countries agree to be a feasible
option for wastewater treatment in many applicable situations and it should be the
main subject for both sides to collaborate with. Since then, intensive collaboration
activities, including conferences, forums, site visits, practical projects, etc., were held
every year. A brief chronicle of those collaboration activities is listed in Table 1.

Table 1. Activities about CW applications between Taiwan and southeastern Asia.
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Time
July 2003
October
2003

Events
first meeting between Taiwan and Thailand
International Symposium on Application of
Constructed Wetland System and Bioassays on
Removal of Endocrine Disrupting Chemicals in
Domestic Sewage
Technical Workshop On Sustainable Technology for
Wastewater Treatment in Developing Countries

November
2004
July 2005

Academic meeting discussing collaboration possibility
among CNU, AIT, PSU, KKU
2005 Forum of Sustainable Technique of
Thailand-Taiwan ROC

October
2005
May-June
2006

Sites visit of Phayao Project, Thailand with CMU
International Forum on Natural Treatment and
Hazardous Substances Management

August
2006

Training courses in CMU, Site visiting in Phayao,
Design plan discussion in Phayao, Discussion with
local authorities and communities in CMU

Attendances
CNU, AIT, CMU
TJIT, CNU, AIT, CMU

Location
Bangkok, Thailand
Pingdong, Taiwan

CNU, AIT, CMU, HU,
PSU, KKU, PYM,
CEETIA, PCD, WMA,
TECO
CNU, AIT, PSU, KKU

Bangkok, Thailand

CNU, AIT, CMU, KKU,
PSU, KMUTT, WMA,
ROCEPA, MOE, LREB
CNU, CMU

Tainan, Taiwan

CNU, CMU, other
universities from Taiwan
and Thailand
CNU, CMU

Khon Kaen, Thailand

Lecture in NU
CNU, KKU, NU
Short meeting with the Joint Graduate School of
Energy and Environment (JGSEE) about the landscape
of wastewater treatment of Bangkhuntien campus of
King Mongkut’s University

Bangkok, Thailand

Chiang Mai and
Phayao, Thailand

Phayao, Thailand

Phitsanulok, Thailand
Bangkok, Thailand

KMUB, CNU
Khon Kaen, Thailand

Regional Environmental Office 10 plan to build the
constructed wetland as the demonstration site for the
King's Birthday celebration in Khon Kaen
Sites visit of Phayao Project in Phayoa and long-stay
facility in Chiang Mai Province, Thailand

May-June
2007
October
2007
October
2007
April 2008

Site visit of Ubon Ratana Dam Protection Project
Subtropical Green Building International Conference
2007 Forum of Sustainable Technique of
Thailand-Taiwan ROC
Sites visit of Phayao Project in Phayoa and Doi Chang
coffee field in Chiang Rai Province, Thailand

CNU, KKU, REO 10
CMU, CNU
KKU, CNU
NCKU, CNU, CMU, KKU,
other organizations
CNU, CMU, KKU, PSU,
ROCEPA, MOE, LREB
CNU, CMU

Site visit of Ching Yuan Province, Thailand
June 2008
June 2008
August
2008

Chiang Mai and
Phayao, Thailand
Khon Kaen, Thailand
Taipei, Taiwan
Tainan, Taiwan
Phayao and Chiang
Rai, Thailand
Ching Yuan, Thailand

2008 Forum of Sustainable Technique of
Thailand-Taiwan ROC
International Workshop on WATER ENVIRONMENT
AND PROFESSIONAL ISSUES
the 12th Conference of Integrated Diffuse Pollution
Management IWA DIPCON 2008

CNU, KKU
CNU, CMU, KKU, PSU,
NKFUST
CNU, CMU, KKU, NTU,
other organizations
KKU, CNU, CMU, other
organizations

Kaohsiung, Taiwan
Taipei, Taiwan
Khon Kaen, Thailand

Note: CNU: Chia-Nan University of Pharmacy and Science of Taiwan; AIT: Asian Institute of
Technology of United Nation; CMU: Chiang Mai University of Thailand; TJIT: Ta Jen Institute of
Technology of Taiwan; HU: Hanoi University of Vietnam; PSU: Prince Songkla University of Thailand;
KKU: Khon Kaen University of Thailand; PYM: Phayao Municipality of Thailand; CEETIA: Center
for Environmental Engineering of Town and Industrial Areas of Vietnam; PCD: Pollution Control
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Department of Thailand; WMA: Wastewater Management Authority of Thailand; TECO: Taipei
Economic and Cultural Office in Thailand; NCKU: National Cheng Kung University, Taiwan;
ROCEPA: Environmental Protection Administration, Taiwan; KMUTT: King Mongkut's University of
Technology, Thonburi, Thailand; MOE: Ministry of Education, Taiwan; LREB: Land Readjustment
Engineering Bureau, Ministry of Interior, Taiwan; NU: Naresuan University, Thailand; NKFUST:
National Kaohsiung First University of Science and Technology; NTU: National Taiwan University,
Taiwan

From Table 1, Vietnam planned to collaborate with the international group for
using CW to improve the river pollution conditions. However, budget was never
granted until this year (2008). Laos shows high interest in applying CW for their
pollution problem and it may be part of the group with assistance of KKU, Thailand.
In fact, the members in this international group for CW application has a ultimate goal,
that is reducing pollution of Mai Kong River, so as to provide safe water resource for
millions of people depending on it. Up-to-date, the practical application of CW based
on the international collaboration project in southeastern Asia only happened in
Thailand and the other countries are still in preparing stage.

PRACTICAL APPLICATIONS COLLABORATION PROJECTS IN
THAILAND
Thailand has been working with many countries from Europe and North America
in applying various technologies, including CW, for environmental protection for
many years. In this section, two cases based on the international collaboration projects
between Taiwan and Thailand are presented in order to share the experiences and
difficulties of using CW.
Case 1: Phayao Reservoir Protection Project
This project was funded by Canadian International Development Agency and it is
one of the projects of Southeast Asia Urban Environmental Management Applications
Project operated by AIT (CIDA-AIT SEA-UEMA). The main goal of this project is
planning to install practical application system demonstrating pollution reduction
technologies to people or officials in southeastern Asian countries. This project was
proposed by Department of Environmental Engineering of CMU, Thailand and
assisted by the R&D Center of Ecological Engineering and Technology of CNU,
Taiwan. The treatment system combined with a UASB (Upflow Anaerobic Sludge
Blanket) and followed by a series of CW were designed to treat wastewater containing
high level of organics and nutrients produced from fermentation fish processing
factories. The long term goal is hoping to stop nutrients or pollutants from industrial
activity discharged to Phayao Reservoir, which is an important water resource in
northern Thailand. This system is accomplished and operated in May 2007. A brief
description of this project is partly adopted from the paper presented in “Subtropical
Green Building International Conference 2007” by Dr. Suwasa Kantawanichkul from
CMU (Kantawanichkul, et al. 2007).
Introduction
Phayao is a new province of Thailand separated from Chiang Rai Province in
August 28, 1977. Phayao province is located 691 km. from Bangkok. Phayao has an
overall area of 6,355 square kilometers and is ministerially divided into 7 Amphoes
(Districts) and 2 King Amphoes (Subdistrict). The total population is 502,780
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inhabitants and the density is 79 inh/km2. (Master plan for sustainable development of
Phayao lagoon, 2005; History of Phayao 2006)
Kwan (reservoir) Phayao is a natural lake in Phayao occupied a space of 12,831 rai
(20.5 km2). The water depth is 1.5 m. in average. It is the largest breeding source for
freshwater fish in the upper north which provides the livelihood of many of the local
people. Phayao Fishery office was the first successful cultivation of the giant catfish.
More than 50 species of fish are found in the lagoon. Therefore, along the banks are
located food shops and recreation sites which make Kwan Phayao one of famous
tourists spot (Master plan for sustainable development of Phayao lake 2005).
In present, Kwan Phayao is polluted from both point and non-point sources. As
Kwan Phayao has been promoted to be a recreation area and tourist spot of the
province, there are many activities around the lake with 1,824 families living.
Therefore, 58.6% of the area around the lake is agricultural area and use pesticides.
There are also large number of fishery and small industries. These activities caused
severe eutrophication and poor water quality. In addition, the shallow of the lake is
also caused by the accumulation of sediment from 11 streams that flow into the lake.
Fermented fish is one of the famous products of Phayao which provide high
income to the province each year. The production is done by 38 families and produced
wastewater contained very high grease and COD. To solve the problem, the local
authority (Thambon Administration Organization) has built a central factory and tried
to gather all producers to work in the central factory and provided a wastewater
treatment system to treat all wastewater before discharging. The system was simply
composed of septic tank and subsurface soil absorption field. But the system was
failed to operate due to the clogging of soil filtration bed and no other alternative
methods to treat the wastewater. Thus, most producers prefer to work at home and
discharged untreated wastewater around their houses. Apart from high COD, the
wastewater also contains very high concentration of grease and oil. The wastewater
dumped around their houses caused foul smell and stagnant of polluted water in the
area and subsequently the deterioration of health.
The main objective of this study is to construct the simple treatment system which
is low cost and easy to operate and maintain, as a demonstration system for
communities to learn and later to apply for the treatment of other wastewater.
To provide the wastewater treatment system for fermented fish production plant
which will alleviate the water pollution problem caused by discharging of un-treated
wastewater into the lake (Kwan Phayao).
To demonstrate the constructed wetland technology as on-site solution for
wastewater treatment.
To make the communities self-sufficient in the constructed wetland technology as a
contribution to a sustainable development in the communities.
To build awareness of the community on good sanitation and hygiene practice.
To demonstrate some advantages of natural treatment as no energy input, easy
operation and maintenance, creation of natural habitat, which also part of the concept
of green architecture.
System Sustainability
To make the treatment system sustainable, the cooperation from local authority and
other producers are very important. After the treatment system has been operated,
other producers showed their intention to bring their wastewater to treat at the
treatment system or move to work in the factory. However, local authority has not had
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a valid policy for using either the factory or the treatment system yet.
The management concept has been proposed to the local authority as shown in
table 1. They came to an understanding that everyone who bring their wastewater to
treat at the treatment system must be charged for the operation and maintenance.
Local authority will find the appropriate rate for the charge.
The factory is now has good environment. The producers satisfy and found that
there are no more smell and flies. The good sanitation in the working area and good
environmental care will develop beneficially their product quality and increasing the
market value of products.
The project will be ended in December 2007, during this time the monitoring of
the wastewater quality is done regularly. After that, Chiang Mai University and Chia
Nan University of Pharmacy and Science will be adviser to help solving problem that
proposed by local authority. The treatment system will be a study site for students. As
the purpose of the project is to build a demonstration treatment system, it is expected
to be a site where people or other communities can visit and study.
Summery
The wastewater treatment system for fermented fish production factory was
constructed to be a demonstration system to provide wastewater treatment facility for
the fermented fish factory and to demonstrate the constructed wetland technology as a
simple, easy to operate and low cost technology for operation and maintenance. This
project also try to extend the application of natural treatment system from solely
treating wastewater to surrounding environment with green architecture concepts,
such as permeable surface, water reuse, waste materials reuse, other than wastewater
treatment. Hopefully, this demonstration project can provide an opportunity to have
general public to have concept of green architecture by actually doing it. The good
management and cooperation between local authority and the users will make the
system sustainability.
Case 2: Ubon Ratana Dam Protection Project
This project is one of the Royal projects funded by the King of Thailand. The
main goal of the royal projects is encouraging people to apply natural treating system,
such as CW, to reduce pollution from wastewater. Ubon Ratana Dam is the main
drinking water source of Khon Kaen area. Around the dam, many communities and
industries are potential pollution sources, the water quality in the dam may be
graduate deteriorated. In order to show the people how CW can help in decreasing
wastewater pollution to their environment, Regional Environmental Office 10 (REO
10) of Thailand chose Ubon Ratana Dam Sub District Municipality for this project.
The plan of this project was proposed by the Department of Environmental
Engineering of KKU, Thailand and assisted by the R&D Center of Ecological
Engineering and Technology of CNU, Taiwan. A public activity area, partly
abandoned, was chosen for building the CW system. In this area, two ponds were
existed and acted as aerobic ponds for receiving wastewater from near communities
for several years. A combined CW with SSF (subsurface flow) and FWS (free water
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surface) wetlands were designed and built to treat part of inflow wastewater prior to
discharge to the ponds.
In this project, other than pollution control, some factors of green architecture
concept, such as ecological reservation, energy and material reservations, etc. and
landscape were considered introduced with the design of the CW system. Due to
natural and beautiful view formed by the CW, the partially abandoned area was again
become an important social space for local people. Some of the buildings were also
redecorated to be local people demonstration center and computer classroom, etc. This
project has been successfully extended the application of natural treatment system
from solely treating wastewater to surrounding environment with green architecture
concepts; furthermore, it can be an initiation factor for renewing an old community. A
brief description about the working process, which is important experiences when
trying to apply CW to people who do not have any idea about CW, of this project is
partly adopted from the paper presented in “Subtropical Green Building International
Conference 2007” by Dr. Wanpen Wirojanagud from KKU (Wirojanagud et al. 2007).
Introduction
Naturally, as the water has flowed through any water bodies including lake
stream, wetland, etc, it would have been always cleansed. The concept of such
natural process has been widely adopted for water quality improvement. Constructed
wetlands are now used to improve the quality of point and non-point sources of water
pollution, including storm water runoff, domestic wastewater, agricultural wastewater,
and coal mine drainage. Constructed wetlands are also being used to treat industrial
waste water such as petroleum refinery wastes, compost and landfill leachates,
fishpond discharges, etc. One of the most common applications of constructed
wetlands has been the treatment of primary or secondary domestic sewage effluent.
The use of constructed wetlands to control stormwater (non-point pollution) flows and
quality is a recent application of the technology and the number of such systems is
increasing rapidly. The treatment of wastewater or stormwater by constructed
wetlands can be a low-cost, low energy process requiring minimal operational
attention. These characteristics of this technology are also well satisfied some factors
of green architecture concept, such as ecological reservation, pollution reduction,
energy and material reservations, etc. It can be stated that constructed wetland is
sturdy and effective systems. However, to be effective, they must be carefully
designed, constructed, operated, and maintained.
On the technical and economic point of view, constructed wetland is appropriate
to the developing countries, like Thailand. How this system can be extensively
implemented to the local administrative authority including municipalities and
Tambon (Sub district) Administrative Organizations (TAO). The constructed
wetland project implemented at the Ubon Ratana Dam Municipality, Khon Kaen
Province is the success program conducted by the strong collaboration of
universities (international-national)-governmental agencies (regional and local
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organizations) under the sustainable concept. This paper presents how to implement
the natural treatment through constructed wetland (engineering and architecture
approach) in terms of mutual collaboration and knowledge management.
Approach
This constructed wetland project has been designed to serve multi objectives;
to use as the wastewater treatment, ecology restoration, and public recreation, to
sustain the environment, to be the environmental education center for student,
community and international visit. The project implementation includes planning,
designing, constructing and maintenance. To accomplish such design concept, the
project approach had been initiated under the 3-M concept and collaboration as well
as public participation. The 3-M includes mutual interest, mutual understanding and
mutual respect. The first step of planning, mutual interest and understanding had been
made through presentation by the academic team (Khon Kaen University, KKU) and
the constructed wetland expert (Dr. Shuh-Ren Jing of Chia Nan University of
Pharmacy and Science, CNU Taiwan.) and discussion with the governmental officer
(Regional Environmental Office, REO 10), and Ubon Ratana Sub District Dam
Municipality. In addition, mutual understanding could be made through site visit at
Tainan during the visit of KKU group to CNU as well as through the forum or
conferences organized at KKU. Mutual respect would be concurrently occurred for all
parties after interesting and understanding.
The second step for the design and construction was actual performance step.
REO 10 played the major role in awarding Ubon Ratana Sub District Dam, with the
funding for this pilot project. Ubon Ratana Sub District Dam Municipality, Khon
Kaen Province was selected since the municipality was ready in terms of local and
officer support. The design team consisted of 3 major role players from 3 institutions;
most important is Dr. Shuh-Ren Jing of CNU, Taiwan. Dr. Jing has many experiences
in constructed wetland system in Taiwan and other Asian countries. He provides the
team with the knowledge and technical skill in designing constructed wetland system.
The second role player is Dr. Netnapid Tantemsapya (under the assignment of the
Head of f the Department of Environmental Engineering, Khon Kaen University) who
was the Project Engineer in collaboration with Dr. Jing and Ubon Ratana Sub District
Dam Officers. Lastly, Mr. Nitass Tantemsapya from the Faculty of Architecture,
Urban Design and Creative Arts, Mahasarakham University was added to the design
team with the task to do the landscaping design. In the designing step, the design team
had periodically presented to the municipality and community meeting.
Recommendation, suggestions, for example: type of plants, land decoration, etc, from
the communities were proposed through participatory approach.
The final step is construction of wetland under the supervision of the design team.
The research team of the University will monitor after the project operation for both
technical and social aspects.
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Summery
Implementation of the project could have been made through the strong
collaboration of academic institutes and governmental agencies. The academic team
was consisted of international experts from foreign university (CNU, Taiwan),
engineers and architecture (KKU and MSU). The governmental agencies include both
policy and planning organization (REO10) and implementing organization (Ubon
Ratana Dam Sub district Municipality). They all had been working through the
concept of integration and participation. This project has been successfully extended
the application of natural treatment system from solely treating wastewater to
surrounding environment with green architecture concepts. Now the constructed
wetland at Ubon Ratana Dam Sub district Municipality has been completed and
become a learning center of environmental quality management for public.

SUMMARY
Southeastern Asian has very feasible conditions for CW applications in most of
the populated areas. Warm and wet climates and large and flat terrains are important
requirements for using CW and can be found everywhere in southeastern Asian
countries. With advantages of low capital and maintenance costs, low energy
requirements, easy operation, the applications of CW in this area is definitely a
reasonable option for environmental protection and restoration. Furthermore, this
ecological technology could be one of the important parts of sustainable management
in this area. Through the collaboration projects with scholars, officials, and general
public people from the planning discussion to the final operation, the research term of
the author might provide some technical assistance and share some experiences with
them. However, we learned more theoretically and practically through the
collaboration work. Many problems are still needed to be solved before CW can be
applied thoroughly, yet some experience could be summarized is shown as follows:
Wetlands are important eco-system playing role to maintain materials
transformation in natural ecological environment, so as to achieve sustainable
condition for many organisms. Any wetland on earth has its specific functions being
in that location and can never be completely replaced. On the other hand, constructed
wetlands are artificial designs to satisfy specific purposes, such as, pollution reduction,
landscape, ecological reservation, etc., and may be used as supplementary system for
improving near natural environment. In other words, CW should not be planned to
replace any natural wetlands as the sole purpose, but a powerful tool to restore or
protect a natural environment. In order to achieve sustainable management of a CW
system, the designer (maybe engineer, scientist, ecologist, biologist, or landscape
designer, etc.) for a CW should put wide considerations into the master plan. The
factors affecting the design of a CW is not only on hardware parts, but invisible parts,
such as people’s thoughts and acceptability, local conditions, economical situations,
any perspective ideas, etc. A CW then can provide the fully functions, if all the factors
well organized.
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Abstract: Tapong Bay, a eutrophic and poorly flushed tropical lagoon, supports intensive
oyster culture. Our results of the LOICZ project during 1999-2004 showed modifying
effects of flushing on biomass, production, and community composition of periphyton and
phytoplankton in the lagoon. Using the Ecopath approach, a mass-balanced trophic model
was constructed to analyze the structure and matter flows within the food web.
Comparative analyses with other tropical lagoons showed that high nutrient loadings might
stimulate the growth and accumulation of phytoplankton and periphyton and therefore
support high fishery yields. However, net primary production, total biomass, fishery yields
per unit area, and mean transfer efficiency of Tapong Bay were remarkably lower. The
lower transfer efficiency likely results from the lower density of benthic feeders constrained
by the hypoxic bottom water as a result of poor flushing. This might therefore result in a
great proportion of flows to detritus and the reduced recycling of the entering detritus back
into the food web. Using the Ecosim approach and stable carbon and nitrogen isotopes, the
trophic model was manipulated to predict temporal responses of community biomasses to
the system-scale removal of oyster-culture racks from Tapong Bay in 2002. The removal of
the oysters was predicted to result in increases in most community biomasses. The model
predictions approximately matched the trends of the field observations for phytoplankton,
zooplankton, detritivorous fish, and detritus after the removal, thus providing a trophic
explanation for the responses of these compartments in the lagoon. However, the observed
biomasses of benthic communities declined, likely as a result of a reduction in
biodeposition from the oysters. It was observed that the biomasses of pelagic fish and
soft-bottom fish increased, but that of reef fish decreased after the removal. The field
observations clearly demonstrate that plankton communities were controlled, but biomasses
of benthic and fish communities were enhanced by a high density of suspended oyster
culture in a eutrophic lagoon.
Key Words: Coastal wetlands, oyster culture, trophic model, water exchange time.

INTRODUCTION
Aquaculture is a rapidly expanding industry in coastal waters worldwide. There is
uncertainty about the ecological impacts vs. benefits of oyster culture in coastal
waters. The introduction of oyster-culture racks may modify the local hydrography
and may enhance system production by providing additional artificial substrata for
periphyton colonization (Lin et al. 2005). Cultured oysters may improve the water
quality by removing a large quantity of particulate carbon, while their biodeposits
may provide a food source for benthic organisms (Newell 1988). They may transform
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planktonic production into nutrients which are then available to plants via recycling
from excretion and remineralization of feces and pseudofeces (Pietros and Rice 2003).
Nevertheless, cultured oysters and biofouling communities on culture racks may cause
food depletion of other filter feeders through top-down control of phytoplankton
abundance and may shift the species composition (Huang et al. 2008). Oyster
restoration has thus been proposed as an ecological tool for top-down control of
phytoplankton blooms and for reversing cultural eutrophication in estuaries and
coastal waters (Coen et al. 2007). However, this ecosystem service is currently
controversial (Pomeroy et al. 2006), suggesting that ecosystem effects of oyster
culture in coastal waters have been poorly quantified.
Sustainable management of coastal ecosystems for oyster culture requires
ecosystem-scale (rather than population- or community-scales) knowledge of the
feedback interactions between oysters and biological and abiotic factors. Ecosystem
modeling is a useful tool for integrating these complex interactions and evaluating
management strategies. However, few temporal data are available on coastal
ecosystems before and after they have become culture areas to prove that the effects
are really due to introduction of the oyster culture, rather than to spatial differences
among communities in the ecosystem.
Tapong Bay (22°27'N, 120°26'E) is a shallow tropical lagoon in southwestern
Taiwan; it has only one tidal inlet (1 km long, 138 m wide, 2 m deep) connecting it to
the sea (Figure 1). Until recently, the lagoon was an important site for culturing the
oyster, Crassostrea gigas, in Taiwan. Almost all lagoon area was devoted to suspended
oyster culture, and the density reached as high as 2932 racks km-2. In 1997, this
lagoon was designated a National Scenic Area and oyster culture was prohibited. All
of the oyster-culture racks were removed from Tapong Bay at the same time in June
2002. This provided an opportunity similar to an ecosystem-scale manipulation
experiment to examine responses of an entire lagoon to complete removal of oyster
cultures. Comparing model predictions with separate field observations after the rack
removal may provide significant insights into the mechanisms underlying the
community changes. Using the Ecopath approach and field measurements covering 2
years of data gathered from October 1999 to October 2001, a mass-balanced trophic
model was constructed to demonstrate the trophic structure and functioning of Tapong
Bay when it supported a high density of suspended oyster culture (Lin et al. 2006).
Our purposes were (1) to quantify responses of community biomasses to the complete
removal of oyster-culture racks by manipulating the trophic model of Tapong Bay; (2)
to evaluate the trophic model predictions by comparing them with concurrent field
observations; and (3) to explore the mechanisms underlying the community changes
after the complete removal of oyster-culture racks from the lagoon.
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MATERIALS AND METHODS
Study Area
Tapong Bay has a surface of 4.44-km2 and a mean depth of 2.2 m at low tide
(Figure 1). It is surrounded by a variety of aquaculture ponds producing fish and
shrimp and receives nutrient-rich waste discharges averaging 172 × 103 m3 d–1 from 2
mangrove-lined creeks that drain the surrounding aquaculture ponds. Loading rates of
N and P in the lagoon reach 1.87 and 0.51 mol m-2 yr-1, respectively. Mean
concentrations of dissolved inorganic (DIN) and organic (DON) nitrogen reach 16.4
and 24.4 μM. Concentrations of dissolved inorganic (DIP) and organic (DOP)
phosphorus average 4.0 and 2.4 μM. Consequently, while DO concentrations in the
surface water are > 5.4 mg l-1, the bottom water in the inner region became hypoxic (2
mg l-1) in summer when the water was partially stratified. No rooted macrophytes
were normally observed in the lagoon.
Climatic data derived from a local weather station (Donggang) during 1999 to
2003 show that in winter and spring (the dry season, November to April) the mean
monthly rainfall normally does not exceed 40 mm, and that in summer and autumn
(the wet season, May to October) the average monthly rainfall frequently exceeds 200
mm. Since no large river flows into the lagoon, its small volume makes salinity
responsive to changes in rainfall inputs and evaporative losses. Consequently,
salinities are lower in summer (about 25.4 psu) and higher in winter (about 33.9 psu),
with a mean value of 31.8 psu. Water temperatures range from about 32°C in summer
to about 22°C in winter.
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Figure 1. Outer and inner regions of Tapong Bay. The arrows show the development
of 2 anti-directional circulation eddies that generally meet at the middle area of the
lagoon.
Tapong Bay primarily experiences semidiurnal tides with a tidal range of about 1.0
m. Tidal pumping is the mixing agent between the open sea and the lagoon. There are
2 anti-directional circulation eddies that generally meet at the middle area of the
lagoon (Figure 1). Mean water exchange times range 8.71 ± 1.62 d in the outer region
subject to fast flushing to 11.6 ± 2.17 d in the inner region subject to poorer flushing.
Tidal flushing is thus the most important factor for spatially separating abundances
and species compositions of phytoplankton (Su et al. 2004), periphyton (Lin and
Hung 2004), zooplankton (Lo et al. 2004), and fish (Chen et al. 2003) between inner
and outer regions of the lagoon. After the complete removal of oyster-culture racks,
the seawater exchange rate increased in both regions, but the circulation pattern
remained (Huang et al. 2008). Mean water exchange times of the 2 regions of the
lagoon were respectively reduced to 6.13 ± 0.73 d and 8.18 ± 0.98 d. Mean DIN and
DON concentrations remained high and were 11.4 and 39.8 μM, respectively, but DIP
and DOP concentrations decreased slightly to 1.5 and 1.2 μM, respectively. The major
communities of the lagoon, including phytoplankton, periphyton, zooplankton, oysters,
macrobenthos, and fish, and detritus were respectively sampled at 2 to 30 study sites
distributed from the tidal inlet to the inner region along 1 to 3 transects across the
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lagoon to account for spatial variations of the 2 regions, depending upon the
characteristics of each community.
Ecopath Model
The trophic model of Tapong Bay was constructed using the Ecopath routine in
Ecopath with Ecosim of Christensen et al. (2004) to quantify all matter flows in the
food web. Major species of similar sizes and diets in Tapong Bay were functionally
grouped within the same compartment. An 18-compartment trophic model for the
lagoon was developed (Figure 2) consisting of the following groups: (1)
phytoplankton, (2) periphyton, (3) herbivorous zooplankton, (4) carnivorous
zooplankton, (5) oysters, (6) polychaetes, (7) gastropods, (8) bivalves, (9) barnacles,
(10) amphipods, (11) crabs, (12) shrimp, (13) herbivorous fish, (14) zooplanktivorous
fish, (15) benthic-feeding fish, (16) detritivorous fish, (17) piscivorous fish, and (18)
detritus. It was assumed that bacteria were associated with the detritus, and they are
linked to the present model only through detrital import and export by bacterial
production and respiration. The export of fish and invertebrates by birds was assumed
to be small when compared to those by fisheries and therefore was not included in the
model. All parameters used to construct the Ecopath model were assembled as much
as possible from our own studies covering 2 years from October 1999 to October
2001 before the complete removal of oyster-culture racks.
Ecosim Simulation
The Ecopath model was used to predict the effects of the complete removal of
oyster-culture racks on communities in the lagoon by manipulating the scenario using
the Ecosim routine (Walters et al. 1997) in Ecopath with Ecosim. The results from the
mass-balanced Ecopath model before the complete removal of oyster-culture racks
were used for initial parameters in the Ecosim model. The time-dynamic simulation
was run for 10 years from 1997 to 2006. The simulation was run for the first 5.5 years
(from January 1997 to June 2002) without a change in the oyster culture and other
fisheries in order to assure initial stable conditions of the seasonal patterns, after
which runs continued for an additional 4.5-year period (from June 2002 to December
2006) under a scenario of the complete removal of oyster-culture racks. Under the
scenario, relative fishing mortality of oysters was increased to simulate removing all
of the oyster racks. Fishing mortality rates of associated periphyton, bivalves,
barnacles, amphipods, and polychaetes growing on the culture racks were also
proportionally increased to simulate the decrease in their substrata in the lagoon.
Consequently, 21.8%, 75.8%, 26.4%, 16.9%, and 43.3% of periphyton, polychaetes,
bivalves, barnacles, and amphipods were respectively lost due to the removal of the
culture racks. Biomass changes predicted by the Ecosim simulation after the complete
removal of the culture racks were compared with the 2.5-year period of field
observations after the complete removal in June 2002.
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RESULTS
Trophic Structure before Rack Removal
The pedigree index was 0.82 for the Tapong Bay model, indicating a high quality
of the model, given that most inputs came from local, well-sampled, high-precision
data. The Tapong Bay model shows that the structure of the food web was comprised
of about 4 integral trophic levels (Figure 2). Trophic levels estimated by Ecopath from
the weighted average of prey trophic levels varied from 1.00 for primary producers
and detritus to 3.20 for piscivorous fish. Detritus was the largest compartment in the
food web. The most-prominent living compartments in terms of matter flows and
biomass in the lagoon were cultured oysters and other bivalves, respectively. Oysters
comprised 35% of the system’s total living biomass and consumed about 44% of the
available production of phytoplankton. The fishery yield from the lagoon was about
119 g WW m-2 yr-1. Cultured oysters accounted for about 86% of the total yield and
were the most important fishery component in the lagoon. Fish and crabs accounted
for only about 12% and 2% of the total yield, respectively.

Figure 2. Trophic model of Tapong Bay. Biomass is in g WW m-2. Production and
other flows are in g WW m-2 yr-1.
Ecosim Simulation
Under the scenario of the complete removal of oyster-culture racks from the lagoon,
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the biomass of oysters was manipulated to be almost completely removed by
harvesting. The periphyton biomass was predicted to decline by 28% as a result of a
decrease in available substrates of the oyster-culture racks for colonization. The
phytoplankton biomass and seasonal variation were predicted to increase in response
to no longer being subjected to filter feeding by cultured oysters. The biomasses of
zooplankton and benthic invertebrates in the lagoon were predicted to rapidly increase
and reach a peak in the first year or the beginning of the second year after the
complete removal in June 2002 and then decrease to a stable plateau over the
following few years. The magnitude of the biomass increase was greater for
carnivorous zooplankton and shrimp, reaching 20 and 30 times the previous biomass
levels, respectively. The timing of the peak for crabs at higher trophic levels was
slower and delayed to the third year after the complete removal. Detritus was
predicted to increase by 10 times the present mass in the first year after the complete
removal.
Responses of the fish communities to the complete removal of oyster-culture racks
from Tapong Bay were more complex than other communities. The biomasses of all
fish communities were predicted to rapidly increase after the complete removal as
were those of benthic invertebrates. The biomasses of herbivorous fish and
benthic-feeding fish later declined to the level before the complete removal or lower.
Consequently, the mean biomass of herbivorous fish remained stable after the
complete removal, but that of benthic-feeding fish was predicted to slightly decrease.
However, the biomasses of zooplanktivorous fish, detritivorous fish, and piscivorous
fish were all predicted to greatly increase in response to the removal of cultured
oysters and associated bivalves growing on the oyster-culture racks.
Field Observations after Rack Removal
Changes in community biomasses before and after the complete removal of
oyster-culture racks from Tapong Bay were distinct. The mean phytoplankton biomass
increased similarly to predictions and reached peaks in winter and the following
autumn higher than those recorded before the removal. The mean biomass increased
by 180% after the complete removal (Table 1). Although the maximum biomasses of
herbivorous and carnivorous zooplankton communities were comparable with the
previous maximum values, mean values were significantly greater after the complete
removal (Table 1). The magnitude of the increase in the biomass of carnivorous
zooplankton was more pronounced than that of herbivorous zooplankton. The mean
biomasses of herbivorous and carnivorous zooplankton communities respectively
increased by 127% and 292% after the complete removal of oyster-culture racks.
Detrital mass also significantly increased after the complete removal.
Contrary to the observed increases in biomasses of phytoplankton and zooplankton,
most of the mean biomasses of benthic invertebrates and fish communities decreased
by 39%~100% after the complete removal of oyster-culture racks from Tapong Bay.
Barnacles and amphipods were hardly ever observed in the lagoon after the complete
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removal. Exceptions were the observed biomasses of polychaetes and detritivorous by
330% and 156% after the complete removal, although those of polychaetes could not
be shown to be statistically significant because of the small number of samples (Table
1). fish. The mean biomasses of polychaetes and detritivorous fish respectively
increased

Table 1. Observed changes in community biomasses (g WW m-2) in Tapong Bay
averaged respectively 2.5 years before and after June 2002, at which time all
oyster-culture racks were removed. Biomass levels of benthic invertebrates (i.e.,
groups 6~12) growing on the oyster-culture racks were excluded from the analyses.
SD, standard deviation.

Before
Group
n Mean ± SD
1. Phytoplankton
11 5.48 ± 3.47
3. Herbivorous zooplankton 30 5.30 ± 6.95
4. Carnivorous zooplankton 30 0.45 ± 1.37
6. Polychaetes
1 0.36
7. Gastropods
1 4.40
8. Bivalves
1 274
9. Barnacles
1 1.3
10. Amphipods
1 0.51
11. Crabs
3 1.59
12. Shrimp
3 0.12
13. Herbivorous fish
3 2.32 ± 0.64
14. Zooplanktivorous fish
3 0.41 ± 0.19
15. Benthic-feeding fish
3 1.70 ± 0.30
16. Detritivorous fish
3 4.65 ± 3.20
17. Piscivorous fish
3 2.06 ± 3.02
18. Detritus
9 5538 ± 1773

After
n Mean ± SD
10 15.4 ± 0.66
17 12.0 ± 8.45
17 1.75 ± 2.39
3 1.55 ± 0.52
3 0.06 ± 0.12
3 8.56 ± 10.2
3 0.00 ± 0.00
3 0.01 ± 0.01
4 0.93 ± 1.62
4 0.06 ± 0.02
4 1.34 ± 0.71
4 0.13 ± 0.13
4 1.04 ± 0.26
4 11.91 ± 2.26
4 0.85 ± 1.70
6 7336 ± 3564

109***
0.35
3.10*
1.85
2.25*
3.10*
-3.56*
0.68
-1.93*

Change
+180%
+127%
+292%
+330%
-98%
-97%
-100%
-98%
-42%
-50%
-42%
-68%
-39%
+156%
-59%
+32%

Total fish communities
Pelagic fish
Reef fish
Soft-bottom fish

4
4
4
4

-1.11
-0.57
0.48
-2.04*

+37%
+268%
-23%
+58%

3
3
3
3

11.14 ± 6.32
0.19 ± 0.23
3.33 ± 0.86
7.62 ± 3.27
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2.55 ± 1.04
12.02 ± 2.15

t-test
-3.04**
-2.85**
-2.36*
-1.99
37.4***
22.6**
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DISCUSSION
The observed patterns of biomasses of phytoplankton, zooplankton, and
detritivorous fish in response to the complete removal of oyster-culture racks from
Tapong Bay well matched the trends predicted by Ecosim. Both the Ecosim
predictions and field observations showed that biomasses of these communities
remarkably increased after the complete removal. The increased detritus was
attributable to the unused consumption of phytoplankton production by cultured
oysters after their complete removal. It is clear that changes in the biomasses of
phytoplankton, zooplankton, detritivorous fish, and detritus in the lagoon after the
complete removal can be explained by their trophic relationships and matter flows in
the food web.
The responses of the fish communities to the complete removal of oyster-culture
racks from Tapong Bay were to some extent unexpected. Both the Ecosim predictions
and field observations showed an increase in the biomass of detritivorous fish, as
determined by the increased detrital mass which serves as their food source in the
lagoon. However, in contrast to the predicted increase in the biomasses of
zooplanktivorous fish and piscivorous fish, field observations showed that the
biomasses of these fish remarkably decreased in response to the complete removal.
This is surprising because the biomasses of zooplanktivorous fish and piscivorous fish
did not increase with increasing biomasses of their prey after the complete removal.
When we reclassified the fish communities in Tapong Bay by habitat type, it was
found that the biomass levels of pelagic fish and soft-bottom fish increased, but that of
reef fish tended to decrease after the complete removal. Posey (1988) found that the
introduction of seagrasses may change the physical habitat as well as the richness and
communities of resident fauna. In Tapong Bay, joint analyses of stomach contents and
stable isotopes showed that periphyton on the oyster-culture racks was the most
important assimilated food for the dominant fish species (Lin et al. 2007). Powers et
al. (2007) also found that macroalgal growth on the bottom mesh of hard clam
Mercenaria mercenaria aquaculture leases supported elevated densities of mobile
invertebrates and juvenile fish. The oyster-culture racks might have attracted reef fish
by reducing predation or enhancing grazing on cultured oysters and associated
biofouling communities on the racks.
In contrast to the predicted increases in response to increased detrital mass, the
field observations showed that the biomasses of many benthic invertebrates
remarkably decreased in response to the removal. Tew et al. (2008) indicated the
protection function of the oyster-culture racks for shrimp and crabs in Tapong Bay.
The other possibility is that the Ecosim simulations might fall short in representing
biodeposition loading from the cultured oysters. It is likely that the decreased
biomasses of benthic invertebrates resulted from a reduction of biodeposition from
cultured ousters.
While the impacts of oyster culture on coastal ecosystems are of great concern, the
complete removal of oyster-culture racks from Tapong Bay provided an opportunity to
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examine the impacts on an entire lagoon ecosystem. Our field observations also
provide an opportunity to evaluate the effectiveness of system-wide oyster restoration
as an ecological tool for top-down control of phytoplankton blooms and to reverse
cultural eutrophication in coastal lagoons. This study suggests that a high density of
suspended oyster culture might be a means for oysters to have access to all lagoon
water and control phytoplankton blooms. Additional ecological benefits of suspended
oyster culture may be the increase in biodiversity by attracting reef fish and enhancing
the biomasses of benthic invertebrates.
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Abstract: A microclimate is the unique climate of a small-scale region, such as a field or
parts of an urban or rural area. The weather variables in a microclimate, such as
temperature, wind, humidity, land forms, and water regimes. In Taoyuan Tableland,
wetland ponds take a long time to heat up during the summer months, therefore, pond areas
in more rural areas is cooler than surrounding urbanized areas. According to retrospective
Geographic Information System (GIS) layers associated with Digital Terrain Model (DTM)
as well as Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
images, this paper also collected characters of temperature variables in Taoyuan, Taipei,
Taichung, Nantou (Sun Moon Lake) for the present century. The authors understood that
the increasing temperature has been influenced by urban development in cities; yet, the
cooling mechanism has not been clarified completely on them. The temperature in Taoyuan
tableland have dramatically changed and slightly decreased since 1910; this decline
phenomenon was, thus, different from that of the other cities and global increasingly
changes. The authors classified a message from a decreasing trend according to
Time-Series Regression Model (TSRM) in Taoyuan from a mean temperature of a degree
of 21.3℃ in 2007 to a lower degree of 19.72℃ in 2099.
Key Words: covariant factor, microclimate, pulse effect, cool island effect

INTRODUCTION
Wetscape has been defined as one of the landform units containing wetland
landscape including pondscape, seascape, and lakescape. However, very few
comprehensive assessments of the effects of global climate change on wetscapes have
been completely studied. In addition, only few research papers have been detected in
cooling effects about wetland ponds. Due to lack of modeling simulation of
historical geographic information systems (GIS), cooling effects of wetlands has been
ignored and unknown in landscape-scale knowledge.
A wetland microclimate is the unique climate in wetscape, such as a field or parts
of an urban or rural area. Some field studies started to understand microclimate for
wetscape since 1990s. Ishii et al. (1990/91) studied thermal effects in some ponds in
the early 1990s. They watched variability between water filled ponds and drained
ponds. Both types of the ponds, the further, led by water-surface cooling effects; the
later, led by wet-bed effects, created a cool island in their experiments as well.
“Wetscapes” might create a cool island effect to reduce temperature in wet beds from
lentic waters to lotic waters, too. Some papers have been reviewed from their
investigations from 1990 to 2008. The thermal phenomena from effluents in streams
and rivers at different spatial scales had been studied (Webb et al. 2008). In Taiwan,
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very few studies focused on the cooling effects yet upon wetscape beyond green fields
(Chang et al. 2007). Unfortunately, wetland dynamics model was not developed very
well due to lacks of temperature data in the entire regions. In this preliminary research,
we tried to figure out entire wetscape cool-island effects to formalize the land surface
and wetscape connection on Taoyuan Tableland, Taiwan. Here, due to a higher
potential evaporation, we confirmed that the lower Taoyuan summer and winter
temperatures are led by cooling effects.

STUDY AREA
Our major study area is located in Taoyuan, Taiwan. The Taoyuan Tableland lies
between the northern border of the Ling-Kou Tableland (23°05'N, 121°17'E) and the
southern border of the Hu-Kou Tableland (22°55'N, 121°05'E); it borders the town of
Yinge in the east (22°56’N, 121°20’E) and the Taiwan Strait in the west (22°75’N,
120°99'E) (Department of Land Administration 2003). It sits at elevations from sea
level to 400 m (1,312 ft) and is composed of tableland up to 303 m (994 ft) and hills
with sloping gradients from 303 to 400 m (994 to 1,312 ft). It runs in a
southeast-to-northwest trend, abutting mountains in the southeastern corner and the
shore of the Taiwan Strait at the far end. With a high average humidity of 89%, the
tableland is located in a subtropical monsoon region with humid winters and warm
summers. January temperatures average 13 °C, and July temperatures average 28 °C.
Annual average precipitation ranges from 1,500 to 2,000 mm (59.1 to 78.7 in)
(Central Weather Bureau 2008).

Figure 1.
Taiwan.

Location of Taoyuan Tableland in the northwestern regions of
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METHODS
Survey Methods
We compared local temperature from Taipei, Taichung, Nantou (Sun Moon Lake),
and Taoyuan from 1900s to 2000s. Temperature records have been achieved from
Central Weather Bureau which has dated since 1896 (Central Weather Bureau 2008).
Due to the problems of data insufficiency achieved from the Bureau, we collected
local data in the regions of the Sun Moon Lake with limited period starting on the first
recorded year of 1942. Since limited data from stations could be achieved from
Central Weather Bureau, we have also collected temperature records from Tea
Research and Extension Station (TRES), Taoyuan, Taiwan starting on the first
recorded year of 1910. We tried to compare global temperatures, achieved by NASA
(http://data.giss.nasa.gov/gistemp), as well as local temperature in four subtropical
sub-regions.
Satellite Image Methods
We bought two ASTER (Advanced Spaceborne Thermal Emission and
Reflection Radiometer) images due to its high resolution on Taoyuan Tableland,
Taiwan from NASA in USA in September, 2008. To achieve the realism and accuracy
from temperature records, we detected microclimate (i.e., local temperature) from its
image instrument that was flying on the Terra satellite between summer and winter
seasons.
Geographic Information System (GIS) Analyses
We selected historical maps as a reference for defining the scope of the tableland
border. Achieved Aster temperature images with a GIS approach in February 2002 and
July 2003. One Software SuperGIS 2.2 program associated with Spatial Analyst
Module (SAM) was selected to analyze these images (SuperGeo 2008). Process of
GIS analyses were followed:
(1) Calibration data: We used a long-run temperature from TRES to calibrate the
Aster satellite image data to be dealt with the years of 2002 and 2003, with two
temperature data grids.
(2) Vector data to raster conversion: We converted farm-pond vector data to
raster for easily calculating temperature from layer formats.
(3) Zonal statistics: One SuperGIS 2.2 associated with Spatial Analyst Module
(SAM) was applied with the approaches of zonal statistics which calculated in
accordance with the output of those farm-ponds’ location (SuperGeo 2008). An
average temperature chart was created by SAM.
(4) Overlapping of computing layers: We applied the results of (3) to overlap (2)
achieved from calibrated temperature data during the real temperature by 2002 and
2003. Finally, we achieved new layers from the output associated with digital terrain
model (DTM).
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RESULTS
Temperature Comparison
Location of sub-regions had significant influence on the temperature records at
any spatial scale. Figure1 described the yearly changes at mean temperature in four
sub-regions as well as the global mean temperature from 1904 to 2007. Not
surprisingly, the temperatures within two urban sub-regions as well as the global
temperature turned steadily into risen trajectory lines (c. Temperatures of Taichung
and Taipei at upper two graphic lines; global temperature at a lowest graphic line) (see
figure 2).

Figure 2. The yearly mean temperature recorded in the sub-regions of Taichung,
Taipei, Taoyuan, and Sun Moon Lake in the sub-tropical Taiwan, respectively (c.
Date achieved from upper to lower graphic lines, respectively. The lowest line is
described an increasing trajectory from an improving truth of global warming).

Seeing that the latitude of Taichung City is southbound from that of Taipei City
with a distance of 200 km, the average temperature in Taichung was higher than that
of in Taipei. However, the temperature in the Sun Moon Lake has a smoothly trend,
with slightly fluctuation since 1943 (c. medium line). The most interesting finding
was the temperature in Taoyuan County has dramatically changed in drought years.
Moreover, the slope in time series was indicated as a negative number of -0.115,
which means the temperature here to be indicated a decreasing trend within a hundred
years.

TEMPERATURE CALIBRATION
Two maps representing the spatial distribution of local surface temperature were
derived from the ASTER surface temperature data using dated images as winter and
summer examples from the dates of Feb. 28, 2002 and July 9, 2003, respectively
(Figures 3 and 4).
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Values
Least Value
Greatest Value
Mean Value
Standard
Deviation

K*10
2847
3148
3028

℃
11.7
41.8
29.8

30.19

3.019

Values
Least Value
Greatest Value
Mean Value
Standard
Deviation

K*10
2781
3209
3065
39.64

℃
5.1
47.9
33.5
3.964

According to mean patch values of ponds at calibrated values of 29.8 ℃ and 33.5
℃ in winter and summer seasons, the cooling island effects were obvious to fit their
locations of pond patches, especially on Feb. 28, 2002. Taoyuan International
Airport as well as other urban areas showed a heat island effect on Feb. 28, 2002.
However, the surface temperature of Taoyuan Tableland incorporating landscape
homogeneity has been detected with cloudy sky covered with mist on July 9, 2003.
Therefore, each pond-surface temperature could be detected from following modules
(Figures 5, 6, and 7).

Figure 3. ASTER surface temperature
of Taoyuan Tableland on Feb. 28, 2002.

Figure 4. ASTER surface temperature
of Taoyuan Tableland on July 9, 2003.

Figure 5. Surface temperature of ponds surrounding Taoyuan International Airport,
Taiwan.
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Figure 6. Surface temperature of thousands of ponds associated with eastbound
DTM simulation model.

Figure 7. Surface temperature of thousands of ponds associated with northeastern
bound DTM simulation model.
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DISCUSSION
Due to lacks of sufficient images of ASTER surface temperature of Taoyuan
Tableland in Taiwan, we have only demonstrated two photo shoots of cool island
effects. However, we may read a decreasing trend in Taoyuan according to
Time-Series Regression Model (TSRM) from a mean temperature of 21.3℃ in 2007
to 19.72℃ in 2099 (Figure 8). Temperature trends affected by anti-global warming
may be explained by covariant factors from seaward terrain to wetscape cooling
effects.

Figure 8. Temperature prediction of Taoyuan, Taiwan from TSRM.

Figure 9. Yearly precipitation in Taoyuan.
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According to retrospective historical records, some interesting findings regarding
to microclimate may say here. Compared to the variation of precipitation data, we
understood that the future crisis might occur due to drought years with cool and dry
periods from 1951 to 1966. The ROC government decided to establish a Shihmen
Reservoir for irrigation located in the Taoyuan County. The Shihmen Main Canal
Irrigation System (SMCIS) led the way in destroying ponds in the southern region of
the Taoyuan Tableland since the 1960s, especially those located within major
transportation corridors. Farm ponds have disappeared on a large scale, most
obviously those located in Yangmay and Hsinwu in the southern part of the tableland.
According to maps of the Combined Logistics Command, Ministry of National
Defense (1960, 1:25,000 scale), the number of farm ponds had decreased to 3,204 and
covered formerly 4,969 ha. According to the 1999 map (1999, 1:25,000 scale) drawn
by the Department of Land Administration, Ministry of the Interior, the number of
farm ponds had continued to decrease to 1,545 and later reduce to 2,926 ha. In
summery, loss rates are highest in areas of urban development, but numbers have
declined most rapidly in irrigated areas.
Due to lacks of necessary information, some future studies will be discussed later.
With a focus on simulation model, future studies will be detected pond-loss effect on
microclimate upon wetscape due to urban sprawl and metropolitan development. We
will add pulse effect as well as create a scenario model considering global warming,
urban heat island (UHI) effect, pond loss effect, precipitation and the elevation above
sea level to establish a new creative model to simulate future temperatures for
Taoyuan Tableland, Taiwan.
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Abstract: The habitat condition near the upper reaches of a reservoir affects water quality.
River authorities usually evaluate river environmental and ecological conditions based on
multiple factors or indices. It is also a trend to use complex evaluation models. In this study,
Stream Integrity Assessment Model I (SIAM I) was developed as the conceptual model.
The Structural Equation Modeling (SEM), especially its statistics technique, was used to
conduct theory-testing. In order to understand the connections between each index and the
assessing model, estimate weighing parameters of each index, and establish empirical
model, the differences between two models with distinct weighing building criterion were
discussed. Different evaluation indices focus on different contents may result in different
conclusions. Therefore, this study discussed the weighing parameters among these indices
by SEM and path analysis. The study area is Shihmen Reservoir Watershed, the upstream
tributaries of Dahan River. Eight sampling stations have been monitored from February
2003 to October 2004. Seven assessing techniques were adopted, including River Pollution
Index (RPI), Index of Biotic Integrity (IBI), Qualitative Habitat Evaluation Index (QHEI),
Family-Level Biotic Index (FBI), Rapid Bioassessment Protocol III (RBP III), Generic
Index (GI) and Saprobity Index (SI). The results showed that the calculation SIAM I is
inputted the assumption weight; in contrast, the calculation SIAM II is inputted the weight
estimated by this study. From the results, SIAM II and SIAM I have a variance of space of
0.487 and 0.447, respectively. That means it is easier to distinguish the habitat conditions
among study sites by using the weight estimated than the assumption weight.
Key Words: family-level biotic index (FBI), generic index (GI), index of biotic integrity
(IBI), qualitative habitat evaluation index (QHEI), river pollution index (RPI), rapid
bioassessment protocol III (RBP III), saprobity index (SI)
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INTRODUCTION
The environment of stream has a number of characteristic features including
channels and flow, physical and chemical factors, etc. that affect the biotic organisms.
In addition, within river ecology, water quality, sessile micro-algae, benthos and fish
have strong connection with one another. Any change of each of these factors may
affect the whole river ecology (Cushing and Allen 2001). Generally indicator systems
can be classified, according to its composition of parameters, to individual indicators,
sector indexes, and composite indexes (Karr 1981). The individual indicator is
calculated by environmental parameters, and it is used to show the condition of
environment quality. Regarding water quality of rivers or pollution monitoring,
water’s composition is often used as analyzing items, such as flow speed, flow rate,
temperature, dissolved oxygen (DO) and Turbidity, etc. These items are called water
quality variables. The sector index is based on the individual indicators that are
classified to different single sector indicators (Karr 1981).
In other words, its bases are to categorize individual indicators into different
classifications, such as water quality, habitat or biology, and then to accumulate and to
calculate these individual indicators within the same classification. Because it
evaluates the environment through a single target or classification, it is also called the
single index. Moreover, the composite index combines several single indexes to
conclude a single number as environmental composite evaluation index, to provide an
integral explanation about environment with more, wilder aspects. Currently,
techniques to evaluate the river health are very developed. For example, Ohio
Environmental Protection Agency (Ohio EPA 1987) has provided some indicators for
river ecological evaluation Index of Biotic Integrity (IBI), which uses fish as the
indicator creature (Karr 1981; 1991), Family-level Biotic Index (FBI), which uses
aquatic insects’ endurance toward pollution (Hilsenhoff 1987, Hilsenhoff 1988),
Rapid Bioassessment Protocol III (RBP III), which uses large invertebrates (Novak
and Bode 1992, Maddock 1999), and Qualitative Habitat Evaluation Index (QHEI),
which considers river’s habitat condition (Rankin 1989, Rankin 1995). On the other
hand, the indicators to evaluate pollution of rivers’ water quality are developed from
physical and chemical elements. In 1970, the National Sanitation Foundation
developed the Water Quality Index (WQI), a standardized method for comparing the
water quality of various water volumes (Horton 1965). Now more simple indicators
have developed River Pollution Index (RPI) (Prati et al. 1971). Due to the fact that
algae, benthic insects and fish have different life cycles, when the water quality in an
area starts to change, algae, with a short life cycle, usually changes first, followed by
benthic and then fish. Therefore, chemical examination of the water quality reflects
only the condition at the time of sampling; when using algae as the bio-indicator, the
outcome reflects the average condition of water quality from the past several hours to
several days; when using benthic insects as the bio-indicator, it reflects the average
condition from past several days or several weeks to several months; while using fish
as the bio-indicator, it then reflects the average condition from past several months to
several years. As a result, it requires different weighing concerns to apply a composite
evaluation model.
SEM related concepts were first developed in 1970s by Karl Jöreskog, a swiss
statistician. Afterwards, Jöreskog and Sörbom further developed a matrix analysis
technique, to solve problems raising in analyzing covariation related structures. SEM
can also be used as a statistic technique in theory-testing (Galton and Sörbom 2001).
SEM, one kind of multivariate statistical analysis, is composed of factor analysis and
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path analysis. It can be used to deal with the relationship between observed variables
(such as evaluation indicator) and latent variables (such as environment), and the
casual relationship between latent variables themselves or observed variables
themselves. Among other things, the measurement model in SEM system is
Confirmatory Factor Analysis (CFA), a transformation from traditional factor analysis.
The definition of measurement model in mathematics is that it defines latent variables
as linearity functions of observed variables, in order to evaluate how well the
observed variables can define the latent variables. By examining completely
standardized solutions, it can also be understood which observed variables that
contribute most to the latent construction and help to estimate the comparative
weighing value among indicators. Moreover, CFA can also be used to test whether
researchers’ theories conform to their collected information and to examine the
reliability and validity of individual items. The estimation of individual items is more
precise than the factor analysis. Based on the reasons and motive addressed above,
therefore, this research chooses SEM as the hypothetical model because SEM does
not have strict limitations on assumptions and it allows error of measurement on
independent variables and dependent variables. It also allows me to estimate multiple,
non-independently related relations. Such particular makes it possible to analyze
complex variables. Furthermore, through empirical model, it is to be discussed the
relation between the influence of rivers on estimating indicators and on ecological
environment, and to be understood the comparative significance of different indicators.
To sum up the goals of this research:
To establish the measurement model for rivers’ environmental conditions; to
discuss the relations between each indicator and the factor structure reflected by it;
and to evaluate the applicability and validity between the model and data.
Based on the model mentioned above, to research the comparative significance of
each indicator when discussing the evaluation of rivers ecological environment; to
estimate the weighing values which are applied to composite estimating models; and
to evaluate ecological benefit of each researched areas. Hopefully the conclusion will
provide managers a better understanding toward rivers environment.

METHODS
Study Site
The study area was located in Shihmen Reservoir Watershed (N 24°40, E 121°17),
there are eight study sites (S1–S8) for the field survey along Tahan River upstream
tributaries (Figure 1). Sampling was conducted seasonally from February 2003 to
November 2004. Samples for biotic data and abiotic variables analyses were collected
at the same time. During sampling, temperature, pH and conductivity of the water
were measured. For analysis of other variables, samples were stored at 4 ℃ in
darkness and transported to the laboratory. Eventually, water analysis was done within
4 h of sampling. The analysis of ammonium (NH3-N), biochemical oxygen demands
(BOD5), suspended solids (SS), and dissolved oxygen (DO) followed the methods of
APHA et al. (1992). The Tahan stream originated from the north part of the TaPa peak,
Pintien, Chihyu Mountains. The Sakeya chin and Ta-ke chin streams join at Hsiu
Luan to form the Yufeng stream. This stream flows to Yufeng before turning east. It
joins the San Kuang stream to become the Tahan stream then turns to west at Lofu.
After joining the Sanhsia stream, it flows into the Dansuie river.
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Figure 1. Location of the sampling stations in the Shihmen Reservoir.

STREAM INTEGRITY ASSESSMENT MODEL (SIAM)
We develop a Stream Integrity Assessment Model (SIAM I) as the hypothetical
model which combine a variety of biotic and environmental evaluated models or
indexes. The model includes three sub-models as following described: (1) biotic
model, (2) hydrology model, and (3) environmental model (Table 1). Finally, using
weighted average to accumulate three kinds of indexes (Table 2). The formula (1)
was:
SIAM = Σ（Yi × Wi × Xi）
(1)
Where Yi=Y or NA; NA expressed that these Xi variable (matrix or index) do not
use, Y expresses the use. Wi: For each index weight of value, its value for 0 ≦ Wi
≦1, and and Σ Wi = 1; in general the weight often used by Wi=1/N, this expresses
various variables equally important. N expressed Yi chooses number of entry of the Y.
Xi: expresses each index value (or rank), namely use variable in this formula, like
Table 1.
Since various value range(or rank) and positive (or nagitive) direction of each
index, therefore must the value (or rank) does the following transform: i. Rating type:
If rank has the n level. Its rank sorting, by 1 to n, the expression rank 1 appraisal is
best, the rank n is worst; Rank grading is n, n-1, to 1. If this appraisal is worst for the
rank 1, the rank n to be best, then this rank grading is 1 to n.
We supposes 5 levels of ranks in SIAM, therefore the original matrix or the index
rank actual appraisal score is S, converts rank of score this pattern is Xi = 5 * S / N.
Value type: Individual index appraisal score S, this highest score is H, also due to
this appraisal supposes is 5 levels of ranks, therefore converts score is Xi = 5 * S / H.

THEORY MODEL
This study mainly adopts these indexes which namly RPI(Liou et al. 2003; 2004),
QHEI (Rankin 1989; 1995, Crighton and Hosier 2004), IBI (Karr 1981; 1991),
FBI(Hilsenhoff 1987; 1988), RBP III (Plafkin et al. 1989), GI (Wu 1999) and SI
(Zelinka and Marvan 1962, Sládecek 1973) as the observed variables of the theory
model (the path diagram; see Table 1, Figure 2), to reflect the environment of rivers.
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Table 1. Categories, items, model patterns, and variables used in formulating the
SIAM.

Index

A1
A2

Selecte
d
Reference sources
variable
s
Y
Karr 1981
Ladson et al. 1999

FBI

Index

A3

Y

Aquatic insects
Marcro-Invertebr
Benthic
Organisms

RBPIII
RBPIII

Metri
Metri

A4
A5

Y

B-IBI

Metri
c

A6

Attached algae

SI

index

A7

Y

Zelinka and
Marvan 1962

Attached algae

GI

Index

A8

Y

Wu 1999

Algae

RDI

Metri
c

A9

River pollution
iRiver
d water
li quality
i d index
Water
Hydrology
bi d
Qualitative
habitat
evaluation index

RPI
WQI
ISC
ISC

Index
index
Index
Index

B1
B2
B3
B4

QHEI

Metri
c

C1

ISC

Metri
c

C2

Model
Variabl
Patter
es
ns

Categori
es

Items

Indices
(Xi)

Aquatic
life
indicator

Fishes
Fishes

IBI
ISC

Metri

Aquatic insects

Hydrolo
gy and
water
quality
indicator
Habitat
indicator

Streamside zone
sub-index

Plafkin et al. 1989
Plafkin et al. 1989
Weisberg et al.
1997

Fore and Grafe
2002
Y

Taiwan EPA 2001
Brown et al. 1970
Ladson et al. 1999
Ladson et al. 1999

Y

Rankin 1989;
1995

Figure 2. Path diagram for Stream Integrity Assessment Model.
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Table 2. Stream Integrity Assessment Model (SIAM) scores and levels.
Crade

Score range

Evaluation

A

4.1~5.0

Excellent

B

3.1~4.0

Very Good

C

2.1~3.0

Good

D

1.1~2.0

Poor

E

0~1.0

Very Poor

Observed Variables
It does not apply to every indicator in this research that the greater the number, the
better the ecological environment is in the sampling site is location (i.e. positive
indicator). On the contrary, for example, the results of RPI and FBI represent that the
greater the number, the worse the ecological environment (i.e. negative indicator).
Therefore, for the purpose of explanation, this research adopts Tsai(2004) that the
original data of negative indicators (RPI, FBI and SI) have all been multiplied by -1,
in order to have the same standard as positive indicators.
Some estimation methods in SEM, maximum likelihood (ML) and generalized
least square (GLS), are easily effected by variables distribution (Chiou 2003, Hwang
2004, Hwang et al. 2005). This research intends to use ML to process parameter
estimation. It will use the statistics software LISREL 8.30, especially its PRELIS 2.30,
to examine variables normal distribution. From Table 3 we can see that, when the
sampling amount is 64, the number of the multivariate kurtosis is as high as 51.806.
However, if the multivariate kurtosis’ modulus exceeds 25, it affects ML’s estimation
result. There are three ways to solve SEM’s non-normality: to transform a
single-variable into normality, to examine the deviation value or heterogeneity of
variance, and to change the way of parameter estimation (Chiou 2003, Hwang 2004).
Because it is simpler and easier to examine the deviation value, this research uses this
way, further deletes six samples discovered with deviation value, and then
re-examines variables normal distribution. In Table 3, after deleting the six samples
with deviation value (N = 58), the diverse kurtosis coefficient value has reduced a lot
and to the degree lower than 25. It shows that after the information is processed for
the matter of non-normality, it is suitable for parameter estimation under ML method.
Correlation Matrix
Generally speaking, SEM analyzes the information including raw data, correlation
matrix and covariance matrix, three types (Chiou 2003). When inputting matrix data,
this research, according to Cudeck’s (1989) suggestion, mainly uses covariance matrix
as the SEM analysis foundation. The covariance matrix uses Microsoft Office Excel
2003 data analysis tool, covariance analysis, for calculation. Table 4 is the covariance
matrix that all indicators have consistent directionality.
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Table 3. The skewness and kurtosis of indicator
Variable

N=64
S*
RPI
-2.313
QHEI
-1.619
IBI
-1.535
FBI
-0.367
RBP III
-0.503
GI
4.693
SI
-0.677
Multivariable 59.345

K**
5.827
1.444
3.952
0.210
-0.946
23.714
-0.064
51.806

N=58
S*
-1.859
-1.509
-0.558
-0.792
-0.364
3.034
-0.613
23.247

K**
3.433
1.011
-0.078
-0.651
-1.192
10.533
-0.137
11.762

*S: Skewness ; **K: Kurtosis

Table 4. Correlation matrix for seven indicators.
Variable
RPI
QHEI
IBI
FBI
RBP III
GI
SI

RPI
0.700
8.064
2.385
0.393
0.324
17.769
0.214

QHEI

IBI

FBI

RBP III GI

523.377
63.982
18.526
21.243
671.132
5.325

28.991
3.757
4.198
143.611
1.273

1.313
1.076
35.750
0.387

1.923
45.710
0.387

SI

10611.543
11.496
0.337

STATISTICAL ANALYSIS
The definition of a SEM model begins with a simple statement of the verbal theory
that makes explicit the hypothesized relationships among a set of studied variables
(Marcoulides 1989).
This research adopts Structural Equation Modeling (SEM) to evaluate if the theory
model fits. In addition, the statistic software, LISREL 8.30, is used for analysis. This
research follows the suggestion of Hwang(2004), to evaluate from two aspects:
overall model fit and fit of internal structure of model.
Fit Indices
According to Hari et al. (1998), the evaluation of the overall model fit can be
divided into three categories: Measures of Absolute Fit, Incremental Fit measures and
Parsimonious Fit Measures. Therefore, this research uses these three kinds of fit
indices to evaluate the overall model.
(a) absolute fit measures
i. χ2: the number must be below the significant level; P must be greater than 0.10.
ii. Goodness-of-fit index (GFI): the number must be greater than 0.90.
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iii. Standardized Root Mean Square Residual (SRMR): the number must be smaller
than or equal to 0.05.
iv. Root Mean Square Error of Approximation (RMSEA): the number which is
smaller than or equal to 0.05 means excellent fit; 0.05 to 0.08 means good fit; 0.08 to
0.10 means fair fit; and greater than 0.10 means poor fit.
v. Expected Value of Cross-validation Index (ECVI) (Browne and Cudeck 1993):
the theory model’s ECVI number must be smaller than that of saturated model and
standalone model.
vi. Adjusted Goodness-of-fit Index (AGFI) (Bentler 1983 ): the number must be
greater than 0.90.
(b) incremental fit index
i. NFI;
ii. NNFI;
iii. Comparative Fit Index (CFI);
iv. Incremental Fit Index (IFI);
v. RFI.
The numbers of these five incremental fit indices must all be greater than or equal
to 0.90.
(c) parsimonious fit measures
i. Parsimonious normed fit index (PNFI) (Bentler, 1980): the number must be
greater than 0.50.
ii. Parsimony Goodness-of-fit Index (PGFI): the number must be greater than 0.50.
iii. AIC: The theory model’s AIC number must be smaller than that of saturated
model and standalone model.
iv. CN: the number must be greater than or equal to 200.
v. χ2/df : the number must be between 1.00 and 2.00.
Fit of Internal Structure of Model
In terms of the evaluation, because this study intends to establish a measurement
model, it adopts the following standards:
i. Each estimating parameter of the model must reach the significant level.
ii. The reliability of observed variables must be greater than 0.20 (Hwang et al.,
2005).
iii. The construct reliability of latent variables must be greater than 0.60. The
average variance extracted must be greater than 0.50. The calculation formulas (2), (3)
are as followed:
ρc =

(∑ λ )2
[(∑ λ ) 2 + ∑ (θ )]

(2)

(∑ λ 2 )
ρv =
2
[∑ λ + ∑ (θ )]

(3)
In these formulas, pc indicates the construct reliability; pv indicates the average
variance extracted; λ indicates the standardized parameter of observed variables on
latent variables; and θ indicates observed variables’ standardized error of
measurement.
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RESULTS AND DISCUSSION: THEORY MODEL EVALUATION
Offending Estimate
Before evaluating model fit, we must examine whether parameters transgress the
limit allowed by statistics, i.e. to make sure the estimation of parameters does not
cause an improper solution. An improper solution is an offending estimate. Hair et al.
(1998) An offending estimate can be checked if any of the three phenomena exists: (1).
minus error variances exist; (2). standardized coefficients exceed or is too close to 1
(≧ 0.95); (3). Standard error is too great. From Table 5 we can see that in this
research, none of the three phenomena exists in the result of parameter estimation
under ML.
Table 5. Estimates for the model.
Parameter
Non-standard
Standard
t-valus
Standardization
λ1
0.43
0.11
3.95***
0.51
λ2
18.18
2.62
6.94***
0.79
λ3
3.79
0.65
5.85***
0.70
λ4
1.00
0.12
8.04***
0.88
λ5
1.09
0.16
6.82***
0.78
λ6
37.33
13.89
2.69**
0.36
λ7
0.36
0.07
4.93***
0.62
δ1
0.52
0.10
5.12***
0.74
δ2
193.02
45.54
4.24***
0.37
δ3
14.64
3.10
4.72***
0.50
δ4
0.31
0.09
3.24**
0.23
δ5
0.74
0.17
4.31***
0.38
δ6
9218.07
1757.30
5.25***
0.87
δ7
0.21
0.04
4.96***
0.62
*: t＞1.96, P＜0.05; **: t＞2.58, P＜0.01; ***: t＞3.29, P＜0.001.
Overall Model Fit
The evaluation of overall model fit is mainly to understand the compatibility
between observational data and theory models. It can be understood as a model’s
external quality examination. Table 6 is the outcome of overall model fit evaluation.
First of all, within absolute fit measures, Table 6 presents that although SRMR and
AGFI show rejection, the rest of the indices pass the evaluation standard, meaning
that this research theory model fits sampling data very well.
Within incremental fit measures, Goodness of Fit Index (GFI) of this research has
NFI value of 0.90. Hu & Bentler(1999)indicate that GFI’s standard value should be
greater than 0.9 and Browne & Cudeck (1993) also suggests that GFI should be
greater than 0.8, so we can see that this research model is good. In addition, that
Non-Normed Fit Index (NNFI) has the value of 0.96, greater than the acceptance
value 0.90, also means the theory model is acceptable. CFI and IFI are both 0.97,
greater than the acceptance value 0.90, so the models are acceptable. RFI is 0.87,
lower than the acceptance value 0.90, so the model is rejected.
In parsimonious fit measures of Table 6, PNFI is 0.60, greater than the acceptance
value 0.50, so the model is acceptable. PGFI is 0.47, fails to pass the acceptance value
0.50, showing that this theory model has poor fitness. AIC is 42.63, lower than the
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independent model of AIC value 188.62, also lower than the saturated model of AIC
value 56.00. It conforms to the acceptance requirement, so the model is acceptable.
Additionally, CN value is 92.71, not greater than the suggested value 200, meaning
that this model does not properly reflect the sampling data. Chi-square (χ2/df) is 1.05,
between 1 and 2, indicating that this theory model is acceptable.
In conclusion, most of the absolute fit measures, the adapter fit measure or the
parsimonious fit measures pass the required acceptance value. It shows that this river
ecological environment theory model conforms to empirical model.
Internal Model Structure Fit Evaluation
After the overall model passes the examination, we then examine theory model’s
internal structure quality, in order to understand if the construct of latent variables has
enough validity and reliability, and to assure individual parameter’s significance. The
way to examine the validity is usually to check parameters’ quantity and significance
between latent variables and indicators. On the other hand, the way to examine the
reliability is to use R2, construct reliability and average variance extracted.
First, to examine the validity, we must see if all the parameters in the model are
meaningful. In Table 7, we see that every factor loading and error of measurement
reach the significant level, meaning that all the parameters estimated in this theory
model are meaningful. Therefore, these indicators successfully reflect the ecological
environment and it leads us to the conclusion that the internal elements of the model
have validity.
To examine the reliability, from Table 7 we can see that most individual variable’s
reliability value (R2) fall between 0.26 and 0.77, greater than the requirement 0.20,
meaning that most indicators have good reliability (except GI which is only 13% of
the variance, with low reliability). Moreover, the average variance extracted of latent
variables is 0.47, slightly lower than the standard 0.50, meaning that the variance of
error of measurement has more contribution than indicators. However, because the
construct reliability still reaches the standard 0.60, these seven indicators are capable
of being the construct of ecological environment.
In conclusion, except that GI’s reliability and the average variance extracted do not
meet the requirement value, the rest estimation, including the reliability and validity
of individual variables or latent variables, shows that this model has good internal
quality, capable of explaining this research’s observational data.
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Table 6. The result of overall model fit.
Fit indices

Estimated value Evaluation results

Absolute fit measures
χ2(df)(P value)
GFI
SRMR
RMSEA
ECVI
ECVI(SM*)
ECVI(IM**)
AGFI
Adapter fit measure
NFI
NNFI
CFI
IFI
RFI
Parsimonious fit measures
PNFI
PGFI
AIC

14.63(14)(0.40)
0.93
0.053
0.028
0.75
0.98
3.31
0.86

Acceptable
Acceptable
Refuse
Acceptable
Acceptable

0.90
0.96
0.97
0.97
0.84

Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Refuse
Acceptable

AIC(SM*)
AIC(IM**)
CN

0.60
0.47
42.63
56.00
188.62
92.71

χ2/df

14.63/14=1.05

Acceptable

Refuse

Refuse

Refuse

*SM: Saturated mode
**IM: Standalone mode
Table 7. The result of reliability for the hypothesis model.
Indicator

R2

Environment
RPI
QHEI
IBI
FBI
RBP III
GI
SI

0.26
0.63
0.50
0.77
0.62
0.13
0.38

Construct reliability
0.85
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Weighting Value Estimation
In order to answer the question that which indicator has greatest contribution or
influence to the ecological environment; in other words, to understand each
indicator’s comparative significance, we compare parameters in the model, through
Table 8 to compare the magnitude of each indicator’s completely standardized factor
loading (also called standardized validity coefficients). Such coefficients can be used
to compare the significance of different indicators in the same model, so this research
also adopts the coefficients to evaluate indicators’ comparative weighing value.
Not only to estimate each indicator’s weight, this research use SIAM requires that
indicators’ weighing value must fall between 0 and 1 and that the total amount must
be 1. Therefore, this research uses the formula below to transform the comparative
weighing values, in order to meet SIAM’s requirement.
Wi =

λi

(4)

n

∑ λj

j =1

In this formula, i is the specific indicator, Wi is such indicator’s weighing value, λi
is such indicator’s comparative weighing value (i.e. such indicator’s completely
standardized factor loadings), and λj is the comparative weighing values from first
indicator to n. Furthermore, some indicators might be missing in SIAM evaluation, so
we must conduct some modification: excluding the missing indicator from λj
calculation of Formula (4), to get a group of modified weighing values. See Table 9
for transformed weighing values.
Evaluation Results of Different Weighing Concerns
Chen (2005) points out that while dealing with scoring or differentiating abilities,
the smaller the variance, the poorer the differentiating ability is. In other words,
greater variance provides better differentiation. After this research uses structural
equation model to estimate each indicator’s weight, it is the continued question that
such weight or assumption weight (W＝1/n), which of them, is more capable of
distinguishing various ecological environment conditions in SIAM evaluation result.
As a result, SIAM I now discuss the magnitude of variance coming from these two
weighing concerns. Table 10 is SIAM evaluation result using two kinds of weighing
concerns, on time and space. The calculation SIAM I is inputted the assumption
weight; in contrast, the calculation SIAM II is inputted the weight estimated by this
research. We see that in this chart, SIAM II has a variance of space of 0.487, greater
than that of SIAM I, 0.447. That means it is easier to distinguish the ecological
environment conditions of different testing stations in the upper reaches watershed of
Shihmen Reservoir by using the weight estimated by this research than the
assumption weight. However, the calculation SIAM I has greater variance in terms of
time, so when SIAM evaluation is conducted through the assumption weight, it is
more capable of distinguishing the ecological environment conditions in different
periods of time.
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Table 8. The loading of standardized something indicator
Factor

Indicator
RPI
QHEI
IBI
FBI
RBP III
GI
SI

Environment

Parameter
λ1
λ2
λ3
λ4
λ5
λ6
λ7

SC*
0.51
0.79
0.70
0.88
0.78
0.36
0.62

*SC: Completely standardized solutions
Table 9. The weight of indicator
Indicator
RPI
QHEI
IBI
FBI
RBP III
GI
SI

Weight
0.11
0.17
0.15
0.19
0.17
0.08
0.13

Table 10. Comparisons between SIAMI and SIAMII by time and sampling sites.
Sites
S1
S2
S3
S4
S5
S6
S7
S8
Variance

SIAM I
4.540
4.320
4.366
4.310
4.661
4.080
3.303
2.740
0.447

SIAM II
4.545
4.341
4.460
4.327
4.648
4.071
3.333
2.671
0.478

Season
Feb-03
May-03
Aug-03
Oct-03
Feb-04
May-04
Aug-04
Oct-04
Variance

SIAM I
4.083
4.136
4.285
4.092
4.048
4.268
4.115
3.292
0.099

SIAM II
4.076
4.182
4.265
4.097
4.076
4.257
4.114
3.329
0.091

CONCLUSIONS
1. According to the model evaluation results, this research establishes the stream
ecological environment theory model which fits well the sampling data. In addition,
except GI with greater error of measurement causing poor reliability, the rest
indicators all can provide valid and reliable evaluations.
2. This research uses the structural equation model in statistics to process
indicators weighing estimate. The result shows that among the seven indicators used
in this research, aquatic insects’ FBI weighing value is greater, and algae’s GI
weighing value is the smallest.
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3. After estimating each indicator’s weighing value, this research further discusses
the variance of the two different kinds of weighing concerns, to determine their
distinguishing abilities on time and space. The conclusion shows that although SIAM
composite evaluation through the weight estimated by this research has less capacity
to distinguish the conditions of testing stations in different periods of time, its result
can provide managers with better understanding about different testing stations’
ecological environment.
4. Due to the fact that steams’ conditions are easily affected and therefore changed
by external interference (such as dredging projects, disasters caused by winds, and
river pollution, etc), this research suggests that following studies should collect
another group of samples to process the cross-validation examination on models, in
order to enhance this research theory model’s stability and duplicability.
5. This research only uses seven stream evaluation indicators to establish the
theory model. SIAM provides evaluators with the convenience of selecting
composition of items based on their need, to process the analysis. Therefore, this
research suggests that following studies can establish their theory models based on
different composition of indicators, to help to understand whether the selection of
indicators has effect on the weight and on the evaluation results, for other evaluators’
reference.
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Abstract: The pheasant-tailed jacana (Hydrophasianus chirurgus) is wide range distributed
in tropical and semi-tropical zones including southern Asia and India, but is rare specie in
Taiwan. Since October 1997, local NGOs launched “Urgently save pheasant-tailed jacanas’
activities” and held the related academic conferences to push the government taking actions
for pheasant-tailed jacanas’ conservation. These actions included: 1) the implementation of
the water chestnut farms reward program for conservation of pheasant-tailed jacanas—the
Tainan County Bird; 2) establishment of Guan-Tian Pheasant-tailed Jacanas’ Restoration
Area. The above activities helped the specie’s population increase 460% in the county
within ten years with annual growth rate 1.24± 0.27 approx. From 1998 to 2007, within
Tainan County, the bird built 1,265 nests, laid 4,299 eggs and hatched out 2,258 chicks.
The number of young birds leaving nest was 1,462 with a mean annual hatch rate 50.0±
7.3% and a mean annual leaving nest rate 63.9± 7.1%. For the results of pheasant-tailed
jacanas’ conservation, there were no significant difference between implementation of
reward programs and establishment of restoration area in spite of differences in sample
sites, management techniques and years. From April 2004 to August 2008, the mean return
rate for jacanas’ with color-banded was 46.0± 29.5% (N= 42) in the county. The
Restoration Area offers 3.5 job positions, inspires ecological research and provides
opportunities for the public to involve in conservation. In addition, it also attracts 20
volunteers to attend social services each week. The ecological value of each hectare for the
participated farms is estimated around NT$280,000 per year.

Keywords: conservation, ecological value, Hydrophasianus chirurgus, pheasant-tailed
jacana, restoration

INTRODUCTION
The pheasant-tailed jacana (Hydrophasianus chirurgus) is categorized in Jacanidae
species and can be found primarily within tropical and semi-tropical zones in southern
Asia and India (Siriporn et al. 1995). Taiwan is situated at the east rim of their
distribution area. The jacanas are a group of wetland birds, which are identifiable by
their extremely long toes and claws that distribute their weight in such a way that
enables them to walk on floating vegetation in the shallow ponds, lakes and wetlands
which are their preferred habitat. They are sexual dimorphism in appearance, but the
females are larger than the males (Weng and Wang 1999, Lin 2005). In 1865, Swinhoe,
a British natural scholar, discovered pheasant-tailed jacanas in Kaohsiung for the first
time. In spring 1916, Kuroda, a Japanese researcher, recorded various species of birds
such as a pair of Hydrophasianus chirurgus, Porzana fusca and Amaurornis
phoenicurus. In 1930, Japanese government proclaimed “Conservation Law for
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historic sites and monuments, relics, ruins, natural scenic areas and memorials” to
protect Taiwan’s precious natural resources. In 1938, other Japanese researcher,
Kazano published “A list of birds in Tainan Museum with additional notes on four
species”, that reported the museum collections including specimens of
Hydrophasianus chirurgus, Nipponi nippon and Platalea minor. In 1941, four years
before end of world war two, Japanese Taiwan Governor’s Office proclaimed that
pheasant-tailed jacanas were natural memorials. Currently, at the National Tainan
Second High School’s specimens’ room holds the collection of one summer-feathered
and one winter-feathered pheasant-tailed jacana. Pheasant-tailed jacanas, with the
population gradually declined in Taiwan, live in limited water chestnut (Trapa
bicornis) farming fields in Tainan County, while residing at near-by ponds in winter
(Figure 1). In 1989, the Council of Agriculture (COA) declared pheasant-tailed jacana
as the rare and valuable specie.

Figure 1. The distribution area of pheasant-tailed jacanas in Taiwan. Black triangles
are the habitats and circles are the cities.
Although pheasant-tailed jacanas’ breeding mainly relies on water chestnuts
farming fields and ponds in Taiwan, birders have seen up to thirties in three separated
water lilies (Euryale ferox) ponds in ChenHsin, Taichung, and other fifties have been
recorded at water chestnut farming fields in DaPo pond, Taitung (Urgently Save
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Pheasant-tailed Jacanas Committee, 1997) (Figure 1). In 1992, the bird was last seen
at water chestnut farming fields in PaGwaLiao, Kaohsiung. At that time, the breeding
sites was dispersed in Tainan areas with double- figured birds left, while the other
areas such as Guandu (Taipei), Lanyang Estuary ( I-Lan), HanBerg (Changhua), Aogu
(Chayi), Cigu and Cihcao (Tainan), LinBen (Pingtung), Longluan Lake (Ken-Ting)
and Fataan (Hwa-Lian), where few individuals merely appeared inconstantly for
short-stay or wintering without any more breeding records (Figure 1). Although young
birds appeared in Cihcao Wetland (Tainan City) for several consecutive winters, they
might come from the breeding sites in Tainan County. These individuals might be the
expansion of the juvenile from breeding sites or from the collapsed existing breeding
sites. The number was between 50-100 (Ueng and Weng 2003).
Pheasant-tailed jacana is ranked second as rare and valuable species of wildlife in
Taiwan, but the local population of this species once dropped to under forty, and faced
the crises of extinction in the 1990s (Weng and Wang 1999). There are two aspects
which largely affect pheasant-tailed jacanas’ living environment in Taiwan (Appendix
1). Firstly, pheasant-tailed jacanas specially prefer to have their habitats on floating
vegetation, such as nesting on prickly water chestnuts, water lilies and water shields,
which have shrunk sharply for the disappearance of wetlands and ponds over the past
twenty years (Appendix 2). Secondly, owing to bird eggs picking and pesticide
spreading by humans, pheasant-tailed jacanas have lost most of their habitats in the
past twenty years. Pheasant-tailed jacanas, once commonly seen water birds in almost
the entire Taiwan, can only be found at water chestnut farming fields in Tainan
County nowadays. In 1993, as mentioned earlier, Taiwan EPA (Environmental
Protection Administration) began to do environmental impact assessment (EIA) for
building Taiwan High Speed Rail (THSR). Local environmental non-governmental
organizations (NGOs) assumed that the high-speed-rail would have severely negative
impacts on pheasant-tailed jacanas, painted-snipes (Rostratula benghalensis), and
other wildlife in railroads surrounded areas. Thus, local NGOs launched a series of
protest and lobbies and involved in actions for wildlife restoration.
Finally, in September 1998, both sides reached the consent “completion of the
lease of 15 hectares for wildlife restoration area upon starting to build the rail”. In
December 1999, Tainan County Government officially leased the 15-hectare land
beside Fu-Lu Reservoir for wildlife sanctuary, which belonged to Taiwan Sugar
Company (Figure 2, Appendix 3). In January 2000, the environmental group started to
establish pheasant-tailed jacanas breeding sites in ponds and planted water chestnuts,
water lilies and sleeping lotuses for pheasant-tailed jacanas’ nesting purpose in the
designated restoration area (Ueng and Weng 2003).
Due to proper management in the restoration area, pheasant-tailed jacanas grew
fast to 200 in 2005, and then the population stopped growing for the last few years
(Tainan City Wild-bird Association 2007). Obviously, the protective work for
pheasant-tailed jacanas has not been successfully down. Local NGOs believe that
Taiwan’s pheasant-tailed jacanas need to have a permanent sanctuary; the government
might offer some better incentives for water chestnut farming and provide a good
guideline for wildlife’s protection and conservation. Therefore, the study aims to
examine the difference between the above two separated sites of the conservation
efforts within ten-year (1998-2007) periods. It also recorded the local NGOs’ effort
for pheasant-tailed jacanas’ conservation.
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Figure 2. Map of Guan-Tian Jacanas Restoration Area (GTJRA) in Tainan County,
Taiwan.

MATERIALS AND METHODS
Evaluation of quality of habitats
Fretwell and Lucas (1970) argued the hypothesis of “Ideal Free Distribution”,
which stated that under the nature circumstances if the wild animal had ideal
information for quality of habitats in dispersed areas; and if the wild animal’s moving
behavior was not subject to any limitation (free movement), the individual would
move to the habitats with best quality. Thus, the individual would be able to obtain the
best successful breeding rate and maintain the highest survival rate, which meant the
optimal fitness.
Statistical analysis for quality of habitats
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The study compared the biological factors between two sample sites within
different time periods. Nonparametric multi-dimensional ordination method (Clarke
1993) was applied to analyze the similarity (ANOSIM) using PRIMER v. 5
(PRIMER-E, Plymouth, UK; Krebs 1999).
Estimation of return rate
The return rate of pheasant-tailed jacanas was estimated based on data from 42
color-banded jacanas in Tainan between 2004 and 2005. Among them, twenty two
were banded by Chen-Li Lin and Sheng-Fa Hsu, and the other twenty banded by
Te-Chih Chen, respectively. These banded birds were re-observed by Bo-Ling Deng,
Jen-Bang Wu, Collin Chen, Meng-Jin Chung and the researchers between April 2004
and August 2008 in Tainan County. The annual return rate was estimated from the
number of the re-observed birds in Tainan in the current year divided by the number
of re-observed birds in the previous year (Clarke and Kerry 1994, Ueng et al. 2007).

RESULTS
Since October 1997, local NGOs established “Urgently Save Pheasant-tailed
Jacanas Committee” and held “Academic Seminar for Tainan County Pheasant-tailed
Jacanas Restoration Area’s Life Support System” , which made the county held
county-bird voting activity and later imposed county bird-Pheasant-tailed jacanas’
Conservation Reward Program (Appendix 1). The former activity was completed in
Nov, 1997 by Tainan City Wild-bird Association sponsored by Tainan County
Government; while the reward program has been implemented since then for almost
11 years (Appendix 2).
From 1998 to 2007, Tainan County government implemented Water Chestnut
Farms Reward Program (WCFRP). In fall 2000, after many years’ efforts, local NGOs
finally successfully persuaded the government to establish “A 15-hectare Guan-Tian
Jacanas Restoration Area” (GTJRA), where it belonged to Taiwan Sugar Co. and was
located in Long-Tian farming fields just beside the Fu-Lu Reservoir (Figure 2). In fall
2000, local NGOs then reorganized the “Pheasant-tailed Jacanas Restoration
Committee” to operate GTJRA.
From 1998 to 2007, the population of jacana has increased 460% and the mean
annual growth rate was 1.24± 0.27 with monthly average of 109 (92~144) birds in the
county (Figure 3). Among them, the GTJRA provided 46 (35-57) jacana’s habitats
each year (including both breeding and wintering periods), which was about 42.4±
4.0% of total population in the county.
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Figure 3. The pheasant-tailed jacanas’ monthly population from 1998 to 2007 in
Tainan County, Taiwan. The crosshatched bar was subpopulation of Guan-Tian
Jacanas’ Restoration Area (GTJRA), and the filled bar was subpopulation of other
areas including areas implementing Water Chestnut Farms Reward Program
(WCFRP).

Figure 4. The annual expense for pheasant-tailed jacanas conservation from 1998 to
2007. The crosshatched bar was the expense of Guan-Tian Jacanas’ Restoration Area
(GTJRA), and the filled bar was the expense of other areas including areas
implementing Water Chestnut Farms Reward Program (WCFRP).
From 1998 to 2007 in Tainan County, pheasant-tailed jacanas built 1,265 nests
with 4,299 eggs and hatched out 2,258 chicks, while there were 1,462 young birds
leaving nests. The mean annual hatch rate was 50.0± 7.3% and the mean annual rate
of leaving nest for young birds was 63.9± 7.1%.
During these ten years of implementing WCFRP in Tainan County, the county
granted NT$7,365,000 in cash for rewards (Figures 4), which included 668 nests
received the cash with 1,324 chicks hatched (Figures 5A, 5B); the average cost for
each hatched chick was approximately NT$5,560. The mean annual hatch rate was
50.2± 7.4% and the mean annual rate of leaving nest was 63.6± 9.3% (Figures 5C,
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5D). Meanwhile, from 2000 to 2007, both the government agencies including BHSR,
THSR, COA and Tainan County Government and local NGOs invested
NT$37,828,000 totally to manage GTJRA (Figure 4). The amount included the total
rent NT$14,300,000, the money that Taiwan Sugar Co. received from GTJRA in eight
years. The pheasant-tailed jacana successfully built 310 nests with 627 chicks hatched
out (Figures 5A, 5B). The mean annual hatch rate was 51.7± 7.2%, and the mean
annual leaving nest rate for young birds was 64.8± 19.2%, which showed no
significant difference compared with the results from the reward program (Figures 5C,
5D). The average cost of each chick hatched out was NT$60,300, which was about 10
times more than that of the reward program.
From April 2004 to August 2008, the mean return rate for jacanas’ with
color-banded was 46.0± 29.5% (N= 42) in Tainan County.
The GTJRA offers 3.5 job positions, inspires ecological research and provides
opportunities for the public to involve in conservation. In addition, it also attracts 20
volunteers to attend social services each week. The ecological value of each hectare
for the participated farms is estimated around NT$280,000 per year.

Figure 5. The annual breeding biology of pheasant-tailed jacanas in Taiwan from
1998 to 2007. (A) The number of nests, (B) the number of eggs, (C) hatching success
rate, and (D) fledging success rate. The crosshatched bar represented the jacana in
Guan-Tian Jacanas’ Restoration Area (GTJRA), and the filled bar was the jacana in
other areas including areas implementing Water Chestnut Farms Reward Program
(WCFRP).

DISCUSSIONS
Between 1998 and 2007, the mean annual hatch rate was 50.4%, which was similar
to the result from Chen et al. (2008: 51%); while the annual 30-day leaving nest rate
was 63.9%, lower than the figure from Chen et al (2008: 78.6%). The main reason
might be the high mortality rate for 21-30 days young birds (15.2%) living on floating
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vegetation.
From the perspective of pheasant-tailed jacanas’ breeding biology, there were no
significant difference in results of conservation between the implementation of reward
program and the establishment of restoration area. Both the government and local
NGOs can apply these experiences to manage the larger areas of floating vegetation
such as water chestnut and Nymphoides coreana, which will provide more available
spaces for nest building habitats and maintain the specie’s population at a stable level.
The population records in restoration area showed that the quality of habitats, with
natural transition, reached the best in 2003 and then gradually went down (Figures 3,
5). It also indicates that retaining “floating vegetation” wetlands is vital for
pheasant-tailed jacanas’ survival, which heavily relies on farmers’ farming rotation
and switching plantation.
The return rate for the species (46.0%, N= 42) is lower than that of other water
birds, such as black-faced spoonbills with 86.6% (Ueng et al. 2007). It is necessary to
gather more data from birders and researchers for further study. Furthermore, the
findings show that other reasons for the low return rate might include a fairly large
number of death either accidentally caught by farmer’s nets or by pesticide poisoning,
in spite of reasons such as wintering juveniles, saturation of the habitats and moving
away by color-banded disturbances.
The results show that pheasant-tailed jacana’s habitats have reached the maximum
(environmental carrying capacity) in Tainan County (Figure 3). In order to increase
the specie’s number to 200, expanding the available water chestnut farms is needed;
otherwise, the bird will be forced to move to neighboring areas such as Chayi,
Khaohsiung, Pingtong and Taipei.
There are around 400 hectares farming fields available for water chestnut farming
in Tainan County, and farmers who participated in reward program only occupy 40-70
hectares. The ecological value of water chestnut farming wetlands will be more than
NT$112,000,000 per year if all available farmers are willing to participate in the
reward program.

Appendix 1. Academic Seminar for Tainan County Pheasant-tailed
Jacanas Restoration Area’s Life Support System
1. Sponsor: Urgently Save Pheasant-tailed Jacanas Committee including The
Wetlands Taiwan, ROC Wild-bird Association, Kaohsiung City Wild-bird Association,
Tainan City Wild-bird Association, Taipei Wild-bird Association and Taiwan Province
Wild-bird Association.
2. Co-sponsor: Tainan County Government; Bureau of High Speed Rail (BHSR);
Ministry of Transportation (MOT); Endemic Species Research Institute.
3. Participant: Division of Agriculture and Forest; Taiwan Province; Cha-Nan
Irrigation Association; Taiwan Sugar Company; Biodiversity Research Center;
Academia Sinica; National Cheng Kung University; National Sun Yat-sen University;
National Ping-Tung University of Technology; Kun Shan University; National
Scientific Museum.
4. Place: Tainan County Hall
5. Date: 9-11 am, October 2, 1997
6. Conclusions:
Setting Fu-Lu Reservoir and Te-Yen Reservoir for wildlife sanctuary zone. Hold
meeting to clarify the area of the sanctuary.
Promoting a reward program for farmers who have successfully bred the
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Pheasant-tailed jacanas in their own farms. Each nest will receive NT$10,000 in cash
for reward, with the preparatory funding for NT$1,000,000.
Planning the restoration area for Pheasant-tailed jacanas’ habitats, which will be in
charge by Shi-Chin Liao, Director of Urgently Save Pheasant-tailed Jacanas
Committee and Yih-Tsong Ueng, instructor of Kun Shan University
Voting for Tainan County Bird, will be sponsored by Urgently Save Pheasant-tailed
Jacanas Committee and Tainan County Government.

Appendix 2. Tainan County launching Reward Program for County
Bird- Pheasant-tailed Jacanas Conservation (2007 version)
1. Purpose: This plan aims to encourage water chestnut farmer’s actions for the
conservation of Pheasant-tailed Jacanas-the county bird, maintain the balance of the
ecosystem and increase the number of jacanas’ population.
Implementation period: January 1, 2007 - December 31, 2007.
Persons entitled for Rewards: Those, who successfully breed Pheasant-tailed
jacanas within the county. They include owners, landlords or tenants of water chestnut
farms, reservoirs, ponds and other types of habitats.
Rewards:
NT$4,000 for 1 or 2 chicks hatched out/per nest;
NT$8,000 for 3or 4 hatched out/per nest.
Checking/ monitoring:
County authority and government agencies, Tainan City Wild-bird Association.
Expected benefits:
Efficiently increase Pheasant-tailed jacanas’ population and preserve the
biodiversity of species.
Reflect international trends of conservation and stand the image of the county.

Appendix 3.

Minutes of Coordinative Meeting for Pheasant-tailed
Jacanas’ Conservation

1. Date: 2:00 pm, August 4, 1998.
2. Place: Meeting Room, Bureau of Agriculture, Tainan County Hall.
3. Host: Wu-Juao Wu, Director of Bureau of Agriculture; Supervisor, Bureau of
High Speed Rail.
4. Participant:
Tainan County Government: Wu-Juao Wu, Yong-Ming Su;
Bureau of HSRE, MOT: Nan-Wen Kong, Chin-Yu Chen;
HSR;
Southern division of Bureau of HSRE;
Urgently Save Pheasant-tailed Jacanas Committee;
Wetlands Taiwan: Yih-Tsong Ueng.
Resolution:
The first year (1999):
a. Make plans for establishing Pheasant-tailed Jacanas’ habitats by the county
government, professionals, researchers and environmental NGOs
b. Initial building habitats for 15 acres, BHSR and Tainan County Government to
manage the funding.
The second year (2000) till the completion of the construction:
Review the outcome of restoration before construction. If the outcome of
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restoration is feasible, we will plan to expand the restoration area; otherwise, at least
we have to maintain the leasing areas for restoration.
Operating:
Review outcome of restoration, evaluate the impact of operation. The operating
authority should provide proper subsidies if necessary.
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ADAPTIVE MANAGEMENT OF COASTAL WETLAND (TARGET
SETTING, RESEARCH AND DEVELOPMENT, SITUATION
UNDERSTANDING, AND IMPLEMENTATION)
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Abstract: Adaptive management is a vital concept for enabling effective environmental
measures in the ocean development and conservation. The ocean engineering committee
of JSCE adopted the following definition ‘It is a system for implementation of ecosystem
and fisheries resource restoration under unpredictable variation and succession of physical
and biological environment. It is enable to build mutual understanding among stake
holders, and to match goal, objectives and action in reasonable way. Furthermore,
long-term R and D strategies are needed for goal-setting, project-success-criteria and
environmental-restoration-techniques, referenced by state-of-the-art case studies.’ People
are expected to use coastal wetlands wisely, and the knowledge of the local people should
be respected. Thus, ways to determine the wishes of the local people must be established.
Academic symposia in monitoring, modeling, and interpretation of ecosystem should be
organized to facilitate a science based planning and management. To enable the actual
implementation, mapping of each individual technology in a holistic framework should be
done. Systems for public participation schemes with good communication strategies are
also important. An essence of such future regimes will be shown in this presentation by
introductions of leading examples for target setting, situation understanding, RandD, and
implementation.
Key Words: adaptive management, coastal ecosystem restoration, strategic planning,
sustainable development

INTRODCTUION
There is now a strong public desire to conserve and restore the natural environment
of the coastline and a trend towards public participation for those activities by
coastline communities. On the other hand, implementations of such environmental
target are managed by several different organizations. After the enactment of the
Environment Basic Law, revision of the River Law (1997), the Coast Law (1999), the
Port and Harbor Law (2000), and the Fisheries Basic Law (2001) were done. All
revised laws are clearly expressing a concern for environmental protection and
restoration. Followed by such revised laws, Law for the Promotion of Nature
Restoration (2002) was introduced. It gave a direction for the implementation
system i.e. Adaptive Management and Public Participation.
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ADAPTIVE MANAGEMENT
An adaptive management is a system for enabling to implement strategic
environmental measures. It consists with target setting, implementation of adaptive
management, and public participation. Throughout the process, mutual agreement
for the strategic objectives should be concerned.
Target Setting
Restoration of coastal environment is a target for adaptive management. In this
section "Restoration" has been taken as the collective expression for creating, altering,
or improving wetland environments. This term therefore encompasses a number of
terms used in previous works (PIANC, 2003; Coastal Environment Restoration WG,
2003a-d; Wada, 2005).
Creation: The conversion of a persistent non-wetland area into wetland through
some activity of man.
Enhancement: The alteration of existing wetlands to provide conditions that did
not previously exist and that increase one or more user-defined values.
Reclamation: The conversion of a water area or wetland area into a more
terrestrial-based system or into a wetland above mean water level through some
activity of man.
Regeneration: Natural re-growth after disturbance.
Rehabilitation: Human activity aiming at repairing damaged or blocked ecosystem
functions.
Remediation: The cleaning up of a polluted wetland site.
Because of wide coverage of “Restoration”, a good agreement and understanding
among stakeholders should be established beforehand the implementation.

Uncertainty of Target
At coastal area, environment is a flow. For example, tidal flat is suffered by
sediment deposition from mountain through rivers, is eroded by waves at rough
weather. It makes morphological change of flat bottom topography.
Not only the physical setting, but also biological setting also has change, and
succession. Terawaki et al. (2005) described the present state of the tidal zone
environment along the coast of the Seto Inland Sea including Hiroshima Bay, Japan.
They pointed out the succession of seagrass and macro algae meadow in context of
coastal area due to network of each ecosystem. The succession occurs in special and
temporal domain (Figure1).
Yamochi et al. (2005) showed nitrogen budgets and fauna of benthic organisms
were examined at the pond of Osaka Nanko Bird Sanctuary, an artificial tidal flat of
Hannan Second District and the natural tidal flat of Wakagawa estuary. These salt
marsh and tidal flats, each locates at urban areas, are thought to be a typical ecosystem
maintained by artificial environmental manipulation. The introduction of seawater to
the salt marsh by sluice pipes and the conveyance of river water from inner tidal flat
by pumps are effective methods to preserve the benthic ecosystems at Nanko Bird
Sanctuary and Wakagawa Tidal Flat, respectively. It means, not only the natural
processes, but also anthropic activities make passive change for the target.
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Figure 1. Image of Seagrass meadow and Tidal flat in coastal area (after Terawaki et
al. 2005).
Advanced Work for Adaptive Management
PIANC (2003) described the needs and a definition of adaptive management as
“Developers of restoration projects should consider the possibility of developments
beyond their control, including undesirable offsite impacts. That’s why the
principles of adaptive management should be applied to wetland projects. As a project
develops, modifications may be necessary to accommodate these unforeseen
developments and to take advantage of newly acquired knowledge or resources.”
Coastal disaster prevention works also had experiences for the implementation of
adaptive management. Kato (2005) reported an example of adaptive management in
shore protection works, named “Eco-coast Works”. This is one of a system in which
adaptive management can be conducted through 1) minimize impact by consideration
of design of facilities, 2) do environmental monitoring and hearing with local people,
and 3) feedback process to upgrade the facilities with public participation.
Ramsar convention had more general definition for the adaptive management
(Ramsar 2007, Streever 2001). The adaptive management should have following
steps.
Set Goal to clarify the objectives of management
Set Objectives to clarify the feasible action plan
Implement best available management scheme
Monitor and Review the action using performance standard as an indicator
If the objectives are not accomplished, modify the management way
Keep implementation, monitoring and evaluation
Change objectives if it is necessary
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Figure
2.
GBRMPA’s
(http://www.gbrmpa.gov.au/).

Reef

Management

Plan

Advanced Work for Public Participation
Adaptive management is a tool for doing project strategically. Wide range of
stake holders (National and Local Governments, Citizens, Industries, NGOs, and
Researchers etc.) should be involved in the process from very beginning of the project.
It cost less if the change / consideration had done earlier.
Thorough information exchange and disclosure by meeting / hearing processes are
efficient to get agreement. Furukawa et al. (2005) introduced the cases of
GBRMPA’s reef management plan, Port 2000 at Le Havre Port, France, and Paralia
Nature in EU. GBRMPA （2007: Great Barrier Reef Marine Park Authority,
Australia） put public relation Champaign for renew the park zonation. It takes two
years to correct responses from public (10,190, and 21,500 responses were corrected
in 2002 and 2003 respectively). According to such huge preparation, they are able to
set long term strategy as long as 25 years (Figure 2).
At Le Havre Port, France, massive renovation of the port had been planned as Port
2000 project (http://www.havre-port.fr/). From EIA of the project, compensation for
minimize or mitigate the impact for ecosystems required. The port authority and
local people had met more than 50 meeting with in 4 months in the planning phase of
the project. It hatched out ten feasible action plan of the compensation. This kind
of direct negotiation is also important and effective to set objectives.
To do the hearing or meeting, the discussion should be based on scientific sound
conversation. Otherwise, mutual understanding becomes difficult. Paralia Nature
(http://www.imiparalianature.org/) is international organization that have link of
academia, port authorities, government organizations, and NGOs. They organize
seminars, making guidelines, and doing information exchange from viewpoint as a
third party.
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DEFINITION OF ADAPTIVE MANAGEMENT BY COMMITTEE OF
CIVIL ENGINEERING IN THE OCEAN, JSCE, JAPAN
The special session ‘Environment Restoration Project’ in the 30th and 31st
Symposium on Civil Engineering in the Ocean, JSCE demonstrated that needs of the
implementation of ‘Adaptive Management System’ (Furukawa et.al, 2006, Figure 3).
The five presenters had given various aspects of the adaptive management system, e.g.
its need, definition, and background.
The system is defined as ‘The adaptive management’, which is a system for
implementation of ecosystem and fisheries resource restoration with in unpredictable
variation and succession of physical and biological environment. It is enable to
build mutual understanding among stake holders, and to match goal, objectives and
action in reasonable way. Furthermore, long-term RandD strategies are needed for
goal-setting, project-success-criteria and environmental-restoration-techniques,
referenced by state-of- the art case studies.’

Strategic Planning
Level 1

Goal

Specific Action Plan
Level 2

Objectives

Review

Implementation

Level 3
Monitoring

Management by Success
Criteria

Figure 3. Modified Image of Adaptive Management by JSCE.
Case Studies: Target Setting
Objective setting for an environmental restoration project and its processes are
reviewed to apply adaptive management to the tidal flat at Tokuyama-Kudamatsu Port
in the Seto Inland Sea (Asai et al. 2006). This project is carried out as one of the
leading projects for The Restoration Plan on Marine Environment in the Seto Inland
Sea, established by Ministry of Land, Infrastructure and Transport and Fisheries
Agency in 2005.
In this case study, monitoring and feedback program during and after the project
has been proposed. In the program implementation, various stakeholders interested
in the project shall share its goal and participate in the program. Since the goal that
cannot be evaluated quantitatively is often set conceptually, it is broken down to
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several clear targets with quantitative success criteria, which are easy to measure and
to manage.
They call their adaptive management system as PDCA cycle (Figure 4). To fit the
adaptive management on specific project, varieties of style will be welcome.
Management of Tidal Flat

Resource

Environment

Monitoring

Yes
Accomplishment

Analysis for course

Feed back

No

Measure action

Figure 4. PDCA Cycle for tidal flat management.
Case Studies: Evaluation
Yoshimi et al. (2006) discussed how is the adaptive management applied to the
implementation of an environmental restoration project and how can the
succession/evolution of the project be evaluated. To get the clues of the answer to
these questions, the US experiences have been studied. In Poplar Island in
Chesapeake Bay and Sonoma Baylands in San Francisco Bay, the large scale
environmental restoration projects are carried out by beneficial use of dredged
material from harbor development works. An iterative process, where the initial
management tools and plans are periodically reviewed through the monitoring, is
applied as the management in these projects. The review process is facilitated by
concrete success criteria.
Case Studies: Public Participation
Iguchi (2006) review the Osaka bay restoration plan and its implementation.
“The action plan to regeneration of Osaka bay” was enacted in 2004 for the
environmental improvement by the Promotion Committee of Osaka bay regeneration
which is composed with government bodies and related municipalities. Adaptive
management has been facilitated for the implementation of the plan. Enhancement
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of public-private partnership and development of environmental countermeasures are
twofold major issues in the management. Some related activities are introduced as
case studies.

FUTURE REGIME
People living along a coastline are expected to use it wisely, and the wishes of the
local people should be respected. Their support is indispensable for the many
measures that require regular observation and long-term maintenance. Ways to
determine the wishes of the local people and ways to carry out thorough management
must be established. Academic symposia for experts in modeling, observations, and
other specialized topics are needed to facilitate the sharing of knowledge. Systems
for public participation in strategic planning are also need. The future regime should
encourage continual improvements in observation methods, accumulation of
observation results, development of easily used models, analysis of
environmental-restoration technologies, and maintenance of close contact among
experts, local governments, and coastal residents.
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NECESSITY OF ADAPTIVE MANAGEMENT IN RESTORATION OF
ECOLOGICAL SYSTEMS
AT THE MOUTHS OF RIVERS IN URBAN AREAS
Tomonari Okada and Keita Furukawa
National Institute for Land and Infrastructure Management
3-1-1, Nagase, Yokosuka, Japan
E-mail: okada-t92y2@ysk.nilim.go.jp
Abstract: River mouths have characteristics that provide unique habitats for plants and
animals. However, water pollution and habitat degradation in urban areas can have
negative effects on the environments of river mouths. One characteristic of river mouths
in urban areas is exceedingly rich nutrient flows. They frequently cause eutrophic
conditions that lead to phytoplankton blooms and result in habitat loss for the plants and
animals. Moreover, vertical and horizontal distributions of water quality, such as salinity,
chlorophyll a and nutrients, change frequently with tidal range and river discharge. For
example, seawater reached a point only 3 km from the mouth of the Arakawa River during
spring tide and a point more than 20 km from the river mouth during neap tide. In
addition, there are considerable differences in chlorophyll a and nutrients in vertical
direction due to stratification. The differences caused unstable condition to an artificial
tidal flat around the river month with fortnightly modulation and tidal motion. Therefore,
it is difficult to estimate accurately the results of restoration project of ecological systems
around river mouths because of the unstableness. We think that the restoration project
should be gradually improved by using adaptive management.
Key Words: adaptive management, river mouth, restoration of ecological systems

INTRODUCTION
River mouths have characteristics that provide unique habitats for plants and
animals. The health of these biological systems may have widespread and
significant impacts beyond the river mouth, for instance, extending to adjoining bays.
Water pollution and habitat degradation in urban areas can have negative effects on
the environments of river mouths.
One characteristic of river mouths in urban areas is exceedingly rich nutrient flows,
which frequently cause eutrophic conditions that lead to phytoplankton blooms. The
phytoplankton blooms settle and accumulate on the river floor around the mouth,
causing sludge and anoxic water conditions in the bottom layer, resulting in habitat
loss for the plants and animals at the river mouth.
Therefore, it is necessary to restore the ecological systems at river mouths in urban
areas. This paper shows unstableness of water quality, such as salinity, chlorophyll a
and nutrients, around river mouths and necessity of adaptive management in
restoration of ecological systems at river mouths.
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Figure 1. Location of the Arakawa River, Japan and sampling stations in
the river. Distance between each station is 1 km.

CHARACTERISTIC OF SALINITY, CHLOROPHYLL A AND
NUTRIENTS AT THE MOUTH OF THE ARAKAWA RIVER
The Arakawa River
The study site was the mouth of the Arakawa River, which flows into Tokyo Bay
(Figure 1). Its hydrological catchment area covers about 3,000 km2. The riverbed
is nearly flat (zero slope) over this 35-km stretch. The average river discharge is 50
m3 s-1. As the river enters the bay, the river mouth is 1 km wide and 5 m deep.
Approximately 25 million people live in the bay catchment area, and the river
catchment area has a population of about 9 million. Although 98% of domestic
waste is treated, the nutrient load is still high because of the large population. Our
estimation indicated that the nutrient load into Tokyo Bay (represented by Chemical
Oxygen Demand; COD) was 23 * 104 kg d-1 in 2000, and about 30% of this nutrient
load flows into the bay via the Arakawa River.
Vertical Cross-Section Distribution of Salinity and Chlorophyll A
There were large differences in vertical cross-section distribution of salinity
between spring tide and neap tide (Figure 2a). The stratification was partially mixed
and fully stratified, respectively. Seawater reached a point only 3 km from the river
mouth during spring tide and a point more than 20 km from the river mouth during
neap tide (Okada and Nakayama 2004).
The vertical cross-section distributions of salinity caused difference in the vertical
cross-section of chlorophyll a between spring tide and neap tide (Figure 2b). A high
concentration of chlorophyll a was found at the estuarine front during spring tide. In
contrast, a high concentration of chlorophyll a was found thinly under the halocline
during neap tide.
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Figure 2. Vertical cross section distribution of (a) salinity during spring tide, (b)
chlorophyll a during spring tide, (c) salinity during neap tide and (d) chlorophyll a
d i
id
Vertical Profile of Salinity, Chlorophyll A and Nutrients
One characteristic of river mouths is a clear halocline because of great difference
in density between seawater and river water. In addition, stratifications of
chlorophyll a and nutrients form around river mouths due to the clear halocline.
The halocline was sharp and was found in the 0.5- to 1.0 m layer (Figure 3a)
(Okada et al. 2008). The maximum concentration of chlorophyll a was above 100
μg L-1, and peak of chlorophyll a occurred near the halocline (Figure 3b). The
concentration of chlorophyll a decreased markedly with depth and was less than 40 μg
L-1 below 3-m depth. The concentrations of PO42- and NH4+ in the layer above the
halocline were higher than those in the layer below the halocline (Figure 3 c and d).
The minimum concentrations of PO42- and NH4+ were recorded in the layer in which
highly concentrated chlorophyll a was found, which highlights the uptake of PO42and NH4+ in this layer.
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Figure 3. Vertical profiles of (a) salinity, (b) chlorophyll a (μg L-1), (c) PO4-P
(mmol L-1) and (d) NH4-N (mmol L-1). Line of salinity: microstructure
acquisition profiler, dots: water column samples and laboratory analyses.
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CHANGE OF SALINITY AT AN ARTIFICIAL TIDAL FLAT
AROUND A RIVER MOUTH
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Figure 4. 12 hours averaged salinity on the artificial tidal flat from August
to November in 2007.

Salinity on an artificial tidal flat, which located at a river mouth, frequently
changed from around 2 to 16 (Figure 4). The change of salinity was mainly affected
by river discharge. In addition, it was also affected by the change of depth of
halocline with fortnightly modulation (spring tide and neap tide) and tidal motion
(high tide and low tide). Whether water column above or below halocline comes to
the tidal flat causes great difference in salinity on the tidal flat because of large
difference between salinity above halocline and salinity below halocline.

NECESSITY OF ADAPTIVE MANAGEMENT IN THE
RESTORATION OF ECOLOGICAL SYSTEM
As mentioned above, the water quality, such as sanity, chlorophyll a and nutrients,
around river mouths is not stable and changes with river discharge, fortnightly
modulation and tidal motion. One of the reasons of the change with these time
scales is that freshwater (river water) mixes with seawater at river mouths and
stratification, such as a halocline, forms around river mouths since river water and
seawater have greatly different densities. Another reason is that river discharge
changes frequently throughout the year in Asia where climate type is humid
subtropical climate. So, the frequent change in water quality cannot avoid around
river mouths in Asia.
Therefore, we think that it is difficult that results of a restoration project of
ecological systems are estimated accurately when the project is planned. It is
appropriate that the project is gradually improved as monitoring and checking
restoration techniques which are used toward the goal of the restoration project. It is
nothing else but this procedure for the restoration project is an adaptive management.
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MANAGEMENT AND WISE-USE OF CONSTRUCTED TIDAL
FLAT ON RECLAIMED LAND IN THE TOKYO BAY AREA
Kota Nakase, Yuji Yagi, and Hisamitsu Chiba
N.P.O. Tokyo Port Green Volunteers, Japan
E-mail: kouta.nakase@mail.penta-ocean.co.jp
Abstract: The Tokyo Port Wild Bird Park was built on a reclaimed land at a harbor
district of Tokyo Port in 1989 with the request of the citizen. The place had been grassy
plain and swamp land which occurred naturally on a reclaimed land. The tidal flats of this
park occupies about 7 ha (5 ha of lagoon and 2 ha of front-beach tidal flat) of 24.3 ha gross
area of this park. This park is managed by the consortium of the Tokyo Port Terminal Co.
(T.P.T.C.) and the Wild Bird Society Japan (W.B.S.J.). Volunteer organizations are also
actively involved in this park management mainly on weekend and the holiday. Main
activities of these volunteers are as follows; 1) Design and carry out interpretational guided
tours for visitors, 2) Work to enhance the tidal-flat performance, e.g., mow the reed,
making tide-pools and creeks, 3) Investigate the migratory birds and benthos, and 4)
Support companies to fulfill social responsibilities.
Key Words: constructed tidal flat, citizen participation, wise-use

INTRODUCTION
The Tokyo Port Wild Bird Park is located in the reclaimed ground in Keihin
industrial area near The Tokyo International Airport (Figure 1). This park was built on
a reclaimed ground in 1989, based on the result of civic movements.
A feature of this park is that the volunteer's organizations are participating in
environmental management and observation guides positively in wetlands and
tidal-flats.
History of the Tokyo Port Wild Bird Park
The Tokyo Port Wild Bird Park had been constructed during 1966 to 1970, in a
building site to transfer Tsukiji central market. In 1973, when the reclaim was
completed, construction works had to be stopped by a heavy recession (Figure 2).
Since this ground was left for a while, swamps and tidal flats were formed naturally
by subsidence and erosion of the ground, and many wild birds came to flock here.
In order to preserve the nature on this reclaimed ground, petitions and the public
signature-collecting campaign had been continued over 12 years. As the result of
these campaigns, the Tokyo City Government restored small (3.2 ha) wetland in 1978,
and finally 26.4 ha of green belt and a nature park were reproduced in 1989. And
now, many birds are observed in the area. Especially, this park is selected as the
member of the East Asia and Australia area Fly Way Partnership. It is because
remarkable individuals of Lesser Sand Plovers (Charadrius mongolus) are observed
here.
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Figure 1. The place of the Tokyo Port Wild Bird Park.

Figure 2. Wetland was formed on reclaimed ground in 1970's
(Kato(2004)).
Administration
The Bureau of Port and Harbor, Tokyo Metropolitan Gov. owns this park. And
the authority was invite public participation for the administration of the park. The
consortium of T.P.T.C. and W.B.S.J. has been accepting the trust. In addition to
management of this park, the consortium has contracted various kinds of works such
as environmental management, environmental surveys, bird-watching guide,
presenting exhibits and providing events for visitors.
In this park, 2 volunteer organizations are active. The "Tokyo Port Green
Volunteers" began originally by the active people who have requested the
conservation of wetlands on this ground in 1970's. In 1990, they have got the
permission of doing activities in this park from Tokyo Metropolitan Gov., and had
been attested as a non-profit organization in 2004. Another volunteer organization is
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"Volunteer Guides", organized by the authority. This organization is mainly taking
charge of bird-watching assistance every day including weekdays.
Landform
The Tokyo Port Wild Bird Park was designed as a model of ancient landscape of
wetlands and tidal flats in coast of Tokyo bay before the era of economic growth
(Figure 3).
Freshwater ponds, swamps, and lagoon were built by excavation on reclaimed
ground. Reeds are planted in the shore of a swamps and lagoon. Undulations and
meadows are built around wetlands. A rice paddy and vegetable fields were also
reproduced.
The Tokyo Port Wild Bird Park has a lagoon and a front beach tidal flat. In the
lagoon, water is exchanging by two waterways opened to the adjoining canal. The
area of this lagoon is 4.7 ha and the area of inter-tidal zone is 3.0 ha. Substrate was
muddy sand with d50 = 0.0625-0.5 mm. The fine grain fraction was under 10 %. The
front beach tidal-flat was built on a sheet pile revetment, filled with sand and gravels.
The area of this tidal flat is 2.0 ha, 40 m wide, and has calm slope of 1:100-1:70.

Freshwater Pond

Rice Paddy
The Front Beach Tidal-Flat

The Lagoon

Figure 3. The Map and Landscape of the Tokyo Port Wild Bird Park.
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MANAGEMENT AND WISE-USE
Activity of the Volunteers/Interpretational Guide for Visitors
The observation and interpretational guide has been the important activity of
volunteers, from the time since this park was opened. Regular observation events
including tidal flat watching have been carried out every 2nd Sundays. The temporary
events of tidal flat observation were also carried out in spring and summer, when the
tide level of daytime was low.
Environmental Management
In this park, the administration consortium has been mainly in charge of
environmental management. Also the volunteers had to do small-scale work like
pruning or mowing without heavy equipment. As these works required manpower,
these works had been performed as environmental events. The main working events
were as follows.
Reed Mowing
Reed communities are thinned out by wave and flood in natural condition,
nevertheless, such power does not act in an artificial lagoon. Reed colonies was
0.50ha in 1995, were expanded to 0.61ha in 2000 (1.2 times in 5 years). Therefore
the man powers’ mowing of reeds are needed to control the over-expansion, beside
natural outer forces as wave and flood (Figure 4).

Observation guidance

Reed mowing

Tide-pool excavating

Figure 4. Volunteer's Activity in Tidal Flats.
Retouch of Micro-Topography
Latest example of working events in tidal-flats and lagoons are excavation of
tide-pools and creeks, and installation of bamboo brushwoods. The purpose of
building tide-pools and creeks in tidal flat is to expand the living space for
mudskippers, crabs, and worms by increasing diversity of geographical features.
Installation of brushwoods promotes deposition of mud and sand on the tidal-flat by
weakens the waves and flows.
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Environmental Monitoring
The W.B.S.J., the member of administration consortium is doing monitoring of
environment of this park focusing on birds and reporting every year. In addition, the
volunteers have monitored the migratory shore birds and wild ducks every year.
Also the numbers of individuals of benthos such as crabs, counted in events of the
tidal flat observations, are also accumulated as data sets.
Support Companies to Fulfill Social Responsibilities
These days, the companies which want to perform Corporate Social
Responsibility (CSR) activity about environment are increasing in number. The
Tokyo Port Green Volunteers are supporting the cleaning activities of a tidal flat as
CSR activity of the companies.

Conclusion
The Tokyo Port Wild Bird Park is an important base of the activity for the
volunteers. And now, the volunteers are indispensable in the park management.
However, there are also problems in their activities, e.g. 1) because of members’
primary occupation, it is hard to work in weekdays, 2) skilled member can be
transferred by their primary occupation’s circumstances, 3) man-powers and funds are
always insufficient. Although there are various problems, the Tokyo Port Green
Volunteers are going to continue various works to improve our lagoon and tidal-flats
activities.
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THE ROLE OF HYDRODYNAMICS IN THE DEVELOPMENT OF
MANGROVES IN COASTAL CANGIO, SOUTHERN VIETNAM
Hong Phuoc Vo Luong
University of Natural Sciences, Ho Chi Minh city
227 Nguyen Van Cu, dist 5
Ho Chi Minh, Vietnam
Email: vlhphuoc@phys.hcmuns.edu.vn
Abstract: The author has conducted environmental experiments to detect the role of
hydrodynamics which have been led in the development of mangroves in coastal Cangio,
southern Vietnam. Studies from field measurements as well as modelling emphasized that
mangrove vegetation can encourage the deposition of sediment and protect the coastland
from high waves and storms. Hydrodynamics has also been confirmed that led function of
mangrove formations in rehabilitation and development of Can Gio forest.
Key Words: environmental monitoring ,land development, mangrove, sediment loading

INTRODUCTION
Can Gio District is located at latitude 10022'14"N–10040'09"N, longitude
106046’12”E - 107000'59"E, about 65 km south of Ho Chi Minh City (Figure 1). It is
one of 18 districts of Ho Chi Minh City and covers an area of 73,361 hectares. From
north to south it covers a distance of 35 km and at the middle portion is about 30 km
wide. A network of rivers and channels traverses the delta and the main waterways
leading to the port of HCMC (FAO 1993, Tuan et al. 2002). On 21 January 2000, Can
Gio mangrove forest was approved as the Mangrove Biosphere Reserve by
MAP/UNESCO and it is also the first Biosphere Reserve in Vietnam. Playing a
critical role as a paradigm for forest protection and management in Vietnam, Can Gio
mangrove forest has become an attractive place not only for tourists but also for
scientific research on every aspect such as on geology (Hang et al. 2003), on biology
(Tuan et al. 2002, Hong and San 1993), on natural and social conditions (Nam 1993,
Nam and Tuan 2004). Numerous studies of the physical processes within mangrove
forests in Can Gio have also been made (Mazda et al. 2002, Hirose at al. 2004,
Baartman 2005, Van Loon 2005, Vo Luong and Massel 2006) This study reports and
focuses on the role of hydrodynamics, mainly tides and waves, in the development of
coastal Can Gio during more than 40 years.
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Figure 1. Map locating Can Gio Mangrove Biosphere Reserve in Ho Chi Minh city,
South Vietnam (after Tuan et al. 2002)

HYDRODYNAMICS SUPPORT YHE DEVELOPMENT OF CAN GIO
MANGROVE FORST
Prior to April 30th 1975, Can Gio mangrove forest covered an area of 40 000 ha;
canopy was dense, with trees over 25m tall and 25-40cm in diameter (Tuan et al.
2002). From 1964 to 1970, Can Gio District, like many other mangrove areas in
Vietnam, was sprayed heavily with herbicides: 665,666 gallons of Agent Orange,
343,385 gallons of Agent White and 49,200 gallons of Agent Blue. As a result, 57% of
the mangrove forest in this district was destroyed (FAO 1993). In some areas large
trees of Rhizophora, Sonneratia and Bruguiera were killed by the herbicide spraying
and in many areas the vegetation was completely degraded. However, tides played an
important role in restoration of the coastal mangrove areas which were sprayed
heavily with herbicides. In the coastal areas with flooded twice daily and once daily,
the mangrove trees restored quicker than in the upper mangrove areas (Vien Ngoc
Nam 2005).
Since 1978, a vast programme of reforestation has been undertaken by Ho Chi
Minh City Forestry Department in the period of 1978-1987. The main species being
Rhizophora aciculate were chosen to be planted and raised. The reason for this was
that it is fast growing tree native to the forest and would therefore be able to restore
forest cover at the fastest rate, hence it was also the tree with the highest commercial
value (Tuan et al. 2002). However, only 57% trees survived and continued to develop.
Tides, water levels and waves in Can Gio were one of the main causes of such mass
mangrove deaths (Nam N. V, 2005). Mangroves could not grow in areas where
waves are high enough.
Furthermore, in mangrove areas, natural succession of
mangrove species is determined by various environmental and
ecological factors,
including soil composition, tidal
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Figure 2. Computed wave field at Dong Tranh estuary.
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Figure 3. Changes of topography at the Nang Hai site, at Dong Tranh estuary, Can
Gio mangroves, in 2004-2006 (after Vo Luong and Massel 2006).
regimes, geographical location, etc. In particular, the cycle of accretion and erosion
of the land by tide and water flow is influential in determining the distribution of
pioneer and successive species (Hong and San, 1993). Species of the genus
Rhizophora could not grow in areas that show a high salinity range as a result of
irregular flooding or develop in new muddy flat.
- 276 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

Nowadays, in the natural conditions as well as human impact, some mangrove
areas along the rivers and in the estuaries in Can Gio are being eroded seriously.
Studies from field measurements (Vo Luong and Massel 2006, Mazda et al. 2005) as
well as modelling (Massel et al. 1999) emphasize that mangrove vegetation can
encourage the deposition of sediment and protect the coastland from high waves and
storms as well as prove that tides and waves are the main factors inducing sediment
transport and erosion processes. Figure 2. shows that distribution of predicted wave
field at the Dong Tranh estuary by using the wave refraction model. The concentration
of high wave energy in some sites could be considered as a main cause for erosion at
surrounding mangrove area, especially at Nang Hai mangrove forest as shown in
Figure 3 (Vo-Luong and Massel 2006).

CONCLUSIONS
After 22 years of rehabilitation and development Can Gio forest become the largest
replanted mangrove areas in Vietnam with a beautiful landscape and diversity of both
flora and fauna (Tuan et al., 2002). As a result, on 21 January 2000, Can Gio
mangrove forest was approved as the International Mangrove Biosphere Reserve by
MAP/UNESCO and this is the first biosphere reserve in Vietnam. The successful
results are thanks to the hard efforts of Ho Chi Minh City government and people.
Hydrodynamics has also been much contributed in rehabilitation and development
of Can Gio forest. However, up to now, the studies on hydrodynamics in Can Gio
mangrove have still been found lacking. The further and in-depth studies on
hydrodynamics are really necessary and required.
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Abstract: Although environment wetlands plan is a wetland management and erosion
control plan, public perception often focuses excessively for pleasure. Environment plan is
affected by many factors such as human live, life, property, safety, management, operations,
maintenance, nature ecologic, environment, artificial structure, climate control and
sustainable development. Therefore, the purpose of this paper is to probe how to use the
qualitative and quantitative measurements of wetlands environment for plan
indexes/criteria and how to evaluate, improve and plan these indexes for achieving the
aspired/desired levels in each index/criterion. Some previous efforts to measure of
environment plan have assumed the criteria to be independent, but this isn’t existent in the
real world. Here a novel hybrid multiple criteria decision making (MCDM) model to
address on dependent relationships among criteria, using a decision-making trial and
evaluation laboratory (DEMATEL) technique to construct the network relationship map
(NRM) along with an analytical network process (ANP), to decide the relative weights of
criteria, showing inter-dependence and feedback problems are proposed. An empirical case
of experiments is illustrated to demonstrate the proposed novel hybrid MCDM model that
can be measured and evaluated wetlands environment problems in real case. We also can
propose strategy to improve the criteria gaps for achieving the aspired/desired levels in
human’s live comfortable, life safe and environmental sustainable development.
Key Words: analytical network process (ANP), attitudes toward wetlands environment plan,
DEMATEL, multiple criteria decision making (MCDM), network relationship map (NRM),
wetlands environment plan effects
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INTRODUCTION
Wetlands environment plan is very important that relate human’s life and safety. It
requirement is particularly difficult a dynamic location such as natural buffer areas
and their importance has been well recognized by many countries.
As an island Taiwan has approximately 11,846 hectares of wetlands. Most coastal
development therefore is directly or indirectly related to wetlands. Wetlands
preservation is typically in conflict with development. Advanced nations such as
Japan, The United States, Canada, Hong Kong, Australia and most European countries
have adopted sustainable management systems to protect their wetlands (Chiau 1998a,
Broll et al. 2002, Parish and Yamashita 1994).
In Taiwan, most studies adopt environmental conservation ideas advocated in the
US and Japan. These studies assess coastal functional values using qualitative
descriptions and observations to determine the developmental status of coastal zones
(Chiau 1998b, 1999). However, none integrated and none clearly defined standards
and systems occur for implementing coastal wetlands environmental resource plan
and management. This lack of standards is associated with the difficulty in obtaining
data related to coastal natural environment, ecological environment physical
environment, environment of humanity, society and economy, and few domestic
studies. Here a novel hybrid MCDM model is proposed to solve these problems
through experts group. A decision-making trial and evaluation laboratory (DEMATEL)
technique is used to detect complex relationships and build a network relation map
(NRM) among criteria for environment wetlands measurement and evaluation. An
analytic network process (ANP) was used by Saaty (1996) to overcome the problem
of dependence and feedback among criteria or alternatives. The proposed model could
be used to evaluate effectiveness, finding the central criteria for evaluating,
illustrating criteria interrelation based on NRM, and finding the evaluation gaps
among criteria to improve the effectiveness of wetlands environment plan and make
strategic target plans for achieving the aspired/desired levels in human’s live
comfortable, life safety and environment sustainable development. Moreover, the
results show that the effectiveness calculated by the proposed model is consistent with
that from DEMATEL and ANP.
The remainder of this paper is organized as follows. In Section 2, some important
previous researches are summarized; the wetlands environment effects measure and
find out the influence factors of wetlands environment effectiveness and establish the
research hypotheses by literature review are introduced. In Section 3, a brief
introduction of DEMATEL and ANP techniques are given; establishing a model using
these methods is also proposed. In Section 4, an empirical study of the wetlands
environment Plan is shown using the proposed evaluation model. The analysis results
are discussed and compared with the traditional additive evaluation model. Finally
conclusions and remarks are proposed in Section 5.

WETLANDS ENVIRONMENT PLAN MEASUREMENTS
Wetlands environment plan measurements involve a number of complex factors,
however, including natural environment, ecological environment, physical
environment and environment of humanity, society and economy issues and so on. We
had found many researches to discuss about wetland’s landscape, economic, water
storage and management modeling and scenario evaluation. (Munier et al. 2004,
Gring et al. 2008). Such as the developed countries: United States, Canada, Japan and
European have adopted sustainable management schemes to safeguard their coastal
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areas by applying different levels of development based on costal functions (Chiau
1998a, Broll et al. 2002). When performing AHP analysis, a considerable value of
vagueness exists, ranging from the judgment by pair comparison among survey
subjects to calculating each weighted value, and between researchers and the survey
subjects. As AHP analysis utilizes pairwise-comparisons to determine a pairwisecomparison matrix, and this comparison results in a fuzzy number, fuzzy numbers can
be applied to assess semantic scales. The following describes the use of triangular
fuzzy numbers in the survey by subjective perception. In Hsin-Chu Bathing Beach
case study, there are 3 dimensions and 9 criteria (Yen et al. 2004). The dimensions
include mainly three interests: ecology, natural, and humanity. Via issues review, we
subject must to consider more dimensions and criteria. How can we do for solving
wetlands environment problems? Firstly from the wetlands environment survey data
found characteristic value to improve stabilize the river canal shape, increase the
activities of biological community, habitat mold and regeneration, structure integrality
of ecological corridor, and to create peripheral landscape and natural environment
features, development from tour facilities and resources of humane industry, repeat
structure nature of beautiful material, raise property of tourism. But in the slope is
precipitous, the soil and stone flow outpost area and environmental preserve against
district to need to make sure artificial disturbance minimizes or not allows to develop.
Summarization, we need to consider intact factors/criteria which have to inclosing
four dimensions and eleven factors/criteria. Four influence aspects are: (1) natural
environment, (2) ecological environment, (3) physical environment and (4)
environment of humanity, and (5) society and economy.

PROPOSED MODEL: A NOVEL HYBRID MCDM MODEL FOR
WETLAND PLANS
In documents of Section 2, when this research puts in order out and sets up the
wetlands environmental plan system that will exert an influence in wetlands
environmental. And when the government, educational circles and industry put into
and plan at the same time, will collect the relation and every different literary
composition dimensions and criteria of the wetlands environment, produce some
impacts in the wetlands environment. Thus, must is it the great principle of the
wetlands environmental plan to consider in detail. The great principles include
wetland management, impact and monitoring of environment, ecological restoration,
environmental construction, ecology-tourism, activity of biotic community and
environmental conservation, etc. It can be difficult to quantify precise values in
complex evaluation systems. A complex evaluation environment can, however, be
divided into subsystems to more easily judge differences and measure scores. Thus,
the relationship of a network structure and the degree of interdependence are
determined from the result of DEMATEL technique. Subsequently, we employ ANP
to obtain the weight of each perspective (criterion).
Clarifying Interrelations between Criteria Discussion and Conclusion
The main analysis tool that this research institute uses is analysis for DEMATEL,
ANP method, the purpose of using of its analytical method is as follows: first one is
use DEMATEL to construct the affirmation that influences the relationship among
criterion. Probe into and look for offering to influence resident's life to be comfortable
while the wetlands environmental plan through documents, the ecological restoration
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of life security, environmental construction and environmental conservation and
environment sustainable development of criteria. Point out in previous research the
wetlands management and erosion control, ecological restoration, environmental
construction and environmental conservation etc. which the connecting with each
dimensions and criteria. But the part mentioned in documents has not been complete
yet. Thus utilize DEMATEL to construct the affirmation of the influence relationship
among the dimensions and criteria (Tzeng et al. 2007, Huang and Tzeng 2007, Liou et
al. 2007, Chiu et al. 2007, Liou et al. 2008, Chen et al. 2008)，and then utilize ANP
to carry on asking for and operation of the weight (Saaty 1996). Second is utilize ANP
to ask for the importance weights and performance values. Finish getting related to
after the affirmation, use ANP is it go on every weight of criterion calculate to come
(Saaty 1996), Influence resident's life to be comfortable while the wetlands
environmental plan in ink district through ANP understand, the weights that the life
security and ecological restoration of environment are replied and bred and the
environment sustainable development criteria and influence degree, utilize quantity of
5 measure forms to carry on the comprehensive performance and assess and make
performance value at the same time, later arranged in an order.
Dematel Technique for Building a Network Relation Map (Nrm)
The DEMATEL technique was used to investigate and work out the complicated
problem group. DEMATEL was developed in the belief that pioneering and proper
use of scientific research methods could ameliorate comprehending of the specific
problems, the cluster of intertwined problems, and contribute to recognition of
practical solutions by a hierarchical structure. The methodology, according to the
concrete characteristics of objective affairs, can verify the interdependence among the
variables/attributes and confine the relationship that reflects the characteristic with an
essential system and evolution trend (Chiu et al. 2006, Huang and Tzeng 2007).
DEMATEL has been successfully applied in many situations, such as marketing
strategies, e-learning evaluation, control systems and safety problems (Hori and
Shimizu 1999, Liou et al. 2007, Tzeng et al. 2007, Ou Yang 2008).
The method can be summarized as follows:
Step 1: Calculate the direct-influence matrix by scores: depends on experts’
thoughts and evaluate the relationship among elements (or called variables/ attributes)
of mutual influence, using the scale ranging from 0 to 4 scores representing ‘no
influence (0),’ ‘low influence (1),’ ‘medium influence (2),’ ‘high influence (3),’ and
‘very high influence (4),’ respectively. The digraph can be portrayed a contextual
relationship between the elements of the system as shown in Fig. 1. For example, an
arrow from b to a represents that b affects a, and its influence score is 2. They are
asked to indicate the direct effect they believe each element exerts on each element j
of others, as indicated by aij . The matrix A of direct relations can be obtained.
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Directed graph.
Step 2: Normalizing the direct-influence matrix: on the base of the direct-influence
matrix A , the normalized direct-relation matrix D is able to acquire by using
formulas (1) and (2).
D = kA

(1)
⎧⎪
k = min ⎨1/ max
i
⎩⎪

where

n

∑

⎫⎪
aij ⎬ ,
i =1
⎭⎪ i, j ∈ {1, 2,..., n}
n

aij ,1/ max
j

j =1

∑

(2)

Step 3: Attaining the total- influence matrix: once the normalized direct-influence
matrix D is got, the total-influence matrix T of NRM can be obtained through
formula (3), in which the I is denoted as the identity matrix.
T = D + D 2 + D3 + + D k = D( I + D + D 2 + ... + D k −1 ) [( I − D)( I − D) −1 ]

= X ( I − D k )( I − D) −1

Then,
T = D( I − D) −1 , when k → ∞, D k = [0]n×n

(3)

n

n

j =1

i =1

where D = [dij ]n×n , 0 ≤ dij < 1, 0 < ∑ dij , ∑ dij ≤ 1 and at least one summation equal 1
and no all, then D = [0]n×n .
Step 4: Analyzing the results: in the stage, the sum of rows and the sum of
columns are separately expressed as vector r and vector c by using formulas (4), (5),
and (6). Then, the horizontal axis vector (r+c) is made by adding r to c, which exhibits
importance of the criterion. Similarly, the vertical axis (r-c) is made by deducting r
from c, which may separate criteria into a cause group and an affected group. In
general, when (r-c) is positive, the criterion is part of the cause group. On the contrary,
if the (r-c) is negative, the criterion is part of the affected group. Therefore, the causal
graph can be achieved by mapping the dataset of the (r+c, r-c), providing valuable
approaching for making decisions.
k

T = [tij ]n×n ,

i, j = 1, 2,..., n

(4)

⎡ n ⎤
r = ⎢ ∑ tij ⎥ = [ti ⋅ ]n×1
⎣ j =1 ⎦ n×1

(5)

t

⎡ n ⎤
c = ⎢ ∑ tij ⎥ = [t⋅ j ]n×1
⎣ i =1 ⎦1× n

(6)

where vector r = (r1 , r1 ,..., rn ) and vector c = (c1 , c1 ,..., cn ) express the sum of rows
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and the sum of columns from total-influence matrix T = [tij ]n×n of network
relationship map (NRM) separately.
Finding the preference of Criteria Weights by ANP Based on NRM
Analytic network process (ANP), as a MCDM method, can be used to evaluate the
most suitable locations for selecting the best facilities systematically. The ANP is a
relatively simple and systematic approach that can be used by decision makers.
MCDM techniques have also been widely used for the facility site selection problem.
The ANP is an extension of AHP by Saaty (1996) to overcome the problem of
interdependence and feedback among criteria or alternatives. Although the AHP and
the ANP derive ratio scale priorities by making pair-wise comparisons of elements of
a criterion/ dimension, there are differences between them. The first is that the AHP is
a special version of the ANP; the ANP handles dependence within a cluster (inner
dependence) and among different clusters (outer dependence). Secondly, the ANP is a
nonlinear structure, while the AHP is hierarchical and linear, with the goal at the top
and the alternatives in the lower levels ( Saaty 1999) based on dynamic concept of
Markov chain.
The initial step of the ANP is to compare the criteria in the entire system to form a
supermatrix through pairwise comparisons by asking “How much importance does
one criterion have compared to another criterion, with respect to our interests or
preferences?” The relative importance is determined using a scale of 1–9 representing
equal importance to extreme importance (Huang et al., 2005). The general form of the
supermatrix is as Equation (7). Where Cm denotes the m-th cluster, emn denotes the n
th element in the m-th cluster, and matrix Wij is the principal eigenvector of the
influence of the elements compared in the j th cluster to the i th cluster. The form of
the supermatrix depends on the variety of the structure. For example, if the structure
of the system is as in (Figure 2) the unweighted supermatrix W, containing the local
priorities derived from the pairwise comparisons throughout the network, is as
Equation (8).
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0
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⎢⎣ 0 W32 W33 ⎥⎦

(8)

where W21 is a matrix that represents the weights of cluster 2 in respect to cluster 1,
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matrix W32 is the weights of cluster 3 with respect to cluster 2, and matrix W13 shows
the weights of cluster 1 in respect to cluster 3. In addition, matrix W33 is denoted as
the inner dependence and feedback within cluster 3. The weighted supermatrix is
derived by setting the “all columns sum” to unity. This step is very similar to the
concept of the Markov chain for ensuring the sum of the probabilities of all states
equals 1 (Huang et al. 2005). Then the weighted supermatrix can be raised to limiting
powers such as in Eq. (9) to calculate the overall priorities.
lim W k

(9)

k →∞

Cluster 2

Cluster 1

Cluster 3

Figure 2. Illustration of system
structure.

AN EMPIRICAL CASE: CASE OF THE OWE-KO WETLAND PLAN
SYSTEMS OF TAIWAN
In Taiwan the study case is Owe-Ko Wetland. Plan systems are complex organisms,
composing of environmental, software, hardware, and human factors and it is clear
that wetlands environment plan measures must be context-dependent and based on
real operations. So we was used a questionnaire to find out from three groups
comprising 15 experts. Their rankings of each criterion with respect to sustainable
development use a 5-point scale ranging from 4 (extremely important) to 0 (no effect).
The highest scoring three criteria from each dimension were extracted to construct the
system for measuring environment wetlands plan. Since comprehensive conservation
in wetlands environment plan systems rates are important factors in plan
measurements, they are used as a further criterion (Table 1).
Table 1. Dimensions and criteria for wetlands environment plan systems.
Dimension
criteria
The degree of connection of river basin (C )
Distribution of scenic resources (C )
Natural environment
The impact and monitoring of environment (C )
(D )
Ecological environment The activity of biotic community（multiplicity） (C )
(D )
Recovery of habitat (molding and regeneration (C )
Improvement of water’s quality (C )
Physical environment
(D )
measure of decreasing floods (C )
analysis of the form of industrial distribution (C )
usage of land resources (C )
Environment of
analysis of village (C )
humanity, society and
Ecology-tourism （education science） (C )
economy ( D )
1

2

3

1

4

2

5

6

3

7

8

9

10

11

4
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Problem Descriptions of the Wetlands in Research Areas
The Owe-Ko Wetland catchments geography position is situated in the Dongshih
Township part ofChiayi County, Taiwan. Owe-Ko Wetland lies to the west of Owe-Ko
village in Chiayi; Beigang stream is in the north of it and Liu-Chiao gutter is in the
south of it. It faces Taiwan Strait on the west and Route No. 17 as well as No. 61 is
the boundary of its east of Taiwan. The measure of area is about 1,500 hectare.
According to investigation, the number of the species of birds is more than 200.
Besides the Platalea minors which are in imminent danger of extinction looking for
food at Owe-Ko Wetland as one of their perches, about 150 Larus Saundersis, there
are only approximately 2,000 left in the world, perch on Owe-Ko Wetland in winter. It
even more underlines the importance of Owe-Ko Wetland.
Constructing a Strategic Partnering Model for Analysis
The Owe-Ko Wetland catchments geography position is situated in the Dongshih
Township part of Chiayi County, Taiwan. The aim is not only to determine the most
important plan criteria but also to measure relationships among criteria for building
NRM (network relation map). A questionnaire was used to find out the average initial
direct-relation 4×4 matrix A, obtained by pair-wise comparisons in terms of
influences and directions between dimensions is seen in ( Table 2).
Table 2. The initial influence matrix A.

0

4

Environment of
Physical
humanity, society
environment
and economy
2
3

Ecological environment 3
Physical environment
4
Environment of
2
humanity, society and
economy

0
4

2
0

2
4

4

4

0

Natural
Ecological
environment environment
Natural environment

The aim is not only to determine the most important plan criteria but also to
measure relationships among criteria for building matrix A shows, the normalized
direct-relation D is calculated from Eqs. (1)–(3). Then, using Equation (5), total
influence T is derived (Table 3) and by using Eqs. (7) and (8), the sum of influence
given and received by each dimension (Table 4). By calculating the limiting power of
the weighted supermatrix, Eq. (11) is applied until a steady-state condition is reached
(Table 6). Each row represents the weight of each criterion. As seen in the table, the
highest priority is measure of decreasing floods rate (15.9%), while the lowest priority
is Ecology-tourism. (3.7%). The domain expert’s attitude/ commitment were
determined to be the most important criterion within plan (see Figure 3).
Weighting of Criteria in Environment Wetlands Plan Systems
After determining the relationship structure between wetlands environment plan
system factors, the ANP method is applied to obtain criteria weights. Initially, the
importance of relationships between each criterion had compared based on the IRM.
For example, the experts were asked to respond to a series of questions, such as “for
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the environment wetlands plan and sustainable development, how much more
important is one operation criteria over another.” These pairwise comparisons are
based on AHP concept, plan's 9-point scales with a score of 1 indicating equal
importance and 9 the extreme importance of one element over another. As the local
weights of these criteria are obtained through the principal eigenvector of comparison,
an unweighted supermatrix can be generated (Table 5). And normalized the
unweighted supermatrix based on total influence matrix (see Table 3 influence
normalized matrix in figures of parentheses) shows on (Table 6). By calculating the
limiting power of the weighted supermatrix, lim k →∞ W k Eq. (9) is applied by ANP
until a steady-state condition is reached (Table 4). Each row represents the weight of
each criterion. As seen in the table, the highest priority is Forbid planning rate
(15.9%), while the lowest priority is Ecological Tour behavior (3.7%). For physical
environment criteria, Improvement of water’s quality, measure of decreasing floods, The Physical
Environmental was determined to be the most important criterion within optimum
plan (see Fig. 4).
If means that A outranks B in Table 7 then the wetlands environment plan ranking
is indicates that criterion has the best plan record, because it influences its
performances on other criteria. For wetlands environment plan the aspired in gap is
forbid developing of environmental conservation that is the same DEMATEL of the
impact-direction map Fig. 4. Via integrating performance indexes scores of Owe-Ko
wetland in ANP shows the Ecological environment get scores is 4.55 at lowest. At
first It must to improve and provide tactic. Furthermore is wetland’s Natural
environment, Environment of humanity, society and economy and Physical
environment. Thus we can conclusion Owe-Ko wetland the most abundant ecological
natural resource.
Table 3. The total influence matrix T.
Environment of
Ecological
Natural
Physical
humanity, society and
environme environmen
environment
economy
nt
t
Natural
environment
Ecological
environment
Physical
environment
Environment of
humanity, society
and economy

0.6524

1.0732

0.7338

0.5867

0.7440

0.6833

0.6309

0.6772

1.0937

1.3095

0.7604

1.0783

0.8879

1.1758

0.9188

0.7243
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Table 4. The sum of influences given and received on dimensions.

Natural
environment
Ecological
environment
Physical
environment
Environment of
humanity, society
and economy

Sum of
raw{r}

Sum of
column{c}

Sum of raw
Sum of raw and
and
column {r-c}
column{r+c}

3.0461

3.3780

6.424

-0.332

2.7354

4.2418

6.977

-1.506

4.2419

3.0439

7.286

1.198

3.7068

3.0665

6.773

0.640

Table 5. The unweighted supermatrix.
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11

C1
0.000
0.000
0.000
0.151
0.233
0.207
0.053
0.054
0.155
0.075
0.072

C2
0.000
0.000
0.000
0.229
0.187
0.113
0.111
0.045
0.199
0.073
0.043

C3
0.000
0.000
0.000
0.109
0.095
0.265
0.196
0.079
0.177
0.038
0.041

C4
0.261
0.108
0.083
0.000
0.000
0.177
0.161
0.026
0.080
0.043
0.061

C5
0.254
0.102
0.083
0.000
0.000
0.172
0.158
0.058
0.093
0.037
0.043

C6
0.168
0.083
0.060
0.209
0.250
0.000
0.000
0.048
0.113
0.038
0.031

C7
0.254
0.122
0.072
0.153
0.191
0.000
0.000
0.054
0.091
0.033
0.030

C8
0.052
0.230
0.056
0.074
0.127
0.194
0.267
0.000
0.000
0.000
0.000

C9
0.097
0.055
0.052
0.221
0.334
0.120
0.120
0.000
0.000
0.000
0.000

C10
0.070
0.164
0.053
0.305
0.232
0.090
0.086
0.000
0.000
0.000
0.000

C11
0.042
0.086
0.071
0.249
0.276
0.174
0.100
0.000
0.000
0.000
0.000

C10
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C11
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

Table 6. The stable matrix of ANP when power limit k → ∞ (ANP).
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11

C1
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C2
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C3
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C4
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C5
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C6
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037
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C7
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C8
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037

C9
0.139
0.078
0.052
0.132
0.159
0.130
0.101
0.039
0.095
0.038
0.037
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2

ri − ci r - c
D3 (7.286 , 1.198) 6.72

1

(

D4 (6.773 , 0.640) 5.90
6

5

(

7

D1 )

D2 )

(

D3 )

ri + ci

D1 (6.424 , -0.332) 4.84

(

D4 )

D2 (6.977 , -1.506) 4.45
Figure 3. The impact-relationship map
of relations within plan systems.

Figure
4.
The
impact-direction map.

Table 7. Owe-Ko wetlands environment of plan index.
Integrating
plan index
Denotes
rankings in
integrating
plan index
Performance
values
Aspired
levels
Gaps

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

0.139

0.078

0.052

0.132

0.159

0.130

0.101

0.039

0.095

0.038

0.037

2

7

8

3

1

4

5

9

6

10

11

5.16

5.45

3.28

4.10

10

10

10

10

4.84

4.55

6.72

5.9

DISCUSSIONS
So far as a specific dimension, based on the analysis result of DEMATEL (see
Table 5), Via Table 5 (the sum of influences given and received on dimensions) value
then we draw the Fig. 4 the impact-direction map. It shows the first important is “D3
Physical Environmental ” than the other three. So we can sequence wetlands
environment optimum plan, that A outranks B then the wetlands environment
optimum plan ranking is indicates that criterion has the best plan record, Physical
Environmental > Environment of humanity, society and economy > Natural
Environment > Ecological Environment.( D3 > D4 > D1＞D2). Table 7 shows use which
the wetlands environment plan ranking is indicates that criterion has the best plan
record, because it influences its performances on other criteria. It’s ranking C5> C1>
C4> C6> C7> C9> C2> C3> C8> C10> C11. For achieving the aspired/desire levels (10
scores) Ecological environment is 4.55, Natural environment is 4.84, Environment of
humanity, society and economy is 5.9 and Physical environment is 6.72. The results of
implications in management and improve program based on Table 7.

CONCLUSIONS AND REMARKS
From what is said above, using the DEMATEL in conjunction with an ANP can
decide the relative weights of criteria. The DEMATEL works in an ANP to construct a
new measurement model for wetlands environment plan effects. In future study
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recommendation which may be worth doing further researches. We can design and
plan in the wetlands environment and use “Vikor” or “promethee” to do wetlands
environment plan strategy.
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Theme 1. Ecological, Economic and Cultural Significance of Asian
Wetlands

First SWS Asia Chapter’s 2008 Asian Wetland Convention

PASSING ON THE HERITAGE OF WETLANDS:LUNGSHAN
TEMPLE AS AN EXAMPLE
Hwey-Lian Hsieh, Chang-Po Chen, and Chia-Yu Lee
Biodiversity Research Center, Academia Sinica, Research Fellow.
zohl@gate.sinica.edu.tw
Biodiversity Research Center, Academia Sinica, Research Fellow.
zocp@gate.sinica.edu.tw
Biodiversity Research Center, Academia Sinica, Research Assistant
lcu@gate.sinica.edu.tw
Abstract: Humans reside wherever water and vegetation are available; ancient
civilizations developed along great rivers, both indicate that water is essential for life.
Since human instincts appear inadequate to guide sustainable growth, we need to pass
along acquired knowledge to our descendants in order to preserve human life. For
example, Lao Zi observed the constant landscape of valley was contributed to water and
feminine characters, so he particularly emphasized the essential values of water and
females. Symbolism was required to pass on these concepts.. People were fearful of
nature and sought supernatural power to protect them.. As a result, religions evolved for
reconciling one’s body, mind and soul, and temples accordingly served as the site for
public edification. We describe the example of the famous Lungshan Temple in Taipei
city. It contains Buddhist, Confucians, and Taoist shrines associated with water and
integrates them in one temple. People come to worship the Goddess of Mercy, Kuan-in,
the Goddess of Marine Voyage, Matzu; and Ta-yu, the historic hero whose great
contribution was to tame rivers of China. Because Ta-yu had relieved people’s suffering
by supervising water regulation, he was divined as the Water Governor, one of the three
supreme rulers- Heaven, Earth and Water in Taoism. The rear hall is a place of worship
for great Confucian scholar in Sung dynasty, Chu His; his poem “Reflection of Reading”
stressed the importance of flowing water sources. Most people in Taiwan migrated from
vicinity of Fujian Province in China, and they brought with them their spiritual support
when they sailed across the strait. Temples are locations for learning social morality, and
filial piety is the particular basis of public stability. The idea of “manifest filial piety” was
represented by the sculpture of the aquatic creatures, the octopus and horseshoe crab, on
the cornerstone beside the front gate. Gods with water-ruling power are worshiped in
temples, and this shows local residents’ concern about daily water environment. They
prayed for rain during the drought; also implored for blessing and protection for their
lives and possessions during floods.
These worship rituals have declined recently as
concepts of science are more well-developed; however, human compassion, care for
environment and respect for water are still spread by religious culture. Near the
Lungshan Temple, many waterfowls visit Hua-Chiang by the side of Tanshui River. In
order to protect their migratory habitat, some non-government organizations have
expanded their activities associated with water for last few years, thus creating the
activity “Water Governor Bless Waterfowls.”
The columns by rear gate are plain
without couplet, yet on surface of the wall was sculpted a fiddler crab with only one giant
chela. That symbolizes “to hold back”, which suggest preserving the space for future
generations and providing the opportunity for them to carry on the ideas represented by
these couplets; moreover, to continue sustainable development. In addition, the waterfall
and pond on the forecourt imply spiritual purity, this small wetland precisely reflects our
dependence on water.
Key words：wetland ecology, cultural heritage, Lungshan temple, Hua-Chiang waterfowl
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A POTENTIAL RAMSAR RESERVE WITH
COMMUNITY-BASED ECOTOURISM AROUND SIHCAO AREA
IN TAINAN, TAIWAN
Henry C. L. Chen
Department of Lleisure Management
Leader University
188, Section 5, An jhong Road,Tainan,Taiwan 709

henry@mail.leader.edu.tw
Abstract: Ecotourism has been pointed out as one of the great additional development
options for potential communities to improve both their material and spiritual livelihood in
numerous studies. Nevertheless, some cases have shown that the key to process a
successful ecotourism is a cautiously set plan before implementing. Therefore, this research
aims to study a unique site where contains some prospective elements for developing
ecotourism, locate at Sihcao area in Tainan, Taiwan. This site obtains both rich ecological
and cultural environment for visitors to explore; i.e. mangrove ecosystem and aquaculture,
wetland biodiversity and salt-making heritage etc. At present, numbers of tourists visit this
area for bird watching, outdoor education, and sightseeing. Nonetheless, a thoroughly
studied proposal is required to ensure sustainable development. Similar to other island
states, Taiwan faces problems of land use and social issues and is slowly debating about
what is the proper development that is sustainable. This paper presents an area which has
potential for listing on the list of Ramsar sites. A study of a more appropriate ecotourism
might show the development directions for the community, interested parties, and
governmental agencies.

Key Words: Community-based Sustainable Development, Ramsar Reserve Wetland,
Ecotourism
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A REVIEW ON TAIWAN’S WETLANDS ECO-TOURISM:
PERSPECTIVE OF THE SOCIAL SCIENCE
Chu, Tyan-Ming
Assistant Professor of Department of Tourism Industry Management,
Diwan College of Management.
+886-917580217, hsiang@dwu.edu.tw
Abstract: Articles related to Taiwan’s wetlands ecotourism are reviewed and analyzed from
the perspective of the social science. This paper identifies issues about the development of
wetlands ecotourism in Taiwan and its academic research concern.
Three conclusions are obtained:
1. After Year 2000, wetlands ecotourism researches start to receive attention from different
academic fields.
2. The published papers and books have not yet covered the major subjects of wetlands
ecotourism. Some research fields are still at the pioneer stage.
3. In Taiwan, most tourists visited wetlands are general mass tourists. Only a small portion
of them are eco-tourists
Key Words: Wetlands, Ecotourism, Taiwan, Literature Review
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UNDERSTANDING THE IMPACT OF THE GAO PING RIVER OLD
IRON BRIDGE WETLAND PARK ON TOURISTS’
ENVIRONMENTAL ATTITUDES AND BEHAVIORAL INTENTIONS
Ching-hsing Chiu1, Pei-shan Tsou2, Yung-tan Lee3, and Meng-lung Lin4
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Abstract: The ecotourism is one of the leisure activities, which is most actively promoted in
Taiwan, recently. Like the Gao-Ping River Iron-bridge wetland park, which is situated
between Kaohsiung and Pingtung country under Gao-Ping old railway bridge, is distinctive
with hydrological, ecological, recreational and local culture features. Combined with
entertaining and ecological elements, the park is set up a whole new face which is entirely
different from urban leisure activity, and it will change the tourist’s attitude to environment.
This study is tried to find out the visitors’ environmental attitudes and behavioral intentions
after this wetland park developing. And to realize what is the differences by the diverse city
branding and leisure patterns. This study is accomplished by acquisition of references study,
field investigation, and carries on the tourist questionnaire to inquire on the spot. The tourist
questionnaire studies have three variable items: environment of manner, leisure of behavior,
and tourist’s background in society.
Key words: wetland, ecotourism, ecology leisure
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URBAN WETLAND:

TRANSFORMER OF LAND VALUE SYSTEM

Shiau-Yun Lu1 and Xiang-Xiang Wang2
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2

Department of Landscape Architecture
Chinese Culture University
No. 55, Hwa-Kang Rd., Taipei, Taiwan 111
Abstract: For the past few years, natural parks have been one of the most popular
destinations for both tourism and housing sites. Urban wetlands are quite valuable to
metropolitans. As is immediately evident in advertisements, “nature, wildlife, and healthy
life” are among the major attractions of housing projects close to urban wetlands. It is not
unusual to find a development strip running parallel to and circling wetlands, which creates
a strong barrier between them and surrounding habitats. Thus, urban wetlands transfer the
land value in two ways. On one hand, the land price for housing developments increases
because of the view of the wetlands. On the other, the increased number of residents and
high-rise buildings raises the tension between the wetlands and surrounding environments.
In many cases, high-valued development strips even create an invisible, but obvious wall
next to wetlands. Nature does not observe the division effected by such developments;
however, natural phenomena occurring perpendicular to the artificial edge are disturbed,
suspended, or altered. Hydrological systems may be altered and then change the water
source(s) flowing to the wetlands. Wildlife, particularly tidal species and water fowls, using
such areas as natural pathways to move between water and land are disturbed.
Development strips along urban wetlands change these natural processes and begin to
transform land value systems in terms of ecological value. This proposed paper examines
urban wetlands in Taipei—the Guandu and Hongshulin Wetlands—which have been
targeted as popular housing sites over the past two decades because of the additional value
from the wetlands. Development strips have emerged in response to the transformation of
the land price system and have altered the ecological value. How much value has been
added to the housing projects because of the wetlands? This paper will examine this
question by analyzing housing price from various view angles and distances to the wetlands
and unraveling the value of the wetlands to the developer. The ecological value of the
Guandu and Hongshulin Wetlands has also changed over time. The highly developed areas
along the wetlands make the interface between water and land a critical issue that cannot be
ignored. By analyzing the land use patterns as they change over time, this paper discusses
how development transforms the wetlands’ value, particularly along the edge. Aerial photos
are used to evaluate the influence of the size, shape, and fragmentation of the natural
wetlands. A geographic information system (GIS) and computer simulations are used to
analyze the transformation of the wetland landscape, as well as to simulate, forecast, and
evaluate future developments. Urban wetlands have various aspects of value, such as land
price value for the developer, ecological value for wildlife and the surrounding ecosystem,
social value for communities, and recreational value for citizens. This proposed research
will analyze, compare, and discuss the transformation and interaction among these aspects.
The paper concludes by positing possible futures and offers suggestions for wetland
planning given the possible existence of development strips around urban wetlands.
Key Words: computer simulating model, geographic information system, land value system,
stripdevelopment,urbanwetland
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PARADIGM SHIFT AND EVOLUTION IN AOGU WETLAND
RESTORATION
Sinite C. Yu, Jeng-Chuan Liou, Jyh-Shyan Tsay, Fu-Hsiung Hsu, and Hong-Thih Lai
Abstract: Before the seventeenth century, most of Yunlin-Chiayi coast were still submerged in
the sea. Beigang River was the main waterway among five branches of Zhoushui River.
Lots of sediments brought from Zhoushui River upstream have caused wide range deposition
area at the mouth of Beigang River. In 1912, Japanese implemented the regulation work in
Zhoushui River midstream. Since then, Beigang River has separated from other branches of
Zhoushui River. Aogu tidal flat was just located at the south of Beigang River
mouth.Japanese has started to reclaim Aogu tidal flat as agricultural farm during their
occupation period in Taiwan. Aogu tidal flat became a pioneer example of tidal flat
reclamations. The reclamation area of Aogu farmland was about 1500 hectares.
After retrocession from Japan, Nationalism government also viewed Aogu as the best
reclamation area to increase land production. With plentiful reclamation experiences in
Aogu region，Taiwan Sugar Company，landowner of Aogu, maximized the interest to tame
Aogu tidal flat as the research and experiment center of reclamation land. Since 1964,
Taiwan Sugar Company has spent four years to build a 10 km long surrounding dike to
encircle near 1030 hectares muddy tidal flat as new reclaimed area. In 1972, Tai-Sugar
established a reclamation commission in Aogu to start with a 10 year land leaching and
cultivation process.
However，almost at the same time, large scale regional land subsidence has occurred to
cause Aogu protecting dike broken out in 1986 typhoon attacks. Sea water intruded into Aogu
reclamation site through the broken flood gate and the existing reclaimed land has turned into
wetland. Since then, Aogu wetland has widely been known. Even after the repairs of
protecting dike，Aogu wetland has become a widely diverse landscape to attract abundant
wildlife settled in this amazing land. Conservationists have considered Aogu wetland as a
national treasure of biodiversity.
There were a lot of debates for the land use of Aogu since late 1980’s. From intensive
industrial park to natural reserved park, even military park, were all discussed and argued.
Most stakeholders did not reach common consensus.
Until 2003, Chiayi county government reconsidered the future development about Aogu
wetland. After public participation and stakeholder dialogue process, finally they confirmed
the wildlife reserved destination of Aogu wetland in 2005. Wetland restoration practices,
including natural water cleanup treatment, rain harvest, and habitat management, were
suggested. In addition, climate change and sustainable development issue were involved in
the consideration.
At present, the legal procedures of Aogu wildlife reserved park were ongoing. The goal
of this task is to find the wise strategy of sustainable management of Aogu wetland, which
can assure the special value and characteristics of Aogu and provide distinct ecological
environment for both wildlife and human.
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MANAGEMENT AND CONSERVATION STRATEGIES OF MARINE
RESOURCES (FISHERY RESOURCES) IN CHI-GU LAGOON,
TAIWAN AND VEMBANAD LAGOON, INDIA
Smita and Shiau-Yun Lu
Department of Marine Environment and Engineering
National Sun Yat-Sen University
No. 70, Lienhai Rd.
Kaohsiung Taiwan 800
E-mail: shiauyun@faculty.nsysu.edu.tw
Abstract: There has been very less attention given to the fishing resource management in a
lagoon or wetland in comparison to marine and fresh water fishery. The reasons may be
lack of information, knowledge and a set of reliable data base. Secondly, the classification
of lagoon or wetland is also difficult to categorize it into marine or fresh water as its
transition area. Thirdly, the fisheries of coastal lagoons and estuaries are based on web of
multi species resources which varies dynamically in time and space. The stock complexity
further intensifies the problem of resource evaluation which adds to the formulation of
various management programs. This proposed paper deals with the management and
conservation strategies of fishery resources in Chi-Gu lagoon in Taiwan and the Vembanad
lagoon in India. Both the lagoons are situated near the western coast of the respective
countries, and facing significant issues related to resource management currently. Chi-Gu
lagoon is the biggest salt belt in the southwestern coastal area of Taiwan spread into 1,800
hectares. This semi-enclosed shallow water system breeds various types of fishes including
carp, tilapia, milkfish etc, and become one of the major suppliers of dry fishes to many
neighboring regions and countries. Vembanad lagoon in India is also situated on the
southwestern coast in the state of Kerala. It is known as “kayal” or “kol”, which is the
largest lagoon lake in India. It covers an area of about 1,512 square kilometer. Because
several rivers drain into this lagoon, there exists plentiful fishery resource in this region.
Both of these lagoons are facing the dilemma of conservation and development currently.
The objective of this proposed research is to compare the management and conservation
strategy for the coastal wetland in India and Taiwan. Biologically both the lagoons provide
avenues for entry and exit for migration of anadromous and catadromous fishes. While we
know surplus fish catch supplies food to the nearby urban centers. In some cases high
valued fish resources are exploited for export such as shrimps, crabs, oysters which
contribute to the national economy. Sometimes these can be developed as an aquaculture
industrial area and also recreational fishery zone. The importance and complexity of these
two lagoons demand they should be well managed if their fishery resource is to be
exploited in an optimistic manner and if the maximum of social and economic benefits are
to be realized from their resources. This proposed paper will begin with examining the
traditional fishery industry and the new blooming fishery related activities, such as wetland
eco-tourism, in both lagoons. Then illustrate the fishery related management problems, and
examine the solutions from various fishery technology, economic and social situations, and
conservation strategies. This paper will conclude by positing possible conservation
strategies, and offer suggestions for management of coastal wetlands.

Key Words: Chi-Gu Lagoon, Coastal Wetland, Conservation Strategy, Fishery Resource
Management, Lagoon, Vembanad Lagoon
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A DESIGN FOR TAIWAN MID-ELEVATION CONSTRUCTED
WETLAND AND ITS MONITOR OF INDICATOR SPECIES
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Abstract: Recently, a bioassessment method was proposed to evaluate the condition and to

detect integrity of wetlands. Bioassessment methods usually focus on biological community
indicators and, in some case, measures of physical and chemical attributes. In this study, we
evaluated the wetland condition by indicators such as water quality and composition of algae,
amphibians, and small mammals to assess the effects of the newly constructed wetland and to
provide further management suggestions. Results showed that nutrition decreases with
succession and algae composition changes accordingly. However, with invasion of alien
species in the 3rd year, the organic matter increases. The water quality, algae composition,
and vascular water plants seemed to be highly correlated. A total of 9 amphibian species and
11 mammal species were found during the survey period. Relative abundance of amphibian
species was correlated to breeding season and each guild had specific niche. Overall, the
constructed wetland seemed to provide a good habitat to wetland dependent species and have
no impact on surrounding native larger mammals.
Higher micro-habitat diversity
contributed to higher species diversity. Vascular plants and amphibians may be good
indicators for bioassessment. It is suggested that a continue monitor program is needed to
understand the long term impact of the constructed wetland. Water control and vegetation
management may have to be initiates in order to maintain wetland condition and functions.
Key Word: man-made wetland, habitat, auto-camera, algae, amphibian
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STUDY OF RESTORATION OF A TIDAL FRESHWATER WETLAND:
MODIFYING LOCAL HYDRAULIC REGIME AND ENHANCING
DISSOLVED OXYGEN
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Abstract:: The Dahan Sindian wetland is located in the heart of Taipei. Its core area, Taipei
City Waterfowl Reservation, is one of internationally important wetlands and has been
designated as important bird area (IBA). However, the wetland has faced chronic pressure
such as organics pollution, anoxia, loss of natural flow, low water supply and mudflats
reclaim, which had resulted in severe degradation of habitat and ecological services.
Population of the flagship species, wintering-migrant waterfowls have suffered the
consequence; yet land birds have thrived. Therefore, it is urgent to take actions for habitat
restoration. The project will analyze driving forces, pollution sources, ecological functions,
and improve habitat quality by restoration practices at the present site. Methods include
installation of air-irrigating devices to reduce anoxia and create tidal channels to increase
hydraulic regime. The effect of restoration practices will be evaluated by monitoring the raise
of biodiversity, habitat diversity and waterfowl populations. Meanwhile, aesthetic education
for beauty of the wetland will be developed through the scopes of nature, humanity and art.
Finally, education on sustainability of wetlands will be conducted via local schools, NGOs
and communities. This project takes a holistic approach of collaborating fields of humanity,
ecology, engineering and education that forming a platform for conservation, restoration,
aesthetics, group-life training and education. In alliance with ecological and hydraulic
theories, techniques of wetland restoration, aesthetic and cultural heritages, and educations on
local community, we will construct the principle of ecological service and promote the sense
of wise use to general public. Perspective goals as follow: 1) understanding driving forces,
wetland status and causes of degradation, 2) developing techniques of wetland restoration and
effect evaluation, 3) reconstructing the relation between wetlands and people, 4) increasing
NGOs and residents’ participation in wetland conservation, 5) developing a optimal model for
wetland management. Not only can this project serve as an example, but provide the potential
of creating “industry of ecological restoration”.
Key Words: Dahan Sindian Wetland, Habitat Restoration, Environmental Education,
CommunityParticipation,IntegratedStudies
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RECONSTRUCTION OF THE WETLAND VEGETATION INFERRED
FROM AN ESTIMATION OF POLLEN PRODUCTION AND
DISPERSAL POTENTIAL
Liang-Chi Wang1, Su-Hwa Chen2, Jiunn-Tzong Wu3, and Wei-Ta Fang4
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Abstract: In wetland, the heterogeneous environment allows coexistence of plants with
different growth forms. In addition, the dominated plants belong to specific growth form
reflect not only the change of physical or chemical conditions but the processes of
ecological succession. In other words, the proportion of plants in specific growth form can
strongly indicted the characteristic of hydrological circumstance. The palynological
investigation of the wetland sediments provides a tool for reconstructing the landscape
change in a long time scale. However, the deviation of pollen production and accumulation
pathway in different species impedes the further quantification of the distribution and
abundance of wetland plants. In order to build up the quantitative relationship between
wetland plants and pollen depositions, we selected several common wetland plants of three
growth forms, namely fluvial, marsh, and aquatic types, and evaluated their pollen
production and pollination forms. After the weighting coefficients of each taxa were
calculated, the pollen data were transformed into the proportion of each plant form. This
approach was employed to analyze the pollen records in the lake sediments, LYHL-B, in
the eastern Taiwan. As a result, the development history of the inland forest wetland was
reconstructed.
Key Words: growth form, LYHL-B, palynology, pollen production
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RESTORATION OF SHOREBIRD-ROOSTING MUDFLATS BY
PARTIAL DEFORESTING MANGROVES IN TANSHUI RIVER
ESTUARY, NORTHERN TAIWAN
Shou-Chung Huang1, Shan-Shu Shih2, Yi-shen Ho3, Chang-Po Chen1, and
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Abstract: The estuary of Tanshui River hosts the most northern mangrove population
(Kandelia obovata, Sheue, Liu and Yong) in Taiwan and is an important habitat for migrant
waterfowls and shorebirds in East Asia. Three mangrove protected areas were established
in the 1980s to stop decline of mangrove forests caused by urbanization and
overdevelopment. Since then, the single-species mangrove forests have gradually expanded
and invaded mudflats, and as a result, reduced estuarine biodiversity and eliminated viable
habitats for shorebirds. A small patch of mudflats (0.16 ha) was created by removing
mangrove trees and then, the changes in sediment characteristics, crab and bird populations
were monitored. Most sediment characteristics (grain size, organic carbon content, redox
depth) except for water content, and crab communities were not significantly different
between the mangrove control sites and the reformed mudflat sites within a year. Seasonal
variations were observed in organic carbon content, benthic chlorophyll a concentrations
and densities of crabs. Wintering shorebirds increased dramatically in both individual
numbers and species counts after the mudflat was created. The mudflat served primarily as
roosting habitats for shorebirds since the benthic invertebrates did not increase enough to
support birds’ nutritional needs. This pioneer study showed that mangrove wetlands can be
managed to increase biodiversity, particularly the avian communities. Continuing long-term
monitoring and management of the study site is necessary to fully understand the dynamic
of mangrove ecosystem and the benefit of its ecological services.
Key Words: mangroves, mudflats, shorebirds, habitats, Tanshui River
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CHARACTERIZING THE RELATIONSHIP BETWEEN WETLAND
WATER QUALITY AND REHABILITATION MECHANISM USING
GREY RELATIONS
Hsieh-Yuan Chang and Li-Di Liou
Abstract: A wetland, land-based area often merged by flood or tide, offers the most diversified

ecological environment. It is also one of the alternatives for water quality improvement
considering locality. The artificial wetland has been not been widely implemented because it
is still yes undergoing further development. The outcome of ecological rehabilitation using
wetland is disputable as water quality control indicators are not well-defined. The success of
wetland in water pollution control requires vigorous investigation on several key factors. The
Grey Relation is often used to describe a dynamic, quantitative measure identifying the trends
and discrepancies among decisive issues. It is crucial for decision makers in system control
understanding the details and reliability of information resulting from the wetland.
This research is based on a case study conducted at the Tao-Chian Creek Ecological Park
located in the Chu-Dong municipality in Hsin Chu County The information such as：
Suspended Solid (SS), Biological Oxygen Demand (BOD),ammonia nitrogen content, local
climate, water temperature, sunlight exposure, and nitrate nitrogen content are collected and
analyzed for a certain period of time. There are the few environmental aspects taken into
account in the study. The relationships between the water quality improvements with respect
to each factor are characterized using the Grey Relations. It is hopeful to be implemented as
the base for constructing artificial wetland rehabilitation in water purification in the future.
Key Words：artificial wetland, Grey Relations, environmental aspect, water quality.
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Abstract: As a result of wide distribution from coastal to terrestrial area in coral wetland on
Green Island, the coconut crab can be as a flagship species for restoration of the island.
When population of coconut crabs survives, the ecology and other species which live on
this island will also be retained. Moreover, Green Island was evaluated as a planning site
for developing ecotourism toward the goal of “ecological vacation island” in the Pacific
Economic Cooperation Council in 1995. Therefore, natural resource on Green Island
should be preserved for this island sustainability. Due to the tourism developing rapidly in
recent years, population of coconut crabs declines as a result of habitat deterioration and
over-harvesting. In order to resolve this problem, we carried out some works including
restoration of coconut crabs, investigation of the effect of road kill for crabs, planning and
establishing experimental eco-tunnel, and educating local people to form ecological
community on Green Island from 2002 to 2007. This project integrated species
conservation, restoration of biodiversity, and development of local community for
sustainability to reach the goal of island sustainability. Up to now, the achievements
included :1) some juveniles of coconut crabs had been reared under artificial condition and
acquired the information of population status; 2) identifying the sensitive zones of
road-killed effect as in Chaikou, Kungkuan, Wuncyuan, and Gueiwan, and high frequent
period from April to August; 3) experimental eco-tunnel for crabs had been built near
Green Island Lighthouse and some crabs were found passing through this eco-tunnel; 4) the
education of the issues of conservation and eco-tunnel for crabs had been carried out at
schools and community to convey the importance of the works on this project. Finally, the
suggestions for future works were brought up according to the achievements of
investigation and promotion of ecological community.
Key Words: coconut crab, eco-tunnel, flagship species, Green Island, restoration, road kill
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Abstract:The fiddler crab Uca formosensis, an endemic species of Taiwan, distributes at the

high tidal zones through the costal wetland at Hsiangshan of Hsinchu County, Shenkang of
Changhua County, Mailiao of Yunlin County, and Chiku of Tainan County in Taiwan. As a
result of habitat deterioration, population of Uca formosensis declined rapidly in recent years.
To resolve this problem, Uca formosensis are considered as the flagship species for
restoration of the coastal wetland. The survivorship of Uca formosensis not only indicates the
preservation of this endemic species but also the integrity of the coastal wetland. This project
integrated understanding of life history and reproduction of species, investigation of the
habitat characteristics, and educating local community for coastal conservation to reach the
goal of restoration of species and coastal wetland. The achievements from 2002 to 2008
included: 1) the lunar rhythm was found in courtship behaviors of the adult crabs, larval
releasing of the female crabs and also the development of the zoea of Uca formosensis; 2)
complete morphology and time span of larval stages was described under laboratory condition,
and these results will be the basis of studying the distribution of recruitment population in
natural environment; 3) the artificial rearing system for Uca formosensis had been established
and this system can be used for species research and education; 4) the database of the habitat
characteristics for Uca formosensis had been established therefore the suitability of habitat
can be discriminated by this database and geographic information system (GIS); 5) the
conservation education in school and workshop in local community had been held to
converge the opinion of residents and further put conservation works into practice; 6) the
works of habitat restoration for Uca formosensis had been carried out at Shenkang of
Changhua County by the way of eco-engineering.
Key

words: Uca formosensis, flagship species, coastal wetland, restoration, geographic
information system, community education
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Abstract: Based on the imitation of principles operating in natural wetlands, Taiwan has

succeeded in diverse wetland constructions. These include wetlands for water purification,
flood control, play and rest, education, and compensation for loss due to economic
development. While constructing wetlands, design with nature and biodiversity-centered
and systematic approaches are two key elements. We took the type of wetland constructed
for water purification as an example to demonstrate the multiple roles of man-made wetlands.
During April to October 2007, we measured three constructed wetlands located in Taipei
County the concentration changes of BOD, DO, and NH4+ and the species richness changes
of fish and aquatic insects. The results show that the study constructed wetlands not only
removes pollution but also serves as biodiversity reserve. All three constructed wetlands
exhibit a declines of BOD (47.4~68.2% decrease) and NH4+ concentrations (15~58.5%
decrease) and increases of DO concentrations (64~218% increase). Among three study
wetlands, highest species richness occurs at Fuzhou wetland, followed by Xinhai II wetland,
and lowest at Xinhai I wetland. At Fuzhou wetland, biodiversity is enhanced as BOD
concentration decreases and water is gradually purified. These results are probably
attributed to designing improvement, which includes the spatial re-arrangement of the
pollution treatment units, and additional deposition area is deployed following flow inlets.
Key words：constructed wetland, multiple functions, water-purifying constructed wetland,
biodiversity
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Abstract: Vegetation in Kuantu Nature Reserve has changed significantly since 1987,
accompanied with the increase of distribution area of Kandelia. In this study, a series of aerial
photographs from 1998 to 2006 are used to interpret recent vegetation change in Kuantu
Nature Reserve. Results indicate that total area of Kandelia is increasing, though its
increasing rate of each year is slowing down. The total area of Kandelia has increased from
26.72 ha in 1998 to 33.01 ha in 2006, while the percentage of Kandelia to the whole
vegetation area increases from 68.83% to 83.16％, which shows that the vegetation composite
tends to be more pure. By means of change detection analysis, the vegetation change
conditions show that Kandelia grows by replacing bare soil in the western area and invading
Pharagmites grounds in the eastern area. The substitute of Kandelia for Pharagmites is so
obvious that about 4.62 ha of Pharagmites grounds are replaced by Kandelia during the
study period and its change area percentage is 39.48％. Simultaneously, 22.58％ of bare soil
is substituted by Kandelia and Kandelia occupies 2.20 ha of bare soil in 2006. Relatively,
Kandelia’s transition into Pharagmites and bare soil is less obvious and only 0.67 ha of
Kandelia grounds change from 1998 to 2006 while its change area percentage is 3.82％.

Key words：Kuantu Nature Reserve, Kandelia, vegetation change, change detection analysis,
protected area management
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Abstract: The Dahan Sindian wetland is located in the heart of Taipei. Its core area, Taipei City

Waterfowl Reservation, is one of internationally important wetlands and has been designated
as important bird area (IBA). However, the wetland has faced chronic pressure such as
organics pollution, anoxia, loss of natural flow, low water supply and mudflats reclaim, which
had resulted in severe degradation of habitat and ecological services. Population of the
flagship species, wintering-migrant waterfowls have suffered the consequence; yet land birds
have thrived. Therefore, it is urgent to take actions for habitat restoration. The study will
analyze how ecological functions affected by habitat deterioration and evaluate the
effectiveness of restoration practices. Indicators include habitat diversity, biodiversity, food
web structures and environmental factors. We will determine and analyze the topography of
micro-habitats, distribution of benthos, utilization of shorebirds, and water quality, to evaluate
quality of the wetland. The community structure of benthic invertebrates, aquatic insects,
amphibians, reptiles, and birds will be documented to monitor the change in biodiversity
following the restoration efforts. Specifically, requirements of avian communities, including
waterfowls, shorebirds, and egrets, will be analyzed to guide the restoration processes and
used as a primary indicator for restoration success. In addition, technique of multiple stable
isotope analyses will be applied to study structures of food webs, particularly the avian
communities, in order to better understand the shift of the ecological functions in the wetland.
Key words: Dahan Sindian wetland, Habitat restoration, biodiversity, shorebirds, food webs
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STUDY ON THE PULSE STABILITY OF THE SUCCESSION OF THE
LACUSTRINE ECOSYSTEM IN THE SHENG-MI LAKE, NAU-AN,
NORTH TAIWAN
Chung-Hsin Juan1, Tze-Ying Chen2, Jean-Jay Mao3, and Men-Wei Chiu4
Department of Natural Resources
National Ilan University
1
Shen-Nung Rd., Ilan, Taiwan 260
E-mail: cjuan@niu.edu.tw
Abstract: “Pulse” means “alternation of the gradual build-up of production and a short
period of frenzied consumption that recycles materials for another cycle of production and
consumption”. Odum (1969) proposed the “Pulse Stability” theory, that pulses maintain an
ecosystem at some intermediate point in the developmental sequence, resulting in a
compromise between youth and maturity. The Sheng-Mi Lake is located in Nan-Au Natural
Reserve, North Taiwan, surrounded with a well-developed virgin forest. According to the
vegetation succession theory, the Sheng-Mi Lake was gradually silting up, would success
to the Willow-Alder vegetation type in 40 years, and eventually would become a forest
system. However, according to the “pulse stability” theory, the lake may maintain its
current status due to the pulses caused by frequent storms and typhoons, the typical weather
types in Taiwan. The possible succession of the Sheng-Mi lake ecosystem was studied
using the recent remotely sensed data from 1980 to realize the temporal changes of the
areas of the open water and different vegetation types in the lake. The results showed a near
20-year cycle of the area changes of the open water and vegetation types. The relation
between the open water area verse time could be regressed as a cosine function within 3%
estimated errors. A watershed hydrological subsystem and a lake vegetation growth
subsystem were linked by the pulsing mechanism and integrated into the system model to
depict the process of the wetland succession influenced by the flood pulses in the Sheng-Mi
Lake. The results of the hydrological simulation demonstrated a high accordance in the
monitored and simulated lake water level, with a root mean square error of 0.03 m in the
non-storm period and that of 0.07 m in the storm period. The system model was
simulated under the consideration of two scenarios which are “with pulsing mechanism” or
“without pulsing mechanism”. The results of simulation showed the lake was eventually
occupied by the vegetation if there was not a pulsing mechanism, whereas the vegetation
area would and fall but not totally occupied by the lake area if there was a pulsing
mechanism. Therefore, the “pulse stability” can be considered as appropriated in a time
scale of decades in the Sheng-Mi Lake. Frequent storms and typhoons is the typical
weather pattern in Taiwan, so the influence of pulses caused by them should be normal to
the wetlands in Taiwan. The conservation and restoration of the Taiwan wetlands should
well consider the mechanism of pulses.
Key Words: complex system, pulse stability, Sheng-Mi Lake, succession of the lacustrine
ecosystem,systemsecology
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EFFECTS OF SEDIMENT COMPACTION ON MACROINFAUNA IN
A PROTECTED COASTAL WETLAND IN TAIWAN
Chorng-Bin Hsu1, Chang-Po Chen2, and Hwey-Lian Hsieh2
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250, Kuo Kuang Rd.
Taichung 402, Taiwan, ROC.
2

Biodiversity Research Center
Academia Sinica
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Nankang, Taipei, Taiwan 115
E-mail: zohl@gate.sinica.edu.tw
Abstract: As increasing in recreational pressure, effects of human trampling on wetland
sediments become significant. Direct effects of trampling cause immediate damage to the
soil biota, but indirect effects on the soil compaction would be long-term and ecologically
important. We examined the effects of recreational trampling on wetland sediments,
saltmarshes, and macroinfauna in November 2006, April and July 2007. We used
penetration resistance (PR) to measure sediment compaction at the Kaomei wetland, a
protected intertidal coastal wetland harboring the largest tuberous bulrush marsh grass bed
in Taiwan. We also examined the relationship of sediment compaction to visitor intensity
and macroinfauna distribution. Four compaction levels--low, medium-low, medium-high
and high--were identified using hierarchical cluster analysis. The spatial contour of
sediment compaction is consistent with of the level of visitor intensity, suggesting that
human trampling is the main cause of sediment compaction in this wetland. Macroinfauna
abundance in low and medium-low compacted sediments was 4968 and 3376 organism m-2,
while no macroinfauna was recorded in highly consolidated sediments. Compared with
those at medium-low compaction, taxa richness and community density at medium-high
compaction were significantly reduced 80.5% and 52.6 %, respectively. Polychaetes were
more sensitive to sediment compaction than amphipods and bivalves, and could thus serve
as a bioindicator of human trampling impact. A decrease in polychaetes abundance may be
attributed to their life history, which is controlled by substratum compaction. Our results
showed that 25.7% of the study area was significantly compressed and that muddy
vegetated areas were more vulnerable than sandy areas. We conclude that losses of
macroinfauna and microhabitats are serious, and we propose management strategies to
prevent further deterioration of this wetland.
Key Words: coastal protected area management, Kaomei wetland, macroinfauna community,
recreational trampling pressure, sediment compaction
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GREENHOUSE GAS EMISSIONS FROM A CONSTRUCTED
WETLAND SYSTEM TREATING CAMPUS WASTEWATER IN
SOUTHERN TAIWAN
Ying-Feng Lin*, Shuh-Ren Jing, Rey-May Liou, Chien-Chih Lai, and
Yih-Feng Chang
Department of Environmental Engineering and Science
Department of Tourism Management, Chia-Nan University of Pharmacy and Science,
Tainan, 717, Taiwan, ROC
886-62660390, yflin@mail.chna.edu.tw
Abstract: Because global warming and climate changes are following upon an increase in
atmospheric levels of greenhouse gases, there is intense concern with the sources and
emissions of the gases. Constructed wetland technology is a natural treatment system for
wastewater engineering and is characterized by the advantages of moderate capital costs and
very low energy consumption and maintenance requirements. However, constructed wetlands
are inherently the net source of greenhouse gases such as methane (CH4) and nitrous oxide
(N2O). Wetland construction and the area covered by constructed wetlands are increasing
domestically and globally, thus there is an urgent need to elucidate the impact of constructed
wetlands on atmospheric burden of these gases.
In a study period from December 2007 to April 2008, emission rates of nitrous oxide and
methane as well as several parameters of water quality were simultaneously and monthly
monitored at various sampling locations of a practical-scale constructed wetland system in
Chia-Nan University of Pharmacy and Science, which has been operated for tertiary treatment
of campus wastewater for near three years. This wetland system consists of a subsurface flow
(SSF) wetland and followed by a free water surface flow (FWS) wetland with a total surface
area of 3,800 m2. The objectives of the study were to: (1) investigate the temporal and
seasonal variations in emission rate of greenhouse gases; (2) investigate the relationship
between gas emissions and water quality of the constructed wetland to elucidate possible
factors that can affect greenhouse gas emission; (4) investigate the day-night dynamic in
greenhouse gas emission.
The results monitored in the first-half year study showed that emission rates ranged from
-6.10 to 128.78 μg N2O m-2 h-1 and -4.17 ~ 44.4 mg CH4 m-2 h-1. In temporal variation
study, emission rate of either N2O or CH4 was found to vary with the month as gas sampling.
Up to now, the greatest emission rates of N2O were recorded in March, while the lowest rate
were noted in February. The greatest emission rates of CH4 were recorded in June, while the
lowest rate were noted in February. The possible reasons for this phenomenon is temperature
variation caused by seasonal change lead affect the biological processes responsible for gas
emission in wetlands, resulting in the change of emission rate. To make a consistent
conclusion, it is necessary to sustain the long-term study further so as to obtain statistically
meaningful data.

Key words: constructed wetlands, greenhouse gas, nitrous oxide, methane, wastewater
treatment
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MODELING OF SEDIMENT TRANSPORT AND HEAVY METALS
FOR WETLANDS
Chou-Ping Yang1, Chih-Hung Hsu2, Wu-Seng Lung3, and Jihn-Sung Lai4
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Abstract: The purpose of this study is to develop a sediment transport and heavy metals
model of wetlands in Taiwan. The RMA2 and WASP/TOXI5 models were used as the
basic framework for hydrodynamic and water quality model, respective. Results from the
RMA2 model provided the flow field and water level information to drive the water quality
model. To aid model development and calibration, a field sampling program was conducted
from November 2002 to April 2003 for this wetland ecosystem. A comparison between
calculated results and field data for suspended sediment and heavy metals were show
reasonable agreement. The results of this study can be used for nonpoint source pollution
control, wastewater treatment or best management practices (BMPs) through the wetland.
Key Words: best management practices, heavy metals, wetland,
sediment Transport,Waterquality
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A LOGISTIC REGRESSION APPROACH TO EXPLORE PONDSCAPE
CHANGES IN TAOYUAN, TAIWAN FROM 1926-1960
Jui-Yu Chou1, Isidro T. Savillo2, and Wei-Ta Fang3
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National Yang-Ming University
Taipei, Taiwan 111
2
3
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Chung Hua University
Hsinchu, Taiwan 300
E-mail: wtfang@chu.edu.tw

Abstract: Farm ponds, or pi-tang in Chinese, are defined as an artificial construction made
to impound water by constructing a dam or an embankment, or by excavating a pit or
dugout. This, one of the wetscapes, is a unique scenic view with an interweaving landscape
between nature and humanity for over hundred years in Taiwan. However, they have been
considered a great loss from aspects of public construction, anthropogenic activities, and
land utilization due to economic development. In this study, Geographic Information
Systems (GIS) and Logistic Regression Model were used to detect pond-loss rate as well as
to understand the driving forces on pondscape changes. The authors concluded that not
only the reasons were fully understood due to pond inner factors, such as pond size, but
also found the pond-loss rates are rather directed from pond shape (i.e., one of the interior
factors) than that of exterior factors, such as the distance to road, river, canal edges, etc.
Key Words: driving force, farm pond, Geographical Information Systems (GIS), logistic
regression.
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THE ROLE OF STABLE SULFUR ISOTOPE IN WETLAND
ECOSYSTEM
Lan-Feng Fan, Tsung-Li Shih, Wei-Gang He, Chen-Po Chen, and Hwey-Lian Hsieh
Biodiversity Research Center
Academia Sinica
128 Academia Road Sec. 2
Nankang, Taipei, Taiwan 115
E-mail:lan@gate.sinica.edu.tw
Abstract: The operation of wetland remediation relies on a good understanding of the
wetland ecosystem. Wetland environment gradually becomes hypoxia when oxygen was
exhausted by excessive discharge of organic matters. Anaerobic microbes use sulfate to
replace oxygen as an electron acceptor to degrade organic matters and accumulate
hazardous sulfide. Four types of sulfur isotope: 32S, 33S, 34S, 36S are generally
maintained in a consistent ratio. During some biological or chemical reactions, this ratio is
shifted with a detectable fractionation in the sulfur stable isotopes. For example, as
microbes use sulfate, it uptakes 32S prior to the other isotopes and a relatively depleted 34S
signal is detectable in the sulfide produced. Also, the signal of stable sulfur isotope
composition can be influenced by the different sulfur source utilized. In the sediment
profile of Tanshui estuary, isotope signals of CRS (Chromium reducible sulfur) and ES
(Elemental sulfur) were consistent (close to -10‰), and organic sulfur signal was between
0‰ to 10‰. However, signal in AVS (Acid volatile sulfur) was different in the sampling
site. This signal directly reflects the variation of sulfurous sources that were uptake by the
sediment microbes because AVS is the first mineral to form when sulfide is produced by the
microbes. Analyzing stable sulfur isotope compound in wetland sediment helps us to clarify
whether the sulfurous sources used by anaerobic microbes is sea water sulfate, other sulfur
compound in the sediment or the anthropogenic organic pollution.
Key words: wetland, sulfur stable isotope, sulfate reduction, organic pollution, Tanshui
River.
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INFLUNENCE OF HYDROLOGICAL DYNAMICS TO WETLAND
ECOSYSTEM, IN THE SHENG:MI LAKE AND TSUI-FENG LAKE,
YILAND, TAIWAN
Mei-Wei Chiu, Chung-hsin Juan, Tze-Ying Chen, and Jean-Jay Mao
Master, Department of Natural Resource, National Ilan University. 1, Sec. 1,
Shen-Lung Road, I-Lan, 260, Taiwan, R.O.C. joe22050200@gmail.com.
Assistant Professor, Department of Natural Resource, National Ilan University. 1, Sec.
1, Shen-Lung Road, I-Lan, 260, Taiwan, R.O.C. cjuan@niu.edu.tw
Professor, Department of Natural Resource, National Ilan University. 1, Sec. 1,
Shen-Lung Road, I-Lan, 260, Taiwan, R.O.C. tichen@niu.edu.tw
Assistant Professor, Department of Natural Resource, National Ilan University. 1, Sec.
1, Shen-Lung Road, I-Lan, 260, Taiwan, R.O.C. jjmao@niu.edu.tw
Abstract: Wetland ecosystem development is greatly influenced by the hydrology. The lives
living on wetlands have to adapted themselves to the hydrological dynamic environments.The
environmental sieve theory depicts how the dynamic environmental conditions sieve the
adapted lives according their life history characteristics. The goal of this paper is to study the
environmental sieve theory for the relationship between the environmental conditions formed
by the hydrological dynamics and the lakeshore gradient, and the vegetation types on the
gradient in a mountain shallow lake, the Tsuei-Fung Lake, Yilan, Taiwan.
A self-recorded water gauge was installed in Tsuei-Fung Lake.
Four field
investigations on the seasons of different water levels during March 2007 to April 2008 were
performed to investigate the vegetation types and their relevant slopes and elevations along
three transect lines. The histograms of water-level fluctuations displayed the strong seasonal
hydrological dynamic changes with a seasonal water-level difference above 4 meters between
the high water-level summer season and the low water-level early spring season. The
vegetation types showed a gradient pattern along the lakeshore slope and demonstrated strong
correspondence with hydroperiod patterns. Therefore, the dynamic hydrological conditions
played an important role as environmental sieves to allocate vegetation types along the slope
with the correspondent hydroperiods.
It is concluded that the dynamic patterns of hydrological conditions have a dramatic role
in the wetland ecosystem development. The management or restoration of wetland
hydrological characteristics is the key factor for successful wetland management or
restoration. Since the hydrology of wetlands is the results of its watershed and climate
conditions, it is very important to scale up the management practices into the watershed scale
in the wetland management and restoration.

Key Words：environmental sieve theory, hydroperiod, ecohydrology
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SYNCHRONOUS LUNAR SPRING TIDAL RHYTHM BEHAVIORS
OF UCA FORMOSENSIS AND THEIR HIGH TIDAL HABITAT
PREFERENCE
Szu-Han Liao, Tzu-Kai Huang, Chang-Po Chen, and Hwey-Lian Hsieh
Biodiversity Research Center
Academia Sinica
128 Academia Road Sec. 2
Nankang, Taipei, Taiwan 115
E-mai: christine2953@yahoo.com
Abstract: Highly synchronous lunar rhythm behaviors were observed throughout the life
history of a high-tidal endemic and endangered fiddler crab Uca formosensis in Taiwan.
The courtship activities peaked right after the high tide as revealed by the formation of the
pyramid shape mound, also known as the chimney. Most chimneys appeared a few days
after the high tide and remained on the ground throughout the whole neap tide period.
As the crabs successfully mated, the entrance of the chimney would be sealed for a safe
incubation process of the female crabs. The following high tide crushes all the chimneys
on the ground and filled up the burrow with fresh sea water, then the gravid female release
its larva into the sea. Female Uca formosensis showed a semi-lunar rhythm of larval
release during the high tides periods - around the full moon and the crescent. This rhythm
was observed in both one-year laboratory maintained female crabs and the female crabs
that collected from their natural habitat. The larval development of Uca formosensis
found to be coincided with the lunar/tidal rhythm in the nature. Throughout the five
stages, zoea spent an average of 3 days in each stage (total of 15 days) and megalopa which
spent 15 days before metamorphosed to the juvenile crabs. Both the molting of the fifth
stage larvae to megalopae and the metamorphosis to juvenile crabs often occurred around
the high tide period. This special rhythm existed in Uca formosensis would be the
mechanism for its unique occurrence at high tidal habitat.
Key Words: fiddler crab, high tidal habitat, lunar rhythm, Uca formosensis
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THE ABSORPTION AND ACCUMULATION OF HEAVY METALS IN
WETLAND PLANTS OF GAOPING RIVER ESTUARY
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Abstract: The impact of anthropogenic perturbation is strongly felt by estuarine and coastal
environments adjacent to urban areas. Mangrove ecosystems are diverse intertidal wetlands
along the estuaruine shores, commonly situated in tropical and subtropical coastal system.
Due to their nearness to urban development, they have affected by industrialization,
aquaculture and leisure activities. Heavy metals from incoming tidal water and fresh water
sources are rapidly moved to water body, sediments and plants. As a result, heavy metals pose
a potential threat to various terrestrial and aquatic organisms including human health.
The accumulation and distribution of metals by the mangrove are studied. Leaves, stems
and roots from mangrove (Avicennia marina) and halophytic plants (Ipomoea pescaprae,
Phragmites communis) were sampling in the Gaoping River estuary in southwest Taiwan. The
sediments and river water were also collected. The results show that the larger amount of
metals (Fe, Al, Zn, Cu) and the trace metals (Ni, Cr, Pb) could be detected in different parts of
plant tissues. Metals such as Al, Fe, Zn, Cu, Pb are accumulated predominantly in root tissue
and foliage, rather than in stem. To quantify the bioaccumulation of heavy metal, we also
investigated the bioconcentration factors (BCF) of heavy metals in roof, stem and leaves from
mangrove and halophytic plants. For phytoremediation initiatives, mangrove ecosystems are
more appropriate candidates for phytostabilization.

Key Words: Gaoping River Estuary, Wetland Plant, Heavy Metals, Mangroves
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EFFECTS OF HYDROLOGY-SOIL-VEGETATION DYNAMICS ON
THE MICROHABITAT OF UCA FORMOSENSIS IN SAN- SUN
WETLAND
Yi-Hui Wu and Wen-Lian Chang
Department of Bioenvironmental Systems Engineering
National Taiwan University
No. 1, Sec. 4, Roosevelt Road, Taipei, Taiwan 106
E-mail: r94622004@ntu.edu.tw
Abstract: The Uca formosensis is a species of fiddler crab endemic to Taiwan and is
facing extinction. In order to conserve this species, specific knowledge of its microhabitat
is much needed. San-Sun marsh is the only place in Taiwan with a core zone of U.
formosensis large enough to be studied. Previous studies have found two other species of
fiddler crabs (Uca latea and Uca arcuata）which cohabit with U. formosensis in San-Sun.
The habitats of these two species are well studied due to their conspicuous and ubiquitous
communities above the water level of the neap tide. U. lactea inhabits in the sandy shores
while U. arcuata dwells in the muddy areas of the mangrove forest. U. formosensis’ habitat
on the contrary is less well defined. To further understanding of U. formosensis’ habitat,
this study first performs a soil texture analysis to define the physical soil component and
then tests both total soil organic carbon (TOC) and soil oxygen reduction potential (ORP)
to determine the chemical soil circumstance. It is discovered from this study that silt is a
very important variable for U. formosensis’ habitat. This is because silt provides moderate
water content as well as prevents U. lectea and U. arcuata from invading into U.
formosensis’ niche.
key words: uca

formosensis, salt marsh, soil-orp, soil texture
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THE PRIMARY STUDY ON THE HEAT ENVIRONMENT FOR
WATERSHED OF THORNY BAMBOO PLANTATION AFTER
CONSTRUCTING ARTIFICIAL WETLAND
Chi Tang
Associate Professor, Department of Soil and Water Conservation, National Pingtung
University of Science and Technology, Pingtung Hsien, 91201, Taiwan, R.O.C.
Abstract: This study aimed at the micro-meteorological variation for watershed of the Thorny
bamboo plantation after constructing artificial wetland. The experimental watershed was
located at the southwestern area of soil and water outdoor classroom of National Pingtung
University of Science and Technology, Taiwan (area 3.33 ha, elevation 90-50 m, 22°38′20.6″
N, 120°36′48.4″ E). The enclosed artificial wetland area was about to 3.6 ha, which
constructed in downstream area of this experimental watershed. To comprehend the difference
of air temperature, relative humidity, net radiation and soil heat flux between artificial
wetland and the Thorny bamboo plantation in droughty period from October 2006 to March
2007. The results had shown that heat capacity of artificial wetland was increased by the
stable water level, which could prevent the extremely cold situation. To compare the heat
environment of artificial wetland and the Thorny bamboo plantation had shown as the net
radiation was 4.69~8.7 < 5.4~8.83 MJ m-2, and soil heat flux were 0.27~0.57 > - (0.29~0.77)
MJ m-2 in autumn and winter seasons and -0.36~0.41 < 0.13~0.47 MJ m-2 in spring season.
The evapotranspiration of artificial wetland was about 1.3 times to Thorny bamboo plantation.

Keywords: Heat environment, watershed, artificial wetland, thorny bamboo plantation
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TO ESTIMATE EVAPOTRANSPIRATION OF ARTIFICIAL
WETLAND BY HEAT BUDGET METHOD IN THE
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Abstract: The artificial wetland could ameliorate the water quality, irrigation, hydrologic, and
microclimate. The droughty season is harmful to manage and maintain the water content of
artificial wetland in southern Taiwan, because of the rainfall accumulated in summer season.
It’s important to control a stable water level in an artificial wetland, and then should consider
the infiltration and evapotranspiration. All micro-meteological observations were performed
from December 2007 to May 2008 in the Jing-Si Lake of National Pintung University, nearby
to upstream of the Tungkang River, Pingtung, Taiwan. The evapotranspiration of artificial
wetland was estimated by the heat budget method. The primary results had shown as, the
evapotranspiration were about to 3.4 mm.

Keywords：artificial wetland, evapotranspiration
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SPATIAL VARIATIONS IN NUTRIENT CONCENTRATIONS IN A
CONSTRUCTED WETLAND OF DA-HAN RIVER, NORTHERN
TAIWAN
Mei-Li Shiue and Hsing-Juh Lin
Abstract: The study was conducted in the second Hsin-Hai constructed wetland of Da-Han
river in Taipei County. We measured the soluble nutrients in different units to evaluate the
effectiveness of nutrient removal, including 1 sediment pond, 2 dense macrophyte ponds, 2
open pond, and 1 ecological pond. NH4+ concentrations declined as the wastewater passed
through the wetland. Removal percentage of NH4+ varied from 11.4% to 50.5%. Dissolved
oxygen (DO) concentrations were positively correlated with concentrations of NO3- and
NO2-, suggesting an increase in DO enhances nitrification. Our results also showed the
constructed wetlands are effective in reducing Fe, Mn and Zn. However, no removal effect
was detected in other ions of Na+, Ca2+, Mg2+ and Cl-; these ions increased from the
inflow to the outflow through the wetland.
Keywords: constructed wetland, nutrient removal, nitrification
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ACCUMULATED INUNDATED TIME: A CRITICAL CRITERION IN
HABITAT RESTORATION FOR UCA FORMOSENSIS
Shiao-Yi Chen, Chang-Po Chen, and Hwey-Lian Hsieh
Biodiversity Research Center
Academia Sinica
128 Academia Road Sec. 2
Nankang, Taipei, Taiwan 115
Email: jjsmall@gate.sinica.edu.tw
Abstract: Uca formosensis is an endemic species in Taiwan. The population size and
habitats decreased continuously in the past twenty years. This study focus on the
relationship between the sedimentary environment and U. formosensis population. GIS was
used to display the spatial distribution. The study area is in Mailiao township. One
marco-habitat characteristic, accumulated inundated-time(AIT) and seven mirco-habitat
characteristics, grain size, silt/clay content, sorting coefficient, water content, total organic
carbon(TOC), total nitrogen(TN), depth of oxidation layer(DOL) were analyzed. According
to the results, grain size smaller than 0.0625 mm, silt/clay content more than 60%, AIT less
than 40 hours and the elevation between 1.5~2.5 m are the habitat characteristics of U.
formosensi in Mailiao area. This study takes the sedimentary environment of Mailiao as a
model and classify the substratum into three grades: favorable, suitable and unsuitable
habitats by AIT to discriminate the suitability of U. formosensis in Haishangu and
Shengang. Haishangu is a degrading habitat compare to Mailiao. The habitat of Shengang
might be influenced by the construction in 2006. This study generalized the habitat
characteristics of U. formosensis and demonstrated that the accumulated inundated-time is
an important criterion in habitat restoration.
Key Words: conservation, GIS, habitat characteristic, Uca formosensis, tide
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HUMAN IMPACT ON PEATLANDS AND RESTORATION
Akira Haraguchi
Environmental Engineering
The University of Kitakyushu
Hibikino 1-1, Wakamatsu-ku
Kitakyushu, Japan 808-0135
E-mail: akhgc@env.kitakyu-u.ac.jp
Abstract: Human impact on wetlands, e.g. land use change of wetlands for biomass
production, causes various kinds of regional and global environmental problems.
Acidification of soil and freshwater environment is one of the serious environmental
problems that appear widely in the world where peat or lignite has been removed after
mining or burning. Peat swamp forest in the South East Asia is one of the most serious
areas that have been polluted by sulfuric acid. After destruction of the peat layer over
pyrite-containing sediment by deforestation and burning, pyrite is biologically oxidized by
atmospheric oxygen and sulfuric acid is produced. Sulfuric acid contaminated in soil and
river water, and then acidifies the surrounding environments. Soil chemical and
limnological studies in peat swamp forests in Central Kalimantan clarified that sulfuric acid
loading to freshwater system from acid sulfate soil appeared widely in the coastal region
ranging from the river mouth up to 150 km from the coast line. River and canal water in the
rainy season in those areas showed lower pH than the dry season due to high contamination
of sulfuric acid in the rainy season. This paper reviews our limnological and
biogeochemical studies on peat swamp in Central Kalimantan, and discuss on the
restoration of the peat swamp forests.
Key Words: limnology, peat swamp, restoration
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RELATIONSHIP BETWEEN MIRE VEGETATION AND VOLCANIC
ACTIVITY: A CASE STUDY FROM TADEWARA MIRE,
SOUTH-WESTERN JAPAN
Ayumi Nakazono and Tsutomu Iyobe
Graduate School of Environmental Engineering
The University of Kitakyusyu
Kitakyusyu, Japan 808-0135
E-mail: m7611101@hibikino.ne.jp
Abstract: Most Japanese mires are affected by volcanic activities such as deposition by
volcanic ash. Some mountainous mires experience frequent disturbance by volcanic activity.
Relationship between volcanic activity and vegetational change with special reference to
chemical deposition from volcano has been investigated in Tadewara mire. Three peat
cores of 210 cm, 270 cm, and 420 cm were collected for plant macrofossil analysis and
chemical analysis. Two distinct horizons consist of volcanic glasses were observed at 160
and 252 cm depths. Composition of plant macrofossil and exchangeable cation changed at
the volcanic glass layers. A distinct peak of sulfur content in peat core was found at the
depth of 110 cm. Elemental composition of peat core shows that content of carbon,
nitrogen, and hydrogen decreased corresponding to the increase of sulfur. Dominant species
of macrofossil community started to change from Sphagnum spp. to Phragmites australis
just corresponding to the increase of sulfur at 110 cm. Increase in sulfur content in peat
core started at 970±40yBP (14C dating) and it corresponded to the peak of volcanic activity
of Mt. Kurotake nearby Tadewara mire. Thus we concluded that mire vegetation changed
from ombrotrophic to minerotrophic community by sulfur deposition due to the volcanic
activity.
Key Words :Volcanic activity, mire vegetation, disturbance
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EXTRACELLULAR ENZYME ACTIVITY IN A SALT MARSH AND
INTERTIDAL FLAT SEDIMENT
Hojeong Kang1 and Soohyun Jung2
1

Yonsei University
Seoul, Korea 120-749
E-mail: hj_kang@yonsei.ac.kr
2

Ewha Womans University, Korea

Abstract: This paper examined extracellular enzyme activity in a salt marsh and intertidal
flat sediment on the shore at Yoecha-Ri in Ganghwa Island, western part of Korea.
Experiments have been conducted some indicators, such as soil pH, water content, and
organic matter content from 2002 to 2003. This study indicates that loss of salt marshes and
changes into mud flats could induce substantial changes in biogeochemical properties.
Key Words: chemical properties, coastal sediments, flat management
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PHOSPHORUS RELEASE FROM THE SEDIMENT IN THE RIPARIAN
COMMUNITY AND ITS EFFECT ON THE PRIMARY
PRODUCTIVITY OF THE ESTUARY ECOSYSTEM
Tomohide Ishigami, Mitsuo Kawabata, Yoshiumi Shinohara, Ayumi Nakazono,
Enen Ryu, Tatsuto Yamaguchi, Mari Tanaka, and Tsutomu Iyobe
Graduate School of Environmental Engineering
The University of Kitakyushu
Kitakyushu 808-0135, Japan
E-mail:e5100501@hibkino.ne.jp
Abstract: In order to determine the factors to sustain the high primary productivity of an
estuary community, we analyzed the dynamics of nitrogen and phosphorus in the estuary of
the Chikugogawa River, South-Western Japan. The ratio of Total-P / Total-N of river water
showed the maximum value of 0.25 (molar ratio) at the point from 10-20 km from the river
mouth. Primary productivity of the riparian community of Phragmites australis showed also
maximum at the same point. Phosphorus from the upstream of the river accumulates to the
sediment near the river mouth and phosphorus is released from the sediment after
mineralization under reduced condition of sediment. This process could be the main source
of phosphorus to the estuary community, and this could sustain the high productivity of
estuary aquatic macrophyte community. We discuss the function of riparian communities
including sediments in nutrient dynamics of the estuary community as well as salt tolerance
of P. australis and Scirpus planiculmis, the dominant species of the riparian community in
the estuary.
Key Words: Chikugogawa River, phosphorus, productivity, salt marsh, salt tolerance
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EFFECT OF ARTIFICIAL FIRE ON THE STREAM WATER
CHEMISTRY IN A SMALL MOUNTAINOUS PEATLAND,
SOUTH-WESTERN JAPAN
Tsutomu Iyobe, Akira Haraguchi, Yoshiumi Shinohara, Mitsuo Kawabata, Ayumi
Nakazono, and Enen Ryu
Faculty of International Environmental Science and Technology
The University of Kitakyushu
1-1, Hibikino, Wakamatsuku
Kitakyushu, Fukuoka, Japan 808-0135
E-mail: iyotsuto@hotmail.com

Abstract: Tadewara mire is a typical volcanic mire that locates in the southwestern Japan
and the vegetation has been maintained by the artificial fire. However, the effect of fire on
the mire ecosystems as well as its impact on the fresh water ecosystems have not been
clarifies. The objective of this study is to clarify the response of mire ecosystem by the fire.
We investigated the effect of artificial fire on the chemistry of the stream water in
Tadewara mire, southwestern Japan. Artificial fire was conducted on early April in 2007
and 2008, which burned the vegetation: mainly Moliniopsis japonica, Phragmitesa australis,
and Sphagnum palustre - S. fimbliatum communities. Our result showed that the burning
had little effect on the chemical characteristics of the streams, except for NH4+.
Ammonium concentration was significantly increased after the burning, and showed a
2-hold increase within 24 hours after the burning. This implies that the burning of the
vegetation lead to maintain the nutrient-poor environments as well as the nutrient removal
from the mire.
Key Words: artificial fire, management, mountainous peatland, stream water chemistry,
volcano
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DEVELOPING SUSTAINABLE LIVELIHOODS FOR COMMUNITIES
IN A RAMSAR SITE: THE MAKRAN COASTAL WETLANDS
COMPLEX, PAKISTAN
Zulfiqar Ali1, James Butler2, Peter Meadows3, and Azra Meadows3
1Department

of Wildlife and Ecology
University of Veterinary and Animal Sciences,
Lahore, Pakistan
E-mail: zulfiqarali68@yahoo.com
2CSIRO

Sustainable Ecosystems Division, c/o Faculty of Science, Engineering and IT
James Cook University
P.O. Box 6811, Cairns, QLD 4870, Australia
3

Division of Environmental and Evolutionary Biology
Faculty of Biomedical and Life Sciences
University of Glasgow
Glasgow G12 8QQ, Scotland, UK

Abstract: Makran Coastal Wetlands Complex represents a typical case of great natural
capital being threatened by rural communities seeking poverty alleviation and economic
development. The challenge is therefore to simultaneously achieve conservation of
biodiversity while also attaining sustainable livelihoods for local people. Similar challenges
are evident throughout the Asia-Pacific region, and are being met by the concept of
‘conservation economies’, whereby communities living with biodiversity are enabled to
earn revenue from the sustainable utilization and management of wildlife, thus creating an
incentive for its conservation. This study is in progress to assess the potential for the
establishment of a conservation economy within the Makran Coastal Wetlands Complex,
which would achieve both sustainable livelihoods for the local people and the protection of
the Ramsar site and adjacent coastal habitats. It will be a collaborative program of research
and implementation involving Glasgow University, James Cook University, Sustainable
Ecosystem CSIRO-Australia, WWF-Pakistan, the University of Veterinary and Animal
Sciences, Lahore, Punjab University and relevant Pakistan Government departments.
Key Words: community awareness, conservation ecology, sustainable development,
wetland complex
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THE IMPLEMENTATION ANALYSIS OF ENVIRONMENTAL
EDUCATION PROGRAM IN THE GUANDU NATURE PARK
Nelson Chen
The Director of Environmental Education Department ,Guandu Nature Park , 55.
Guandu Road.Taipei City.112 Taiwan.R.O.C.
02-28587417 , kooneo@wbsr.org.tw
Abstract: The purpose of this study is to understand the current condition of environmental
education implementation in the Guandu Nature Park. This site is situated in Guandu
Wetland, the national wetland in Taiwan. Taipei City Government spent 15 billion NT
dollars to buy 57 hectares lands and built the Nature Park. In 2001, administration of
Guandu Nature Park was handed over to the Wild Bird Society of Taipei (WBST). It was
the first time that the government entrusted the administration to a Non-Governmental
Organization (NGO) to manage an official area in Taiwan. The mission of Guandu Nature
Park is to improve the conscious of protecting wetland in environmental conservation,
education, scientific study and recreation. As an important Nature Center in northern
Taiwan, Guandu Nature Park provides the public different kinds of wetland environmental
programs, likes wetland science, nature study and nature experience. From December 2001
to June 2008, more than 110,000 people come from schools, families, and companies had
accepted over 20 programs which were organized by the administration of Guandu Nature
Park - more than 6000 persons had implemented those programs. 2006- 2008 there are 6
main programs in wetland environmental education for different purposes and targets, such
as elementary school program, interpretation program, family activity program, Children
program and Adult program. The budget of Guandu Nature Park comes from the
government, company and the audience. All programs are organized by full-time or
part-time staffs and volunteers in Guandu Nature Park.
Keywords: Environmental Education Nature Center, and Program
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THE STUDY OF THE STRATEGY OF ENVIRONMENTAL
EDUCATION: A CASE STUDY OF THE SICAO WETLAND IN
TAINAN CITY
Yu-Lin Fan
The Graduate Institute of Ecotourism, National University of Tainan, Associate
Professor, 33, Sec. 2, Su-Lin St. Tainan, Taiwan
700, 0970-005118, ylfan@mail.nutn.edu.tw
Abstract: The area of the Sicao Wetland was decreased and became the land because of the silt.
After the salty lake becoming bog, part of the area was developed into ponds and Salinas.
There are also canals, intertidal zones, and mangroves around, including natural and
man-made wetlands. The Sicao Wetland was abounding with the wild animals and birds.
Besides, it is one of the most important rest stops of the migrants. The Sicao Wetland was
declared as the very important wetland both in the world and in Taiwan by the IUCN.
The mangroves were cut and the area of the Sicao Wetland was keeping decreased, the
habitats of animals and birds were broken because of the construction of the Tainan
Technology Industrial Park. The water was also polluted because of the breeding of oysters.
Although the Sicao Wildlife Protected Area was built up, another new impact of wetlands was
predicted caused by the development of tourism.
This study is to examine and analyze the multi-function, the environment protection
value, the abundant resources, the environmental education function, and the ecotourism
potential of the Sicao Wetland with the methods of reference review, field survey and expert
interview. These results will be applied to build up the environment education strategies and
their priority with the helps of the AHP analysis and the SWOT analysis.

Key words: Wetlands, Environmental Education, Strategy, AHP, SWOT

- 330 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

STRENGTHENING COMMUNITIES AND INSTITUTIONS FOR
SUSTAINABLE MANAGEMENT OF HEAVILY USED VEMBANAD
BACKWATERS OF KERALA, (INDIA)
Priyadarsanan Dharma Rajan1,2, Siddhartha Krishnan1, M .C. Kiran1, Latha Bhasker2,
D. Deepak2, and T. D. Jojo2
1

Ashoka Trust for Research in Ecology and the Environment (ATREE)
#659, 5th A main, Hebbal, Bangalore - 560 024, India.
E-mail: priyan@atree.org
2

Community Environmental Resource Centre (CERC)
ATREE, Ammankovil Street, Mullackal, Alappuzha
Kerala, India (Ph: 0477 22251818)

Abstract: This paper described how an one of the world-wide famous environmental NGOs,
Wetland Conservation Team of Ashoka Trust for research in ecology and environment
(ATREE), tried to address some regional issues, and how his NGO was tried to help local
communities to strength their potentials of sustainable development in the Vembanad
Backwaters of Kerala, India.
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THE STRATEGY AND INFLUENCE ON THE CONSERVATION OF
COASTAL WETLAND BY NGO
Ying-Shih Chen1 and Albert Ku2
1

Assistant professor of Graduate Institute of Ecotourism, National University of
Tainan, No.33, Sec. 2, Shu-Lin St., Tainan, 700, Taiwan.
886-6-2605068、elsachen53@mail.nutn.edu.tw
2

Assistant professor of the Environment and Art Institute, Nanhua University,
No.32,Chung Keng Li, Dalin Chia-Yi , 62248, Taiwan. 886-5-2721001、
spku@mail.nhu.edu.tw

Abstract: The costal district holds spacious wetland scenes such as sandbank, lagoon and
mangrove forest. It upholds rich ecological resource, and receives endless development
pressure after the lift of coastal control in 1970s. Even the area is designated as
“conservation area”, the pressure from economic development policy still moves in.
Nevertheless, many NGOs defend their territories and homelands, continuously monitoring
the development activities of public sector and financial groups. They communicate with
local people, participating with community affairs, resulting in pivotal influence on wetland
conservation and community’s sustainable development. Their structures of organization
and operation systems deserve further investigation, which might result in Taiwan’s specific
experimental pattern and theory.
The study holds in-depth interviews with the leaders of eco-preservation groups, following
various data analyses, and finds out the local and nation-wide Eco-NGOs possess the
capabilities of linked swift maneuver, effective leadership and mediating different public
sectors. These NGOs play the double roles of policy’s critics and participators. To the local
people, the NGO is expertise-provider and partner, but sometimes shows interest conflict.
The original relationship among public sector, NGO and local people is not perfectly
multi-cooperating, but NGO’s specialty, toward public affair, in processing the
reconciliation between related interests, persuading local people and developers to join
together for preservation project, social responsibility and win-win partnership. The
operation patterns of Eco-NGOs, according to their depending on main resource and
public-service intention, are divided into various types such as resource-depending,
enterprise-payback, contract-cooperation, public-serving and oppose-action. These
operation patterns change along with wetland-preservation process and community
interaction.
Key Word: Ecological Conservation、community participation、NGO、Coastal Wetland
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THE FORMATION OF KAO-MEI WETLAND AND THE
DEVELOPMENT OF THE SENSE OF COMMUNITY
Hui-Chen Lin
Department of Life Science
Tunghai University
Taichung, Taiwan 407
E-mail: hclin@thu.edu.tw

Abstract: Kao-Mei Wetland is the largest salt marsh wetland in Taiwan and it is mainly
composed of Bolboschoenus planiculmis (Family Cyperaceae). Located in Chingshuei
Township, Taichung County, Kao-Mei Wetland is between the estuary of Ta-Chia stream
and the northern boundary of Taichung Harbor. The length of the coast is 3.5 Km. The
formation of Kao-Mei Wetland is resulted from the human activities along the reaches of
Ta-Chia stream and the construction of sand dike north to the Taichung Port. In 1932,
Kao-Mei was first opened to public as a beach, the only scenery in Chingshuei Township
then. Taichung Harbor began its service in 1976. Kao-Mei became part of the Port and the
beach was later closed. The Central Cross-Island Highway was first opened to traffic in
1960, increasing the pressure for exploitation of mountainsides and slopes for settlement
and orchard. Together with fragile topography and seasonal heavy rainfall, the
over-development brings landslides and eroded sediment rich in fertilizers. In addition, the
water contains municipal and industrial waste waters produced by the growing population
in the mid- and lower reaches of the Ta-Chia stream. The groin effect by the sand dike
causes a faster soil and sediment precipitation which, in turn, creates habitat and species
diversity in Kao-Mei. Currently, the habitats in Kao-Mei can be classified into tidal creek,
sandy area, gravelly beach, B. planiculmis salt marshes, grass salt marshes, mud flats,
mangrove plantation (Kandelia obovata) and low tidal zone. According to our survey over
the last 10 years, we recorded over 200 bird species, 300 plant and 30 brachyuran crabs,
including some rare or endangered species such as Saunder's Gull (Larus saundersi), an
aquatic plant in the Acanthaceae (Hygrophila pogonocalyx Hayata) and an endemic fiddler
crab, Uca formosensis. In 2004, Kao-Mei Wetland became the 17th wildlife refuge in
Taiwan. Since then, it attracts publicity and people’s attention, particularly with a very
convenient traffic. For example, results of over half a million web pages with the keyword
“Kao-Mei wetland” (in Chinese) can be found in Google, the highest of all wetlands in
Taiwan. With the assistance of NGO, the community gradually reaches a common
consensus on recruiting volunteers to patrol the wetland. After a series of visiting and
training, the patrol began their daily service in the summer of 2008. In the future, tour guide
will be provided by appointment and this will help the people understand the importance of
preserving our wetland resources.
Key Words: Bolboschoenus planiculmis, community participation, groin effect, grophila
pogonocalyx, Kao-Mei wetland, larus saundersi
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A PRACTICE OF COMMUNITY TOTALITY MANAGEMENT ON
WATERFRONT PARKS: CASE STUDY OF JIANGONG TOWNSHIP
AT SHINBEI VILLAGE OF PINGTUNG COUNTY
Chin-Yu Lee
Soil and Water Conservation Department
National Pingtung University of Science and Technology
Pingtung, Neipu, Taiwan 912
E-mail: cylee@mail.npust.edu.tw
Abstract: Near-nature ecological engineering is a newly developed engineering techniques
focusing on sustainability of ecosystems, based on the self-design ability of natural
ecosystems, making effective use of local resources and environmental customs, in the
hope of achieving the equilibrium between the maximum cost-effectiveness and ecological
benefits. For Taiwan, the near-nature ecological engineering is still in the initial stage,
where there are no lacks of relatively excellent cases, such as Yilan’s Tungshanho
Waterfront Park, Yilan Riparian Park, Taichung’s Meichuan Park, Pingtung County Shinbei
Township Jiangong Waterfront Park, etc, which enable domestic near-nature ecological
engineering to tend towards maturity. The Pingtung County Shinbei Township Jiangong
Waterfront Park is planned in the concept of Community Totality Management, for which
many presentations and activities were held to integrate opinions from each circles by
means of encouraging active participation of residents, which is hoped to enable the
possibility of building a waterfront park with Hakka customs but without losing the benefits
of near-nature ecological conservation.
Key words: ecological conservation, ecosystem, conservation, near-nature ecological
engineering
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RESEARCH ISSUES AND DEVELOPMENT TRENDS OF
WETLANDS IN TAIWAN
Hsiao-Lin Wang
Professor, College of Design, Chaoyang University of Technology, 886-4-27068112、
hyfarch@ms32.hinet.net
Yen-Ching Huang
Graduate student, Department of Landscape Architecture, Tunghai University.
886-4-24073387, g96757001@thu.edu.tw
Abstract:: Most wetlands research in Taiwan are more focus on Case study than academic

research. In order to explore systematically the research issues and development trends of
wetlands in Taiwan, this study utilizes SPSS to collect and classify contributions of theses
regarding wetlands and journal in Taiwan for the last fifteen years. The results demonstrate
that the academic research about wetlands in Taiwan is divided into five issues of the standard
and system, planning and management, environmental impact and ecological survey,
purification performance and application, environmental education and protection etc. This
study also indicates that the contributions regarding wetlands increased year by year and
articles concerning purification performance and application in the majority. It shows that
the wetland research in Taiwan is still partial to experimental stage. Therefore, how to achieve
the goal of wetland restoration with integrating case study and management mechanism is a
consequential trend.
Key words: wetlands, environmental impact, ecological survey, environmental protection,
purification performance
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APPLICATION EXPERIENCES OF CONSTRUCTED WETLANDS IN
SOUTHEASTERN ASIA
Shuh-Ren Jing
R&D Center of Ecological Engineering and Technology
Department of Environmental Engineering and Science
Chia-Nan University of Pharmacy and Science
Tainan, Taiwan 104
E-mail: jingsr@mail.chna.edu.tw
Abstract: The collaboration projects of applying constructed wetlands (CW) between
Chia-Nan University of Pharmacy and Science (CNU) and southeastern Asian countries
have proceeded since 2004. In the beginning, the main work was focused only on academic
collaboration and the universities involved with this project including Asian Institute of
Technology, Chiang Mai University, Prince Songkla University, Khon Kaen University of
Thailand and Hanoi University of Vietnam. The mutual understanding among these
universities and CNU was CW can be an efficient, economical, and environmental friendly
technology for pollution control and the ultimate goal is trying to protect Mei-Kung River.
Because that the R&D Center of Ecological Engineering and Technology in CNU has
developed many results academically and practically in using CW for treating wastewater
in Taiwan, therefore, provides technical support for those universities. With the efforts of
each university, two practical projects of using CW for environmental protection are
implemented in Thailand through international collaboration. In fact, CW has been
recognized as one of the feasible technologies for reducing organic and nutrient pollution to
nature in southeastern Asian countries. However, most of the applications are still remained
at research stage or pilot scale. Chiang Mai University, with technical support from CNU,
funded by Canadian International Development Agency (CIDA) to proceed a industrial
wastewater treatment by using CW as a demonstration project for protecting Phayao
Reservoir, an important water resource in northern Thailand. Khon Kaen University
assisted by CNU and Mahasarakham University of Thailand funded by Regional
Environmental Office 10 (REO 10) with the Thailand Royal Funding to build a CW system
to treat wastewater from Ubolnatara municipality. The main goal of this CW system is
showing that the general community can also achieve pollution reduction and further
protect the water quality of the watershed nearby, Ubolnatara Dam is the protect target in
this project. These two projects have implemented in November 2007 and operated by local
communities, respectively. Although pollution control was the main purpose for using CW
in these projects, the concepts of landscape and resource reservation were also promoted
during the whole procedures of building the CW, including problem analyses, discussion
with local people, designing, and management. The meaning and importance about
ecological technology, green architect, and resource reservation are not only revealed in the
construction work, but also experienced by the local people through the work of actual
operation and maintenance.
Key Words: constructed wetlands, ecological technology, pollution control, southeastern
Asia
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A SCIENCE-BASED STRATEGY FOR ECOSYSTEM MANAGEMENT
IN TAPONG BAY, SOUTHERN TAIWAN
Hsing-Juh Lin
Department of Life Sciences
National Chung Hsing University
Taichung, Taiwan 402
Biodiversity Research Center
Academia Sinica
Taipei, Taiwan 115
E-mail: hjlin@dragon.nchu.edu.tw

Abstract: Tapong Bay, a eutrophic and poorly flushed tropical lagoon, supports intensive
oyster culture. Our results of the LOICZ project during 1999-2004 showed modifying
effects of flushing on biomass, production, and community composition of periphyton and
phytoplankton in the lagoon. Using the Ecopath approach, a mass-balanced trophic model
was constructed to analyze the structure and matter flows within the food web.
Comparative analyses with other tropical lagoons showed that high nutrient loadings might
stimulate the growth and accumulation of phytoplankton and periphyton and therefore
support high fishery yields. However, net primary production, total biomass, fishery yields
per unit area, and mean transfer efficiency of Tapong Bay were remarkably lower. The
lower transfer efficiency likely results from the lower density of benthic feeders constrained
by the hypoxic bottom water as a result of poor flushing. This might therefore result in a
great proportion of flows to detritus and the reduced recycling of the entering detritus back
into the food web. Using the Ecosim approach and stable carbon and nitrogen isotopes, the
trophic model was manipulated to predict temporal responses of community biomasses to
the system-scale removal of oyster-culture racks from Tapong Bay in 2002. The removal of
the oysters was predicted to result in increases in most community biomasses. The model
predictions approximately matched the trends of the field observations for phytoplankton,
zooplankton, detritivorous fish, and detritus after the removal, thus providing a trophic
explanation for the responses of these compartments in the lagoon. However, the observed
biomasses of benthic communities declined, likely as a result of a reduction in
biodeposition from the oysters. It was observed that the biomasses of pelagic fish and
soft-bottom fish increased, but that of reef fish decreased after the removal. The field
observations clearly demonstrate that plankton communities were controlled, but biomasses
of benthic and fish communities were enhanced by a high density of suspended oyster
culture in a eutrophic lagoon.
Key Words: Coastal wetlands, oyster culture, trophic model, water exchange time.
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THE MANAGEMENT AND CHALLENGES OF THE WETLANDS IN
TAIWAN: LESSONS FROM THE ASSESSMENT OF MANAGEMENT
EFFECTIVENESS OF THE WU-WEI-KANG WILDLIFE REFUGE
Dau-Jye Lu and Mu-Ning Wang
Assistant Professor, School of Forestry and Resource Conservation
National Taiwan University
02-33665275, djlu@ntu.edu.tw
PhD student, College of Forest Resources
University of Washington, Box 352100
Seattle, WA 98195-2100, USA
b90605211@gmail.com
Abstract: The Wu-wei-kang Wildlife Refuge was designated in early 1990s who aimed to
protect the wetland ecosystem for migrating waterfowls. Since its characteristics of small size,
interacting closely with local communities and necessary routine artificial interference, this
study targeted it to apply the WWF RAPPAM Methodology for assessing its management
effectiveness from 2005 to 2007.
The results of the assessment for the management effectiveness of this wildlife refuge showed
that its weaknesses were on planning, human resources, financial mechanism and
management plan. Clear objectives, good communications with local communities and
transparent policy-making were its advantages. The assessment showed the ignorance on
operative mechanisms and institutional elements for the wetland refuges, and addressed the
important of the holistic evaluation for the protected areas. It also revealed that the
participatory workshop can be the good platform to integrate different stakeholders and to
promote effectively interactions with local communities and to play a key role on wetland
management while there were strong supports by the local authorities. Learning from this
study, it deserved to promote and apply the WWF RAPPAM Methodology and the
management cycle it adopted at other wetland refuges in Taiwan.
Key words: stakeholder, community participation, community-based conservation,
management cycle, holistic thinking
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COOLING EFFECTS OF THREE: DIMENSIONAL MODELING UPON
WETLAND PONDS AT LANDSCAPE SCALE IN TAOYUAN,
TAIWAN
Wei-Ta Fang1 and Shu-Jui Chang2
1

Department of Leisure and Recreation Management
Chung Hua University, HsinChu, Taiwan 300
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Abstract: A microclimate is the unique climate of a small-scale region, such as a field or
parts of an urban or rural area. The weather variables in a microclimate, such as
temperature, wind, humidity, land forms, and water regimes. In Taoyuan Tableland, wetland
ponds take a long time to heat up during the summer months, therefore, pond areas in more
rural areas is cooler than surrounding urbanized areas. According to retrospective
Geographic Information System (GIS) layers associated with Digital Terrain Model (DTM)
as well as Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
images, this paper also collected characters of temperature variables in Taoyuan, Taipei,
Taichung, Nantou (Sun Moon Lake) for the present century. The authors understood that the
increasing temperature has been influenced by urban development in cities; yet, the cooling
mechanism has not been clarified completely on them. The temperature in Taoyuan
tableland have dramatically changed and slightly decreased since 1910; this decline
phenomenon was, thus, different from that of the other cities and global increasingly
changes. The authors classified a message from a decreasing trend according to
Time-Series Regression Model (TSRM) in Taoyuan from a mean temperature of a degree of
21.3℃ in 2007 to a lower degree of 19.72℃ in 2099.
Key Words: covariant factor, microclimate, pulse effect, cool island effect
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ARTIFICIAL WETLANDS FOR SELF-PURIFYING ECOLOGICAL
DESIGN: A CASE STUDY OF TOUCIAN RIVER, HSINCHU COUNTY,
TAIWAN
Monica Kuo, Chung Twn Kuo, and Lawrence J. Wang
2F., No.1-8, Jinxi St., Zhongshan District, Taipei City (02)2543-1505
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Abstract: A precious natural resource of ecological value, rivers are closely linked to the
history of human development, livelihood and daily use, as well as landscape and aesthetics.
However, rivers are polluted as a result of urbanization and development. In the past 30 years,
related studies have combined simulated wetlands environments with waste water treatment
knowledge to develop artificial wetlands, a useful technology for the water pollution control.
The technology can successfully treat the waste water and polluted water from homes,
industries, agriculture, husbandry, and mining sources, absorbing or decomposing
contaminants to lower water pollution levels in rivers. With self-purifying waters, our rivers
and coastal areas can be used for leisure, relaxation, culture conservation, establishing local
style, and environmental education.
The sewer connection rate in Taiwan’s non-urban areas is lower than 10%; the release of
household sewage and waste water from certain agricultural industries in many townships has
had a great impact on the river ecology. With Hsinchu County’s Toucian river as a case study,
this study selects certain river segments to investigate the source of pollution. A specialized
team with expertise in river environmental engineering, ecological planning, and landscape
design will conduct the following:
1） Investigation and evaluation of water quality and quantity
2） Propose a feasibility study
3） Design artificial wetlands system combining environmental engineering and
ecological engineering – establish hybrid wetlands with Free Water Surface System and
Subsurface Flow System
4） Investigate and experiment suitability of aquatic vegetation.
After four years of follow-up study, this study provides an understanding for the ecological
state prior to the artificial wetlands and the biodiversity after its construction. The results are
invaluable for the selection, planning, design, maintenance, and management of future
artificial wetlands for rivers. This study was awarded the first National Landscape
Transformation Prize for the Natural Ecology Environment category by the Ministry of the
Interior.
Keywords: Artificial Wetlands, Ecological Engineering, Self-Purifying, Pollution Control,
Environmental Education
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POLLUTION MANAGEMENT OF AQUACULTURE
EFFLUENTS USING CONSTRUCTED WETLANDS

FARM

Ying-Feng Lin1, Shuh-Ren Jing1, Hsuan-Yu Sui1, Der-Yaun Lee2, and
Yih-Feng Chang3
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Abstract: World aquaculture continues to grow more rapidly than all other animal
food-producing sectors. However, the rapid expansion of aquaculture has also caused several
negative impacts on environments and natural resources. Of these impacts, polluted effluent
from aquaculture farm is one of the serious concerns from publics. Constructed wetland (CW)
technology is a natural treatment system for wastewater engineering and has advantages of
moderate capital costs and very low energy consumption and maintenance requirements.
Since 1993, researchers from several nations, including USA, Germany, Canada, and
Thailand, have conducted research works on use of constructed wetlands for treating
aquaculture water or wastewater in cultivation of catfish, trout, tilapia, and shrimp. The
Center of Ecological Engineering and Technology (CEET) in Chia-Nan University of
Pharmacy and Science, Taiwan, has also led a series of studies, from pilot-scale to farm-scale,
on the performance of CWs for treating aquaculture wastewater and water from recirculating
aquaculture systems since 1998. This study established farm-scale constructed wetlands (CWs)
integrating with earthen ponds, using existing fishpond areas, with a wetland to pond ratio of
0.086 for shrimp culture. The CWs were used as a practice for aquaculture water and
wastewater treatment so as to regulate water quality of shrimp ponds and to manage diffuse
pollution from pond effluents. This paper investigated the performance of CWs to manage the
pond water quality, and improve quality of pond effluent to comply with the effluent
standards. Results of water quality monitoring for influent and effluent showed that
constructed wetlands significantly reduced TSS (59~72%), turbidity (55~65%), chlorophyll a
(58~72%), BOD5 (29~40 %), and COD (13~24%) from pond water. The wetland treatment
sufficiently regulated water quality of the recirculating fishpond, which was significantly
(p<0.05) better than that in a control fishpond without connection of CWs. Furthermore, the
wetland-treated effluent always satisfied the national effluent standards for aquaculture farms
(i.e. 90% of the collected samples < 30 mg TSS /L, 100% of the samples < 30 mg BOD5/L
and 100 mg COD /L). Accordingly, three kinds of wetland treatment applications were
proposed to implement the best management practices (BMPs) to reduce diffuse pollution
from aquaculture farms based on the results of this study and conventional aquaculture
operations conducted in Taiwan.
Key words: constructed wetlands; recirculating aquaculture; shrimp; pond effluent; pollution
management
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ASSESSING ECOLOGICAL QUALITY OF STREAM IN THE
TRIBUTARIES OF SHIHMEN RESERVOIR: AN EXAMPLE FROM
NANZAIGOU STREAM, TAIWAN
Ta-Jen Chu, Yi-Yu Kuo, and Chun-Han Shih
Assistant Professor, Department of Leisure and Recreational Management, Chung
Hua University, 707, Sec.2, WuFu Rd., HsinChu, Taiwan, R.O.C.
886-03-5186653, tajen@chu.edu.tw
Professor, Department of Leisure and Recreational Management, Chung Hua
University, Hsinchu 300, Taiwan, R.O.C.
886-03-5712121 ext.54908, kuoyiyu@faculty.nctu.edu.tw
Ph.D. Candidate, Institute of Fisheries Science, National Taiwan University, No. 1,
Sec. 4, Roosevelt Road, Taipei, 10617 Taiwan,R.O.C.
886-03-5186653, f92b45028@ntu.edu.tw
Abstract: The study was conducted on Shihmen Reservoir in Tahan River, and the survey was
done at six sites (A–F) along the river. Sampling was conducted seasonally from November
2003 to October 2005. Samples for biotic data and abiotic variables analyses were collected at
the same time. In this paper, we use the evaluating methods following River Pollution Index
（RPI）, Index of Biotic Integrity（IBI）, Family-Level Biotic Index(FBI), Qualitative Habitat
Evaluation Index (QHEI), Genus Index (GI) and Stream Integrity Assessment Model (SIAM）
for evaluating ecological condition and water quality in the tributaries of Nanzaigou Stream.
The results showed that these indexes provide useful techniques for evaluating ecological
condition and water quality of stream, especially applied the SIAM, and it have significant
correlation with some environmental factor. The assessment of water quality show monthly
variation during three years. The stream conditions of station B, C, D, and E have shown poor
water quality, other sites restoring better biological condition.
Keywords: Index of Biotic Integrity（IBI）, Family-Level Biotic Index(FBI), Qualitative
Habitat Evaluation Index (QHEI）, Stream Integrity Assessment Model(SIAM), Shihmen
Reservoir
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DEVELOPING A WEIGHT ESTIMATION APPROACH BY
STRUCTURAL EQUATION MODELING FOR STREAM
ECOLOGICAL EVALUATION: A CASE STUDY IN SHIHMEN
RESERVOIR WATERSHED, TAIWAN
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Abstract: The habitat condition near the upper reaches of a reservoir affects water quality.
River authorities usually evaluate river environmental and ecological conditions based on
multiple factors or indices. It is also a trend to use complex evaluation models. In this study,
Stream Integrity Assessment Model I (SIAM I) was developed as the conceptual model. The
Structural Equation Modeling (SEM), especially its statistics technique, was used to
conduct theory-testing. In order to understand the connections between each index and the
assessing model, estimate weighing parameters of each index, and establish empirical
model, the differences between two models with distinct weighing building criterion were
discussed. Different evaluation indices focus on different contents may result in different
conclusions. Therefore, this study discussed the weighing parameters among these indices
by SEM and path analysis. The study area is Shihmen Reservoir Watershed, the upstream
tributaries of Dahan River. Eight sampling stations have been monitored from February
2003 to October 2004. Seven assessing techniques were adopted, including River Pollution
Index (RPI), Index of Biotic Integrity (IBI), Qualitative Habitat Evaluation Index (QHEI),
Family-Level Biotic Index (FBI), Rapid Bioassessment Protocol III (RBP III), Generic
Index (GI) and Saprobity Index (SI). The results showed that the calculation SIAM I is
inputted the assumption weight; in contrast, the calculation SIAM II is inputted the weight
estimated by this study. From the results, SIAM II and SIAM I have a variance of space of
0.487 and 0.447, respectively. That means it is easier to distinguish the habitat conditions
among study sites by using the weight estimated than the assumption weight.
Key Words: family-level biotic index (FBI), generic index (GI), index of biotic integrity
(IBI), qualitative habitat evaluation index (QHEI), river pollution index (RPI), rapid
bioassessment protocol III (RBP III), saprobity index (SI)
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EVALUATION FOR COMMUNITY-BASED PARTICIPATORY
MANAGEMENT OF WETLANDS : CASE STUDY FOR HUAJIANG
WATERFOWL NATURE PARK OF TAIPEI
Szu-ru Wu and Yuan-hsun Pang
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Abstract: Participatory management of wetlands denotes a partnership framework where
communities and stakeholders share the rights and responsibility in management. Ramsar
Convention deems the local participation in wetlands management an important principle for
the wise use of wetlands.
Huajiang Waterfowl Nature Park of Taipei, located between urbanized area and the Taipei
City Wild Geese Protection Area, embraces primarily quasi-natural riparian wetland. The
nearby communities and stakeholders have been developing various modes and levels of
participation behavior, and may be regarded as a typical case for urban participatory
management. This study applied the indicator system of “Measuring local and indigenous
people’s involvement” proposed by Ramsar in “guidelines for establishing and strengthening
local communities’ and indigenous people’s participation in the management of wetlands”, to
the evaluation of participation situation in the park. By means of information analysis,
participatory observation, questionnaire survey, and professional interview, we performed the
integrated evaluations on 5 suggested dimensions, i.e. incentive, trust, flexibility, knowledge
exchange and capacity building, and continuity.
The study showed the local participatory management was not well-developed. Except for
the immature awareness of residents, difficulties might come from the shortage of
professional and manpower in the authority and explicit policies guiding the community
participation, lacking management agreement and information communication, and poorly
performed empowerment programs. It also highly depended on the roles and attitudes of the
community representatives. However, the currently running “Huajiang Wetlands Guardian
Alliance” composed of various stakeholders was forming a flexible resources-integrated
participation platform, and deserved to observe its future development. We concluded that
local participation could help integrating community’s value consensus, and strengthening
ecological awareness and management capability of residents via learning by involvement,
eventually favorable for sustainable management of wetlands.
Key words: community-based participatory management, wetland management, Ramsar
Convention, Huajiang waterfowl nature park.
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COASTAL WETLAND PROTECTIVE AREA PARTITION: THE CASE
OF KAOMEI WETLAND
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Abstract: Wetland is one of the most productive ecosystems on the earth. It provides sound
habitats for fish, crustacean, bird, and many other wild life animals, preserving the high value
of biodiversity. Besides, according to statistics, wetlands produce two third of fish and
shellfish for human being, which have a significant and far-reaching impact on human society
economically. However, with economic development, marine resources have gradually
degraded due to inappropriate human activities. The establishment of coastal wetland
protective zones can effectively inhibit interferences of human activities. In consequence, it is
possible to fulfill the goal of sustainable management of wetland, which is to conserve marine
habitat for an integrative ecosystem and a higher biodiversity. However, how to design an
effective coastal wetland protective area remains an important research issue to be explored.
The study area is in Kaomei wetland. In order to grasp the spatial distribution of the
ecological data in the whole wetland, the current study uses spatial interpolation tool, Kriging,
provided by the GIS software. Then three spatial analytical models have been developed
based on mathematical programming techniques. It is guarantee that all three models can find
the global optimal solutions for the best protective area partitions. This quantitative approach
is more efficient and effective compared to the qualitative methods in many aspects. The
models are able to preserve the maximum ecological resources under the limited spatial area.
Besides, decision makers have the options of choosing from various trade-off solutions to fit
their decision preferences.

Keyword: Coastal wetland protective area, Spatial analytical model, Geographic
information system, Kriging

- 345 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

LIFE-REGARDED CONSTRUCTED WETLAND EXPERIENCES IN
TAIWAN (Ⅱ): MANAGEMENT AND PROSPECTS
Hwey-Lian Hsieh, Wen-Hsien Chang, and Chang-Po Chen*
Biodiversity Research Center, Academia Sinica, Research Fellow, 886-2-2789-9548,
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Abstract: The management integrates both natural and artificial methods can only keep the
sustainability of constructed wetlands. The article discusses the management of constructed
wetlands from the aspect of scientific principle as well as the actual experiences of the latest
decade in Taiwan; in addition, with prospects of solution for improving degraded wetlands.
Food webs transform the solar energy into diverse interdependent lives by support of natural
function of wetland ecosystem, while regulate interferences and impacts enforced upon from
natural driving forces. Sound programming, designing and construction are only the
foundation of well constructed wetlands. For their long-term development, adaptive
management is essential. Ecological management should be adopted in order to increase
biodiversity for constructed wetland and remain the variety of vegetation and micro-habitat.
This article states the management of biodiversity through the experiences of constructed
wetland management in Taiwan, which also explains our current work and future programs
with example projects such as sustainable use of water resources.
Key Words: constructed wetland, management of biodiversity, degraded wetland
restoration
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THE STRENGTH OF NON-GOVERNMENTAL ORGANIZATIONS
FOR PROTECTION OF THE PHEASANT-TAILED JACANAS IN
TAIWAN
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Abstract: The pheasant-tailed jacana (Hydrophasianus chirurgus) is wide range distributed
in tropical and semi-tropical zones including southern Asia and India, but is rare specie in
Taiwan. Since October 1997, local NGOs launched “Urgently save pheasant-tailed jacanas’
activities” and held the related academic conferences to push the government taking
actions for pheasant-tailed jacanas’ conservation. These actions included: 1) the
implementation of the water chestnut farms reward program for conservation of
pheasant-tailed jacanas—the Tainan County Bird; 2) establishment of Guan-Tian
Pheasant-tailed Jacanas’ Restoration Area. The above activities helped the specie’s
population increase 460% in the county within ten years with annual growth rate 1.24±
0.27 approx. From 1998 to 2007, within Tainan County, the bird built 1,265 nests, laid
4,299 eggs and hatched out 2,258 chicks. The number of young birds leaving nest was 1,462
with a mean annual hatch rate 50.0± 7.3% and a mean annual leaving nest rate 63.9± 7.1%.
For the results of pheasant-tailed jacanas’ conservation, there were no significant difference
between implementation of reward programs and establishment of restoration area in spite
of differences in sample sites, management techniques and years. From April 2004 to
August 2008, the mean return rate for jacanas’ with color-banded was 46.0± 29.5% (N= 42)
in the county. The Restoration Area offers 3.5 job positions, inspires ecological research
and provides opportunities for the public to involve in conservation. In addition, it also
attracts 20 volunteers to attend social services each week. The ecological value of each
hectare for the participated farms is estimated around NT$280,000 per year.
Key
Words:
conservation,
pheasant-tailedjacana,restoration

ecological
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IMPROVING THE MANAGEMENT STRATEGIES TO ESTABLISH
THE WINTERING WETLAND HABITATS FOR BLACK-NECKED
CRANE (GRUS NIGRICOLLIS): A CASE STUDY OF YUNNAN
ZHAOTONG DASHANBAO NATIONAL NATURAL RESERVE,
CHINA
Zhong Xingyao
Yunnan Zhaotong Dashanbao National Natural Reserve on Black-necked Crane
(Grus nigricollis) Administration, Zhaotong, Post Code: 657000, Engineer of
Forestry,
Dashanbao National Natural Reserve Administration, Zhengtong Road 47#,
Zhaoyang township, Zhaotong prefecture, Yunnan Province, P.R.China
13908700563, dsbbhqzxy@163.com
Abstract: Dashanbao National Natural Reserve built for Black-necked Crane (Grus
nigricollis) was finally approved and established on Jan 25th, 2005 by State Council. The
overall goals of conservation of this natural reserve include: to conserve the first-grade
State protection species – Grus nigricollis (Black-necked Crane), and to conserve the
habitat of this bird – the subalpine plateau wetland, especially the wet meadow. In the
protection process, several strategies have been implemented, including: 1) to enact proper
management regulations, to carry out scientific survey and observation, to maintain and
restore the habitats of Black-necked Crane, to restore the degraded wetland area, to prepare
extensive resting and foraging areas for Black-necked Crane through local residents’
relocation from protected areas, and to enforce other approaches, such as improving
cultural images and viewpoints, disseminating promotional literatures, publications, and TV
shows, enhancing environmental education; of which particularly focusing on the issues of
local combined sustainable development economically. While some challenges for effective
protection still occur, such as the hard condition of natural settings, low level of investment,
badly-off intellective supports, and the conflicts between conservation and economic
development. That’s why we would like to disseminate our findings and experiences in the
global scale and welcome any friendly kind helps to reach the overall goals.
Key words: alpine wetland, Black-necked Crane, Dashanbao, Eco-tourism, natural reserve.
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ADAPTIVE MANAGEMENT OF COASTAL WETLAND (TARGET
SETTING, RESEARCH AND DEVELOPMENT, SITUATION
UNDERSTANDING, AND IMPLEMENTATION)
Keita Furukawa1, Haruyuki Kojima2, and Fuminori Kato1
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Abstract: Adaptive management is a vital concept for enabling effective environmental
measures in the ocean development and conservation. The ocean engineering committee of
JSCE adopted the following definition ‘It is a system for implementation of ecosystem and
fisheries resource restoration under unpredictable variation and succession of physical and
biological environment. It is enable to build mutual understanding among stake holders, and
to match goal, objectives and action in reasonable way. Furthermore, long-term R and D
strategies are needed for goal-setting, project-success-criteria and environmental-restorationtechniques, referenced by state-of-the-art case studies.’ People are expected to use coastal
wetlands wisely, and the knowledge of the local people should be respected. Thus, ways to
determine the wishes of the local people must be established. Academic symposia in
monitoring, modeling, and interpretation of ecosystem should be organized to facilitate a
science based planning and management. To enable the actual implementation, mapping of
each individual technology in a holistic framework should be done. Systems for public
participation schemes with good communication strategies are also important. An essence
of such future regimes will be shown in this presentation by introductions of leading examples
for target setting, situation understanding, RandD, and implementation.
Key Words: adaptive management, coastal ecosystem restoration, strategic planning,
sustainable development
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NECESSITY OF ADAPTIVE MANAGEMENT IN RESTORATION OF
ECOLOGICAL SYSTEMS AT THE MOUTHS OF RIVERS IN URBAN
AREAS
Tomonari Okada and Keita Furukawa
National Institute for Land and Infrastructure Management
3-1-1, Nagase, Yokosuka, Japan
E-mail: okada-t92y2@ysk.nilim.go.jp

Abstract: River mouths have characteristics that provide unique habitats for plants and
animals. However, water pollution and habitat degradation in urban areas can have
negative effects on the environments of river mouths. One characteristic of river mouths
in urban areas is exceedingly rich nutrient flows. They frequently cause eutrophic
conditions that lead to phytoplankton blooms and result in habitat loss for the plants and
animals. Moreover, vertical and horizontal distributions of water quality, such as salinity,
chlorophyll a and nutrients, change frequently with tidal range and river discharge. For
example, seawater reached a point only 3 km from the mouth of the Arakawa River during
spring tide and a point more than 20 km from the river mouth during neap tide. In
addition, there are considerable differences in chlorophyll a and nutrients in vertical
direction due to stratification. The differences caused unstable condition to an artificial
tidal flat around the river month with fortnightly modulation and tidal motion. Therefore,
it is difficult to estimate accurately the results of restoration project of ecological systems
around river mouths because of the unstableness. We think that the restoration project
should be gradually improved by using adaptive management.
Key Words: adaptive management, river mouth, restoration of ecological systems
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MANAGEMENT AND WISE-USE OF CONSTRUCTED TIDAL FLAT
ON RECLAIMED LAND IN THE TOKYO BAY AREA
Kota Nakase, Yuji Yagi, and Hisamitsu Chiba
N.P.O. Tokyo Port Green Volunteers, Japan
E-mail: kouta.nakase@mail.penta-ocean.co.jp

Abstract: The Tokyo Port Wild Bird Park was built on a reclaimed land at a harbor
district of Tokyo Port in 1989 with the request of the citizen. The place had been grassy
plain and swamp land which occurred naturally on a reclaimed land. The tidal flats of this
park occupies about 7 ha (5 ha of lagoon and 2 ha of front-beach tidal flat) of 24.3 ha gross
area of this park. This park is managed by the consortium of the Tokyo Port Terminal Co.
(T.P.T.C.) and the Wild Bird Society Japan (W.B.S.J.). Volunteer organizations are also
actively involved in this park management mainly on weekend and the holiday. Main
activities of these volunteers are as follows; 1) Design and carry out interpretational guided
tours for visitors, 2) Work to enhance the tidal-flat performance, e.g., mow the reed,
making tide-pools and creeks, 3) Investigate the migratory birds and benthos, and 4)
Support companies to fulfill social responsibilities.
Key Words: constructed tidal flat, citizen participation, wise-use
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THE ROLE OF HYDRODYNAMICS IN THE DEVELOPMENT OF
MANGROVES IN COASTAL CANGIO, SOUTHERN VIETNAM
Hong Phuoc Vo Luong
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Ho Chi Minh, Vietnam
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Abstract: The author has conducted environmental experiments to detect the role of
hydrodynamics which have been led in the development of mangroves in coastal Cangio,
southern Vietnam. Studies from field measurements as well as modelling emphasized that
mangrove vegetation can encourage the deposition of sediment and protect the coastland
from high waves and storms. Hydrodynamics has also been confirmed that led function of
mangrove formations in rehabilitation and development of Can Gio forest.

Key Words: environmental monitoring ,land development, mangrove, sediment loading

- 352 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention
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Abstract: Although environment wetlands plan is a wetland management and erosion
control plan, public perception often focuses excessively for pleasure. Environment plan is
affected by many factors such as human live, life, property, safety, management, operations,
maintenance, nature ecologic, environment, artificial structure, climate control and
sustainable development. Therefore, the purpose of this paper is to probe how to use the
qualitative and quantitative measurements of wetlands environment for plan
indexes/criteria and how to evaluate, improve and plan these indexes for achieving the
aspired/desired levels in each index/criterion. Some previous efforts to measure of
environment plan have assumed the criteria to be independent, but this isn’t existent in the
real world. Here a novel hybrid multiple criteria decision making (MCDM) model to
address on dependent relationships among criteria, using a decision-making trial and
evaluation laboratory (DEMATEL) technique to construct the network relationship map
(NRM) along with an analytical network process (ANP), to decide the relative weights of
criteria, showing inter-dependence and feedback problems are proposed. An empirical case
of experiments is illustrated to demonstrate the proposed novel hybrid MCDM model that
can be measured and evaluated wetlands environment problems in real case. We also can
propose strategy to improve the criteria gaps for achieving the aspired/desired levels in
human’s live comfortable, life safe and environmental sustainable development.
Key Words: analytical network process (ANP), attitudes toward wetlands environment plan,
DEMATEL, multiple criteria decision making (MCDM), network relationship
map (NRM), wetlandsenvironmentplaneffects
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IMPROVING DAL LAKE WATER QUALITY BY MACROPHYTE
BASED ENGINEERED SYSTEM UNDER HIMALAYAN
TEMPERATE CLIMATIC REGION
Adnan Abubakr
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Abstract: The paper presents a maiden attempt to exploit the nutrient absorbing capacity of
macrophytes under temperate climatic condition in enhancing the water quality of world
famous temperate water body - Dal Lake. Macrophytes based engineered system has be
defined as a treatment system in which aquatic macrophytes have a key role function in
relation to the cleaning of nutrient rich waters (Brix 1993). The macrophytes in these
system removed biologically important nutrients besides other contaminants by (i) directly
assimilating them into their tissues (ii) enhancing dissolved oxygen on account of high
productivity and making most cation and anion non-available (iii) providing suitable
environment for microorganism for pollutant transformation and (iv) increasing pH thereby
precipitating phosphorus and Caco3. The experiment was undertaken using common
emergent macrophytes (Typha angustata and Phragmites communis) for determining their
role in treating water rich in nitrogen and phosphorus. The highest elimination for nitrogen
was achieved in Typha angustata based treatment system (58%) while Phragmities
communis based treatment system showed highest efficiency for phosphorus removal
(77%).
Key words: Dal Lake; Nitrogen; Phosphorus; macrophytes based engineered system
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USING PARTICIPATORY SOCIO-ECONOMIC WETLAND
VALUATION TO ADDRESS WETLAND MANAGEMENT ISSUES AT
KOSHI TAPPU, NEPAL
Bhagwan Raj Dahal1 and Seb Buckton2
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Abstract: The ability to understand the value of wetlands to people is recognised
increasingly as a tool to promote wetland conservation. At Koshi Tappu Wildlife Reserve
in lowland Nepal, 100,000 people living in the buffer zone are dependent on wetland
resources for their livelihoods. This has resulted in the unsustainable exploitation of the
resources within the Wildlife Reserve. We used Participatory Rural Appraisal techniques to
assess how local people use wetland resources, the values placed on them, problems
associated with them, and sources of income and expenditure. People living around Koshi
Tappu were heavily dependent on fish for their livelihood. Several other consumptive and
not-consumptive uses of wetland resources were identified. People ranked fish as the most
valuable wetland resource. The Malaha community obtained the highest income from
wetland resources but had the lowest income overall compared to other ethnic groups, as
they had no access to alternatives. Poor access to and management of fish ponds were the
main problems identified. We used the PRA process to establish the Community Action
Plan, outlining actions required to achieve sustainable livelihoods from wetland
management. An Action Plan Community consisting of members of local wetland user
groups was elected to oversee its implementation. Participatory socio-economic valuations
provide useful information to inform wetland management for sustainable livelihoods, but
also help to raise awareness amongst resource users of the value of wetland ecosystems. It
is important that such assessments lead to action on the ground so that people’s exceptions
are not raised unnecessarily.
Key Words: wetland valuation, Nepal, participatory

- 355 -

First SWS Asia Chapter’s 2008 Asian Wetland Convention

DETECTION AND ANALYSIS OF LAND COVER CHANGE (LCC) IN
THE MUNI- POMADZE RAMSAR SITE.
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Abstract: Alteration of natural environment by human agency has caused unprecedented
degradation of wetlands in Ghana. In Ghana, there is little or no data on dynamics of land
cover change in wetland catchments. As a result, land cover change in the catchment of
wetlands in Ghana is poorly understood even though it is an indicator of the state of
wetlands. This study used remote sensing data to investigate land cover dynamics in the
Muni-Pomadze Ramsar site in Ghana. Using image processing techniques, data such as
aerial photograph of January 2005, Landsat TM data of December 1990 and February 2000
were analysed to detect and quantify land cover change within the Muni-Pomadze wetland
catchment. The post classification technique involving ground trotting and overlay
operation were applied to produce land cover change map and matrix for analysis. The
image analysis result had a producer accuracy of 86% and a kappa coefficient of 96%.
During the 10 year period, various land cover units such as farming fields, shrubby, and
built-up areas increased by 25%, 11%, and 22% respectively. However, wooded savannah
and salt pans remained unchanged in terms of surface area whilst gallery forest reduced by
33%. Wood extraction and bushfires contributed to a loss of about 900 hectares of forest.
These land cover transformations have both direct and indirect implications for the
Muni-Pomadze wetland. Using space tools in assessing Land Cover Change (LCC) within
the protected Ramser site, clearly showed changes in the wetlands structure and loss of
wetland catchment acreage.
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DASHANBAO SUBALPINE-PLATEAU WETLAND SERVED AS
FRESH WATER TOWERS FOR ZHAOTONG CITY, YUNNAN
PROVINCE, CHINA
Gao Fu1, 2, 3 , ZhangYiping1, and Xu Jianchu2
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Xishuangbanna Tropical Botanical Garden, the Chinese Academy of Sciences,
Kunming, 650223, P. R. China
2
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Kunming Institute of Botany, the Chinese Academy of Sciences, Kunming,
650204, P. R. China

Graduate School of the Chinese Academy of Sciences, Beijing, 10039, P. R. China

Abstract: Mountain and highland area, generally defined as a high elevation more than
1,000 meters above sea levels, are often referred to be named as natural “fresh water
towers”. The research site of Dashanbao subalpine-plateau wetland (DSPW) locates in the
north-eastern corner of Yunnan Province, which lies in 103°14’55’’ - 23’49’’east longitude
and 27°18’38’’ - 29’15’’north latitude, where elevation ranges from 2120 to 3364 meters
above seal level. The average height reaches 3,200 MASL with acreage of 19,200 hm2. In
the local residents’ minds, the DSPW serves as the water tower supplying water for
irrigation, domestic and industrial consumption.
Field survey, vegetation-type mapping, historical-record examining, and scientific
observing were implemented, and the results were shown that:
1) Mainly vegetation types include coniferous forest, bush forest, swamp meadow, and
small parts of agriculture lands still occur in the buffer areas of this natural reserve;
2) Two reservoirs, named as Dahaizi and Tiaodunhe, respectively, built up in 1970s, play a
key role in drinking-water supplies, irrigations, and industrial water uses;
3) The long-term climatic records (e.g., in the 50 years’ average rainfall amounts) is
accounted to be 721mm, while the 50 years’ average water-surface evaporation reaches to
1,601 mm). Based on the water balance equation, we can infer that this area is in semi-dry
condition;
4) Considering the lower air temperature (e.g., multi-years’ average air temperature is
recorded as 11.6℃, the hottest month is in July, 19.7℃, and the coldest month is in January,
2.1℃), the eco-climate type of DSPW area belongs to be wet and cold. Global warming
could be reserving a trend that the average air temperatures decreased a little in 1960s as
well as in 1980s compared with that of in 1950s.
5) Since 1950s, the Zhaotong City area has sprawled out with a size of triple compared with
that in (which year?). Meanwhile, the population and GDP increased incredibly fast.
Water consumption and demand, thus, increased dramatically, the potential water crisis is
coming for this area as well.
In summery, programs focused on the issues of wetland conservation are significant for
sustainable water-supply capacity as well as for their surveys. To deal with potential
water crisis, well designs with quantified approaches for water-cycle pathways are urged
for fully understanding water sources, water transportation, and consumption systems in
this area.
Key words: wetland, fresh water tower, water supply, water consumption, water crisis
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WOMEN PARTICIPATION IN WETLANDS CONSERVATION AND
POVERTY REDUCTION - ECO-FRIENDLY RICE FARMING WITH
SHRIMP
Joseph Sebastian Paimpillil and K. Shadananan Nair
Enviroslutions, Center for Earth Research & Environment Management
37/1387, Kaloor Kadavanthara Road, Cochin 17, India, 682017.
E-mail: psjoseph@eth.net

Abstract: The Pokkali rice (Oryza sative) farming – cum- shrimp cultivation of the
wetlands of southwest India relies on ‘symbiotic behavior of shrimp and paddy’. The
decaying stubbles of the paddy serve as food for the prawns and the prawn excreta make
the field fertile but this cultivation is shrinking rapidly. The average labor involvement
(Pokkali) is 207man days /ha (84 for men and 123 for women) and (prawn culture) is 246
/ha (181 for men and 65 for women). The farmers seem to be disinterested in Pokkali and
they do it for the sake of feeding the prawns (P. indicus & P. monodon). The farmer get 1.2
to 1.5 tones/ hectare of rice and 400 to 500 kilos/ha of prawns in one season. The
conversion of Pokkali fields to other activities adversely affects the livelihood of the poor
and results in displacement of female laborers who are traditionally farm hands with
systematic income reduction. The displacement adversely affects the bank loans and micro
credit facilities easily available for women. This farming, a community-based wetland
management with women participation is indeed healthier and sensible money wise and
need encouragement for protecting the wetland ecosystem.
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REVIVIFYING THE SAVI POUCH: AN ADVOCACY
Isidro T. Savillo
Regional President, SWS Asia Chapter
If we have jheels, hoars, beels, tanks, baors, oxbows, khals, and other terminologies in
wetlands, we fail to recognize the "temporary wetland" that is unusual and dangerous as
anyone could think about. One way of bringing attention to this type of "temporary
wetland" is to name it. I coined a term: Savi Pouch. I once introduced this to a number
of wetland scientists and I seldom meet any huge resistance. "Savi Pouch is a temporary
wetland condition covering a vast area or pouch of soil on a tropical mountain laden with
mosses or other types of vegetation capable of acting as a temporary reservoir mostly
underground where when there is excess of these water, it will lead to a break out of this
soil pouch from such mountain for the first time leading to a mud slide of an unusually
extensive degree." Naming and defining this phenomenon will lead for our wetland
scientists to interestingly and particularly classify all types of tropical erosion where Savi
Pouch is pioneering though not all of them can be categorized as "temporary wetlands."
This is also important because it will ignite or bring to the attention of wetland scientists,
geologists and similar professions to design and produce the proper advanced
sophisticated tools to determine the presence and the degree of danger pose by such Savi
Pouch so as to inform the community about it in advance in order that they can make the
necessary
action
and save
their
lives.
A
Savi
Pouch
can bury
a
small village including schools afar from the mountain source a situation in tropical
countries. Together with the proper organized emergency programs, these proposed
advanced tools for forecasting and determining the degree of destruction that will be
brought about by a particular Savi Pouch will greatly benefit the tropical countries crippled
by this observable fact.
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